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Executive summary 
 
Background, objectives and approaches 
 

• This report has been produced in  the Nordic Council of Ministers project Risk and 
management strategies of dioxins in Baltic Sea fish – an interdisciplinary assessment, at 
SYKE Res Dept during 2002-2004 for Nordic Chemicals Group (administrating funder), 
Sea and Air Group and Environment and Fisheries Group. An in-house team and a 
network of experts have contributed to the work. 

 
• The overall aim is to support decision making for management of risks associated with 

dioxins and dioxin-like compounds (DLCs) in Baltic Sea fish and in closely related 
contexts, especially within development of the EU strategy for dioxins and PCBs in food 
and feeding-stuffs and other relevant strategies and policies.   

 
• The approaches have essentially included literature studies, other document analyses, 

some meta-analyses and theoretical studies including limited modelling, based on and 
developing relevant risk analysis paradigms, as well as expert opinion solicitment and risk 
communication analysis mainly in connection with meetings.  

 
A. Risk assessment 
   

1. In framing risks particularly from a management perspective, focus and integration need to 
be balanced in several dimensions: 
• Along with PCDD/Fs, also CoCBs, other DLCs and precursors require attention (eg. 

corresponding brominated compounds and polyaromatic DLCs) 
• Human and non-human risks are equally accountable although the former are often the 

main concern of citizens and organizations, and they are interrelated 
• Various kinds and levels of risks and impacts need to be addressed, including indirect 

and counter-veiling risks and socio-economic and cultural impacts 
• Conditions and processes in the sea and in fisheries, as well as in linked (land) systems 

are to be considered. 
 

2. Sources of PCDD/Fs and their relative share of immissions to the Baltic are still largely 
unknown and uncertain, especially for diffuse and secondary sources, products and non-
classical dioxins. However, emissions to land, sediments, and wastes dwarf the direct air 
emissions targeted in most inventories, especially when cumulative emissions are 
considered. Prominent sources have included chlorinated biocides; metal, forest and some 
chemical industries; and combustion. Many high-volume organohalogens have dioxin-
forming potential. Some PCDD/Fs are natural, most anthropogenic. Despite uncertainties, 
the PCDD/F-TEQ immissions to the Baltic from Poland seem highest of individual 
countries. River Kymijoki is a notable source (40 g TEQ a-1) due to past chlorophenol 
production. Data are lacking for other rivers. The sources and patterns of emissions of 
dioxin-like PCBs differ from those of PCDD/Fs, and include PCB products, stockpiles and 
wastes as well as combustion. For PBDD/Fs and PBBs, flame retardants constitute an 
important source. Part of the load comes from outside the catchment and even outside EU. 

 
3. The present load to the Baltic of ca. 200 g PCDD/F-TEQ a-1 and less PCB-TEQ a-1 from air 

and additionally some from runoff cycles in the sea especially in organic carbon particles, 
including soot, and in fats. The accumulated pool in the catchment enters the sea after lags 
due to retention in land and sediments and recycling of sludges, ashes and other solids, and 
diminished by some decay (in air). To a degree there is thus a choice between cycling DLCs 
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on land or in the sea. In the sea, most of them not taken up in biota are buried in sediments, 
but in shallow water over 50 % can be resuspended. Thus, sediments constitute a key 
secondary source. Sediment pools and fluxes exceed other pools and fluxes; associated 
uncertainties dominate the overall uncertainty of budgets. Biodegradation removes only part 
of the load and forms also toxic metabolites. Both groups bioaccumulate in food-chains, 
mainly in fat of fish and predators. Biomagnification is not as pronounced for PCDD/Fs as 
for PCBs, which increases the importance of the latter. The efflux in fish catch is ca. 1 % of 
the external load of PCDD/F-TEQs and some more of the PCB-TEQs loads). 
Eutrophication affects dioxins in complex ways, not only diluting them in key food-chains. 
Low biomass may however partly explain high biota levels in Bothnian Sea. 

 
4. The Baltic is still heavily contaminated by dioxins and PCBs. Their contents are high 

especially in aged herring, in salmon and other fatty fish species and tissues. Fortunately, 
many time trends of their levels in Baltic biota have been declining, although with variations 
and fluctuations. Further declines will take place at increasingly slow average relative rates, 
and in some cases have already been stalled. The Baltic dioxin and PCB levels are generally 
much higher than in most continental shelf areas, but in some fish and predators are at or 
near those in e.g. the North Sea. Herring TEQs (in wet weight) are 3- to 4-fold those 
elsewhere in EU. The levels depend on fat content and are higher in processed fish. Due to 
its high levels, the Baltic is a source of dioxins and PCBs to a wider area. Notions of the 
Baltic as the definite dioxin hotspot may however be exaggerated, e.g. if giving the message 
that all fish from other seas is safe to consume and none of that from the Baltic is. 

 
5. Dioxin and PCB intakes by citizens of Baltic Sea countries have declined, e.g. by half in 

Finland during 1990's. Average intake of ca. 1 pg TEQ kg-1 d-1 would result from the Baltic 
fish catch spread evenly per inhabitants in the catchment. The intake distributions are 
skewed, exceeding 2 pg TEQ kg-1 d-1 for >12 % of adult Swedes. In Finland the share of all 
fish of total dioxin intakes is higher (60-90 %) than in other Baltic Sea countries; yet, 
average total intake by Finns (0.8 pg TEQ kg-1 d-1 from PCDD/Fs and as much from PCBs) 
is not higher, due to cleaner other foods. Intakes are still high in populations consuming 
much wild fatty Baltic fish. Consumption of fish seems lower in young adults and is poorly 
known especially for children and Baltic fish. Some dioxins from Baltic fish are spread in 
fodder, adding to exposures to DLCs from other sources which include farmed fish and fish 
from other waters. Body burdens of PCDD/Fs and dioxin-like PCBs in the general 
population have declined in all countries, in both serum and milk. This may be due to both 
decreasing dioxin contents of diet and to general nutrition (fat) or long-term tissue 
dynamics. There are signs of lower decline rates of TEQ body burdens, due e.g. to PCB 118. 
Fetuses and breast-fed infants receive proportionally greater loads that persist to later life. 
Persistent PCB metabolites are found in humans. There are no data on PBDD/Fs in 
populations of the Baltic Sea and EU countries.  

 
6. There is inconclusive proof of human health effects from exposure to Baltic fish dioxins or 

PCBs. Most of their adverse effects can be assumed to have decreased, albeit with lags, from 
peak exposures in 1970's. Thus, on the average the worst risks are over. Effects from even 
the earlier higher exposures have gone unnoticed. However, this in part due to lacking 
investigations and to confounding factors. Special groups are still at elevated risk, including 
high consumers of Baltic fish and those having particular susceptibilities. Some studies 
have found links between consumption of fatty (Baltic) fish and reproductive and 
developmental anomalies, but the roles of dioxins and PCBs are unclear, despite supportive 
non-human animal and mechanistic information and evidence from other regions and 
exposures, also to fish. Cancer risks do not appear significantly elevated. Immune and 
metabolic effects are more likely, but the evidence is suggestive at best. Adverse effects in 
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offspring due to perinatal exposure can be neither proven nor excluded. Beneficial effects of 
seafish may in part have protected against or compensated for adverse effects. 

 
7. In non-human animals, some past disorders were probably caused in part by PCDD/Fs and 

still more dioxin-like PCBs in Baltic fish to harbour, grey and especially ringed seal, sea 
eagles and some other fish-eating birds, and otter. However, in some of these cases other 
contaminants and factors seem to have been more important. Exposures remain at a level of 
concern in some species based on extrapolation between taxa, exposures and effects, but 
severe population-level effects in the Baltic from PCDD/Fs and PCBs are not likely. Most 
stocks of the susceptible species have recovered, but some are still below natural 
reproductive capacity. There is a continuous possibility that dioxins, DL-PCBs and DLCs 
impair the well-being of such animals in more subtle ways and increase diseases, but they do 
not generally speaking pose a clear and grave risk. Also the role of DLCs in the M74 
reproductive disorder of salmon is unclear as other factors are directly and significantly 
involved. 

 
8. Risk evaluation crucially depends on the criteria set for proof of effects attributable to 

DLCs, and on associated causal inference. By some (even traditional) criteria, no significant 
effects from dioxins in free-living populations can be proven. Biochemical, transient and 
high-dose effects are generalizable within limits only. Specifically, as assessments are based 
on animal experiments, the generalizability of the non-human animal data and models to 
humans becomes the overriding issue that is unsolvable merely on scientific basis. Risk 
evaluation secondly depends on the significance and adversity of attributable effects that are 
not objectively and unequivocally definable. The derivation of no-effect, threshold and 
benchmark levels is constrained by uncertainties, the omission of which may over- or 
underestimate risks. Repeated conservative assumptions in particular may lead to risk 
inflation. 

 
9. Some non-additive mixture effects are known to occur between PCDD/Fs, dioxin-like PCBs 

and other PCBs that are present often in orders of magnitude higher levels. Irregularities in 
dose-response functions and variably receptor-dependent action mechanisms may greatly 
alter risk estimates and characterizations. There is no straightforward way to account for 
these factors, and they may increase or decrease risks depending on the case and assessment 
principles. Ecologically, other stressors (e.g. osmotic and climatic) compound the effects of 
Baltic dioxins and generally aggravate them, but also attenuation, adaptation and ecological 
compensation of effects take place. 

 
10. There are great variations in risks along many dimensions: areal, temporal,  species, 

populations, and individuals. Additional variability arises from the various dioxin-like 
compounds. There are local hotspots in the catchment (soils and sediments) and in the sea; 
if unarrested, dioxins in these will disperse to the sea and environment at large. Temporal 
variations in risks are complex and irregular, involving fluctuations due also to sudden 
natural or human factors. Risk trends are thus hard to resolve and vary by compound, 
receptor and region. Risks from PCDD/Fs and PCBs in the Baltic will linger for decades due 
to new influxes and prolonged cycling. Most dioxin risks are due to 2,3,4,7,8-
pentachlorodibenzofuran (4-PeCDF) and PCB 126, but other dioxins and (mono-ortho) 
PCBs, polyaromatics and unidentified compounds are important in some Baltic systems. 
The relative weight of the most persistent congeners will increase. Humans are not 
conclusively less sensitive, but many other animals are exposed to fatty Baltic fish to 
greater extents. Genetic polymorphisms have potential roles in susceptibility. Risks to 
reproducing and young Baltic wild fish consumers are the greatest, but also other age 
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groups are at risk for some effects. Cardiac health benefits from fatty dioxin-rich fish are 
concentrated to the elderly; other health benefits are important also in younger age groups.  

 
11. Risks from Baltic fish dioxins can or cannot be compared with other risks depending on the 

similitude of their characteristics with respect to the context and purpose of comparisons. 
Obvious reference points include other organohalogens in Baltic fish, dioxins in other foods 
and natural dioxins in diet. Risk in (eco)epidemiological terms is related to background risk 
for the endpoint and population in question, aggregating all causes. In such comparisons the 
magnitude of Baltic fish dioxin risks often pales as greater and more certain other risk 
factors can be found. Yet, the qualities of fish dioxin risks may significantly differ from a 
background or reference risks e.g. as to the causative factors, timing and reducibility. This 
may emphasize or de-emphasize dioxin risks, alter risk-renefit relationships and require 
multi-dimensional comparisons, including broad and focused and aggregating and 
specifying analyses.  

 
12. The health risks from dioxins in fatty Baltic fish are matched and probably exceeded by the 

health benefits of consuming such fish in the key classes of dioxin effects, e.g. bone and 
neurological development, in addition to cardiovascular health where fatty seafish has 
particularly great benefits. Risks from reduced fish consumption may greatly exceed those 
from high consumption, particularly for mortality. Despite higher DLC levels, the net risk of 
fatty fish thus seems lower than that of many other foods. However, risk-benefit 
relationships are complex and can not be entirely reduced to single ratios. In additional 
analyses, attention needs to be given to: uncertainties in risk and benefit estimates, being 
generally but not consistently greater in the former; distributions of risks and benefits, and 
people with deviating risk-benefit ratios from fish dioxin intake; qualitative differences 
between risks, including those of morbidity; and especially the choices at hand (cf. B.7). In 
addition, fish hold other values and benefits. Fish benefits have been largely ignored in most 
dioxin assessments and strategies. Fatty Baltic fish is seen mainly as a danger also by many 
consumers. 

 
13. Critical scrutiny of Tolerable Daily Intakes (TDIs) as key quantitative drivers of risk 

management is needed. The basis of TDIs is unclear. The safety factors applied in their 
derivation could be increased e.g. if accounting more fully and according to some 
recommended procedures for individual variation; thus, there are arguments for a TDI even 
below the present lowest value of 1 pg TEQ kg-1 b.w. d-1. On the other hand, several factors 
can lower safety factors and increase TDIs (cf. A.8-9), even to several fold the present 
levels. This is important, as TDIs are often taken unquestioningly as absolute standards. 
Quantitative criteria for ecotoxicological risks can likewise not be exactly and 
unambiguously defined. Such risk benchmarks depend on the rationales and assumptions 
used, and are shadowed by uncertainty concerning effect significance and generalizability 
from compounds and systems to others, and by risk variability. Thus, there is no 'right' TDI, 
and it can not be stated definitely and exactly if dioxin risks exceed safe levels. These 
uncertainties and also non-scientific aspects of critical risk measures should be more fully 
acknowledged and systematically analysed.  

 
14. Psychological and psychosomatic effects are caused by dioxins in fish. Both exaggerated 

reactions to dioxins in fish and denial of related risks take place, and influence personal 
weighing of risks and benefits from fish. Alarmed reactions interact with individual 
sensitivity, are conditioned by socio-cultural and situational factors, and are often 
accompanied with anger and blaming. Also apathy to risk information and alarms occurs. 
Such reactions and factors operate among researchers and experts as well as others, and 
present challenges to risk inquiry, information and communication (cf. B.17). Psychological 
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effects of dioxins in fish and diet can not be categorically and easily  separated from 
'actual' biological responses.  

 
15. Indirect risks are caused by dioxins through fish-based fodder in other food production 

systems also outside the Baltic, its catchments and EU (through export). They are difficult to 
assess due e.g. to the ambiguosity of transport paths and the multi-dimensionality and 
uncertainty of outcomes. Indirect risks are moreover associated with socio-economic 
impacts of dioxins and their management that have repercussions also on natural processes. 
In particular, indirect risks are caused by management actions, including those caused by 
reduced consumption of healthy fish and other counter-veiling risks and impacts (cf. A.12). 
Thus, the indirect risks from Baltic fish dioxins do not only increase total risks but make 
them more complex.  

 
16. Uncertainties of risks prevail despite the great amount of research, monitoring and 

assessment of dioxins in the Baltic and in general. Uncertainties are more pronounced in 
risks associated with less-known dioxins, organisms, environments and effects, and risk-
benefit relationships. Uncertainties abound throughout risk chains, from dioxin formation to 
risk management both in technical and social aspects. Uncertainties are caused by variability 
in data, but even more importantly by models and decision rules, including uncertainties or 
ambiguosities of higher order and qualitative nature. The total uncertainty of risks is 
dominated by source term, turnover rate, dose-response and compound impact 
representations. The coverage, precision and accuracy of dioxin measurements and models 
should be conditioned by their uses, and illusory precision resisted. Uncertainties are not to 
be exaggerated; instead, they can guide an approach to risk that combines scientific and 
other information with active and precautionary but focused and efficient management.  

 
B.  Risk management 
 

1. There are many policies, strategies and programmes apart from the EU strategy on dioxins 
and PCBs in food and feeding-stuffs that have relevance for managing risks from Baltic fish 
dioxins. These policies and strategies have variable purpose, scope and geographical 
regime. They include instruments focused on dioxins, Baltic Sea and fisheries, and general 
e.g. POPs, environmental and food oriented instruments. Many important instruments such 
as the Stockholm Convention mechanisms and the Common Fisheries Policy (CFP), Marine 
Strategy and Chemicals Policy of EU are dynamically evolving. Their implications for 
Baltic fish dioxins can not be evaluated in more concrete terms, although they constitute an 
important context of future management in which many issues and opportunities can already 
be identified and explored (cf. B.19). The present analysis and discussion is focused on the 
EU strategy and its alternatives, and strategy and policy integration and coordination. 

 
2. The EU strategy for dioxins and PCBs in food and feeding-stuffs is narrowly focused on 

human health risks, has a market regulation bias, does not address regional issues or the 
variable health benefits from food, especially fish, and includes almost nothing on 
prevention, and little on emission control and on some other options. The strategy is thus not 
comprehensive and can not be claimed to be surely the most adequate, for Baltic fish or for 
other food or feeding-stuffs. The impacts of the strategy have not been hitherto extensively 
and transparently explored as to health, ecological, technical and many socio-economic and 
other aspects, including indirect impacts. The strategy may lead to misfocused and 
inefficient regulation, e.g. excessive in some areas and lacking in others. On the other hand, 
it has justification e.g. by the certain incremental reduction of human exposure to DLCs and 
by reinforcing trust in and other prerequisites for North Sea fisheries. 
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3. The key quantitative risk management criteria, allowable food dioxin levels (maximum, 
action and target values), are still more unclear than the TDI (cf. A.13), as they also 
encompass the transfer of dioxins from food production to intake. The conversion of TDIs to 
allowable levels in fish and fish-based feeding-stuffs should thus account for quantities and 
patterns of fish consumption and use in relation to other foods and feedingstuffs, involving 
many variations and uncertainties. The models and assumptions used in this in the EU 
strategy have not been exposed, but evidently omit the relative health benefits of foods. If 
they are included, especially mortality risks, some consumption of fish exceeding maximum 
levels may be justified. This would be a radical departure from health risk management 
based only on toxicological considerations, but consistent with food and nutrition policies in 
many other areas where risk-benefit balancing is included. The basis for ecotoxicological 
quality criteria for dioxins in the environment is also weaker than those for intakes or body 
burdens. Generally, the allowable fish dioxin contents need to be evaluated more extensively 
and in relation to other food quality and health criteria and management goals. 

 
4. The key present alternative de facto strategy to managing risks from fish dioxins to human 

health is diet advisories, as practised in Sweden and Finland. It is the long-established 
approach to health risks from DLCs in fish in the Great Lakes and more generally for food 
supply DLCs in the US. Also this approach involves limitations and problems, and should 
not be promoted regardless of cost and risk. The coverage and effectiveness of risk 
reduction pose problems; e.g., advice may not reach some people, and it can lower 
consumption of also non-risky fish. The approach excludes market control of fish and 
products. However, this need not be decisive for health protection. The information based 
approach is able to account for regional and specific conditions and factors. It can address 
high-risk groups and situations e.g. through parenting advice, day-care and school 
personnel. It is inherently participatory and may be widely acceptable. It can capture risks 
both from recreationally fished and other fish. It is flexibly compatible with other areas of 
management and with changing evaluations of risks and benefits. Perhaps particularly, 
balancing of risks and benefits can be easily facilitated. 

 
5. The general analysis is borne out by dioxins in Baltic fish. Both the EU strategy and its 

alternatives can have positive and negative impacts in the Baltic fish context.  Limitations of 
Baltic fish marketing and thus of consumption and fishing by strict application of the EU 
strategy are problematic for health and other reasons, especially when benefits from fish are 
factored in. There is a great risk of losing the benefits from additional dioxin intake 
reduction by cutting health and other benefits from fish (cf. A.10, B.3). The socio-economic 
risks and impacts from reduced Baltic Sea fishing and consumption are not limited to 
employment and fisheries and health economy. They are coupled with important cultural 
and systemic roles of fish consumption and fisheries that are hard to recreate, once lost. 
Decline of fisheries may increase ecotoxicological risks by altering dioxin cycling. 
Management of risks in such complex settings by essentially single-objective (risk of 
human toxicity) and single-criterion regulation (of fish dioxin levels) is poorly founded, 
narrow in scope, potentially inefficient and unsafe, and may backfire.  

 
6. In policy principles, the key question is to what extent can people be let choose themselves, 

on information and advice, what (fish) to eat, and what interventions in food supply are 
needed. This is related to subsidiarity and flexibility of governance. Some subjects like small 
children cannot choose; to protect them a regulatory approach may be preferred on principle. 
However, such subjects are legitimately exposed to also many other harmful agents (and 
deprived of beneficial agents). Mother's milk is exempted from food dioxin regulations and 
even recommended; the difference from fatty fish may be mainly that human milk is not 
marketed, not its risk-benefit ratio. For sustainability, efficiency, consistency, equity and 
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transparency the EU strategy is not superior, neither for precaution (cf. B.14). It serves the 
principle of free market, but this should not be confused with health arguments. 

 
7. An important strategic question becomes: can risks from dioxin-laden fish be avoided while 

ensuring benefits from fish, i.e. are there good alternatives to dioxin-rich fish diet. Reduced 
consumption of fatty Baltic fish may not necessarily lead to much less healthy diets for 
many people; alternatives include lean and clean fish, also farmed fatty Baltic fish, and 
dietary supplements like clean fish oil. Their potential may or may not be achievable e.g. by 
diet advisories and incentives. Thus, also the great benefits from fatty Baltic fish are relative 
and make no strict either-or choice or omnipotent argument for their consumption. On the 
other hand, such alternative diets can not be relied on, and impaired fish consumption and 
dietary habits can be difficult to repair. Ignoring these constraints and benefits from fish 
represents a still more limited decision approach that may significantly endanger health and 
other values with little real gain.  

 
8. A desirable strategy for dioxins and PCBs in the Baltic and its fish would in any case to a 

greater extent focus on preventing dioxin formation. Prevention involves  products and 
processes, down to root causes (societal needs) that offer particular opportunities and 
challenges. Prevention can be accomplished through chemical regulations, later through 
REACH, as well as e.g. under the IPPC and Seveso Directives. The Basel Convention and 
emerging measures for POPs and PBTs provide important measures, also fast tracks. All 
these instruments require improved concerted implementation for dioxins. Many dioxin-
forming (organo)halogens are produced in great volumes but are not prioritized for control. 
A preventive approach is potentially able to comprehensively and efficiently reduce risks 
from most DLCs, at all stages, in all media and to all receptors, human and non-human. 
However, risk-benefit relationships present difficult multi-dimensional decision problems 
and tradeoffs also here, and should be analyzed in more detail. Not all alternatives to dioxin 
precursors are safe or otherwise justified. For instance, the roles of PVC and many 
organobromides in dioxin formation and risk prevention are complex. The same goes to 
some recycling and other solutions hailed as environment-friendly. 

 
9. In emission control, land-based secondary, diffuse and key point sources of PCDD/Fs and 

PCBs (cf. A.2) are a priority to efficiently reduce risks also to the sea. Many easy options 
are being exhausted, and additional risk reduction comes with increasing relative cost. 
Specifications and applications of reasonable BATs and BEPs are needed, e.g. under the 
Stockholm Convention (cf. B.8). There are opportunities especially within technology 
improvement in Poland and Russia, and efforts on this are called for. Dioxin emission 
abatement can be desirable for other reasons as well, thus obviating narrow cost estimation. 
Selective hotspot cleanup and control is needed. Solutions suitable for efficient long-term 
management of hotspots, including destruction and isolation/stabilization in situ and after 
removal (dredging), need to be considered on site-specific basis and with regard to all 
impacts, including health, environmental, socio-economic, systemic and cultural. In general, 
hotspots management is safer and more cost-effective on land than in sea. 

 
10. Sea-oriented options need to be considered more extensively, as part of developing marine 

strategies, fisheries management and overall food supply risk management. In particular, 
fisheries may be a key part of solving the problem if capabilities for this are preserved and 
developed (cf. B.5) and feasibility of investment is ensured. Opportunities include cleanup 
fishing and restriction of sea discards as already proposed by ICES, despite the relatively 
small dioxin pool in fish catch, and even more importantly selective fishing in young age 
classes for consumer protection and control of biomagnification. Dredging controls are 
implied by the importance of coastal sediments as dioxin sources. Protection areas and 
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conservation measures are an option for some of the dioxin-endangered Baltic non-human 
animals, e.g. to ensure successful breeding, and may be combined with other protective 
measures. 

 
11. Post-sea management options apart from fish market regulation or diet advisories are end-

of-the-chain, but are linked with other areas of dioxin cycles and management. Diversion of 
the worst dioxin-contaminated fish to insensitive uses and appropriate later treatment remain 
a need. Fish oils can be cleaned of dioxins and some PCBs. Clean surrogate foods can be 
given also to other species than humans and sea eagles. Control of pharmacokinetics and 
therapies have some applicability. Health benefits of fatty fish can be maximized e.g. by 
developing uses for cardiac health (cf. A.10). Notably, risk management includes 
compensation for losses to fishers and others. However, this is not a substitute for fisheries 
and involves many problems, based also on experiences from earlier compensation schemes 
and their deficiencies. Liability issues need to be addressed, taking into account the 
principles on e.g. inadvertent pollution and retroactiveness and the utility of economic 
steering instruments.  

 
12. The merits, drawbacks and implications of alternative management approaches and their 

modifications and combinations are not unequivocally definable. Recommendations should 
thus be subject to further discussions and experimentation. It can yet be tentatively 
concluded that many factors favor a liberal general approach to supply of fatty Baltic fish, 
coupled with targeted protective measures and more comprehensive opportunity-oriented 
management focused on prevention. Positive interventions can be justified as an alternative 
to dioxin-based restrictions. Also some controls on fish (product) trade can be set in without 
binding this to dioxin level regulation. Such a multi-frontier approach may best ride out the 
remaining dioxin wave in the Baltic while ensuring sustainable utilization of its healthy fish 
and improving links with other management areas. This could also contribute to a broadened 
and improved EU strategy for dioxins and PCBs in food and feeding-stuffs as well as more 
generally. In any case, it is important that new management strategies and opportunities are 
explored. Management means e.g. in prevention can become more efficient and feasible by 
innovation. 

 
13. A combination of different management options is needed in all strategies. A preventive 

approach takes effect only after lags, and is to be complemented by  exposure reduction in 
emission control, in the sea and in fish consumption.  

 
14. Dioxin risk management hinges on interpretations of the precautionary principle. 

Navigation is needed between delays from awaiting proof and careful reflection, and panic 
actions. Dioxins and PCBs are a major argument for this principle, but it should not be 
applied uncritically and selectively; if exaggerated it can lead to wasted resources, even 
worsening risks. It also alters scientific processes. Wise precaution does not indiscriminately 
attack all dioxin-loaded fish or sites or all precursors, without regard to alternative options, 
their multiple impacts, risks and benefits, and other key decision aspects. Irreversibility as a 
key criterion of precaution must also be applied to the loss of benefits from fish and of 
fisheries. On the other hand, such reflection and proof should not be used as excuses for 
inactivity in dioxin abatement. Sufficiently certainly successful precaution should be sought 
in measures that are easily implemented, feasible, synergistic, multi-benefit, inherently low-
risk and widely acceptable (cf. B.8). This would help operationalize the principle and 
integrate it with other principles, including more science-based management.  

 
15. Information is insufficient for some decisions, sufficient for some. The consequences of the 

EU and other strategies e.g. to fish uses and health can not be known in detail. There is no 
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one optimal solution, as there are many objectives and uncertain outcomes; there can 
only be efficient frontiers. The need for alternatives to the EU strategy in the case of Baltic 
fish and for requisite information is still evident. Quantitative analysis has limitations but 
offers valuable insights. Risk-benefit ratios can be instructive but can not be used 
simplistically e.g. for or against fish consumption. Multi-dimensional risk-benefit, impact 
and decision analyses are the essential complement, as policies and strategies need to be 
based on many premises. A key lesson is the need to suspect certainties, also those of 
oneself. 

 
16. Risk communication is needed between researchers or analysts and policy or decision 

makers; different sectors (also fisheries); levels of government; stakeholder groups; and 
professionals and lay persons, many of whom are confused and irrational about 
minimization of risks especially to health. Those engaged should be open and clear about 
their arguments and valuations. Equally important is to communicate risks calmly and 
without inflating or deflating them or uncertainties. Communicating fish dioxin levels, 
regulatory or advisory, requires care to avoid unfounded judgments of risks. Shocking and 
one-sided warnings against and unconditional recommendations for consumption of Baltic 
fish cannot be justified. 

 
17. In managing risks from Baltic fish dioxins, other Baltic Sea processes, natural and social, 

need to be taken into account. They have synergies, competition or conflicts with dioxin risk 
management, and can constrain management but also offer opportunities and win-win 
situations (cf. B.18). The relationships with eutrophication control and fish stock protection 
are noteworthy. Eutrophication can not be viewed as a positive development even for dioxin 
risks although it generally dilutes dioxins in biomass, as the forms, processes and variations 
of eutrophication play a decisive role. 

 
18. Coordination and consolidation of risk management instruments (policies, strategies etc.) 

is needed. Multi-sector, multi-actor and multi-level management should include the 
following key areas of interaction, integration and collaboration:   
• Between chemicals, health, food, fisheries and marine protection sectors; integration of 

CFP and EU Marine Strategy with dioxin strategies for the Baltic 
• Between dioxin-focused and other e.g. general chemical and industry instruments 
• National to regional (Nordic, Baltic), EU and global scale (e.g. in POPs area); with the 

new Baltic Sea member states, and between HELCOM and other actors 
• Stakeholders affected by the policies, strategies and decisions. 

 
19. Additional steering instruments should be considered, including voluntary and regulatory 

instruments to solve risks associated with dioxins also in the Baltic in an efficient and 
equitable way. Instruments for prevention of dioxins and for utilization of the potential of 
fisheries are important. They are constrained by the complex, indirect and uncertain risks 
and impacts, e.g. in defining liabilities and burdens.  

 
20. All in all, the EU dioxin strategy involves many largely unforeseen problems and risks in 

the case of Baltic Sea fish, and alternative strategies are worth probing, especially as 
widespread severe health effects of DLCs in these fish to humans and other animals do not 
seem likely anymore, and as wild fatty seafish has great benefits also to health. Many 
options are available to ensure and reinforce the positive trends without sacrificing valuable 
resources, and to avoid new risks. Combinations of options that have broad availability, 
efficiency, compatibility and acceptability also with regard to other risks and concerns are 
called for. Broad and diligent but carefully focused dioxin prevention coupled with targeted 
but flexible auxiliary measures in high-risk groups seems the best overall approach.  
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1  Introduction 
 
1.1  General background and historical importance of dioxin problems 
 

'Dioxins' are a group of chemicals that have gained extensive attention from scientists, policy 
makers, regulators, lay persons and others due to their toxicity and possible long-term health 
and environmental effects.  
 
The attention to dioxins may partly be due to factors that are somewhat apart from toxic 
effects, such as the name dioxins, causing associations with death and thus heightened risk 
perception (David 1980), and to the presence of dioxins in contamination cases like the Agent 
Orange herbicide spreading during Vietnam war, the Seveso accident in Italy in 1976, and 
recent food contamination episodes, which were widely publicized and caused policy 
changes, actions and other responses. Through such cases dioxins have become a symbol of 
environmental contamination that is related to more general factors and concerns. 
 
Dioxins and associated risks and impacts have historical precedents and parallels. One of 
these and often a simultaneous toxicant in seafood is methyl mercury that caused alarms in 
the 1960's due to epidemic human health impairment (e.g. the Minamata disease) and also due 
to ecotoxicity, and is still present at high levels (Svensson et al. 1995, Thyen et al 1997). 
PCBs and persistent and bioaccumulating chlorinated pesticides have likewise interacted with 
conceptions of and responses to dioxins, also in the Baltic. PCBs in particular are ever more  
integrated with dioxins in assessment and management, as some elicit dioxin-like toxicity. 
  
Polyhalogenated dibenzo-p-dioxins and dibenzofurans (PXDD/Fs) are inadvertent by-
products of many anthropogenic and even some natural processes. They are formed in most 
thermal processes involving chlorine e.g. in industry, waste management, energy production 
and transportation. They are also present as impurities in many chemical products, especially 
halogenated organic compounds.  
 
'Dioxins' are not clearly defined. Only part of them have pronounced toxicity. On the other 
hand, an increasing amount of substances has been included in the definition (cf. 1.2). In 
addition to PXDD/Fs, they encompass substances from many other groups. Dioxins thus 
cannot be identified by naming a single chemical or even a group of distinct substances. This 
makes it difficult to get a clear picture of the effects, risks and problems they cause. Dioxins 
can thus be seen as a "boundary object"1 (e.g. Star and Griesemer 1989). Such objects bring 
different communities of practice together to solve a problem of common concern (Arias and 
Fischer 2000). Different communities of practice relevant to dioxins in Baltic Sea, both in 
research and management, form together a community of interest. However, they have 
differences in their conceptions of and responses to the dioxin problem and its solutions.  
 
Dioxins have been studied due especially to accidents in production of chlorinated organic 
chemicals. Also the first reports of human exposure to and effects of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) came after a 2,4,5-trichlorophenol reactor 
explosion in 1949 in West Virginia (Sweeney et al. 2000). Thus, they have been known to be 
hazardous for over half a century. The first reports of dioxins in the open scientific literature 
originate around 1960's (Kimmig and Schulz 1957, Jones and Krizek 1962). 
 

                                                 
1 Similarly, because POPs are a concept simultaneously resident in science and policy worlds, they have functioned as a 
"boundary object" (Guston et al. 2000) around which international negotiations have coalesced (Eckley & Selin 2003). 
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The perceived profile of dioxin risks has extended and evolved since then. The development 
of chemical analysis methods has allowed detecting lesser amounts and a wider array of 
dioxins. They are prone to long-range transport and occur near and far from sources, 
accumulating in food chains. Dioxins have also been linked to a wide spectrum of 
toxicological effects in many animals (see e.g. reviews in USEPA 2000). Some effects occur 
at low doses. Effects are however not easily attributable to specific causes, and their adversity 
and significance may be unclear (e.g., Neubert 1997/98). 
 
Risks associated with dioxins have been assessed in many occasions, with variable scope and 
approaches. Among the assessments by authoritative international and national expert bodies, 
the following may in particular be mentioned (cf. Annex 12):    
• Nordic dioxin risk assessment (Ahlborg et al. 1988) and PCB assessment (Ahlborg et al. 

1994) 
• IPCS Environ Health Criteria (PCDD/Fs 1989, PCBs/PCTs 1992, PBBs 1994, PBDD/Fs 

1998) 
• IARC evaluation of cancer risks from PCDD/Fs (1984, 1987, 1997) and for PCBs (199X) 
• WHO consultations on the toxicity and Tolerable Daily Intake of dioxins (1994 and 1998)  
• Opinion of the EU's Scientific Committee for Food (SCF) 2000 (revised 2001) 
• WHO/FAO Joint Evaluation Committee on Food Additives (JECFA) 2001 
• USEPA assessments of exposures and health risks of dioxins (1994, 2000) 
• Some assessment has been made in connection with the work on monitoring of dioxins in 

the Baltic for development of EU's environmental health strategy (Tuomisto et al. 2004). 
 

There is a lack of consensus among scientists, assessors and managers on the evidence for and 
the significance of risks caused by dioxins. Differences in views are reflected in assessments. 
A general problem is to evaluate the cumulative effects from low doses of these mixtures in 
variable receptor organisms. The occurrence and significance of effects at the level of 
populations and the relationship with other effects and causative factors are still unclear. In 
addition to scientific uncertainties, value-laden policy controversies prevail. Assessments 
depend e.g. on the criteria for data quality and the principles and procedures for interpretation.  
 
In 1999 high levels of dioxin caused by contaminated feed were found in Belgian chicken 
meat and eggs, leading to product bans throughout Europe (SCAN 2000). Also other dioxin 
and PCBs contamination episodes occurred in food production systems. CEC published an 
assessment of European background levels of dioxins (Wenborn et al. 1999, cf. SCOOP 2000) 
stating that despite the reduction in human dietary exposure, some individuals or parts of the 
community might be "at risk". Together with other food safety scandals in late 1990's the 
dioxin issue was thus brought to the European consumer health agenda. The change in the 
public trust on government authorities contributed to changes in food safety and 
environmental policies towards more risk adverse and precautionary approach, prompting 
dioxin management initiatives especially in the food area.  
 
Increasingly, dioxins have been studied, assessed and managed in the context of the broader 
problem of persistent organic pollutants (POPs) and persistent bioaccumulative toxic 
substances (PBTs). However, food safety problems in particular led to the development of a 
European strategy for dioxins, furans and polychlorinated biphenyls in food and feeding-
stuffs (COM (2001) 593 final). There are also many other strategies, policies, programs and 
other initiatives that are relevant for the management of risks from dioxins in the Baltic Sea 
and its fish, on both EU, global, regional and national level, and in several branches of 
administration (for more detail, see 7).  
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1.2  Definitions and related methodological frameworks 
 

1.2.1  Dioxins and dioxin-like compounds 
 

'Dioxins' is a trivial chemical name, being often defined as polychlorinated dibenzo-p-dioxins 
and dibenzofurans (PCDD/PCDFs or in short PCDD/Fs). They are diaromates (but tricyclic), 
with two benzene rings united by 1-2 oxygen bridges (in PCDDs and PCDFs, respectively) 
and chlorine atoms. PCDD/Fs comprise 210 different molecules (75 PCDDs and 135 PCDFs), 
'congeners'. The other halogenated dioxins (PXDD/Fs) include thousands of congeners. 
 
In practice, a fraction of PCDD/Fs is included in the dioxins dealt with in regulatory contexts. 
They usually mean only those with chlorine at least in the lateral 2-, 3-, 7- and 8-positions, 
having aryl hydrocarbon receptor (AhR) mediated effects and being the most toxic congeners, 
as approximated by toxic equivalency factors (TEFs) that are used to quantify toxicity 
equivalents (TEQs) relative to TCDD for the main animal groups (Table 1). These PCDD/Fs 
comprise 17 congeners, including TCDD that has been most studied. In most cases dioxins 
occur as mixtures where other congeners are present and more important than TCDD.  
 
 

Table 1. Nomenclature, codes and toxic equivalency factors (TEFs) of polychlorinated dibenzo-p-
dioxins, dibenzofurans and biphenyls included in the WHO TEF schemes. 

 
TEF- WHO98 (TEF-WHO94) Congener name, IUPAC no (for PCBs) Other abbreviations and trivial names 
mammal bird fish 

   2,3,7,8-Polychlorodibenzo-p-dioxins    2378-PCDDs, PCDDs    
2,3,7,8-Tetrachlorodibenzo-p-dioxin  2378-TCDD, 2378-C4DD (TCDD, 'dioxin') 1 1 1 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin  12378-PeCDD, 1-PeCDD (PeCDD, C5DD) 1 (0.5) 1 1 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin  123478-HxCDD, 123478-C6DD, 4HxCDD 0.1 0.5 0.1 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin  123678-HxCDD, 123678-C6DD, 6HxCDD 0.1 0.01 0.1 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 123789-HxCDD, 123789-C6DD, 9HxCDD 0.1 0.1 0.1 
1,2,3,6,7,8,9-Heptachlorodibenzo-p-dioxin  1236789-HpCDD (HpCDD, C7DD) 0.01 < 0.001 
Octachlorodibenzo-p-dioxin OCDD, C8DD 0.0001 (0.001) - - 
  2,3,7,8-Polychlorodibenzofurans    2378-PCDFs, PCDFs    
2,3,7,8-Tetrachlorodibenzofuran 2378-TCDF, 2378-C4DF (TCDF) 0.1 1 0.05 
1,2,3,7,8-Pentachlorodibenzofuran  12378-PeCDF, 12378-C5DF, 1PeCDF 0.05 0.1 0.05 
2,3,4,7,8-Pentachlorodibenzofuran  23478-PeCDF, 23478-C5DD, 4PeCDD 0.5 1 0.5 
1,2,3,4,7,8-Hexachlorodibenzofuran 123478-HxCDF, 123478-C6DF, 4HxCDF 0.1 0.1 0.1 
1,2,3,6,7,8-Hexachlorodibenzofuran  123678-HxCDF, 12368-C6DF, 6HxCDF 0.1 0.1 0.1 
1,2,3,7,8,9-Hexachlorodibenzofuran  123789-HxCDF, 123789C6DF, 9HxCDF 0.1 0.1 0.1 
2,3,4,6,7,8-Hexachlorodibenzofuran 234678-HxCDF, 234678-C6DF 0.1 0.1 0.1 
1,2,3,4,6,7,8-Heptachlorodibenzofuran  1234678-HpCDF, 1234678-C7DF, 6HxCDF 0.01 0.01 0.01 
1,2,3,4,7,8,9-Heptachlorodibenzofuran  1234789-HpCDF, 1234789-C7DF, 9HxCDF 0.01 0.01 0.01 
Octachlorodibenzofuran OCDF, C8DF 0.0001 (0.001) 0.0001 0.0001 
  Non-ortho-polychlorobiphenyls     0-ortho-PCBs, 0-o-PCBs    
3,4,4',5-Tetrachlorobiphenyl, PCB 81 344'5-TeCB, CB 81 0.0001 0.1 0.0005 
3,3',4,4'-Tetrachlorobiphenyl, PCB 77 33'44'-TeCB, CB 77 0.0001 (0.0005) 0.05 0.0001 
3,3',4,4',5-Pentachlorobiphenyl, PCB 126 33'44'5-PeCB, CB 126 0.1 0.1 0.005 
3,3',4,4',5,5'-Hexachlorobiphenyl, PCB 169 33'44'55'-HxCB, CB 169 0.01 0.001 0.0005 
  Mono-ortho-PCBs    1-ortho-PCBs, 1-o-PCBs    
2,3,3',4,4'-Pentachlorobiphenyl, PCB 105 233'44'-PeCB, CB 105 0.0001 0.0001 - 
2,3,4,4',5-Pentachlorobiphenyl, PCB 114 2344'5-PeCB, CB 114 0.0005 0.0001 - 
2,3',4,4',5-Pentachlorobiphenyl, PCB 118 23'44'5-PeCB, CB 118 0.0001 0.00001 - 
2',3,4,4',5-Pentachlorobiphenyl, PCB 123 2'344'5'-PeCB, CB 123 0.0001 0.00001 - 
2,3,3',4,4',5-Hexachlorobiphenyl, PCB 156 233'44'5-HxCB, CB 156 0.0005 0.0001 - 
2,3,3',4,4',5'-Hexachlorobiphenyl, PCB 157 233'44'5'-HxCB, CB 157 0.0005 -0.0001 - 
2,3',4,4',5,5'-Hexachlorobiphenyl, PCB 167 23'44'55'-HxCB, CB 167 0.00001 .00001 - 
2,3,3',4,4',5,5'-Heptachlorobiphenyl, PCB 189 233'44'55'-HpCB, CB 189 0.0001 .00001 - 
  Di-ortho-PCBs   2-ortho-PCBs, 2-o-PCBs    
2,2',3,3',4,4',5-Heptachlorobiphenyl, PCB 170 22'33'44'5-HpCB, CB 170 (0.0001)   
2,2',3,4,4',5,5'-Heptachlorobiphenyl, PCB 180 22'344'55'-HpCB, CB 180 (0.00001)   
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Many other chemical compounds have also been included in dioxin-like compounds (DLCs) 
based on varying criteria (cf. 2.2). Some of such DLCs are also called dioxins. This is most 
natural in the case of dibenzo-p-dioxins and dibenzofurans with other halogen atoms (or at 
least one other halogen atom) and other substituents instead of chlorine, such as the 
corresponding brominated dioxins (PBDD/Fs).  
 
The other DLCs include dioxin-like polychlorinated biphenyls (DL-PCBs) that have been 
included in WHO-TEQ values (Table 1). The WHO-TEQs due to PCBs are termed in short 
TEQP, as distinguished from TEQDF due only to PCDD/Fs; the WHO-TEQs including both 
groups are termed TEQDFP (cf. USEPA 2000). These PCBs belong to non-ortho (0-o) and 
mono-ortho (1-o) congeners. The former are commonly termed coplanar (coPCBs) due to 
their structures; the planarity of congeners with one substituent in ortho position is reduced 
although not as much as in di-ortho and poly-ortho PCBs. The demarcation between dioxin-
like and non-dioxinlike (NDL-)PCBs is not clear (see 2.2). WHO-TEFs are usually those 
specified for mammals, if not mentioned otherwise. The toxicity of all DLCs is sometimes 
approximated by 'Bio-TEQs'. 
 
Also many other substances possess dioxin-like properties, and have been suggested to be 
included in TEF schemes (cf. 2.1). Although generally halogenated diaromates, DLCs include 
unhalogenated compounds and other ring structures. Some have been produced industrially, 
some accidentally; some have been known as DLCs for long, others only recently.  

 
In summary, not all PCDD/Fs are 'dioxins' in the sense normally used in regulation and in 
science; on the other hand, substances with dioxin-like properties and toxicity are found in 
many other classes of compounds than PCDD/Fs. It may thus be unlogical, misleading and 
inefficient to limit assessments e.g. only to PCDD/Fs (or to the WHO-TEF PCBs); this 
depends on the context and goals. In the present work, dioxins are taken to include 2378-
PCDD/Fs and the DL-PCBs given WHO TEFs; other DLCs including PBDD/Fs and 
coPBBs are dealt with cursorily in some connections.  
 

1.2.2  Baltic Sea and related other areas 
 

The Baltic Sea (Baltic in short) is the second largest brackish-water basin after Black Sea. The 
area commonly included in the Baltic marine area extends to the Eastern part of the North 
Sea, including Norwegian, Danish and Swedish coastal sea areas (Fig. 1).  

 
The catchment of the Baltic marine area, at 1 720 000 km2, is 4 times the size of the marine 
area itself and includes land in 14 countries. These are, in order of the size of the catchment 
area they occupy: Sweden, Finland, Russia, Poland, Lithuania, Latvia, Estonia, Denmark, 
Germany, Belarus, Norway, Czech Republic, Slovakia and Ukraine. The four first mentioned 
comprise 80 % of the catchment, the last four only a very minor part of it (Fig. 1). The last 
five have not ratified the Helsinki Convention. Of these 14 countries, only Sweden, Finland, 
Denmark and Germany were EU member states until 1.5.2004 when Poland, Latvia, 
Lithuania, Estonia, Czech Republic, Slovakia also became part of EU.  
 
The Baltic Sea interacts with its catchment in both physical and social terms. In addition, the 
watershed of the catchment does not present a strict border, but the Baltic also influences and 
interacts with a still larger area e.g. in terms of fluxes to and from the sea both through air and 
through products, notably fish. Baltic Sea includes stocks of many fish species, some of great 
economic importance. Some of the fisheries extend to the North Sea, others are more 
localized (cf. 2). 
 



 

 

21

 

 
Fig. 1. Baltic Sea and its sub-areas, their catchment areas and main rivers and lakes, national 
borders and capitals (from UNEP GRID-Arendal). Note: population density is shown by shading.  
 
 
1.2.3  Risks and uncertainties  
 

Risk has been defined in toxicology e.g. as "the probability of an adverse effect in an 
organism, system or (sub)population caused under specified circumstances by exposure to an 
agent." (IPCS and OECD 2003, cf. Christensen et al. 2003). Other definitions are used in 
other areas. Risk is defined generally and formally as a function of the probability and 
consequence of adverse event (or process). The above definition, like some others, does not 
explicitly include a separate consequence dimension, but it may be included implicitly in the 
'adverse effect'. Hazard is partly synonymous with risk but has also other interpretations as 
seen in risk and hazard assessment. Impact is a related general term that does not carry as 
strong connotations of probability or potentiality.  
 
Risks have many forms and dimensions. Thus, they cannot be captured in a  number, or even 
a probability distribution (PDF) or other quantitative representation. The distinction but also 
the interrelationship of objective and subjective risks is stressed. Risks are further divided in 
individual and population risks, and in attributable and background risks. Relative risk is used 
especially in epidemiology, often being rather the odds or risk ratio (Neubert 1997/98). 
Formal expressions include e.g. R=f(dose, effect) in toxicology, f(p(opportunity loss)) in 
economics, f(p(load>resistance)) in technology, and as ecological analogue, 
f(p(stress>carrying capacity)). 

 
Uncertainty is related to risks. It has been defined e.g. as "imperfect knowledge concerning 
the present or future state of … a system" (IPCS and OECD 2003), but can also pertain to past 
states. Distinctions can be made between uncertainties that are or are not identified yet, and 
between risk, uncertainty, indeterminacy and ignorance as classes of imperfect knowledge 
(Wynne 2002; cf. Hildén 1997b). Also the concept of 'incertitude' that covers the spectrum 
determinism-uncertainty-ignorance-indeterminacy (e.g., Harremoёs 2003) has been used. The 
following types of uncertainty are often distinguished (e.g. Finkel 1990):  
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• Measurement uncertainty is a commonly recognised type and is reflected by the fact that a 
risk has not exactly one value, but varies in a range (and probability distribution) around it 

• Model uncertainty often has a decisive influence on overall uncertainty but is often 
underestimated. Model  uncertainty may also be of a qualitative nature 

• Decision rule or epistemiological uncertainty; e.g., in framing and reasoning. This is to 
some part interpretable as model uncertainty and may have a key role in decisions.   

 
1.2.4  Risk assessment and risk management  
 

Risk assessment has acquired interpretations in many areas, some of them formally defined. 
According to IPCS and OECD (2003), it is "a process … to calculate or estimate the risk to a 
… target organism, system or (sub)population … following exposure to a … agent … The … 
process includes … hazard identification, hazard characterisation …, exposure assessment, 
and risk characterization." Conceptually rather similar definitions and divisions have been 
used e.g. in EU chemicals control (CEC 2003a) and in connection with the precautionary 
principle (CEC 2000). Many of these are based on the environmental risk assessment 
paradigm by NAS (1983). In the food safety area, work is done on updating risk assessment 
of food contaminants, aiming at 'Good Risk Assessment Practices' (FAO and WHO 2002). 
Many definitions and approaches are oriented toward toxic chemicals; however, also other 
kinds of risks (also to human and ecosystem well-being) need to be included in assessments.  
 
Risk assessments vary in their contents, level, information needs and overall methodology. 
For instance, assessment of sudden risks differs from that of POPs. Assessments can address 
risks in many dimensions. Many methods can be used, from qualitative to quantitative 
deterministic or stochastic. Strikingly different things e.g. as to proof are meant by risk 
assessment even in toxicology. Neubert (1997/98) categorically stated that risk assessment of 
dioxins as often done in regulatory contexts, e.g. by extensive extrapolations, has "nothing to 
do with scientific medical risk assessment", and that unfortunately the same nomenclature is 
used in both areas. Different 'assessment cultures' are thus discernible. Their harmonization, 
although needed and possible to a point, is partly an attempt to combat inherently non-
harmonizable differences and may conceal crucial distinctions and disagreements. 
 
Risk analysis can been distinguished as a more general concept. In the terminology of IPCS 
and OECD (2003), risk assessment is the first part of a risk analysis process that also includes 
risk management and communication. This is however illogical, as 'analysis' denotes a 
process of inspection and reflection, not of action. Such a definition of analysis stretches its 
limits too far, even though the overlap with risk management be accepted (see below). 
Nevertheless, risk analysis, as established e.g. in many areas of health, safety and economics, 
does usually include a decision component addressing management issues that is more 
extensive and developed than is presently usual within assessment of chemicals. 
 
Integrated risk assessment or integrated assessment has developed in many contexts, in part  
in relation with the emphasis on multi-disciplinarity and sector integration. The dimensions 
and degrees of integration in different areas of assessment vary considerably (Fig. 2). 
Integrated risk assessment was defined by USEPA (2002) as "a process that combines risks 
from multiple sources, stressors, and routes of exposure for humans, biota and ecological 
resources in one assessment with a defined point of focus". Also the integrated risk 
assessment concept of IPCS (2001) focuses on integrating risks to human and non-human 
receptors, notably including POPs as a case, but acknowledges other areas of integration. The 
concept under SCALE (CEC 2003b) is much broader and more applied, including integration 
of a) information; b) research; c) environmental and health concerns with other EU policies; 
d) cycles of pollutants; e) intervention; and f) stakeholders.  
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A related concept is cumulative risk assessment, developed especially by the USEPA (2002) 
and focusing on mixtures of chemicals, long-term risks and different endpoints, but including 
other natural aspects of assessment; work is also underway to include management-related 
dimensions in cumulative risk assessment (ref.). Still more generally, integrated assessment is 
a concept that has developed especially in the area of global change and precautionary 
principle, and routinely includes socio-economic and other management aspects, and thus 
resembles the above interpretation of integrated risk assessment in the SCALE process. 
 
 

 
 
 

 
 
 
Fig. 2. Various dimensions, types and contents of integrated assessment within environmental 
toxicology, based mainly on USEPA (1997), WHO (2003) and EU (2004) approaches. Note the 
paradigmatic components and processes of risk assessment in the schemes. (To be completed)  
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Fig. 3. Schematic presentation of the risk assessment-risk management cycle, indicating key areas 
and parts of the present analyses (modified and extended from Assmuth and Hildén 2002). 
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The borderline between risk assessment and risk management is blurred. They have been 
often separated (e.g., NAS 1983, IPCS 199X, ECETOC 199X) but it has been increasingly 
realized that risk assessment and management are interacting and partly fused parts of a 
complex process with feed-backs between definition of questions and framing of issues and ; 
knowledge production; knowledge transmittal; and knowledge. Simultaneously, more 
nuanced concepts of assessment and management have emerged to avoid their lumping 
(refs.).  
 
Risk management is sometimes used as a narrow term only for technical operations. In  the 
present work, risk management is defined broadly, including non-technical aspects. 
According to IPCS and OECD (2003) it is a "decision-making process involving … political, 
social, economic, and technical factors with relevant risk … information … to develop, 
analyse, and compare … options and to select and implement … regulatory response. ... (it) 
comprises risk evaluation; emission and exposure control; risk monitoring." (cf. Table 2). In 
addition, risk management commonly is taken to include a) risk prevention, b) risk avoidance, 
c) risk reduction, and d) risk compensation. Several points of intervention can be discerned 
depending on the case. Risk management is further divided e.g. in regulatory and non-
regulatory and in public and corporate management. In particular, it extends to social and 
human aspects of technical and other such actions (HCN 1995). Such less technical aspects of 
management overlap with the term governance that is in some respects more general, 
encompassing e.g. institutional frameworks; on the other hand, it may mostly denote 
management in the public sector (by governments) and to a lesser extent e.g. in enterprises. 
  
Decisions include policy or management decisions but also decisions in scientific and 
statistical inference (cf. Dudewicz and Mishra 1988, 629-41) and in other spheres of activity.  
 
 

Table 2. Risk management elements accoding to FAO/WHO (1997) in food contaminants area and 
to US Presidential and Congressional Committee on Risk Assessment and Risk Management 
(1997). Note the variation in the sequence of steps, and the lacking correspondence between the two 
schemes, particularly the lack of context and options analysis in the FAO/WHO scheme. 
 
Risk management elements (FAO/WHO 1997)        Framework for risk management (USPCCRARM 1997) 
 
A. Risk evaluation               1. Defining problems and putting them in context 
Identification of a food safety problem          Identify and characterise the problem 
Establishment of a risk profile            -  
Ranking of the hazard for risk assessment and risk management priority - 
Establishment of risk assessment policy for conduct of risk assessment - 
Commissioning of risk assessment           - 
Consideration of risk assessment results         Carefully consider the context 
-                   Identify risk management goals 
-                   Identify risk managers 
-                   Establish a process for engaging stakeholders 
                   2. Assessing risks 
B. Risk management option assessment        3. Examining options 
Identification of available management options        Identify options 
-                   Analyse options (expected benefits/effectiveness; 
                   expected costs; distribution of benefits and costs; 
                   feasibility; potential adverse consequences; linking risk 
                   and economics) 
Selection of preferred option, including consideration of safety standard  
Final management decision            4. Making a decision 
C. Implementation of management decision        5. Taking action 
D. Monitoring and review            
Assessment of effectiveness of measures taken       6. Evaluating results 
Review risk management and/or assessment as necessary    - 
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1.3 Particular Baltic Sea fish relevance and issues 
 
1.3.1  Dioxins in the Baltic Sea 
 

The Baltic Sea is among the marine areas most heavily loaded by dioxins and related 
compounds. It receives dioxins e.g. in precipitation, runoff and sediments, some from 
contamination decades past (e.g., Verta et al. 2003). Some of the load is degraded or buried in 
sediments, while a large part cycles in the sea and its food-chains including man (cf. 3.3).   
 
Continuous high levels of PCDD/Fs are consequently measured in fatty Baltic fish (cf. 3.4). 
Other DLCs, such as DL-PCBs, have also been found at high levels. The average human 
intake of dioxins from fish and totally has declined, but trends are variable or unclear. 
Declines of dioxin levels have also been seen in general human populations in Baltic Sea 
counties. For some population segments such as those consuming much fatty fish the 
exposures are still high (cf. 3.5). The effects on human health are still unresolved (4.2).  
 
High PCDD/Fs and PCB levels have also been found in non-human animals feeding on Baltic 
Sea fish, such as seals and fish-eating birds (cf. 3.4). Adverse conditions have been found in 
some of these populations, but are difficult to link conclusively with such exposures (cf. 4.3).  
 

1.3.2  Risk management by regulation of fish quality and fisheries 
 
The dioxin content in Baltic herring can exceed many-fold the prescribed EU maximum of 4 
ng TEQDF g-1 fish (wet weight, ww) (e.g., Kiviranta et al. 2003). The inclusion of DL-PCBs  
increases the total TEQDFP level in many cases to more than twice that, and would cause more 
fish to exceed the levels considered acceptable (cf. 7).  
 
Due to high dioxin levels in Baltic fish, national health and food authorities have given 
recommendations on fish consumption. As fish is healthy food, an overall reduction in 
consumption was not recommended, but consumption of different types of fish – from lakes, 
seas outside the Baltic as well as from the Baltic. As to Baltic Sea fish, it is recommended that 
young fish is preferred (Degnbol et al. 2003, SNFA 2003, NFAF 2004). The authorities also 
advise children and young adults to consume only small amounts of fatty Baltic fish (cf. 7).  
 
As the Community dioxin strategy was adopted, Finland and Sweden opposed the EU 
restrictions on fishing, stressing the socio-economic and cultural importance of fishing and of 
certain fish products such as herring in national diets, and the health benefits from 
consumption of fatty sea fish. Sweden and Finland were thus allowed to delay full 
implementation of EU limits on dioxins in fish. Germany and Denmark accepted the limit 
values as such, but at least in Denmark they were criticized for being too stringent 
(Copenhagen Post Online News 13.8.1999). Also in Sweden and Finland the attitudes towards 
the derogation varied (e.g., DN 28.11.2001). The dioxin problem as such is shared by many 
countries, but due to the derogations it has a different political status in Finland and Sweden. 
 
On the basis of the derogations granted to Finland and Sweden in 2002, domestic sale and 
consumption of dioxin-laden Baltic Sea fish will be allowed until at least 2006. Fish 
exceeding the EU concentration limit can be sold in Finland and Sweden and outside EU but 
not exported to other EU countries. Both countries are required to warn consumers of health 
risks from dioxins, to report annually on dioxin levels and to abide by rules on dioxin contents 
in animal feed. Fish products are to be labelled to indicate their dioxin contents, and improved 
records to be kept of fish sold (cf. 7). 
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The inclusion of four Baltic Sea bordering countries to to EU in will increase the amount of 
countries and fisheries subject to regulation in connection with EU dioxins strategies and 
other strategies and associated regulations. The new member states have been granted varying 
possibilities for marketing dioxin-contaminated fish (see 7 for detailed description). 
 

1.3.3  Defining policy-relevant risk and management analysis questions for Baltic Sea dioxins 
 

A set of questions can be formulated to frame the issues in identifying, assessing and 
managing risks from dioxins in the Baltic and its fish. These questions are based on the key 
entities and factors in risk formation (see next chapters). Any definition of relevant risk 
questions depends e.g. on the preferences of those asking and on the context of assessment; 
no single absolutely best set exists. The following questions form a logical sequence, even 
though the order is not strict:  
• What are the key dioxin-like compounds causing risks and their main sources in the 

Baltic Sea system 
• What are the present and projected emissions and immissions of dioxins to the Baltic  
• What are the key processes of dioxin cycling in the Baltic regarding risks from fish 
• What effects and risks do dioxins cause and what are the most critical effects 
• What are the high-risk organisms and groups consuming Baltic Sea fish 
• What are the intakes of dioxins from the Baltic and what doses do they cause 
• What key factors influence the risks and what are the relevant particular traits of the 

Baltic Sea 
• How are the risks varying and developing and why have they been highlighted recently  
• What benefits are associated with Baltic fish and what are their relations with risks 
• How alarming is the situation in terms of toxicological risks 
• What are the key conclusions, methods and limitations of relevant previous risk 

assessments 
• What policy principles, goals and initiatives have been invoked 
• What contextual and procedural factors affect risk management 
• How are dioxins in Baltic fish and associated risks framed and perceived  
• What is being presently done about the risks 
• What more can be done potentially 
• What are conceivable general strategies in responding to the risks 
• What are the consequences of various alternative actions, inclusing socio-economic. 
 
These questions may be summarized in the following general question: How great and 
certain are the risks associated with dioxins in Baltic Sea fish, especially for human health 
but put also in a more general perspective, and what are the posible responses to these 
risks, including alternatives, modifications and complements to present regulatory actions.  
 

 
 
 
 
 
 
 
 
   
 
Fig. 4. A simplified risk-based 'upstream' process of deriving quantitative human health risk 
management criteria for dioxins in fish, and of crucial factors and associated questions and models. 
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Relevant risk questions are often defined according to the paradigm of risk assessment 
proceeding from risk identification to management. There are feedbacks in these processes 
and in the "structure of inference" (Henryk Skolimowski). The order and direction of the 
process may be altered, which is a reflection of the need to approach the problem from several 
angles and at several points. There is thus no objectively best way to proceed; there is logic 
and merit but also limitation in the paradigmatic process. 

 
A reverse mode inference may be useful to define questions and knowledge needs that are 
relevant to decision making; it may also help to resolve interactions between scientific 
knowledge and policy or decision making, while making clear the differences between these 
spheres of activity and their justified independence (cf. ECETOC 199X). For the development 
of quantitative risk management criteria especially within human health and fish consumpion 
as part of food and nutrition, the following reverse 'upstream' mode of questions and 
contributing factors may be discerned (Fig. 4).   

 
1.3.4  The need for additional risk assessment and risk management analysis  
 

The EU dioxin strategy, the underlying risk assessments by the EU scientific committees and 
most other treatments of dioxins have not considered the particular conditions in areas like the 
Baltic Sea. Other limitations of these assessments include the focus on human exposures and 
health risks, and the limited consideration of dioxin-like PCBs and other related substances.   
 
There has been some assessment of dioxins in the Baltic e.g. in the EMEP work on POP's at 
MSC-E (Vulykh and Shatalov 2001) and in the pilot project on dioxins within SCALE 
(Tuomisto et al. 2004), but these have focused on environmental emission and transport and 
on monitoring of human exposures, respectively.  
 
The standard risk assessment methodology for existing substances in the EU (CEC 2003a) 
increasingly includes schematic procedures for assessment of risks at regional and local scale 
in marine environments and life cycle stages of substances including waste management; also 
PBTs and secondary (food-chain) poisoning are included to some degree. However, the 
procedure is still too generic and not suited as such to dioxin risk assessment particularly in 
the case of Baltic Sea fish. The reliance on many simplifying assumptions and assessment 
factors, the limited integration of human and ecological health, and the lacking consideration 
of mixtures, cumulative and internal exposures, population-level effects, uncertainties and 
management links are among the restrictions of this procedure; it is therefore appropriately 
used as additional general guidance in some areas only.  
 
The approaches in the extensive reassessment of dioxins by the USEPA (2000) are more 
tailored to the specific risks and information associated with dioxins and dioxin-like PCBs. 
However, also this assessment is limited to exposures and effects on humans, is generic and 
not focused on the marine environment or fish, and does not include comparative risk-risk and 
risk-benefit analyses or analyses of risk management strategies and their connections with 
natural scientific aspects of risks (cf. the analysis of strategies to reduce exposure to dioxins 
and DLCs in the food supply, NAS 2003).   
 
Relevant authoritative assessments (cf. 1.1) collectively cover a rather broad field, extending 
ever more to the food and feed area. However, the focus in most assessments has been on 
human health. Often dioxin-like PCBs have not been treated. Notably, none of the 
assessments has explicitly addressed the links between assessment and management, neither 
in fisheries or other areas. Also the analysis of benefits associated with dioxin-laden foodstuffs 
has been nonexistent or scarce in earlier assessments.   
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Risks associated with dioxins in Baltic Sea and its fish thus need to be analysed more 
extensively and thoroughly, and focusing on the specific issues in the Baltic. Instead of 
routine assessment for single substances, the particular features of dioxin mixtures and their 
fate and multiple impacts in marine environments need to be taken into account. A better 
integration and differentiation of human health and ecotoxicological risk assessment is 
needed. Additional dimensions of risks have to be considered, including their qualitative 
aspects, variations and related uncertainties, and benefits associated with bearing the risks.  

 
Risks need above all to be assessed more comprehensively along the chain of events in risk 
formation from their causes to management, accounting for key cofactors, and putting risks in 
a broader context. This extension of the scope of analysis implies consideration of the 
information and concerns of various sectors (cf. Fig. 5). It also implies a broad utilization of 
the accumulatied body of scientific evidence and deliberations and other knowledge, 
especially many new findings. This implies a critical questioning of previous assessments 
along with use of their significanct results and insights. The general idea is to proceed beyond 
them to identify new issues and probe new approaches to risks.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Levels of integration in assessing risks of dioxins along various dimensions. Those 
assessment levels and contents that have been routinely included in assessments are shown by dark 
shading, those more rarely included by light shading (note that routine assessment has in some areas 
moved from basic to more integrative level). Emerging key areas of integrative assessment have 
been shown by bold lining, and those emerging areas covered in the present work by filling.   
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1.4  Objectives and methodological approaches of the present work 
 
1.4.1  Goals, objectives and scope 
 

This report has been produced as one deliverable in a project funded by Nordic Council of 
Ministers  on risk assessment and management strategies of dioxins in Baltic Sea fish.   

 
The key general goal of the project is to improve the knowledge base for EU's dioxin strategy 
and applying it to the Baltic, and for extending and developing it to relevant other strategic 
areas. In addition, the work strives to improve the requisite Nordic, other international and 
national coordination in dealing with the issue. To these ends, the project has had the following 
key operational goals:  
• to analyse in a many-sided manner the risks to the environment and human health that are 

associated with dioxins in Baltic Sea fish  
• to illuminate the conditions, qualities and impacts of risk management strategies both 

generally and specifically e.g. in connection with guideline values for dioxin levels in fish. 
 
   In addition, the project has the following auxiliary objectives:  

o to expose the issues with relevant bodies for development of an integrated environmental, 
health and resources policy  

o to develop methodologies (or identifiy development needs and opportunities) for assessing 
risks and management strategies for Baltic Sea dioxins and for other similar problems  

o to create and improve contacts to utilize and develop expertise and abilities in this area, and 
to identify needs and possibilities for continuous cooperation on dioxins in the Baltic Sea 

o to utilize Baltic Sea fish dioxins as a case example of risk assessment and management, and 
of environmental research, assesment and policy. 

 
The scope and focus of the project have been defined as follows:  
• Substances: Focus on toxicologically aggregatable PCDD/Fs and DL-PCBs. Directly 

comparable brominated analogues and other DLCs and stressors have been dealt with to a 
limited extent or on a more general level for the purposes of comprehensive risk 
identification.  

• Environments: Focus on the Baltic marine area. In comparative risk and policy analysis,  
some treatment of other seas and fishing areas is included. Inland waters, atmosphere and 
land areas including products and technosphere are included only as sources of dioxins and 
in connection with overall exposure and risk assessment, and in a rather generic way   

• Organisms: Focus on fish and their consumers including man and sensitive non-human 
animals. Other organisms have been treated as appropriate for Baltic fish dioxin fate and 
effects assessment and for risk management analysis. In assessing effects, background 
information is used on other animals, particularly rodents, monkeys and exotic fish.  

• Effects: Focused on AhR mediated responses with distinct dioxin profile. Non-specific 
disorders have been treated as appropriate. The effects include adverse and beneficial 
health effects of dioxin-containing fish, and other ecological and societal impacts also of 
management alternatives 

•  Stages and parts of risk management: All stages from formation and release to control and 
follow-up of dioxins have been included. The focus is on cycling in the sea and subsequent 
exposures, on risk and impact evaluation and on strategic level aspects of management. 

 
  The specific objectives of the analyses reported in the present publication are to:  

• Provide a comprehensive but focused decision-oriented assessment of risks associated 
with dioxins in Baltic fish 
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• Review, summarise and evaluate crucial literature and other sources and information, 
including previous assessments, for such a comprehensive assessment 

• Identify methodological and policy issues and approaches to their elucidation and 
resolution, also to steer future work. 

   
1.4.2  Approach and conduct 
 
General 
 

The assessments are essentially in the form of literature studies and evaluations, primarily 
based on scientific peer-reviewed information. For this, multiple schemes were devised for 
assessment of relevance and quality of information. 
 
The work has not involved empirical natural scientific research. Instead, document analyses, 
meta-analyses of existing data and theoretical studies and models (in a broad sense) have been 
relied on. Within risk views, documents have been complemented by interviews and 
observartions at expert meetings. 
 
Existing frameworks, procedures and models for risk assessment (cf. 1.2) have been utilized 
as appopriate. They have been modified and extended for better relevance for fish dioxins and 
for the present task. The analysis has been made predominantly on congener specific data, 
using both TEQs and priority congener approaches for aggregation and focusing of the work.    
 
Previous assessments have been evaluated and utilized. Instead of repeating them, a 
discussion and appraisal of these documents has been attempted from a decision and 
management point of view. Emphasis has been put on philosophical aspects of dioxin 
assessment and management. 
 
In addition to natural processes and factors, social, technological and other human processes 
and phenomena have been addressed. Links between these domains have been scrutinized, and 
the natural scientific analysis is focused on issues seen as crucial for decision making.  
 
This work addresses such a wide area that it is can not be covered in great detail in the present 
report. Instead, an identification and discussion of key issues in risk evaluation and 
management is attempted, both with regard to knowledge and to policy aspects. Also, such 
general issues are illustrated and analysed more concretely on the basis of selected examples.  
 
The work was made in 2002-03 with funding from the Nordic Council of Ministers, under the 
auspices of the Nordic Chemicals Group in collaboration with some other groups and bodies. 

 
Data and document evaluation 
 

Scientific literature was complied for evaluation initially by searches e.g. in SCIRUS and PubMed. 
Several keyword combinations and scopes were used. They were extended to cover older publications, 
especially where analytical quality was sufficient, and publications outside the Baltic Sea in as far as 
they had relevance for the task at hand. In some areas, notably epidemiology and experimental studies 
in laboratory animals, searches and assessments were focused on literature published after previous 
extensive assessments such as particularly the USEPA dioxin reassessment (2000). Secondary sources 
were searched among references and more recent publications by authors. The results of these 
searches were complemented by published sources drawn from earlier projects and searches, including 
documents produced in connection with earlier assessments (in some cases still drafts).  
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Original scientific sources were emphasized especially as important for the assessment, but reviews 
were also extensively used. Among earlier risk assessments, both official regulatory assessments (cf. 
1.1) and important and perceptive assessments and evaluations in review articles in scientific journals 
and books were considered. Web sources were additionally searched especially for regulatory, 
technical and monitoring information and risk communication data. 
 
The searches especially for data on dioxins in the Baltic were focused on recent, reliable and 
representative congener-specific analyses published in peer-reviewed papers and including good 
quality assurance. However, also relevant extended abstracts from Dioxin symposia were utilized, 
depending on the case. Some unpublished data were obtained from in-house sources mainly.  
 

Expert meetings and networks 
 

Links were established with Dioxin symposia as a traditional global forum for scientific and applied 
information transfer and discussion in this area. An ad-hoc meeting on Baltic Sea was arranged in the 
Barcelona symposium on 15.8.2002. In the next one in Boston on 23.8.2003 a session was arranged 
collaboration with other Nordic (food) expert bodies and the European Commission. Both meeting 
sessions were reported and utilized in the analysis.  
 
In connection with the project, a workshop was held in Helsinki on Dioxins in Baltic Sea fish (Annex 
12). Possibilities for a follow-up seminar, endorsed by many participants, are being examined. 
 
A network of dioxin experts from several countries, disciplines and branches of government were set 
up in connection with the project.   

 
 
1.4.3  Structure of the report 
 

The report is divided according to the assessment itself in main blocks on risk assessment and 
management, flanked by a general introduction and a synthesizing part, and complemented by 
executive summary, reference and annex sections. Links between assessment and 
management have been emphasized and summarizing elements (including tables) have been 
included throughout to increase the applicability of the report. 

 
In risk assessment, the structure is conventional in that it proceeds from risk identification 
over exposure and effects assessment to risk characterization; a complementary management 
decision based sequence and structure has been applied to some extent. Along with risks, 
associated impacts and uncertainties are dealt with. The sections on risk and uncertainty 
identification and characterization are relatively detailed, e.g. to facilitate understanding of 
assessment contexts.   
 
Risk management strategy analysis has been divided in a presentation of the policy contexts; a 
description and initial evaluation of options and measures, and a generalized discussion of 
strategies. In addition, this other main block of the text includes at the outset an analysis of 
risk perception and communication issues that also attempts to clarify links between 
assessment and management. 
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Part A: Risk assessment  
 
2 Hazard and risk identification and framing: agents, influences and contexts  
 
2.1 Conceptualization of risk chains and contexts, and approaches to decision-relevant risk 
identification 
 
2.1.1 General considerations 

 
Risks also from Baltic Sea fish dioxins are formed in chains of events that may be divided 
e.g. in 1) sources, 2) transport, and 3) receptors; they are also commonly divided in exposures 
and effects. Additionally, a division between the sea and its surroundings may be made. These 
processes and stages in relation to Baltic Sea fish dioxins (Fig. 6) do not constitute a single 
chain. They include various interacting elements, co-factors and feedbacks. In this simplified 
conceptualization, e.g. the levels of risk management (including a general governance level) 
and the multi-directional links between parts of the process have not been detailed.  
 
Risk identification according to the present paradigm and common procedures largely 
revolves around toxic effects. However, risk and hazard identification in a more general sense 
includes other components of risks as well, and this may become crucial also for dioxins in a 
given assessment context. For instance, the sources of risks in terms of dioxin formation may 
be emphasized also in as far as a preventive approach to risks is adopted. In particular, risks 
are formed also in management although this is often overlooked. Identification in this regard 
is related to the fact that the system entities are linked to a larger context especially when 
attempting to make sense of the risks in relation to other risks.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Conceptualization of event chains and their links in formation of risks associated with Baltic 
Sea fish dioxins, as a basis for multi-level identification and assessment approaches to these risks.  

Dioxins 
&  
sour-
ces 

Fate & 
trans-
port  
in fish 

Fish 
con- 
sump- 
tion 

Toxic 
effects 

Exposure identification / assessment 
- qualitative    - broad (e.g. including cofactors, links and sources of variation)  
- (semi)quantitative  - narrow/focused    

Effects identification / assess 
- qualitative  - broad   
- (semi)quant - narrow   

Body 
burden/
target 
tissue 

Fate & 
transp. 
(sea, 
outside) Release,  

emission, 
immission 

Environment Receptor organism

Fishing, 
process/
market 

 Uptake/ 
  bio- 
accumul

Toxico-
kinetics

Pre- 
cursors 

Indirect risks  
and impacts 
incl.social risks 
and fish benefits 

Management 
responses and their 
impacts including 
counter-veiling risks

cofactors cofactors cofactors cofactors 

AhR 
binding/ 
trans- 
script 

Formation 

Links to other DLCs, 
agents, and stressors 

Links to other 
environments  
(land/seas/air) 

Links to other 
responses 

Links to other 
receptors  
(outside Baltic) 

Links to other 
impacts and risks

Detoxification, 
recovery, 
adaptation,  
aggravation, 
amplification 



 

 

33

 

With Baltic Sea fish dioxins, the chain of events more specifically involves 1) formation and 
releases; 2) transport and fate including accumulation and transformation; 3) effects; and 4) 
subsequent other impacts also in risk management. The sequence is complicated by the fact 
that all of these include parts and processes that take place in the sea and outside the sea.    

 
The probabilities of consequences like toxic effects take on importance in risk formation and 
analysis. In the case of dioxins, instead of discrete events a more continuous effect process 
takes place. Also the other stages of risk chains involve probabilities and consequences of the 
respective events and factors. The probability aspect of risks has many levels. In addition to 
single point estimates of probabilities, their variation and uncertainty need to be considered. 
For instance, carcinogenic risks are commonly expressed as the probability of developing 
cancer (using e.g. 10-6 lifetime excess risk as a benchmark distinguishing from background 
risk, cf. Fishbein 1990), but are in reality represented by a range of probabilities, or more fully 
by a probability distribution function of this single probability. In risk identification, this is 
approached mainly by identifying the possible factors that contribute to such variation.  
 
Uncertainties in risks arise in part due to incomplete measurements. However, uncertainty has 
other dimensions too (cf. 1.2). They are also caused by imperfect knowledge of the 
phenomena themselves. For instance, assumptions of the form of dose-response function may 
influence risk estimates more than the spread of dose or response data. Uncertainty in 
decision rules include technical-level and more fundamental rules, the latter being related e.g. 
to questions of acceptability of risks and of management goals (e.g. Finkel 1990).  

 
2.1.2  Fish dioxin hazard and risk identification approaches 
 

There are many possible approaches to identifying and assessing risks, hazards, impacts and 
uncertainties associated with dioxins, also with dioxins in Baltic Sea fish. There is no one 
single universally best approach. Instead, combined and iterative approaches are useful, 
reflecting the multi-dimensionality of risks and of assessment contexts.  
 
Risk identification is related to the framing of risks, uncertainties and the questions asked. 
The balance between breadth and focus varies in the process, especially so that first broader 
risk identification takes place to be followed by more focused identification and assessment. 
Both a focused ‘inbound’ and a generalizing or comparative ‘outbound’ procedure are needed. 
On the other hand, a broader assessment is again needed after initial focusing, e.g. in 
comparative evaluation of results. It may be useful also to start from a focused question (e.g. 
in risk management) and derive the set of assessment questions from that, in a reverse or 
‘upstream’ assessment approach.  
 
Identification of dioxin risks in connection with Baltic Sea fish may be made within a) 
compounds or agents; b) matrices or carriers; c) receptors; and d) effects or impacts (Fig. 7). 
The dimensions of risk that are given particular attention in risk identification include:  
• What are the dioxin-like compounds considered  
• What are the (dietary) intake media 
• What are the receptor organisms considered 
• What are the effects and consequences considered, and what are their co-factors 
• What risk management needs and opportunities exist and what are their co-factors. 

 
These dimensions span the chain of events from DLCs over receptors to consequences. They 
are sufficiently separate, although related especially in the case of receptors and effects. The 
management opportunity dimension may be included in risk characterization or management 
strategy analysis, and dealt with only to a limited extent in the risk identification stage.  
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Fig. 7. Focusing risk identification and assessment within key dimensions of risks associated with 
dioxins in Baltic Sea fish. Note the influences between the dimensions in defining focus. 
 
 

The relative speed at which the focusing takes place may vary between the various 
dimensions to be considered (Fig. 7, cf. Fig. 5). In accordance with this flexible and multi-
dimensional approach to risk identification, no strict formalism in terms of tiers of risk 
identification is attempted. Instead, the tiers and levels of identification and assessment are 
presented as an indicative structuring framework only. 

 
There are also other stages of risk formation and dimensions of risks. Particularly important 
additional dimensions and framing questions, included inherently in the above dimensions, 
include: 
• How and at what stage the identification of risks involves and is focused on the Baltic 

Sea, i.e. what is the scope in terms of environmental compartments, essentially related to 
the transfer stage 

• How and at what stage the identification of risks involves and is focused on risk 
management.  

 
The risks associated with dioxins specifically in Baltic Sea and in fish require assessment 
approaches that are tailored to elucidate issues within this context, while retaining suitable 
generality. This means that the particular factors and processes, both ecological and social, 
that are operative in relation to the Baltic Sea and to fish and fishing (not only for human 
consumption) need to be considered. Therefore, risk and uncertainty assessment approaches 
e.g. in marine protection, fisheries and food sectors need to be accounted for and applied in 
dioxin risk assessment and management analysis. The relevant approaches will be described 
and discussed more specifically in the approproate sections, in connection with e.g. exposure 
and effects assessment and management policy and strategy analysis.   
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2.2  Dioxin-like compounds, their precursors and reaction products  
 
2.2.1  Identification of dioxin-like compounds 
 

The criteria for identifying a compound as a DLCs have varied in time and depending on the 
context. Dioxins have been most commonly taken to include 2378-PCDD/Fs and certain 
PCBs, usually the three non-ortho (0-o) and nine mono-ortho (1-o) congeners in the WHO 
TEF set (cf. 1.2, Table 1). The criteria internationally agreed (van den Berg et al. 1998) are 
structural similarity; binding to AhR; AhR mediated dioxin-like toxicity (presupposing the 
existence of also in vivo effects); persistence and bioaccumulation. None of these are clear-
cut, and such criteria may differ between regulation and research. For comprehensive risk 
identification it is important initially to consider a broad array of potential DLCs, as these 
may interact with and influence risks of PCDD/Fs. A multitude of other groups of chemicals 
thus need to be considered (Table 3, cf. more detailed listing in Annex 1).  
 
It can be seen that in addition to PCDD/Fs and DL-PCBs, an increasing amount of 
compounds fulfill some criteria, to various degrees, for inclusion in 'dioxins'. For instance, 
PBDEs, a common group present at increasing levels in many systems including Baltic Sea 
biota, have been shown to bind to AhR and elicit some dioxin-like activity at least in vitro in 
multiple cell systems, also human (Chen et al. 2001). 
 
 

Table 3. Basic-level identification of potential dioxin-like compounds with regard to established 
criteria for assigning toxic equivalency factors (TEFs, van den Berg et al. 1998, cf. Annex 1). The 
groups included in the WHO TEF scheme are shown in bold, as are strong criteria for dioxin 
likeness and precursor function. Note the many groups of organobromides fulfilling all dioxin 
criteria, compounds with O bridge substitutes, and polyaromates and naturally produced compounds 
having some dioxin-like properties including AhR binding and induction activity for AHH, EROD 
or other dioxin-related enzymes. For abbreviations see text.  
 
Substance group Molecular structure in 

relation to PCDD/Fs 
AhR binding AhR mediated TCDD 

toxicity and bioactivity  
Persistence and 
bioaccumulation 

Dioxin precursor 

PCDD/Fs (2378-chlorinated) ++  +/++ +/++ (some weakly) ++ (++ inherently) 
PCDD/Fs (other congeners) + (+) (some) ? (few studies) +/++  (+) (some) 
non- and mono-ortho PCBs + (0-o PCBs ++) +/++ +/++ (partial) ++ + 
Di-ortho-PCBs (+) (no planarity) + (+) (partial) ++ + 
PBDD/Fs and PCBDD/Fs ++ (Br size differs) ++ ++ ++ (++ inherently) 
PFDD/Fs ++ ++ (TFDD) ? (TFDD non-acc) (++ inherently) 
Alkylated PCDD/Fs + ? ? ?  
PCNs (chloronaphthalenes) + (no O bridges) + (+) AhR role unclear + + 
PCTs (chloroterphenyls) + + ? + + 
TCABs, TCAOBs and TCHBs ++ (N/NO bridges) ++ + (strong AHH induct) ++  
Non- and mono-ortho PBBs + (0-o PBBs ++) +/++ +/++ (partial) ++ + 
Dioxinlike di-ortho-PBBs (+) (no planarity) + ? (PCB analogues) (+) (partial) ++ + 
PCDEs/PBDEs (diphenyl ethers) +  + (many congeners) (+) + + 
PCDAs/PBDAs, PCDTs/PBDTs  +(+) (low planarity, S) + ?   
Nitro-PCDDs + + ? ?  
PCBPs (chlorobiphenylenes) + ? (+) (strong AHH induct) ?  
PAHs (+) (some) + (some congeners) + +/+(+)   
Chlorinated PAHs (+) (some +) ? (+) (AHH inducers) (some unstable)  
TCSTBs (T-chlorostilbenes) + + ? ?  
TCBTs (T-chlorobenzyltoluenes) + (+) (predicted) ? ?  
HCBz (hexachlorobenzene)  (+) - (some effects +) ++ + 
MeS2-PCBs, OH-PCBs (-PBBs) + (some Cl/Br reloc) + + ++ (some) (+) 
Dialkylamino-dinitrobenzenes  + ? ?  
Indoles, e.g. ICZ and derivatives  - + (ICZ ++ in vitro) (+) (AHH, CYP induct) -  
(Benzo/naphtho)flavones - + (some NFs ++ )  -  
Tryptanthrins / tryptophan deriv. - +  -  
Indigo, indirubin and derivatives - + (synthetic IRs ++) (+) (AHH, CYP induct) -  
Halogenated dimethyl bipyrroles - (+)  -  
Prostaglandins - + (some)  -  
Explanations of abbreviations (cf. Table 1, Annex 1): AhR=Aryl hydrocarbon receptor; AHH=aryl hydrocarbon hydroxylase; CYP=cytochrome P450 enzyme sub-
family; MeS2-PCBs=methyl sulfone metabolites of PCBs, OH-PCBs=hydroxyl metabolites of PCBs, ICZ=indolo[3,2-b]carbazole; NF=naphthoflavone; IR=indirubin. 
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DLCs may be divided in two main groups on the basis of structural and toxicological 
considerations: 
• Planar DLCs having a fixed plane, including e.g. PCDD/Fs, 0-ortho-PCBs and CNs, and 

corresponding other halogenated (brominated and chlorobrominated) compounds 
• Non-planar DLCs that allow some rotation of the aryl ring around the plane of the other, 

including e.g. 1-ortho-PCBs, PCDEs and corresponding other halogenated compounds. 
 
All in all, 'dioxins' and DLCs encompass many more compounds than the 2,3,7,8-
chlorinated PCDD/Fs and DL-PCBs subject to most regulatory and monitoring interest. 
Such groups include especially the corresponding bromo- and bromo-chloro compounds. 
Thus, not only the PCDD/Fs included in EU dioxin strategy regulations are to be addressed. 
In general, a need for more meaningful chemically and biologically based definitions of 
'dioxins' emerges. This broadening scope also implies a need for compound specificity, and 
limitations of TEFs and other aggregative concepts for dealing with dioxins. Moreover, it 
becomes clear that in identifying and targeting risks from dioxins also in the Baltic Sea and its 
fish, it is important to account for the mutual relations of the various DLCs as well as for 
their precursors and reaction products.  

 
2.2.2  Precursors and formation of dioxin-like compounds 

 
Dioxins are formed in various and complex processes. Many of these processes are yet poorly 
known, e.g. in terms of mechanisms and pathways, contributing substances, determinant 
internal or external factors, reaction rates and speeds, and quantitative yields (cf. Annex 3). 
 
Formation of PCDD/Fs and corresponding dioxins with other halogens is inadvertent and 
even accidental; they are harmful by-products that have been intentionally synthesized by 
man only for research and analytical purposes. This applies to many other DLCs, too. 
However, some DLCs including dioxin-like PCBs and PBBs, PCNs and PCTs have been 
formed also as (originally) desired main ingredients in synthetic chemical products. 
 
Generally, dioxins are formed in thermal processes that involve Cl (or other halogens, 
especially Br) and carbon. The precursors may be divided in two rather different classes  
• Halogenated aromatic compounds of suitable structure 
• Cl (or Br) and organic matter including O, H and especially C (de novo formation).  

 
The rate of formation depends on precursors and conditions, including temperature and the 
availability of catalyzing agents. Higher chlorinated chlorophenols, some chlorinated phenoxy 
acids, PCBs, chlorobenzenes and PCDEs readily form PCDD/Fs e.g. in condensation 
processes (see below); formation in burning is crucially dependent on the temperature and 
completeness of burning (intermediate temperatures enhancing dioxin formation); and in both 
of these cases, the presence of certain metals, especially Cu+2, and also e.g. of fly ash and 
possibly natural enzymes in some systems and conditions significantly increases formation.   
 
It follows that dioxins are formed both a) in products containing abundant precursors, b) in 
other industrial processes; c) in intentional energy conversion processes such as in 
combustion, d) in yet other thermal processes including subsequent reactions of such 
precursors e.g. in burning and accidental fires, e) in some natural e.g. enzyme-catalysed 
processes. Dioxin formation in general terms thus takes place in various stages and sites.  
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Table 4. Summarizing information on precursors and sources of PCDD/Fs, DL-PCBs and other 
DLCs, with particular reference to the Baltic Sea (cf. 3.2 and Annexes 1 and 3). (To be completed) 
 
Source Process and precursor; product or 

use purpose 
General importance as source 
of DLCs 

Baltic Sea relevance Key congeners or 
isomers formed 

  Chlorinated pesticides, fungicides, herbicides and biocides  
PCP mixtures 2346-TeCP+PeCP+246-TCP 

fungicide used as wood preservative 
wide PCDD/F contamination at 
sawmills and wood 

produced in FI (River 
Kymijoki); wide past use 

Hx-OCDF 

PeCP fungicide used as wood, leather and 
textile preservative 

contains and forms PCDD/Fs; 
emissions along the use chain  

FI, SW (see above); still 
used in EU/BS countries  

OCDD (HpCDD, 
OCDF) 

2,4,5-T herbicide used esp. against 
deciduous trees  

contains and forms PCDD/Fs 
(thermal reactions) 

used in large amounts 
earlier(also with 2,4,-D)  

 

2,4-D herbicide used esp. against 
deciduous trees 

contains and forms small 
amounts of PCDD/Fs 

some use continues (also 
RUS)  

 

2,4-DCAs 2,4-dichloroanilide based herbicides 
(linuron, diuron, propanil) 

contain PCABs, PCAOBs 
 

limited use in BS countries TCAB, TCAOB 
 

hexachlorophene  bactericide contains and forms PCDD/Fs past use (e.g. hospitals) TCDD 
hexachlorobenzene bactericide and fungicide contains and forms PCDD/Fs;  

a suspected DLC 
wide use (esp. in the past)  

Etc chlorobiocides many pesticides and herbicides  potential PCDD/F sources  variable present/past use  variable 
   PCBs and related compounds in technical products 
PCBs produced esp. for use in capacitors 

and transformers 
all PCBs form PCDD/Fs; 
include (and form) DL-PCBs 

wide past use; stockpiles;  
still produced in RUS 

PCDFs; 
PCB 126, 118 etc 

PCNs  produced as dielectric vax and for 
other industrial uses   

form PCDD/Fs in thermal 
reactions; DLCs in themselves  

relatively wide past use; 
stockpiles and diffused 

 

PBBs produced for use as flame retardants form PBDD/Fs (+non-coPBBs) 
and include coPBBs   

wide use (some countries); 
stockpiles and diffused 

 

   Other products and processes involving chlorine and bromine 
Cl and chlorate 
production  

mainly chloralkali process using 
graphite electrodes 

forms PCDD/Fs esp. in sludges SW, FI production    

PVC PVC-containing products, PVC/VCM 
production/handling (intermediate) 

PCDD/Fs from VCM plant; 
PCDD/Fs from PVC burning 

FI coastal (and SW inland)  
VCM plant emissions 

several incl. 4-PeCDF

TCE/TeCE/DCE solvent production potential PCDD/F formation   
TBBP-A, DBDE etc flame retardants and Br-epoxy resins form PBDD/Fs (also UV light)   
Inorganic chlorides e.g. in NaCl form PCDD/Fs in combustion   
   Other industrial processes 
Iron and steel 
industry  

smelters and furnaces 
(primary and secondary production) 

form PCDD/Fs (especially 
scrap metal) 

  

Non-iron metal 
industry 

primary and secondary Al, Cu and 
Zn/Pb smelters and furnaces 

  varies; e.g. TCDF 
from Al smelter 

Pulp and paper chlorobleaching (esp. elemental Cl) form PCDD/Fs (various stages)   
Water chlorination  perchlorite    
Textile industry chloroaniline dye and PeCP use   various 
Chemical/petrochem precursor processes (aromatic Cl/X) form PCDD/Fs refineries, pharmaceuticals various 
  Waste management processes 
Waste incineration  municipal, industrial, hazardous, 

medical, mixed wastes (with Cl/Br) 
Transfer, transform and form  
(de novo) PXDD/Fs, coPXBs  

past and present activity in 
many BS countries 

various, depend on 
wastes and process 

Waste recycling   e.g. PVC/chloroplastics, waste oil, 
solvent, scrap treatment (thermal)  

PCDD/F formation intense activity in many BS 
countries 

 

Landfills municipal/industrial disposal sites 
(chemical and biological processes)  

Transfer, tramsform and form 
PCDD/Fs (e.g. landfill fires) 

wide and varying activity in 
BS countries 

 

Wastewater  sludge treatment    
Open burning uncontrolled e.g. backyard high potential PCDD/F format.   
    Thermal energy production and combustion 
Coal burning industrial and domestic some PCDD/F formation BS countries (industrial)  
Peat burning industrial (also mixed fuels) some PCDD/F formation FI, SW  
Wood burning industrial and domestic (also mixed 

fuels) 
forms PCDD/Fs esp. from Cl-
containing waste wood 

many BS countries (also 
waste wood) 

 

Straw burning agriculture forms PCDD/Fs some BS countries (DK)  
Gasoline engines 2- or 4-stroke; leaded or unleaded 

petrol (some with DCE) 
some PCDD/Fs; higher from 
unleaded petrol & slow driving  

all BS countries; unleaded 
petrol in new members 

 

Diesel engines traffic PCDD/Fs (esp. slow-pace) all BS but small emission  
   Other sources 
Accidental fires esp. incomplete haloarom. burning high potential PXDD/F format.   all BS countries   
Bonfires  form PCDD/Fs all BS countries  
Natural/preindustrial e.g. peat/wood burning, forest fires form PCDD/F but at low levels   
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For purposes of assessment and management, it is instructive to further divide the processes 
of formation in the following classes (cf. Annex 3):  
• Stationary and mobile processes 
• Point and diffuse processes 
• Primary and secondary processes and sources  
• Ongoing or terminated processes 
• Production, use (primary and down-stream uses) or waste management stage processes 
• Open (ambient) and closed (e.g. industrial) processes 
• Land-based, sea-based or atmospheric processes 
• Processes occurring in Baltic Sea countries and elsewhere. 

 
There is a great variety of pathways in the formation and subsequent reactions of dioxins. 
This variety corresponds to the variety of dioxins and of precursors and is also affected by the 
variability in the environmental, organismal, technological and other reaction conditions. A 
multitude of reaction products is also known. Some reactions are linked e.g. through common 
intermediates. Many of these reactions are still known very incompletely. The reaction 
pathways are generally the same in Baltic Sea and its surroundings as in other (aquatic and 
adjacent terrestrial) environments. However, the particular conditions of the area influence the 
reactions e.g. through temperature and radiation gradients. Also the relative importance of the 
reactions and pathways is affected by some of the particular loads of DLCs in the Baltic Sea 
area. 

 
 
2.3  Baltic Sea system compartments, processes and risk factors 
 
2.3.1  System boundaries and relationships and interactions of the sea with land areas 

 
The Baltic Sea itself has a permeable boundary to the North sea and the world ocean through 
the Danish straits and Kattegat, permitting passage of water, dioxins, organisms and vessels 
(cf. 1.2). The boundary between seas is blurred e.g. as fishing fleets operate both in Baltic and 
North Sea. 
   
The dioxins entering the sea originate largely in emissions from the Baltic Sea catchment 
area (watershed), especially in rivers (Fig. 8). Thus land-based processes need to be included 
at some level in risk assessment for the sea. This is acknowledged also in the HELCOM 
policies and practices, e.g. in the Working Group on Land-Based Activities.  
 
The dioxin donor area may be defined to include both the area within the watershed and 
other source areas connected through air. Alternatively, a traditional distinction can be made 
between the catchment and remote source areas (cf. 1.3.). The relative significance of the 
catchment and the other donor areas will depend on the aspects included and emphasized in 
assessment and on its overall approach, such as the desired comprehensiveness, time scale 
and level of prevention in interventions (cf. 1.4, 2.1). Regardless of these choices, there are 
important inter-compartmental and sea-catchment connections and interactions.  

 
The dioxin efflux e.g. in fish catches goes mainly to the seaboard countries, including their 
fish consumers and ither biotic and non-biotic compartments. However, some efflux, also in 
these countries, extends to consumers and areas outside the catchment (see below). The Baltic 
Sea system is linked to other areas by migrations of animals (see below). These accumulate 
and transport dioxins both into the Baltic Sea and outside it.  
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In addition to large islands (Gotland, Oland, Aland, Osel, Dago, Bornholm, Rűgen, Sjælland, 
Fyn, Lolland) there are extensive archipelagos notably around Åland but also along the 
Northern coast of GF, in some areas on both sides of BS, around Stockholm in BP and in the 
Danish Sounds (cf. Fig. 8). The Baltic Sea thus extends from pelagic to coastal conditions, 
and interacts with these islands and shallow-water areas. These archipelagos and coasts affect 
the hydrography and ecology as well as the fisheries and other human activities in the sea. For 
instance, the transport, bioaccumulation, effects and fisheries links of dioxins differ between 
the open sea and the coastal and archipelago areas. The extent and type of consideration of 
such factors is dependent on the geographical scale of analysis. 

 
2.3.2  Hydrography and ecology 
 
General 

 
The Baltic is large (415 000 km2 for the whole Baltic Marine Area) but shallow; mean depth 
is ca. 55 m (HELCOM 2003) and water volume thus small (21 000 km3). With a mean annual 
water influx of ca. 700 km3 a-1 the water retention time is some 30 a, or 50 a based on river 
runoff (Bergstrom et al. 2001). An inland lake at several stages of its post-glacial 
development, the Baltic is now semi-enclosed and connected to the ocean only through straits 
between Sweden and Denmark. They allow water intrusion after North Sea water rise mainly 
(Stigebrandt 2001). At other times river runoff and outflows dominate over seawater inflow in 
the water balance. These saltwater influxes have an important influence on the sea. Due to the 
detachment from ocean, tides are very small. 

 
Ecologically, the Baltic is a vulnerable sea due to the particular conditions of salinity, 
temperature and general hydrochemistry and hydrography.  
 

Basins, depth regimes and circulation 
 

The Baltic Sea is divided in basins separated by shallow thresholds including islands (Fig. 8). 
The current patterns vary due to internal and external and stationary and transient conditions. 
On the average there is counter-clockwise surface circulation. In addition, deepwater wells up 
and surface water wells down in a vertical circulation, especially in areas of upwelling and 
downwelling (Myrberg and Andrejev 2003), transferring also dioxins.  

 
The Baltic is divisible in depth regimes also by stratification due to temperature and salinity 
gradients. A surface layer of variable depth is separated by a thermocline. Salinity 
stratification gives rise to relatively constant haloclines at ca. 50-70 m and 110-150 m. This 
stratification (cf. Fig. 8) profoundly affects the water quality and currents and the location and 
fate of substances and organisms in the Baltic. These vertical barriers are variable and 
flexible, and are forced especially by storms and other meteorological conditions, as affected 
also by the bottom topography, water depth and current pattern. Stratification does not hinder 
the sedimentation of dioxins in settling particles, but reduces their recycling back to surface 
water where most pelagic production and uptake in food chain takes place.  
 
Biological depth regimes are formed by bottom type and light, allowing the development of 
macrophyte colonies to a depth of some 10-15 m. This also is the maximum depth of most 
dredging. The depth of mixing varies by area (Jonsson et al. 2003) but may be considerable; 
also bottom currents and seiches resuspend sediments and their dioxins (Floderus and Pihl 
1993). Most resuspension  takes place in shallow water, mainly in BB, Archipelago Sea, GF, 
GR and, especially, Belt Sea (Fig. 8). 
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Fig. 8. Bathymetric map of the Baltic Marine Area showing areas within 10 m depth (extent of most 
wave action, extensive macrophyte beds and dredging), 20 m (average depth of summertime pelagic 
thermocline), 50 m and 100 m (average depths of first and second halocline); lakes in the catchment 
(no depth grading); boundaries of catchment sub-areas; and major river inlets (arrows). Map source: 
Data from UNEP Grid Arendal, processed by Samuli Neuvonen/SYKE. Note the geographical 
distribution of the area below 10 m depth, the river discharge areas, and the continuities and 
thresholds between deep basins. 
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General water quality 
 

The soft-water surplus renders the Baltic Sea brackish, less salty than other great brackish-
water seas such as Black Sea. This affects the fate of DLCs directly by pysical and chemical 
mechanisms and indirectly through its influence on the biota that cycles dioxins. There is a 
salinity gradient declining from 20 ‰S in the Sounds to N-E, approaching sweet-water 
salinity in Northern BB and Eastern GF. The salinity is low also in coastal archipelagos and 
river inlet areas (HELCOM 2003).  

 
Due to heavy nutrient loading the Baltic Sea has undergone marked eutrophication. This is 
affected by phosphorus and in some areas and instances also by nitrogen, although nitrogen 
limitation of algal and other primary production is more seldom as cyanobacteria are able to 
fix atmospheric nitrogen. Eutrophication has important effects on dioxin cycling and fate, 
from direct effects on dioxin-accumulating organisms to indirect effects through redox 
conditions in deepwater and sediments. 

 
Organic matter, especially carbon, entering the sea and cycling there in dissolved (DOC) 
and particulate (POC) form, essentially affects the transport and fate of DLCs. The runoff 
from especially in the Northern and Eastern parts has high levels of humic substances that act 
as dioxin carriers, while most of the organic matter is more easily degraded. Part of the 
organic matter with associated dioxins is deposited in sediments and then mineralized, 
resuspended or buried (Axelman et al. 2001).   

 
Ecosystems and fish stocks 
 
Biological diversity and its variations  
 

The Baltic has low biodiversity, due to the mesohaline (brackish) conditions and also to other 
features such as the low temperature and the young evolutionary age of the sea. This 
profoundly affects the biota e.g. as it is subject to considerable stress already due to natural 
causes (osmotic regulation).  
 
The species in the various biotopes of the sea, such as pelagic, littoral and benthic zones of 
the basins, form communities, involving interactions between species, despite the relatively 
low diversity. The spatial and temporal variation e.g. in life stages and ecology contribute to 
the complexity of the community functions. On the other hand, the relatively simple trophic 
structure makes it easier e.g. to describe and model species interactions (ICES 2003d). 
 
The biodiversity and species composition change in cycles and fluctuations. In pelagic 
areas the plankton exhibits seasonal and even diurnal variations. Also the sub-areas and basins 
differ in terms of ecology, due to external and internal factors, e.g. nutrients and 
eutrophication being more marked in GF and BP, carbon cycles in BB and BS. 
 
Many Baltic Sea species migrate long distances, while others are local and sedentary (and 
thus vulnerable to and representative of local exposures). Many migrations are related to 
reproduction and feeding, e.g. for fish (herring, salmon, eel) and birds that include both long-
range migrators (e.g. terns, black-backed gull, osprey) and more local migrators.  
 
Apart from native species, important influxes of invasive species have occurred, many 
through humans purposefully (e.g. mink) or inadvertently (especially many invertebrate 
species transported in bilge water) (HELCOM 200X). Also some native species like 
cormorants have increased explosively.  
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Fish stocks  
 

The Baltic fish stocks range from oceanic in Kattegat to freshwater species in the low-saline 
BB (cf. Annex 5F). There is roughly 10 g of main ecnomy fishes per m2 of sea. Most of the 
biomass is comprised of the clupeinids herring (Clupea harengus) and sprat. Also the biomass 
of cod is still large in the Southern Baltic. In Kattegat also some invertebrates are of economic 
interest, including lobster and the molluscs blue mussel and oyster. 
 
The condition of the stocks varies in time and space, depending on biological and ecological 
factors, on external conditions (e.g. salinity, eutrophication) and fishing pressure (Annex 8C). 
Stocks affect other species and fishing in complex interactions.  
 

2.3.3  Fishing, mariculture and other relevant technological processes  
 
Fishing  
 

Fishing is a key activity regarding the risks of dioxins in Baltic Sea fish. Dioxins are presently 
not explicitly accounted for in fisheries management (ICES 2003c), and fishing is not 
considered in detail in some assessments of risks associated with fish.  
 
Baltic fishing takes many forms, from traditional coastal to modern industrial open-sea 
fishing by large fleets; also recreational fishing is practiced (Fiskeriverket 2001). Many stocks 
are intensively fished. Fishing is regulated on the basis of Total Allowable Catches (TAC's) 
conceded by the International Baltic Sea Fisheries Commission (IBSFC) in negotiations 
between fishing states, based e.g. on advice from ICES and on EU steering (Annex 11).  
 
Fisheries of the key economic species, Baltic herring, sprat, cod and salmon in the open sea, 
coastal fishing and recreational fishing have been described in some detail in Annex 5.F.   
 

Mariculture 
 

An average of 20 000 t a-1 of animals were produced in the 1990's in the Baltic Marine Area, 
most of it in Finland and Denmark. The main species in Finland is rainbow trout, while 
salmon is cultured in Denmark and blue mussel in Sweden and Denmark, e.g. in Kattegat. 
The rainbow trout are mainly fed imported fodder that contains relatively little dioxins e.g. in 
comparison with herring (Isosaari et al. 2002) and also in comparison with the fodder used in 
Scottish salmon farms (Jacobs 2003) that have been estimated to cause considerable dioxin 
contamination of the fish produce  (on dioxin risks associated with cultured salmonids, see 
Hites et al. 2004 and the ensuing discussion e.g. by Tuomisto et al. 2004, and below). 

  
Sediment dredging 
 

Dredging takes place in the Baltic especially for maintenance of harbours and waterways (cf. 
Annex 5). In comparison with resuspension due to the action of waves, the impacts of 
dredging on dioxins in the Baltic would seem to be minor. However, dredging is carried out in 
many of the more contaminated areas, e.g. in harbours and industrial areas as well as estuaries 
of rivers; it is carried out also in river sediments. For instance, the heavy dioxin contamination 
of River Kymijoki in SE Finland extends far, and dredging has been practised or planned in 
both the estuary and in the river even for remedial purposes (Malve et al. 2003). Other dioxin-
contaminated areas that are subject to dredging exist elsewhere in and around the Baltic. 
These would increase the relative significance of dredging for dioxin cycling. They may be 
disposed in areas where impacts are great, in sensitive biota or food chains.  
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Other present or projected uses and technological risk factors 
 

• Extraction of marine aggregates: 5 Mm3 a-1 are taken mainly in Denmark (HELCOM 
2003) and affects a minor fraction of DLCs, but may increase (Tengberg et al. 2004). 

• Bottom trawling (see above) impacts the benthic environment by mixing and remobilizing 
sediments and by disturbing and decimating biota (Floderus and Pihl 1990). 

• Oil and gas production: Offshore production takes place near Poland's coast and involves 
emissions that may act as dioxin carriers. Moreover, PAHs are present in mineral oils.  

• Pipelines and cables: Some cables have been set; plans have been made for a pipeline 
from Russia through the Baltic that would affect the sea more extensively 

• Shipping: Boat traffic causes some DLC emissions, stirs up sediments and disturbes many 
species, both benthic and surface-dwelling, and thus adds to the effects of dioxins 

• Tourism and recreation: These impact the ecosystem even if not directly dioxins. They 
also affect perceptions and requirements concerning the sea, also as to fish and dioxins.    

 
2.3.4  Dioxin fluxes to and from the sea 
 

The fluxes and cycling of DLCs in the Baltic, in adjacent systems and in its sub-parts may be 
described and summarized as follows (Fig. 9 and 10).  
 

Runoff 
 

Runoff (cf. Annex 5) carries solutes and particles, organic and mineral. Of particular 
importance for DLCs is the influx of dissolved organic (DOC) and particulate (POC) carbon. 
Some of these fluxes are slow and their significance for risks may change after long lags. 
 

Atmospheric deposition 
 

Dioxins enter the Baltic in wet and dry deposition, largely sorbed on particles and also in 
snow on ice. The importance and patterns of this load vary according to the PCDD/Cs, DL-
PCBs and other DLCs in question, as well as geographically and in time. 
 

Ocean influx 
 

Ocean water from the North Sea enters the Baltic only infrequently in significant quantities 
and thus carries not a great total influx of dioxins although affected in the deep currents by 
contaminants in sediments in Kattegat and Skagerrak.  
 

Wastewater discharges and other direct discharges to the sea 
 

Industrial and, even more, municipal wastewaters are discharged to the sea, both of these 
fluxes containing dioxins (see 3.2 and Annex 5 for details).  DLCs may enter the Baltic also 
directly from the following sources: 
• Sea-going vessels e.g. in chemicals, waste oils and solid or semisolid wastes 
• Offshore activities such as oil and gas production (off the Polish coast) 
• Feeding-stuffs to mariculture. 
 

Outflows to ocean and in biota 
 

The outflow of water from the Baltic that takes place on the surface of the Sounds even when 
there is influx on the bottom removes dioxins to Kattegat and the North Sea, mainly in 
suspended particles.  
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Dioxins are removed in biota, mainly in fish (cf. 3.3). Most of these is consumed in the 
catchment and circulated back to the sea in sewage. Based on fisheries and foreign trade 
statistics, the main outfluxes e.g. in Finland are fish to Russia, fish oil and meal to other EU 
countries, and roe to Japan. From other Baltic Sea countries, especially Denmark catches and 
processes fish for export (cf. 6). 
 
 
 

  
 
Fig. 9. Conceptualization of the main parts and surroundings of the Baltic Sea and the fluxes and 
cycling of DLCs in the system; based on USEPA (2000) dioxin reassessment and the case study of 
dioxin-like POPs in integrated risk assessment by Ross and Birnbaum (2003). (To be modified)  
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Fig. 10. Simplified box model of the compartments involved in the cycling and bioaccumulation of 
dioxins in the Baltic Sea and in adjacent systems. 
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Sediment burial and sinks 
 

Dioxins are removed from the system in settling suspended particles, biota and evaporation 
although some of these may re-enter, and more permanently through degradation that takes 
place in all compartments (air, catchment, water phase, sediments, cf. 2.3.4). 

 
Some of the sedimented dioxins are removed to deeper and undisturbed sediment. Especially 
shallow water sediments are resuspended by waves and currents, some to sediment again. 
Also biota remobilises DLCs from sediments and transfers them more permanently to food-
chains through benthic animals (Gilek 1998, Bjork 1998, Bjork and Gilek 1999). 
 

2.3.5  Processes affecting dioxin cycling and fate in the system 
 

Some of the processes in the cycling of dioxins in the Baltic Sea system have been identified 
above. They will be dealt with in more detail in section 3. Here it suffices to summarize some 
of the key conceptual definitions, boundaries and characteristic of the processes (cf. Table 5): 
 
• Atmospheric deposition originates within and outside the catchment, due also to long-

range transport. Dioxins deposited on the catchment may later enter the sea (see below). 
Volatilization occurs to a minor extent, depending largely on the congener (cf. 3.3). 

 
• Transport from the catchment in rivers and direct runoff carries dioxins on particles from 

soils, sediments (in rivers and lakes), anthropogenic structures and biota. Many of these 
fluxes involve long lags before they reach the sea. There are links between runoff fluxes 
and airborne (and solids-borne) fluxes. Part of the runoff especially through rivers occurs 
after initial settling in lakes and other watercourse sediments.  

 
• Transport in watercourses takes place by advection; diffusion may play a role e.g. in 

sediments. As most waste-waters from sites with important point sources are diverted to 
sewage and there concentrated in organic matter and particles in sludge, sewage sludge 
recycling e.g. to soil are important for dioxin emissions to the sea. These transport and 
fate processes are technological but involve a natural components and processes.   

 
• Sedimentation and resuspension: Dioxins in particles (including plankton) are settled on 

sedimentation bottoms, partly resuspended and transported or taken up in food-chains, 
before more final burial in deep sediments. There are links between dioxin cycling from 
sediments and eutrophication, e.g. as anoxia in deep-water caused by excessive 
eutrophication reduces benthic fauna and thus dioxin remobilisation.   

 
• Degradation and transformation: Although persistent, dioxins undergo biotic and 

abiotic transformation and degradation, depending on structure and on environments. 
Some degradation occurs photolytically in air prior and in catchment surfaces, especially 
of some PCDFs (Chen et al. 2001) and PCBs (Kannan 2000). Although degradation is 
slow in soils and sediments, much of the catchment dioxins never enter the sea. Part of 
this land-based pool enters human consumers of Baltic fish through other routes however. 
Most of the biodegradation of PCDD/Fs takes place in sediments by bacteria, especially 
the final mineralization. Some biotransformation takes place also in animals, especially in 
liver, and other organisms such as fungi. This biotransformation is important for the 
cumulative and exposures and risks to the animals themselves. Biotic and abiotiv 
transformation of dioxins, e.g. OCDD, and PCBs and other DLCs has also been found to 
cause toxic congeners as intermediates that can in some cases be rather persistent (e.g., 
Tysklind et al. 1992). 
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Table 5. General characteristics of key processes in Baltic Sea dioxin cycling and transformation. 
 
Process type Specification Compartments Influence on DLCs  Determinant factors, variations 
  Physical-chemical 
Volatilization water-air, 

solids-air 
partitioning 

land-air, sea-air, 
sediment-pore gas 

removes some from 
the sea; bubble 
transport in water 

-compound-specific P, H (cf. Koa) 
-site geometry 
-meteorology (wind, temperature) 

Solubilization solids-liquid 
partitioning, 
e.g. sediment-
water 

water, other liquids 
(e.g. body fluids/oils) 

generally low for 
hydrophobic DLCs 

-Kow (statistical relations); concentration on 
particles   
-dissolved humus solubilizes high-PCDD/Fs 
-salting-out in estuariesa  

Photochemical 
transformation 
and decay 

O bond fission 
(CDDs); de-Cl, 
C-O cleavage, 
hydroxyl 
(CDFs) 

air, terrestrial 
surfaces, surface 
water 

-key sink e.g. for some 
high-chlorinated PCBs 
-also toxic reaction 
products are formed 

-substance (size, polarity, C-O bond, 
chlorination; generally less for PCDDs than 
PCDFs in water) 
-radiation intensity 
-catalysts (e.g. in humic waters) 

Other abiotic 
decay 
processes 

chemical 
dechlorination 

anaerobic sediments reduces levels and 
changes congeer 
pattern  

Zn0, Vitamin B12 etc organic electron shuttles 
augment dechlorination also of 2,3,7,8-PCDDs

Adsorption/ 
desorption 

on particles / C 
(soot,  organic) 

OM/OC (all 
compartments) 

governs particle 
retention, transport 
(also sediment) 

-compound-specific Kd  
-low temperature reduces desorptionb  
-sorption sites in particles/matrix 

Advection/ 
dispersion 

on particles  air, sea, catchment 
waters 

influxes, sea transport, 
effluxes from Sounds 

currents 

Diffusion with colloids  
(and particles)  

sediment pore water 
(+free water/air); 
body fluids (in fats) 

dispersal; usually 
minor to advection; 
notable in sediments 

-absence of advective conditions 
-diffusivity (permeability) of the matrix 
-size of DLC/carrier; greater for large PCBs 

Atmospheric 
deposition 

wet and dry air-sea, air-land important influx particle size and density; meteorological 
conditions including precipitation 

Sedimentation with particles sea, lakes/rivers, 
water to sediment 

removes from water 
phase 

particle dimensions and density 

Resuspension with particles, 
physical or  
biological 

sea, lakes/rivers, 
sediment to water 

remobilizes to water 
phase 

waves/currents, ice action (shallow bottoms) 
bioturbation (benthos), CH4 embullition, 
dredging/disturbances; bottom quality (depth) 

  Biological 
Uptake/ 
absorption 

organisms 
passively or 
actively 

-gastro-intest. tract  
-dermally 
-inhalation 
-by plants   

-gut absorption 
-fish skin 
-terrestrial  exposure 
-air to leaves 

-congener 
-feeding ecology, physiology of organism 
-bulk medium 
- temperature increases uptake sediments 

Bioaccumulation in fat -all organisms 
-all compartments 
-fatty tissues 

key carrier to humans 
and other predators 

-compound-specific BAF (cf. Kow) 
-fraction of OC in sediment 
-fat content and composition 
-fraction of unassimilated food 
-age and level of exposure 

Tissue 
distribution 

in blood (e.g. 
placental), 
lymph (plant 
fluid) 

-all organisms 
-all compartments 

-build-up in adipose, 
milk 
-liver (metabolism) 
-mother to fetus 

-congener 
-species/strain, age and sex 
-general condition and physiological state 

Metabolization -enzymatic, 
mainly in liver 
and in bacteria 

-all organisms 
-all compartments 
(slow in anaerobic) 

-clears organisms, 
mobilizes stores, may 
produce new DLCs 

-congener 
-species, strain and organ 
-physiological condition 

Excretion/  
depuration 

-from GIT 
-metabolic 

-all organisms 
-all compartments 

-clears organisms  -also in milk 

Biomagnification -net result of 
accumulation 
and depuration 

-many organisms 
- all compartments 

concentrate in food-
chains 

congener, fat content (and quality), trophic 
state, ecological niche and feeding habits; 
general  condition; age and sex (e.g. breast-
feeding) 

Biodegradation -dehalogen. 
-O bond break 
-demineralisat 

mainly bacteria (in 
quantitative terms); 
also animals (cf. 
above) 

removes DLCs but 
may form toxic 
metabolites 

congener; quantitative decay (mineralisation) 
is bacteria-dependent; redox, pH, energy 
donors  

References: aTurner & Rawling 2001; bJohnson & Weber 2001; … 
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• Bioconcentration, bioaccumulation and biomagnification: Bioaccumulation in 
clupeinid-based food-chains is particularly relevant. From the point of view of the 
organism and risks imposed on it, the apparent rate of clearance from the body is an 
important parameter, and is expressed e.g. in biological half-lives. Bioaccumulation and 
biomagnification vary by congener, animal and environmentsl conditions. Although they 
also vary in time, on the average dioxins reach equilibria with respect to tissues, and the 
equilibria change only after a lag. Thus, instead of sudden fluctuations and peaks (or lows) 
in intakes, long-term cumulative doses are decisive. In some cases a rapid clearance and 
change in equilibrium takes place, such as through placenta, in eggs or in mother's milk. 

 
• Social processes: Social processes in dioxin cycling are not strictly separable from 

physical and other natural processes; e.g., technological processes lie between these. 
Moreover, social processes affect and are affected by natural processes. Social processes 
influence how, where, when, how much and what kinds of DLCs enter the sea and further 
how they cycle in the sea and from the sea. In some cases, social processes are a driver; 
still, they often are omitted in risk assessments and included only implicitly in some e.g. 
technological factors, mainly in the area of emissions. Socio-economic and other social 
processes in the present case include e.g. political steering, regulation, economic support 
and compensation measures in fisheries, food production and safety, environmental and 
general human health, overall environmental protection, and trade (cf. 2.5, 2.8, 6 and 7). 

 
 

2.4  Dioxin receptors and risk groups in the Baltic Sea environment 
 
2.4.1  Key organisms in food-chains accumulating dioxins 
 

A multitude of species is involved with dioxins in the Baltic. Most major taxonomic groups 
are represented. The key species in ecological and economic terms, their properties and their 
interactions have been summarized in Fig. 11 and Table 6 (cf. Annex 5).  

 
Many animals on all trophic states  may be both transmitters and receptors of risks. Among 
predatory fish, salmon due to its high dioxin levels and as an important species in human 
consumption is an example of this.  
 
Humans and other top consumers that are at most risk from dioxins in Baltic fish reside not 
only in the seaboard areas but may be exposed elsewhere due to dioxin transport e.g. in 
fodder. They may on the other hand themselves migrate to other areas where they are exposed 
to dioxins and DLCs, such as with migratory birds or fish or humans. 
 

2.4.2  Particular risk groups 
   
Humans 
 

Some groups of people are particularly vulnerable to dioxins and other DLC due to high 
intakes, high internal exposures or high susceptibilities. These may have genetic, 
demographic (e.g., gender), life-style such as dietary, or environmental reasons, or, often, 
several of such reasons. Some risk factors are imposed, some voluntary; some biological, 
some socio-cultural; some are permanent while others are transient.  
 
People may belong to several risk groups, and risk factors may influence each other. This 
influence may be synergistic and involve positive feedback that leads to non-linearly 
increasing risks; risk factors may on the other hand have negative feedback and antagonisms. 
It may be seen that a large array of population segments exist that are at particular risk.  
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Table 6. Key species and groups cycling and exposed to dioxins in the Baltic Sea environment. 
 
Species/group Distribution Ecological properties  Role in dioxin cycling and 

risk formation 
Particular sensitivity and 
risk factors 

Bacteria ubiquitous chemotrophs e.g.  
degrading organic matter

transmitters/transformers; 
role poorly known 

degrade DLCs  

Phytoplankton pelagic (and coastal); 
whole Baltic   

primary producers; rapid 
dynamics  

transmits DLCs to (herring) 
food-chains 

dioxin cycling depends on 
species and conditions 

Mysis spp. 
(Crustacaea) 

pelagic; most of Baltic key in herring food-
chain; vertical migrations

transmit DLCs to (herring) 
food-chains  

unknown sensitivity 

Macoma baltica 
(bivalve mussel) 

benthic; whole Baltic most common in benthic 
foodchains 

transmits DLCs from 
sediment to fish etc. 

 

Blue mussel 
Mytilus edulis 

benthic; BP and S Baltic important filter-feeder in 
benthic foodchains 

transmits DLCs from 
sediment to fish etc  

efficient turnover of detritus 
DLCs; harvested (SW BS)  

Herring  
Clupea harengus 

pelagic except coastal as 
young; whole Baltic 

feeds on zooplankton; 
some migration (adults) 

DLC accumulation in fat 
especially at higher age  

high DLCn levels; important 
in nutrition and economy 

Sprat  
Sprattus sprattus 

pelagic clupeinid; BP and 
GF mainly 

feeds in large schools on 
mesozooplankton 

accumulates DLCs in fat at 
intermediate levels 

high dioxin levels; important 
fisheries also for fodder 

Stickleback 
Gasterosteus a. 

pelagic; BP and GF mainly key food item for pelagic 
salmon 

may accumulate plenty of 
DLCs, especially PCBs 

important for salmon 
exposure  

Cod Gadus 
morhua gallaris 

pelag of sufficient salinity 
(esp. S-SW Baltic and BP) 

clupeinid predator, 
spawns at open sea 

key pelagic top predator, 
may control clupeinids  

liver rich on DLCs; 
important as human food  

Atlantic salmon 
Salmo salar 

pelagic except when 
spawning and as juvenile 

predator, migratory, 
river-spawning 

magnifies DLCs high DLCs levels; impaired  
reprod (maybe unrelated)  

Rainbow trout 
Oncorhynchus 
mykiss 

coastal; some cultivation 
areas  (fugitive) 

farmed, feeds on 
(mainly) fodder 

presently excluded from 
DLCs cycling and risks in 
the Baltic 

important in nutrition and 
economy, alternative to 
salmon; sensitive to dioxins  

Flounder 
Platichthys flesus 

benthic; whole Baltic feeds on blue mussels 
and other benthic fauna 

fatty; accumulates DLCs commonly consumed; 
common lesions in Baltic 

Herring gull  
Larus argentatus  

coastal, whole Baltic, 
regional migration 

herring predator and 
scavenger  

accumulates DLCs, 
especially  PCBs 

DLC-linked reproductive 
disorders 

Lesser black- 
backed gull  
Larus fuscus f. 

surface water feeding; 
whole Baltic 

herring predator, long-
range migrators 

accumulates DLCs eproductive disorders and 
mortality (in GF) suspected 
to be DLC-related 

Black cormorant 
Phalacrocorax 
carbo 

surface water feeding; 
most of Baltic 

herring and sprat 
predator, mainly regional 
migration 

accumulates DLCs; levels 
above those in other seas 

increased stocks; pollutant-
linked disorders (other 
areas) 

Eider Somateria 
mollissima  

bottom-feeding diver, 
whole Baltic 

blue mussel feeder in 
the main 

mobilizes DLCs from 
benthos; females fast when 
incubating 

found  sensitive to some 
DLC responses; mass 
mortalities in 1990's  

Osprey 
Pandion haliaetus 

coasts and inland, surface 
water feeding; whole Baltic 

top predator of fish; 
migrates to N Africa 

accumulates DLCs  

White-tailed sea 
eagle  
Haliaeetus albic.  

coastal, surface water 
feeding; whole Baltic 
(scattered populations)  

top fish predator; 
regional migration; long-
lived, few offspring 

accumulates DLCs; levels 
above those in most other 
regions 

sensitive; PCB-linked 
disorders declined but 
stocks still below normal   

Grey seal 
Halichoerus 
grypus 

pelagic and coastal; 
central BS; migratory, 
seasonal variations 

feeds on fish also from 
nets; caught in by-catch 

accumulates DLCs but has 
some metabolic capacity 
for PCBs 

disorders linked e.g. to 
PCBs; recoveries vary and 
other disorders are seen 

Ringed seal 
Phoca hispida 

pelagic and coastal (esp. 
at breeding); BB (and GF, 
GR); relatively sedentary 

feed on herring also in 
nets; haul out on ice and 
islets; caught in traps 

accumulates DLCs but has  
metabolic capacity for 
some PCBs  

disorders linked e.g. to 
PCBs; recoveries vary; 
mortalities; other disorders 

Harbour seal 
Phoca vitulina  

coastal; BP/Kalmarsund 
and SW BS (2 populations) 

feeds on clupeinids also 
in nets; in by-catch  

accumulates DLCs but has 
metabolic capacity 

erring linked immune 
disorders; mass mortalities 

Porpoise 
Phocoena phoc. 

coastal in KAT and SW BS 
(two distinc populations) 

feeds esp. on herring; 
some caught in by-catch 

high DLC accumulations; 
lack metabolic capacity 

endangered; dependent on 
herring; vulnerable 

Otter 
Lutra lutra 

terrestrial/coastal; whole 
Baltic sporadically 

predator mainly on fish accumulates DLCs endangered and sensitive 
to DLCs; may have suffered 

Mink 
Mustela vison 

terrestrial/coastal; whole 
Baltic (fugitive wild stocks)  

predates 60 % on fish; 
terrorises native species 

accumulates DLCs on 
coast, in farms fed fatty fish 

nuisance species fish-
feeding; sensitive to DLCs  

Human  
Homo sapiens 

terrestrial; whole Baltic ominivore, partly fish-
dependant; key impactor 
and responder 

produces/processes DLCs;  
manages ecosystems e.g. 
by fisheries 

risk groups include fishers, 
young, reproducing women 
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Fig. 11. Actors and interactions: Food webs of key species in dioxin cycling and risk in the Baltic 
Sea, especially in relation to herring and herring consumers (from various sources). 

 
 
Human groups at particular risk from DLCs include the following. 
• Embryos and fetuses: A key group exposed in utero to dioxins from the mother and are in 

a critical stage of development (see human data in Annex 8B)  
• Breast-fed children: Receive a large added dose of DLCs during lactation, and are in a 

sensitive stage that may involve particular susceptibilities. As breast-feeding is highly 
beneficial and has been shown to compensate for adverse health effects of DLCs (e.g. 
Koopman-Esseboom et al. 1996), non-breast fed children are also a risk group in many 
cases.  

• Juveniles: Are still in a sensitive stage e.g. as to sexual development, and while not 
generally receiving high exposures (e.g. in fish dioxins), may be susceptible e.g. due to 
the intensive growth. There are indications that adolescent boys may be particularly 
sensitive targets or mediators of some effects on reproductive development by dioxins 
(Mocarelli et al. 2000).   

• Pregnant women: Are susceptible both as mediators of dioxins to the foetus as well as 
themselves due to the metabolic changes and stress associated with pregnancy    

• Other women in reproductive age: Are susceptible both as targets, due e.g. to hormonally 
conditioned sensitivity, and as mediators of dioxins to their potential future offspring  

• Elderly: It has been hypothesized that in connection with normal immunosuppression of 
the elderly, long-term effects of cumulated dioxin exposure on them might become 
important (refs.). The potential importance of this group was also indicated by Neubert 
(1997/98).   
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• Persons with deficiencies, diseases and other abnormal conditions rendering them 
vulnerable: E.g. those with hypothyroidism and low vitamin A levels, or liver and 
metabolic malfunctions; some such conditions are related to fasting that may (if 
prolonged) in itself cause high exposures through dioxins stored in body fat (cf. discussion 
by Neubert 1997/98)  

• Heavy consumers of Baltic Sea fish: these include professional and semi-professional 
(some of them subsistence) and, increasingly, recreational fishers as well as their families 
(Tuomisto et al. 2004). Consumers of much fatty sea fish, even when contaminated, have 
simultaneous benefits; thus, on the contrary, those not using such fish may also be at risk.  

• Persons with other high-dioxin diets: For e.g. cultural or economical reasons, some 
persons may consume other high-dioxin food items such as fats and liver in traditional 
diets and meat, eggs and dairy products in modern diets, also combined with high intakes 
from dioxin-laden fish  

• Occupationally exposed persons: Although worker exposures to dioxins have decreased, 
some groups continuously receive elevated doses at work, also related to precursors and 
other DLCs 

• Smokers: Are at considerably elevated risk due to both dioxins and DLCs in smoke and to 
related effects of other components, as shown in both exposure and epidemiological effect 
studies (refs.) 

• Genetically highly susceptible groups: Persons with anomalous metabolism or sensitivity; 
some of these factors may be compounded (and hard-distinguished) and lie behind other 
risk factors mentioned, but may also be separate  

• Other particularly susceptible groups: These include e.g. combinations of the above, 
persons exposed to dioxin hotspots (also in the Baltic) and persons who for some reason 
such as language are not receptive for information about dietary and other advisories for 
avoiding exposures. 

 
Other top consumers 
 

It is customary to think anthropocentrically that individual-level variations in risks to non-
human animals are not as important as with humans in which also narrowly defined risk 
groups based on individual and near-individual variation may be relevant. Non-human 
animals lack occupational exposures, have more limited diet and are unable to switch to other 
food, and lack cultural adaptability. These animals cannot take dietary advice (de Wit, oral 
communication 2003); nor do they trade in fish. Many non-human animals are thus vulnerable 
and difficult to protect, also as their habitat requirements are specific and their habits wild. 
Their pathological conditions therefore go more easily unnoticed than in humans. 
 
The multitude of non-human animals have partly fundamentally different ecology and also 
considerable physiological differences both with respect to humans and amongst each other. 
There is a lack of information on the ecotoxicology of many animals also in the Baltic Sea, as 
most of them (even those studied much in ecology) have not been subject to toxicological 
testing and to research in the conditions relevant to them. Therefore, the identification of 
particular risk groups in non-human animals differ in some respects from those in humans:  
• Species with particular ecological or physiological traits implying elevated exposures or 

susceptibility, e.g. in terms of distribution and niches, prey and feeding habits, 
reproduction, dioxin pharmacokinetics, and sensitivity (cf. Table 6) 

• Embryos and foetuses are often at particular risk due either to higher exposure (in utero,  
in ovo for birds, amphibians and fish) or higher susceptibility due to their sensitive stage 
of development; this has been studied in detail in common experimental animals 
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• Neonates and juveniles are in many respects at a greater risk, either due to higher relative 
exposures (e.g. being fed certain prey only or reared in a more contaminated environment) 
or to the generally greater sensitivity in crucial early developmental stages, or to both   

• Reproducing adults are generally at higher risk due to the common reproductive effects of 
dioxins, to the reproductive stress and to particular exposures in breeding grounds. 

• Females: In some species and respects, females are at more risk e.g. because of their 
hormonal traits (estrous cycles) and vulnerability due to smaller size and reproductive 
stress and offspring-protecting behaviour; they also transfer dioxins to offspring  

• Individuals and groups having particular deficiencies and diseases are likely to be hit first 
or worst by toxic effects. Undernourished animals are typical victims. While partly related 
to natural variation, it may (if widespread and severe enough) have ecological significance 

• Captive domestic animals (such as reared salmon, minks, chicken) fed highly and 
exclusively dioxin-contaminated feedstuffs 

• Organisms exposed to local hot spots: Especially sessile and territorial species of narrow 
foraging ranges may be at risk in environments having high dioxin levels and exposures. 

 
 
2.5   Fish consumption, other intakes and subsequent exposures 
 
2.5.1  Exposure routes 
 
Routes to humans 
 

The exposure to PCDD/Fs and PCBs for most humans has been shown to be comprised by 
oral exposure, more specifically dietary intakes. Dietary intake has often represented up to 95 
% of total human intake (cf. 3.4). Only for specific groups such as workers handling dioxin-
contaminated materials may other exposure routes such as air inhalation and dermal exposure 
be significant. However, the relative significance of other exposure routes and media may be 
greater for some other DLCs. The significance of other routes and media may also vary in 
time and space. For instance, the dietary intakes may be lower for a DLC that is still being 
produced and has not yet permeated the food production system e.g. in the Baltic Sea.    

 
Routes to non-human animals 

  
The routes and patterns of exposure of non-human animals are more complex than those of 
humans due to the multitude of their habitats, general ecology and physiology. On the other 
hand, for many animals the selection of pray or food is limited, and Baltic fish may be an 
exclusive dietary intake route, unlike for humans. The following key points are to be noted 
with regard to exposure routes to non-human Baltic Sea animals: 
• For many fish, in addition to their pray, some exposure to contaminants takes place 

through gills. However, as dioxins are particle-bound, this is usually a minor route. It may 
be more important route mainly in heavily contaminated environments.  

• For bottom-dwelling animals, dermal exposure may be a relevant route e.g. for fish with 
a permeable mucous skin 

• In the terrestrial environment, non-human animals are exposed to dioxins circulated from 
the sea e.g. in fish and fish-based products. These include diverse wild animals and, 
especially, farmed animals given fish-based feeding-stuffs (SCAN 2000). Further 
diversification of exposure routes and paths is caused by cycling of Baltic Sea dioxins and 
DLCs in subsequent stages to other systems and receptor organisms (see below 2.4, 3.2). 
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2.5.2  Consumption of fish and other intakes of dioxins 
 

Fish caught from the Baltic Sea (see 2.3.2) is used in many ways and by many users in Baltic 
Sea countries but also outside them (cf. Annex 7A). Uses essentially depend on the species 
but also on other factors such as size, catch area and time. Industrial uses of fish are 
distinguished from human consumption. Processing to fodder is particularly important. 
Cultured fish and wild fish differ as the former are fed fodder containing no or little 
contaminated fish. Cultured rainbow is used mainly industrially as fillets and smoked.    

 
Baltic Sea fish is used directly or after processing. As intermediary forms, it is frozen or 
smoked. Fish for human consumption is industrially processed especially to fillets and other 
ready-to-eat food. Herring fillets are usually sold and consumed with skin. Other types of 
processed fish include herring and sprat conserves, full or partial. Smoked herring, salmon, 
whitefish, flounder and eel are important, treated either in cold or hot smoking processes. 
Previously cod liver was canned as a delicacy, but was restricted due to high contaminant 
accumulation. A traditional conservation is salting, used mainly for herring. In Sweden 
herring has also been traditionally processed through anaerobic digestion to sour herring.    
 
There are pronounced differences in the consumption of fish in general and different species 
of Baltic Sea fish in particular also within the populations in Baltic Sea countries. In all of 
them, professional and recreational fishers and their families are often high consumers; also 
the consumption of Baltic sea fish is higher in the coastal areas than in the total population, 
due to fish availability and preferences. The average fish consumption per capita based on the 
total population differs radically from the average consumption among those people 
consuming fish, as many people never consume fish.        
 
Baltic recreational fish is consumed by the fishing population; the amount of recreational 
fishers is great in both Sweden and Finland, even 25 % of the total population.  
 
Fish is exported from Baltic Sea countries, e.g. Finland (cf. Annex 7). Little data has been 
found on other exports, as Sweden and Denmark also fish in the North Sea. Due to restrictions 
of marketing contaminated fish (cf. 6), its export may continue to non-EU countries.  
 
Non-human animals consume Baltic Sea fish, some depend on it. Some of them are not 
consumed by humans, but others are part of human food-chain. Fish used as feeding-stuff to 
edible animals such as pigs, cattle or chicken will partly wind up in human consumption (see 
SCAN 2000 and Isosaari et al. 2002, cf. Easton et al. 2002, Jacobs et al. 2002).  
 

2.5.3 From intakes to body burdens and internal exposures: Pharmacokinetics 
 
Not only intakes or ambient environmental or food levels but also many subsequent processes 
and related risk factors in the exposured organisms govern exposures and thus influence risks. 
Pharmacokinetics may be divided in interacting sequences (cf. 3.5.4, Annex 7C): 
• Absorption or uptake (e.g. from gastro-intestinal tract and gills) 
• Distribution or disposition in the body (transfer between tissues, as well as to offspring) 
• Metabolism, especially enzymatic conversion in liver to OH and MeHS    
• Excretion (in both metabolized and non-metabolized form) 
• Retention and body burdens 
• Resultant internal doses and critical tissue doses. 

 
The processes and factors operative in dioxin pharmacokinetics nd their implications for risk 
assessment and management have been dealt with in more detail in later sections. 
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2.6  Biological responses to dioxins and related stressors 
 
2.6.1  Biochemical and biological basis of dioxin toxicity 
 

According to Gasiewicz (1998), the findings that dioxins affect cell proliferation and 
differentiation, promote tumours and are potent immuno-, developmental, and reproductive 
toxicants by mechanisms not dependent on cytotoxicity are consistent with the hypothesis that 
they act by modulating normal cell and tissue growth.  
 
Dioxins elicit toxic effects primarily through a common pathway, the aryl hydrocarbon 
receptor, AhR (e.g. Poland and Knutson 1982, Okey et al. 1994). On the classic model (Reyes 
et al. 1992), dioxins bind with cytosolic AhR, translocate into the nucleus, dimerize with AhR 
nuclear translocator (ARNT) and activate genes containing Dioxin or Xenobiotic Responsive 
Elements (DRE, XRE, Fig. 12, cf. Annex 8A). ARNT is a member of the bHLH/PAS family 
of proteins that is ubiquitously expressed in vertebrate tissues and participates in many 
biological regulatory processes. As summarized by Birnbaum (1992), the AhR functions as a 
transcriptional enhancer, interacting with many other regulatory proteins. While binding to 
the AhR is necessary, it is not sufficient to bring about the various responses. AhR mediates 
altered transcription of a number of genes, including oncogenes and those encoding growth 
factors, receptors, hormones and metabolising enzymes. Post-transcriptional processes, e.g. 
altered phosphorylation, may also be involved (e.g., Matsumura 1994). More recently, the 
importance of the corresponding aryl hydrocarbon receptor repressor and the AHRR-ARNT 
complex has been realized (AHRR, cf. Watanabe et al. 2004).  
 

2.6.2  Dimensions and continuums of responses 
 

Dioxins are multi-target and multi-dimensional toxicants causing an array of effects in many 
species, communities and ecosystems. Although many effects have been demonstrated in 
multiple species, others may be species-specific and have limited human relevance (Table 7). 
Neubert (1997/98) stressed the pronounced inter-species and even inter-strain differences, and 
detailed some of them in evaluating the scientific basis of risk assessment.  
 
 

 
 
Fig. 12. Schematic relationships between the various stages and biochemical entities in TCDD 
effects at cellular level, and the statistical significance of their correlations among the heavily 
exposed human population in Seveso as an indication of effect markers (Baccarelli et al. 2004).   
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The complexity of effects is accentuated by the heterogeneity of dioxins. Most effects have 
been studied with TCDD, but other congeners generally elicit qualitatively similar effects. Of 
PCBs, the same is true of 0-o congeners. The identification of effects is hampered by 
polyexposures. Many effects are also not specific and attributable syndromes but operational 
definitions of combinations of (non-specific) symptoms (see esp. Neubert 1997/98). 

 
Classic and clear toxicological endpoints are linked with preceding and intermediate 
responses or modulations and effect indicators. Thus, there is a 'vertical' (emergence-related) 
and a 'horizontal' (system component related) continuum in effects: in the first case from 
subtle, often biochemical effects to emergent adverse effects, in the other between different 
systemic types of effects (e.g. immune, endocrine, reproductive and developmental, being 
closely connected). Due to the development of advanced biochemical and other measurement 
methods, an increasing amount of responses may not be characterized as adverse. 
 
The identification and assessment of dioxin effects is affected and complicated by socio-
psychological reactions to dioxins (cf. 4.2.7, 5 and 6). 

 
2.6.3  Effect profiles and receptor organisms 

 
In many vertebrates dioxins are developmental and reproductive toxicants, immunotoxicants 
and endocrine modulators, and affect metabolism in many ways (Table 7). They affect epithel 
and epidermal tissue growth. Such effects have been observed in most studied animals, 
mainly as a result of exposure to the model compound, TCDD. Dioxins are also tumorigenic 
in many animals. However, the above non-carcinogenic effects are the most important low-
dose effects, even though tumors in some non-human animals occur at low doses. 
Developmental effects on reproductive, immune, and neurological systems are distinguished. 
 
In humans unequivocal evidence has only been produced for chloracne (e.g., USEPA 2000). 
Even the causative role of TCDD in this endpoint is complicated by possible polyexposures 
and confounding factors, and is to a considerably degree dependent on the criteria for data 
quality and evidence that are adopted, as will be discussed in more detail below.  
 

2.7  Compound-specific initial risk identification for in-depth assessment 
 
To focus assessments of dioxins in Baltic fish and to identify information gaps, an initial 
comparative assessment of DLCs was done (cf. Assmuth 2003) based on ratios between key 
properties of DLCs and those of TCDD, and combining the ratios to indices of relative risks. 
Also other indices of the relative importance of DLCs in Baltic Sea were accounted for.  
 
Considering these proxies for toxicity and exposure in Baltic Sea herring consumers, most of 
the risk (to humans) of the WHO dioxin set seems attributable to the following congeners: 
• 4-PeCDF (most of the total dioxin risk to most herring consuming organisms) 
• PeCDD (high potency, persistence and bioaccumulation, elevated in herring) 
• CB-126 (high potency, persistence and biomagnification, elevated in biota) 
• CB-118 (moderate potency, high persistence and bioaccumulation, high levels in biota 
 
Also in other assessments 4-PeCDF has been identified as the key congener in the Baltic (e.g., 
Jonsson et al. 1993, Tuomisto et al. 2004). Vulykh and Shatalov (2001) confirmed its utility 
as an indicator by emission and transport modelling for the Baltic Sea area (see 3.3). 

 
In some systems additional compounds are important, e.g. TCDF and CB-169 (cf. Annex 1). 
The relative significance of PBDD/Fs and PBBs and many other DLCs remains little known. 
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Table 7. Summary of biological effexts of dioxins. Mainly lowest-dose emergent effects are 
included. Effects at lowest body burdens are underlined. The animals in parentheses denote 
inconclusively dioxin-attributed effects (cf. Annex 7). (To be completed e.g. by non-TCDD data) 

 
Non-TCDD compounds studied Effect type Endpoint or response Species mainly 

studied PXDD/F PXBs Others 
Notes/Baltic Sea factors 

Reproductive -spermatogenesis 
-estrous/menstr cycle 
-endometriosis 
-fertility/time-to-pregn 
-uterus occlusion 
-embryo mortality 

-rat, mouse, hamster 
-rat/rodents (human) 
-rodents, monkey 
-monkey, rodent (man) 
-(ringed) seal 
-mammals, bird, fish 

 CB169 
 
x 
 
 
x 

extracts 
 
 
fish (POPs) 
DDE 
BDD/F, DDE 

lowest-D perinatal effect 
Gt. Lakes, BS tentative 
unproven linkage in man 
Gt. Lakes; not shown in BS 
+uterine leiomyoma 
+eggshell thinning 

Developmental -genital weight 
-tooth development 
-birth weight/size 
-puberty delay 
-hydronephrosis 
-cardiac deformation 

-rat (some), mice 
-rat (man), monkey 
-rodents (man) 
-rat, hamster 
-rodents (esp. mice) 
-chicken 

 CB169 
 

 
 
fish POPs 

seminal, testis/prostate  
+other bone devel effects 
 
 
lower-D than cleft palate 
not seen in other species 

Neurological,  
behavioural 

-motor function 
-feminized play 

-rat (human) 
-monkey,human 

   sex-related; +hypotonia 
Dutch children, sex-related 

Immunological and 
related 

-host resistance 
-immunosuppression 
-thymus atrophy 

-rodents, seals (man)
-rodents, seals (man)
-various 

(x) 
 
x 

x 
 
x 

 Dutch, Belgian (+inuit) 
 
hallmark effect 

Metabolic,  
gastrointestinal and 
non-sexual 
endocrine 

-thyroid (T4/3/TSH etc) 
-glucose metabolism 
-lipid metabolism 
-Vit A (and K) status 
-wasting (not liver) 
-MFO enzyme induct 

-mammals, bird, fish 
-rodents (human) 
-rodents mainly 
-rodents, birds etc 
-all 
-all 

 
 
 
 
x 
x 

  neurol, reprod effect links 
human causality unclear 
e.g. cholesterol levels 
related to rprd, immune 
characteristic effect  
marker/mediator response  

Tumours var (e.g. liver, lung, 
lymphoma, soft tissue) 

rat/rodents (human)  x fish, PBBs TCDD probably a weak 
human carcinogen 

Genotoxic/mutagenic -overt genotoxicity -rodents   CB77, PAH  TCDD not mutagenic 
Hepatotoxic -liver lesions -rodents, chick etc   PCNs  
Epidermal -chloracne 

-hyperkeratinisation 
rodents, human 
rabbit, monkey 

x 
x 

 x 
x 

hi-D (transient) hallmark 
hirsutism immune-linked 

Cardiovascular -cardiac deformation 
-heart/circulat disease 

chicken 
(human) 

 
x 

   

 
 
2.8  Other risks and impacts of Baltic dioxins and fish, including indirect and social risks 
and benefits 

 
2.8.1  General 

 
Dioxins have psychological effects and may cause mental ailments especially in sensitive 
persons (cf. 2.6). Some of these impacts result from fears of contamination or of regulatory 
and other consequences that are only weakly based on biological responses. Such impacts 
may be pronounced in heavily contaminated areas and segments of population.  
 
Among social impacts, various reactions among stakeholders are caused, some premeditated, 
some unintended. As information on dioxin risks improves, existing policies and regulations 
may be developed; they are not fixed facts in the same sense as natural conditions for risks.  
 
Indirect impacts are caused by dioxins in natural, social and combined processes. An array of 
repercussions are caused by dioxin risks and responses to them at all stages, from sources to 
use and non-use of dioxin-laden fish. Indirect impacts include effects on research and other 
information generating and processing activities.  
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Beneficial impacts from dioxin contaminated Baltic Sea fish are accrued to both health and 
other ends, and to both humans and other animals, notably those wildlife  biologically 
dependent (to a greater extent than humans) on sea fish for their sustenance, and to various 
age groups. Thus, risks and benefits of dioxins in a food chain are intimately linked and fused. 
 
Benefits associated with fish are examples of counter-veiling risks caused by attempts to 
control primary risks. An important category is the risk of loss of health benefits from reduced 
fish consumption. Economic losses and risks are caused to fishermen and their families, to the 
fishing industry and to the economy and society at large. Thus, e.g. the difficulties in devising 
and implementing compensatory mechanisms belong to counter-veiling social risks.  
 

2.8.2  Health benefits associated with fish 
 

Benefits associated with dioxin-rich fish in the Baltic may be divided in a) benefits to human 
health from fish consumption; b) benefits to the health of other organisms; c) other benefits to 
societies. These categories are not exclusive; e.g., health benefits may entail economic 
benefits, and vice versa. However, the last mentioned category is treated separately (2.8.3).  

 
Human health benefits from Baltic fish are of particular importance in health risk 
management. They have not been explicitly treated in official risk assessments or in risk 
management policy formulation for human health, with the partial expectation of the benefits 
from breast-feeding (HCN 1995, SCF 2000).  
 
Health benefits from fatty fish include the following (for more detail, see 4.5, Annex 8C): 
• Cardiovascular health: Intake of fatty sea fish has been shown to have great benefits 
• Bone development: Vitamin D, abundant in fatty fish oil, prevents bone deficiencies  
• Growth: Fetal enhancement from fish consumption, postulated to be due to fatty acids  
• Neurological development: Fatty fish has a beneficial effect on brain and eye development  
• Immune system: Fish oils are protective in inflammatory conditions, especially arthritis 
• Metabolism: Beneficial effects on diabetes are indicated; Se is an important antioxidant 
• Cancer: Fatty sea fish has been shown to have beneficial effects on some cancers. 
 
Many of the health benefits from dioxin-rich fish are specifically associated with fatty fish, 
while other benefits are accrued from fish in general, and may (at least partly) be obtained 
also without dioxin-rich fish, e.g. by surrogate formulas. Some of the health benefits from fish 
presuppose that people deprived of such fish would consume more unhealthy food items 
instead. However, this may not have to be the case (cf. chapter 8, Annex 8C).  

 
2.8.3  Other impacts 
 

Other impacts of dioxins in Baltic Sea fish include the following:  
• Fisheries have social impacts through adjacent livelihoods, market chains and social 

structures. These impacts are distributed especially to economically less developed areas 
e.g. in the coastal archipelagos  

• Fisheries impact the ecosystem directly and indirectly, in the stocks fished and through 
community structure, by-catch, discards and bottom contact. On the other hand, fisheries 
are instruments in managing (and benefiting from) the system. Fishing restrictions 
influence the sea, partly conditioned by social factors (e.g. declines in fish consumption).   

• Fish and fisheries have cultural impacts and importance both in terms of the fishing 
practices themselves as well as the life-style (also recreation) and culinary habits 
associated with fish; they also provide important education of sustainable use of natural 
resources and natural ways of living (see e.g. NAS 2003).  
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3 Exposure assessment  
 
3.1  Assessment principles and evaluation of the quality of information 
 
3.1.1 General considerations 
 
Exposure processes and their stages 
 

Exposure assessment is the other foot of risk assessment: "Alle Ding' sind Gift und nichts ohn' 
Gift; allein die Dosis macht, das ein Ding kein Gift ist." (Paracelsus). The contents vary 
depending on the case and the context. It is common in ecotoxicology to focus assessment to 
external exposures, even considering only environmental concentrations (e.g. in standard EU 
risk assessments). In human health risk assessment also other, subsequent stages of exposure 
including internal doses have been traditionally specified (Fig. 13).  
 
The appropriate contents and the conduct of exposure assessment are affected by the 
characteristics of the substances and of the (biological and non-biological) systems to be 
assessed, by the state of knowledge on them, and by the particular purposes of assessment. 
For dioxins, being accumulative, in many respects well researched and important as a human 
health risk, a detailed, extensive and response-oriented exposure assessment is called for. An 
attempt is made to balance this detail with a decision-oriented and straightforward approach, 
to simplify the task as far as possible.   
 

 

     
 
Fig. 13. The contents of integrated human exposure assessment (from SSC 2000). 
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3.1.2 Data and models 
 
Data relevance and quality  

 
Data relevance and quality are an important part of resolving complexity and variation in risk 
assessment and risk management. A balance between generalization and specification in data 
(as in models, see below) is particularly challenging with dioxins, being complex and 
simultaneously requiring much specific and high-resolution data, and thus easily ending in a 
'data-rich, information-poor syndrome'.  

 
The relevance and quality of measurements of DLCs are influenced by many factors and are 
often poor, due to the inherent properties of these compounds and their low concentrations but 
also to other reasons such as some sampling difficulties e.g. in some Baltic Sea animals 
including humans, and costs (which are affected by the first mentioned factors).  
 
Data quality and quality assurance have undergone changes and improvements, e.g. in 
sampling, bioassays and food monitoring (cf. Annex 2). However, improvements in 
sensitivity and specificity of measurements are only one aspect of data quality, and give an 
overly optimistic picture. The overall data quality is also often unclear. Rose and Startin 
(2003) pointed out that details of accuracy and precision are often absent from reports of data 
on PCDD/Fs and DL-PCBs; they concluded that there are a disturbing number of statements 
in the literature e.g. about differences between foods or locations that probably reflect simply 
differences in analytical performance and data assessment methodologies.  
 
Data quality is a key issue especially in the use of data in risk assessment. In many 
assessments the relevance and quality of measurements and associated constraints have not 
been sufficiently taken into account. Data quality considerations guide the selection (and 
exclusion) of data. On the other hand, by utilizing information on data quality, opportunities 
can be found for more efficient use and production of data.  
 
Analytical quality depends on an extended chain of operations including the 
representativeness and quality of sampling and, particularly in the case of dioxins, data 
analysis, although these are typically subject to much less quantitative quality assurance in 
comparison to the efforts in laboratory analysis. The total analytical quality and the relative 
significance of various sources of error can thus be difficult to assess even in studies where 
laboratory analysis methods are described and their quality documented. Moreover, a 
disproportionate attention can be given to the quality of laboratory analysis.  
 
Congener-specific measurements of PCDD/Fs have been made with a good degree of 
analytical quality control only since early 1990's, especially at low concentration levels and in 
difficult matrices (including many animal tissues). Older data may be useful in single cases 
especially for priority congeners analysed routinely already earlier (e.g. often TCDD) and in 
cases where data on aggregated isomers suffice. The relevance and utility of data always 
depends on the purpose, e.g. considering the overall imprecision of risk estimates. 
 
Other DLCs are often present at orders of magnitude higher levels than PCDD/Fs (and often 
interfere with PCDD/F analysis). They are amenable to simpler analytical methods, including 
chromatography without high-resolution mass spectrometry. However, some groups are still 
difficult to measure, due in part to co-elution of congeners (especially in 1-D GC); this applies 
e.g. to some important PCNs, many PCBs (Kiviranta et al. 2002, Harju et al. 2003), PBDD/Fs 
(Li et al. 2003) and PCTs (de Boer 2000).  
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It seems that the production of data on environmental levels is often seen narrowly as an end 
in itself, as monitoring systems have some tendency to generate more data without sufficient 
consideration of whether the information is that most crucially needed. There is a common 
belief that ever more data will provide the essential answers to dioxin risk questions. 
Typically the perceptions of and requirements for coverage and precision of measurements 
are unrealistically high in relation to other uncertainties in management decisions. More 
generally, a preoccupation with monitoring, even when linked to management, may 
sometimes be seen partly as an evasive reaction to difficult risk issues in regulation (cf. 8). 

 
A significant problem is the reporting of TEQs without congener-specific data. Even when 
congener specific analyses have been made and reported, data on non-2378-chlorinated 
congeners are usually not given. This usually suffices for toxicological assessment. However, 
often the non-2378-chlorinated congeners make up the bulk of all PCDD/Fs and may have 
importance also for the toxic congeners; the information losses in this have been stressed e.g. 
by Gaus et al. (2002, oral communication 2002). With PCBs, a particular problem is the rare 
analysis and reporting of specific DL-PCB congeners until the recent years.   
 
Considering the great variation in dioxin measurements, data on levels and trends have to be 
evaluated critically especially when pooling data. The comparability may be sufficient for the 
use purpose within a data set that has been produced using the same methods. However, even 
in cases of long-term repeated analysis there may have been systematic changes in methods, 
potentially causing changes in concentration levels that are only apparent. This possibility has 
been pointed out e.g. in connection with discussions on whether human intake estimates 
(based on fish levels) reflect real declines in trends (de Wit, oral communication 2003).  
 
The presence and significance of such systematic changes would have to be evaluated on the 
basis of chemometric data and methods descriptions specifying e.g. LODs and other quality 
assurance data. It is beyond the scope of the present assessment to access and analyze such 
primary data (often unpublished). Based on methods studies (see 3.1) and on general factors 
of perception among data generators, hosts and users, it is the belief of the present authors that 
the quality and comparability in data are often assumed to be higher than they are in reality or, 
in any case, than can be ascertained and demonstrated.   
 
In summary, manifold (>100 %) variations and errors in measurements of dioxin levels 
are encountered especially between laboratories and methods. Within one laboratory and 
method, better reproducibility and overall analytical quality and consistency can be achieved, 
but even in such a case analytical quality can be low especially at low concentrations and 
in difficult matrices such as fatty fish and for analytically difficult DLCs. Moreover, such 
measures of data quality do not yet account for sampling variability.  
 
It is customary to compare data and to draw conclusions at a level of precision that is much 
higher than that achievable among laboratories, e.g., reporting and end-using data to the 
second signifying decimal and distinguishing between levels that comply with or violate limit 
values only by some 10 %. The appropriate precision and accuracy depend to a certain extent 
on the case, e.g. the level that is achievable and accustomed to. A greater precision is thus 
natural e.g. for estimates of human body weight than of dioxin emissions. Likewise, for 
resultion of some differences and trends greater precision may be needed and possible (if 
errors in data to be compared are similar). However, from an integrated risk assessment point 
of view there exists unnecessary, illusory and even non-sensical precision, e.g. as dioxin 
concentrations have been expressed to the 5th decimal (Anon. 2004, ELICC report) when their 
toxicity is expressed in orders of magnitude, and when some fate and effect model estimates 
differ by a factor of 1000 (cf. further discussion in 9).  
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In the present work, the following quality evaluation principles have generally been adopted 
for inclusion and evaluation of measurement data: 
o In chemical analysis, HRGC/HRMS and good QA/QC, e.g. participation in 

intercalibrations (Annex 11)  
o Reported variation metrics and QA/QC procedures (usually peer review publications) 
o Quantitative data have been expressed and utilized to the first signifying number only 
o Congener-specific data have thus been usually accepted from ca. 1990 onwards. 

Exceptions have been made depending on the case. For instance, realiable quantitation of 
amounts and doses in effects studies has been possible during a much longer time, 
especially for TCDD; also some earlier analyses of dioxin levels in environmental 
matrices have been included when the quality has been deemed sufficient for the purpose. 

 
Simulation models and integration of empirical data and theoretical models 
 

Model has been defined as "tool of thinking to formulate hypotheses that have to be verified 
by observations" (Robert Wetzel). Models in social sciences have a different meaning e.g. as 
to hypothesis testing, often having more the character of aides for interpretation. Models 
include not only quantitative mathematical and simulation models but also statistical and 
conceptual models; the term may also denote a surrogate or indicator system.  

 
Models in earth (or biological) sciences can not strictly speaking be verified (see Oreskes et 
al. 1994); operational and data components can be validated but the theoretical component 
cannot (Rykiel 1996). It is thus better to speak of model evaluation against available 
alternatives; however, practice is often characterized by vague, subjective claims that 
predictions show `acceptable' agreement with data that provide little basis for choosing 
models (Kirchner et sal. 1996). In the present work, models have been evaluated in more 
general terms, regarding their relevance and context, generality, conformity between 
predictions and observations, and robustness. Also data requirements are taken into account.     
 
Despite uncertainties, fate modeling may be accomplished at a level needed for assessment 
and management. In some cases, fate processes need to be specified e.g. when assessments 
may be based on measured exposures, intakes and levels e.g. in biota. On the other hand, if 
complexity is regular, it is easier to treat analytically. Some complexity can indeed even be 
used as an ally in analysis, such as when developing, testing and validating (to the level 
possible) transport and fate models with the help of congener and homologue profiles and 
other complex patterns; such models may also be able to connect sources and immissions (or 
exposures) and other such entities that are relatively far detached without having to treat the 
intermediate processes in detail (e.g., Su and Christensen 1997).  
 
The relevance and quality of information and the level of specification and detail in relation to 
aggregations and generalisation depend on the case and purpose of analysis. In exposure 
modelling, several areas or stages can be distinguished (appropriate models in some of these 
categories will be described and evaluated in the following). 
• emission and release models e.g. based on emission factors 
• quantitative structure-property relationship (QSPR) and structure-activity (QSAR) models  
• partitioning models, notable fugacity based  
• environmental fate and transport models  
• biomagnification models, e.g. energetic models 
• intake models 
• pharmacokinetic, e.g. physiologically based models 
• toxicodynamic models, e.g. of receptor binding and dose-response relationships. 
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Approaches to exposure assessment in the present work 
 

• Identification of exposures, contributing factors and associated uncertainties are focused 
on, for resolution of their significance for and links with risk management strategies 

• The assessment is largely comparative   
• Mainly top-down i.e. body burden based approach; if data are not available, assessment is 

based more on approximations of intakes and environmental levels (bottom-up) 
• Basic dose conversions (administered to internal doses; conversions between species) will 

be made to enable comparisons with effect dose data 
• The assessment if focused on human exposures from fish diet; some consideration to other 

dietary exposures will be made as sell to relate the fish-based risk to others 
• For ecotoxicological assessment, mainly the body burden data on key prey (herring and 

other fish) and their predators are used  
• Some account of toxicokinetics is made in this connection mainly for humans and well-

studied animal models, based on literature evaluations 
• Duration (and other temporal aspects) of exposures are dealt with selectively 
• Variations in exposures are treated mainly qualitatively and semi-quantitatively (through 

ranges); no explicit quantitative unceryainty analysis has been made at this stage   
• Attention is given to particular risk groups and scenarios such as perinatal exposures and 

exposures associated with heavy fish use, based mainly on literarure data and models  
• More specific data and assessments are (will be) presented for 4PeDF and PCB 126; in 

addition, e.g. for body burdens an environmental levels the usual TEQ based approaches 
have been used (but attempting to identify and discuss their limitations)   

• Environmental emissions, transport and fate are dealt with at a rudimentary level without 
explicit modelling, mainly to identify management opportunities and links  

 
The following key specific methodological issues are further to be noted: 
• In addition to PCDD/Fs and DL-PCBs, other DLCs including especially brominated 

analogs, are accounted for at a level appropriate for the general analysis 
• Exposure assessment includes stages and processes beyond fish and the sea, especially in 

the catchment but also outside e.g. in dioxin production and fish consumption areas 
• The emphasis on exposures as a continuous process is compatible and aligned with a 

focus on management related fate processes and exposure stages 
• Human intake assessment in particular needs to relate, at appropriate level, fish-based 

exposures to overall exposures (from other sources of food mainly) 
• The biological transformations of DLCs and of the biokinetic processes for exposures 

have a crucial influence of exposures and thus on exposure assessment 
 
 
3.2  Sources and emissions of dioxins to the Baltic Sea 
 
3.2.1  Polychlorodibenzo-p-dioxins and furans 
 
Emission inventories and estimates 
 

The inventories and estimates of emissions of dioxins are severely constrained. There have 
been many definitions of source categories, both in terms of their boundaries and the level of 
detail (Annex 3B-C). This reflects different approaches, and comparability may be increased 
by harmonization or recalculation using different categorization and estimation schemes. 
However, there are also persistent difficulties due e.g. to the overlap of source categories and 
to inherent unavailability of some data.  
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The emission factors used as basis of most calculations are crude, in many cases based on 
few  samples not representative of fluxes or at least not generalizable, but are yet sometimes 
borrowed. Also the standardized toolkit (UNEP 2001) for POPs emission estimation involves 
partly very uncertain assumptions. In addition, many data on activity rates and profiles are 
scarce and unreliable (Wenborn et al. 1999). However, for some processes, increasingly 
representative and reliable data have been published (Annex 3A).   
 
Some emission estimates are for old installations or otherwise not comparable sources. More 
importance is to be attached to cumulative emissions over time and, as part of them, 
secondary emissions from earlier fluxes and pools, e.g. in soils, solids and products and 
wastes. This is seen e.g. in the Danish dioxin substance flow analyses (Hansen 2000). The 
inventory by Bergqvist et al. (2004) for Sweden includes the first comprehensive estimates of 
cumulative emissions for a Baltic Sea country. 
 
Great deficiencies and discrepancies are notable in estimates, e.g. in the estimates for UNEP 
by the Baltic Sea countries (Fiedler 1999). Apparent differences and changes in emissions 
may thus reflect real developments, revised estimation procedures, or both (cf. Annex 3C). 
The uncertainties in these inventories were critically evaluated by Quass and Fermann (1997, 
cf. Quass et al. 2004) in the first EU dioxin (air) emission inventory that preferred emission 
and activity rate data for various sectors to national eported estimates. Uncertainties were 
stressed and detailed also by Wenbourn et al. (1999) for emissions to land and water. 
Importantly, Bergqvist et al. (2004) evaluated uncertainties and reduced them by additional 
targeted measurements, but eneded up in wide ranges of estimates or inestimable quantities in 
many cases. Yet, misleading certainty and precision prevails; for instance, official Finnish 
emission estimates (for air emissions only) give single figures having 3-4 signifying numbers, 
while many estimates for ranges vary by a factor of hundreds (Annex 3, Table 3A1).   
 
 

Table 8. Estimates of present and cumulative emissions of PCDD/Fs (in TEQs) and PCBs (in total 
amounts) to various encironmental compartments or matrices in Sweden from main combined 
source categories (Bergqvist et al. 2004). Figures have been rounded to first signifying digit, and the 
main emissions have been highlighted. Note the paucity of estimates for several sources and 
compartments, the importance of waste materials, and the possible overlap of compartments.  

 
Source Air Water/sediment Soil Waste/landfill Products 
  PCDD/Fs g TEQ a-1 kg TEQ 

cumul 
g TEQ a-1 kg TEQ 

cumul 
g TEQ a-1 kg TEQ 

cumul 
g TEQ a-1 kg TEQ 

cumul 
g TEQ a-1 kg TEQ 

cumul 
Chem ind. < ? 2 0.3-2 ? ? 0.3 0.7-2 ? ? 
Combust. 4-70 1 ? ? ? ? 200-300 0.2-6 ? ? 
Forest ind. 1 ? < 0.1-0.8 ? 2-50 0.04-60 ? <0.9 ? 
Metal ind. 10-20 1-4 ? ? ? ? 3-100 0.1-6 ? ? 
Other ? ? 0.05-0.6 ? ? ? 0.2-10 <0.2 ? ? 
 Air Water/sediment Soil Waste/landfill Products 
  PCBs g PCB a-1 kg cum g PCB a-1 kg cumul g PCB a-1 kg cumul g PCB a-1 kg cumul g PCB a-1 kg cumul 
Chem ind. 0.001 ? 0.3 ? ? ? 1 ? - ? 
Combust. 400-1000 ? ? ? ? ? 4000-10000 50-90 - ? 
Forest ind. ? ? ? ? ? ? ? ? - ? 
Metal ind. ? ? ? ? ? ? ? ? - ? 
Other ? ? 9 ? ? ? 6000-20000 200-400 - ? 

 
 
Many inventories cover emissions to air but not to land and water. The inventory for EU 
by Wenborn et al. (1999) produced estimates for emissions to land but much less to water. 
Also the former were in many cases highly uncertain (e.g. for pesticides and landfills), but 
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seemed to far exceed those to air (cf. Dyke et al. 1997). Some additional estimates have been 
obtained for PCP-based dioxin fluxes in River Kymijoki to the Baltic (Verta et al. 2003), but 
cannot be made for whole catchments as no other data are available on dioxins in river runoff. 
Importantly, Bergqvist et al. (2004) produced data-based estimates of Swedish emissions 
covering all compartments, including water, sediments, and wastes, and both present and 
cumulative emissions for PCDD/Fs (in TEQs) and PCBs (in total amounts). These estimates 
illustrate the general level of knowledge concerning emissions, being still low in many cases 
(Table 8, cf. Annex 3C).  
 
Most inventories do not address secondary sources e.g. from waste disposal. Neither do they 
often include emissions from stockpiles or dispersed sources, e.g. of dioxins spread out in 
herbicides. Estimates of some of such sources have been made earlier in the Swedish dioxin 
survey (de Wit et al 1990, de Wit 1995) and especially by Bergqvist et al. (2004), by 
Wenborn et al. (1999), in EU risk reduction strategy for dioxins in PeCP (Anon. 2000), and in 
inventories of PCP-related sources in Finland. However, secondary emissions canot be 
derived from the demonstrably great fluxes and pools in wastes (Table 8), and generalization 
from case-specific emission estimates to  the whole Baltic is also difficult. 
 
Emission data for former Soviet states and Poland are still scarce and uncertain (see Lassen 
et al. 2002, 2003, Jensen 2003; Kakareka 20002 and Kakareka and Kukharchyk 2002; 
Holoubek et al. 2003a, Anon. 2004). Areally specified estimates of PCDD/F emissions have 
recently been produced by MSC-E (2004), but focus on emissions to air. It seems that Poland 
is presently the major emitter country of dioxins to the Baltic, as Polish emissions readily 
enter the sea unlike most of those from Russia and Germany; the rough measure of Polish 
emissions to the sea based on catchment shares was greater than from the other countries 
combined. However, great uncertainties of emissions hamper comparisons between countries.  
 
The estimates and information on PCDD/F emissions and related uncertainties and 
information needs may be summarized as follows: 
 
• The estimates are variable, contradictory and uncertain, due to both emission factors and 

activity data; uncertainties (100-fold ranges) need to be pointed out for realism 
• Some estimates have greatly exceeded measured emissions; on the other hand, many 

potentially significant sources have been subject to little estimation and measurement  
• Quantitative transport and fate modeling are fundamentally constrained 
• The common focus on air gives a faulty picture 
• The inventories usually are limited to PCDD/Fs and TEQs  
• Temporal development of emissions are difficult to elucidate 
• Diffuse, secondary and transient emissions become more important in relative terms 
• Some major sources can be identified to direct management measures. 

 
3.2.2  Dioxin-like PCBs 
 

Most assessments of PCBs and their emissions do not specify DL-PCBs but address total 
PCBs or the non-dioxinlike PCBs usually occurring in high concentrations (cf. Annex 3C). 
Also the composition of the Aroclor and Clophan mixtures have been reported mainly for 
isomer profiles only, not for the individual congeners.  
 
DL-PCBs are emitted from PCB products in use stages, from stockpiles or from waste 
management. It may be assumed that the bulk lies in old disposal sites, as wastes of high PCB 
content are already being diverted to hazardous waste treatment, also in new member states 
and Russia. Subsequent emissions will depend crucially on the disposal technology.       
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PCB 126 mainly originated in higher chlorinated Aroclors and corresponding Clophen  brands 
(Annex 3C). Of mono-ortho PCBs, particularly PCB 118 was present. The relative 
importance of the congeners changes; thus, PCB 169 has significance in some food-chains, 
and will be increasingly important (Jonsson et al. 2003, cf. 3.3). Using measurements of 
congener contents, estimates of the emissions of total PCBs, and assumptions of the share of 
the different PCB brands, rough interim approximations of emissions of DL-PCBs from PCB 
products can be made (Annex 3.C). These omit the emissions from more remote areas, but 
include PCBs that have not and will not affect the sea due to destruction or retention in the 
catchment. It is assumed that a negligible part of the emissions estimated for Germany 
(particularly Western Germany) have entered or will enter the Baltic Sea.  
 
For non-product sources conflicting information is available (cf. Annex 3C for details). All 
in all, it seems possible that a major flux of dioxin toxicity originates from incineration also to 
the Baltic, not only as PCDD/Fs but also DL-PCBs, partly as incineration standard is not high 
in some countries including former socialist countries.     
 
The information on emissions of DL-PCBs can be summarized as follows: 
• Cumulative emissions of PCBs seem to have been largest from Sweden, Finland and 

Denmark; estimates for some areas such as Russia and Poland are however still very crude  
• Estimates of air emissions match in some cases rather well air and deposition data for 

indicator PCBs, but waterborne emissions are very uncertain    
• In addition to emissions that have already entered the Baltic, lagged emissions will take 

place from stockpiles and from the catchment, including sediments 
• The contents of DL-PCBs in products and in emissions is variable, and emission estimates 

for key dioxin-like PCBs and PCB-TEQs are crude 
 
3.2.3  Other dioxin-like compounds 

 
The congener distribution in PBDD/Fs emissions has been studied little (cf. 2.3 and IPCS 
1998), and the quantitation limits have usually been at ppb level. In PBDE mainly PeBDFs 
and in DBDE e.g. 1-PeCDF and 4-HxCDF but not other 2378-PBDD/Fs have been measured; 
in some studies no PBDD/Fs were found. TBDF has been identified in bromophenols.  
 
PBDD/Fs are subsequently present in material containing flame retardants. Much of these 
PBDD/Fs have formed in plastic production instead of being present in the original flame 
retardant, as additional processing often increases bromodioxins (IPCS 1998, Annex 1). 
Emission estimates based on such figures are difficult to produce. The same applies to 
PBDD/Fs formed in subsequent reactions especially in thermal processes like incineration, 
uncontrolled burning and fires (even when ignition and flames are retarded). The largest 
yields in thermolytic reactions have been found from PBDEs and bromophenols (IPCS 1998).  
Data from Baltic Sea countries have been found on PBDD/F emissions for waste incineration 
(Soderstrom and Marklund 2002) in a pilot plant. Because of the absence of information on 
PBDD/F fluxes from brominated flame retardants, which is a conceivable large source, 
quantitative assessment of emissions from the Baltic Sea counties is not feasible. PBDD/F and 
PCBDD/F emissions also originate from traffic (see compilation of Jensen 2003). 
 
A tentative estimate of total PBDD/F emissions from Denmark of 0.01–17 g a-1 was quoted 
by Jensen (2003). The unit has not been given (TEFs not having been officially defined).  

 
For many other DLCs, with the partial exception of PCNs and some DL-PAHs, the 
information is still weaker. For instance, little is known of coPBBs in the Baltic area. 
Relevant information on sources and emissions of other DLCs are summarized in Annex 3. 
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3.3  Environmental transport and fate of dioxins in the Baltic Sea 
 
3.3.1  Dioxin fluxes, cycling and transformation  
 
Atmospheric deposition 
 

Measurements of PCDD/Fs in atmospheric deposition in the Baltic Sea catchment area have 
been made at localities that may represent background conditions only in a few inland 
locations and in isolated studies of snow (cf. Annex 6A). Measurements have recently started 
on Utö in SW Finnish Archipelago (Verta et al. in preparation), and on Bornholm in Southern 
Baltic (Vikelsøe, oral communication 2003, Vikelsøe et al. in print).  
 
Measurement-based estimates of atmospheric deposition of PCDD/Fs in the Baltic Sea area 
thus vary greatly (Annex 6, Table 9). They range from levels under 100 g TEQ a–1, based on 
measurements of bulk deposition in remote areas of Finland (Verta et al. unpublished) over 
recent empirical Danish estimates of 240 g TEQ a–1 (for background areas), to earlier higher 
empirical estimates of 680 g TEQ a–1 (Broman et al. 1991) for background rural coastal areas 
near Stockholm and >2600 g TEQ a–1 for PCDFs only based on sea-ice snow samples in 
Swedish BB coast (Marklund et al. 1991). The model estimate for 4-PeCDF (Vulykh and 
Shatalov 2001) supports the first mentioned lower estimates for TEQs in deposition flux. 

 
Of PCBs, measurements have mainly been made of total and non-dioxinlike PCBs in bulk 
deposition in the Baltic Sea catchment (e.g., Brorstrom-Lunden et al. 1994, Backe et al. 2000, 
Agrell et al. 2002). Of DL-PCBs usually only PCB 118 has been sporadically measured.  
 
Engwall et al. (1999) estimated from unpublished data on DL-PCBs in rural Swedish air their 
atmospheric deposition flux at 0.04 ng TEQ m-2, i.e. only 2 % of the flux of PCDD/Fs in 
TEQs based on measurements by Broman et al. (1991). Applied to the Baltic this flux would 
amount to 15 g PCB-TEQ a-1. However, the following factors have to be borne in mind in 
evaluating these data: 
• Both data are subject to errors, including systematic, from sampling and analysis 
• The DL-PCB data cited has not been published and thus cannot be properly appraised 
• The PCDD/F data came from urban and background areas, that on DL-PCBs was rural 
• The DL-PCB data probably originated from a later period with lower deposition  
• The air flux may not reflect the relation between PCDD/F and DL-PCBs in all inputs. 

 
Runoff influx 
 

Except for river Kymijoki heavily contaminated especially by PCDFs, estimated to cause a 
flux of ca. 40 g I-TEQ a-1, most of it as HpCDFs, and below-detection limit results from River 
Wisla (Anon. 2004, ELICC report), no data have been found on dioxin runoff to the Baltic.  
 
Although much of the emissions also from more remote inland areas finally do enter the sea, 
the dynamics for these inputs differ from those entering the sea directly. The lag for inland 
emissions may be centuries (e.g. for dioxins in lake sediments). On the other hand, even 
though the persistence of DLCs is high especially in the Northern parts, part of the emissions 
from these areas is degraded along their travel paths, reducing fluxes to the Baltic from those 
entering the catchment.  
 
As a crude long-term estimate of runoff influx based on equilibrium between the catchment 
and the sea, it may be assumed that ca. 50 % of the PCDD/Fs emissions from and deposition 
on the catchment will enter the sea. 
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The assumption of equilibrium between the fluxes to and from the catchment may not hold. 
The deposition flux to the Baltic and on its catchment is less than some decades ago, but the 
flux from the catchment probably is not reduced to similar degree. Thus, the catchment may 
drain more dioxins than it now receives, postponing the improvement in dioxin loading on the 
sea that ultimately will be caused by emission reductions.  

 
Wastewater discharges 
 
Direct discharges 
 

No data have been found on dioxins in wastewater discharges to the Baltic. Bergqvist et al. 
(2004) reported ca. 0.6, 0.1, 0.02 and 0.005 pg TEQDFP l-1 in leachate runoff from a mixed 
waste landfill, PVC-Cu cable incineration wastes, a PCB ink waste landfill and a HCl factory 
sludge landfill, respectively, from Swedish Baltic Sea catchment (cf. Annex 6A). 

 
Sewage discharges and sludge emissions and their relationships with other relevant fluxes 
 

As the level and extent of purification of dioxins in wastewater and air emissions is 
intensified, ever more of the PCDD/Fs formed will be included in solid and semi-solid wastes 
and directed to sludge application areas, landfills and other disposal sites (e.g. for ash and 
slag), and also to recycling in agricultural and forest production and construction. Secondary 
emissions occur to the sea in both water and air, unless again arrested by sewage and air 
treatment or destroyed. Dioxins thus circulate in wastewater discharges and in sludge, and to 
an extent there is a choice between having them on land and in the sea. Dioxins in sludge 
even for agricultural purposes are not regulated at EU level; partly therefore, data on these 
fluxes are scanty and uncertain (Dudzinska and Czerwinski 2003, Eduljee 199X).    

 
Data on dioxins in municipal sewage sludge at Swedish purification plants have ranged 1-100 
(median ca. 20) pg N-TEQ g-1 dw (Bergqvist et al. 2004). Data have also been published for 
sludges at Swedish plants discharging to the Baltic by Engwall et al. (1999) in Bio-TEQs of ...  
 
Preliminary data have additionally been reported from Poland on PCDD/F loads in sewage 
and sludge (Dudzinska and Czerwinski 2003). Based on the level of 54 pg WHO-TEQDF g-1 
dw in sludge it was tentatively estimated that ca. 20 g WHO-TEQDF a-1 were accumulated in 
sludge in Poland in 2000, i.e. ca. 1 % of total emissions (mainly airborne). The uncertainties 
also in this estimate are great, considering e.g. the differences in dioxin sources.  
 
The fraction of dioxins in sewage emitted to the sea (now or subsequently) is hard to estimate. 
As most of the estimated emissions seem to be to air, the total flux in runoff from atmospheric 
deposition areas to rivers is likely to exceed that in wastewaters. While part of the dioxins in 
sludge will escape to rivers and to the sea, some will cycle sufficiently long outside the sea to 
be decayed (depending on half-lives) in the wastewater-sludge-urban application site-
wastewater loop (or in wastewater-sludge-field-food-wastewater or other such loops).  
 
Emissions in industrial sewage discharges are highly source-specific. Some industrial 
emissions are largely to air and thus enter wastewater treatment only to a minor extent (see 
Bergqvist et al. 2004). However, the share of the dioxin fluxes in solids and thus later even to 
runoff may increase in the future (see above).  
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Seawater fluxes 
 

Measurements of PCDD/Fs in Baltic Sea surface water have been made in the Swedish coast 
(Broman et al. 1992), but not in the water (usually bottom water) in the Sounds that enters the 
Baltic. The same is true of outflow in seawater. Also for DL-PCBs very little data (mainly on 
PCB 118 only) exists in the waters near the Sounds (ref.).  
 
In general, these influxes may be assumed to be small in comparison with the efflux through 
the Sounds and with other influxes, due to the positive water balance and to the lower dioxin 
levels in North Sea. 

 
Evaporation 
 

Volatility is low for higher chlorinated PCDD/Fs but may be appreciable for others. Koa also 
depends on temperature (Pekar et al. 1999, Mattila et al. in preparation, cf. Annex 4). 
Volatilization has been shown to be important for PCBs in the Great Lakes; the flux of PCBs 
in the Baltic seems to be from air to water (Axelman et al. 2001, Wania et al. 1998, 2001).   

 
Photochemical transformation and decay 
 

Chen et al. (2000) developed QSPRs for estimation of photochemical decay of PCDD/Fs. For 
PCDDs, photolysis has been found to be generally more limited than for PCDFs, due to the O 
bridges and lower polarizability of the former. Friesen et al. (1996) showed with TCDF and 4-
PeCDF in laboratory that reductive dechlorination, C-O cleavage and hydroxylation play a 
role in the photolytic transformation of PCDFs (see also Isosaari 2004 and Annex 4B).  
 

Partitioning and sorption and desorption on particles and dissolved substances 
 

PCDD/Fs and other DLCs have low Kow and are thus effectively retained on organic matter 
and carbon, most of it dissolved (cf. Annex 5). While most of the C in the eutrophic, N-
limited BP cycles in autotrophs, the P-limited BB has lower primary production but its influx 
of allochthonous TOC from runoff per unit area is much higher (20 and 5 g C m-2 a-1, 
Pettersson et al. 1997). There are indications that BB is dominated by heterotrophic (bacterial) 
production, which may play an important role also in the accumulation of dioxins in the food 
chain and affect the levels up to fish.   
 

 
 
Fig. 14. Observed binding of several classes of DLCs to soot carbon (Ksc) in marine sediments in 
relation to predictions from simple Koc– Kow based simple models (Gustafsson et al. 2003a).     
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Assessment of DLC sorption has been based on Kow values derived by structure-property 
relationships (Sabljic  2001). The classical paradigm of adsorption where Koc only depends on 
Kow, and on TOC or biogenetic carbon, has been shown to be inadequate for PCDD/Fs, PCBs 
and PAHs in marine sediments (Bucheli and Gustafsson 2000, Gustafsson et al. 2003a). 
Instead, adsorption is constrained also by soot carbon originating from combustion and 
present in small particles that represent 2-20 % of TOC in the Baltic. The omission of soot 
carbon may lead to estimates of adsorption that are too low by two orders of magnitude for 
PCDFs and one order of magnitude for PCDDs and DL-PCBs; its inclusion thus better 
explains the distributions of PCDDs in surface sediments (Fig. 14, cf. Gustafsson et al. 2003a 
and Annex 4B). The application of the POPCYCLING-Baltic model for 4-PeCDF using a 
modification to account for the soot carbon effects resulted in decisively better match between 
simulated and measured concentrations (Mattila et al. in preparation). 
 

Sedimentation and resuspension 
 
PCDD/Fs 
 

Absolute sedimentation rates vary according to the influx of solids. Relative sedimentation 
depends on the size distribution of carrier particles. Emissions from pulp and paper industries 
transported PCDD/Fs far into the Baltic due to the low settling organic matter in their 
discharges (Jonsson et al. 1993). On the other hand, it was calculated that most dioxins from 
River Kymijoki are retained in the estuary (Verta et al. 2004), and that it can take decades for 
point source loading to reach open sea sediments (ref. Rappe et al.). Dioxins in organisms are 
also sedimented according to their settling velocities, being greatest for diatoms.  
 
Empirical estimates of sedimentation flux of PCDD/Fs in the Baltic Marine Area range from 
ca. 4000 g N-ITEQ a–1 based on mean net sedimentation estimates from sediment traps 
(Broman et al. 1989, Naf et al. 1992) to >20000 g TEQ a–1 from 136 pg TEQ m-2 d-1 given by 
Engwall et al. (1997). These estimates were produced by similar sediment traps at different 
locations and depths, those of Naf et al. (1992) representing a near-coast area. An estimate of 
1300 g TEQ a–1 was obtained by extrapolation to the Baltic from data for a rural Finnish lake 
(Isosaari et al. 2002s). Differences may be caused by both the representativeness of sampling, 
by the sampling procedure itself and by related assumptions. While these estimates may 
account for resuspension that is comparable to that in the sediment trap domain, they do not 
account for remobilization from sediments e.g. through wave erosion and bioturbation and 
biomagnification or other activities of benthic organisms.    
 
It has been concluded that most of the cycling of dioxins is confined to the basins where they 
enter (Broman et al. 1992). However, this is dependent on the time scale. In the long term, 
even some of the persisting dioxins that have sedimented and are cycling only within the 
confines of a basin will have potential for transport to other basins. Also many organisms 
cross-basin divides affecting the fluxes of, exposures to and risks from dioxins.  
 
Heiskanen and Leppanen (1995) estimated that in coastal GF ca. 20 % of total C 
sedimentation was from resuspension; the estimate of Blomquist and Larsson (1994) for 
Swedish coastal archipelago was 50 %, and Kankaanpaa et al. (199X, ref. Isosaari et al. 2002) 
gave a value of … (cf. Annex 5). It may be assumed that the same holds for dioxins.  
 
The remobilization of PCDD/Fs by Mytilus edulis has been estimated to be considerable 
(Bjork and Gilek 1996, Bjork et al. 2000, Gilek et al. 1998, Rantamaki 1997). As its biomass 
is large (Annex 5), it can play a role in dioxin cycling and return dioxins to food-chains. 
Mussels take up carbon and dioxins from sediments and settling plankton. According to 
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observations of benthic fauna cited by Jonsson et al. (1993) and Jonsson et al. (2003), 
bioturbation reaches a depth of ca. 10 cm on soft sedimentation bottoms. However, in other 
bottoms mixing seems to be limited, as seen in distinct vertical sediment gradients.    

 
DL-PCBs and other DLCs 
 

No direct empirical data on sedimentation of specific DL-PCBs in the Baltic have been found. 
Thus, only semi-quantitative indications can be produced from data on indicator and ΣPCBs. 
Studies of sedimentation rates have been reviewed in Annex 5. It is difficult to use these and 
other such data for assessments of the sedimentation of DL-PCBs and its variation (cf. 
Mackenzie et al. 2004), as the  methodology used as a basis of these figures seems to involve 
great uncertainty. It should be noted that the estimates of Wania et al. (2001) repeated by 
Mackenzie et al. (2004) and those of Strandberg et al. (1998) and Bergqvist et al. (2004) for 
PCB sedimentation flux differ by orders of magnitude (cf. below 3.3.2). 
 
Engwall et al. (1997) estimated an additional sedimentation flux of … g I-TEQ a–1 for the 
dioxin-like PAHs based on bioassay-based TEQ values.  

 
Bioaccumulation and biomagnification in the sea 

 
PCDD/Fs 

 
Information on bioaccumulation of DLCs in the Baltic has been produced in studies of their 
levels in food-chains (cf. 3.4, Annex 6B). The representativeness and reliability of these data 
are variable. Bioaccumulation varies greatly even within a species. The increase in 
concentrations per wet weight along the food-chain is partly due to greater fat content; if 
concentrations are compared on fat basis, much less (if at all) biomagnification may be found.  

 
Bioaccumulation in herring ans sprat may be summarized from data on dioxin levels (3.4):  
• dioxins enter herring in their feed, i.e. mainly macrozooplankton 
• dioxins accumulate in the fish mainly in fat and roe (Kiviranta et al. 2003) 
• in spawning grounds, dioxins may accumulate in fry and juveniles also from sediments  
• there are regional variations e.g. between Northern and Southern parts of the Baltic 
• variations are related to those in fat contents; therefore, some variability is only apparent 
• in sprat dioxins do not bioaccumulate as much, largely as sprat is fished at youner age.  

 
Dioxins accumulate in salmon from herring and sprat; high levels of PCDD/Fs and DL-PCBs 
have been reported also in stickleback (cf. 3.4). It may be noted that  
• Most of the dioxins accumulate in the fatty (anterior) parts 
• There are also regional variations in dioxin accumulation in salmon  
• TCDD accumulates in adipose fat and roe (Jones et al. 2001). 
 
For 4-PeCDF biomagnification factors of ca. 3-4 from plankton to planktivore and from 
planktivorous to predatory fish such as rainbow trout have been obtained (Annex 3).  
 
Dietary accumulation factors of ca. 10-30 from fish to herring gulls have been reported for 
TCDD (Van den Berg et al. 1987; Braune and Kubiak 1989, ref. Loonen et al. 1996).  
 

PCBs 
 

Biomagnification for DL-PCBs is greater than for PCDD/Fs (Boon et al. 1997, Cook et al. 
2003, Naito et al. 2003). Some DL-PCBs are more readily metabolised (cf. Annex 6C). DL-
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PCBs (lipid-based TEQs) were found to bioaccumulate in S Baltic ca. 10-fold to herring, 50-
fold to stickleback, and 250-fold to black cormorant (Falandysz et al. 2000, cf. 3.4.5).  

 
Pelagic Baltic ciliates feeding on bacteria have been found to play a key role in transferring 
PCB 153 to the food-chain (Wallberg et al. 2001). This is important as many assessments 
assume that dioxins are transferred only from phytoplankton to zooplankton and to fish (cf. 
Broman et al. 1992), and may be generalizable to DL-PCBs of similar chlorination degree.  
 

Other DLCs 
 
• Bioaccumulation of PCNs was found (Falandysz et al., e.g. 2000) generally in the same 

species and tissues as DL-PCBs. However, accumulation is more pronounced e.g. in 
harbour porpoise liver (Ishaq et al. 2000). For additional information see Annex 6.  

• Strandberg et al. (1998) reported 2- to 6-fold higher biomagnification of several classes of 
organochlorine contaminants in herring from BS than from BB.  

 
Biotransformation and biodegradation in the sea  
 
PCDD/Fs 

 
Sinkkonen and Paasivirta (2000) published estimates of the half-life of PCDD/s in Baltic Sea 
temperatures, ranging ca. 200-700 d in water and 6-10 a in sediment. These values do not 
specify congeners or even homologues and seem very uncertain. The authors also mentioned 
that on the basis of the interpretations of the studies of Kjeller and Rappe (1995) it seems that 
highly chlorinated 2378-PCDD/Fs are essentially non-degradable in Baltic Sea sediments.  

 
PCBs 
 

A half-life of 50 a in water and infinite in sediments was selected by Wania et al. (2001) as a 
default value in the POP-Baltic model of PCBs, with no differences between congeners. 
These are very crude and overly pessimistic estimates. In congener-specific studies in coastal 
sediments, reductive dechlorination has been found to selectively remove the non-ortho PCB 
77 and PCB 126 with half-lifes of 8±2 a (Brown and Wagner 1990, cf. Tiedje et al. 1993/94); 
this was noted as diminished dioxin toxicity of sediments (Mousa et al. 1998, Quensen et al. 
1998). However, in some of the microbial dechlorination processes, toxic ortho-PCBs are 
formed (Kannan 2000, ref. Kodavanti et al. 1998).        
 

Dioxin cycling in systems linked with the Baltic Sea  
 

Fluxes of DLCs are directed in Baltic fish to production animals consuming such fish or 
products based on it. The fluxes may be divided in terrestrial and sea-based systems. 
• Some of the flux to the terrestrial production system is in unprocessed fish. Feeding Baltic 

fish to pigs or more commonly to minks has been practiced e.g. in Finland. Secondly, 
much of the industrially processed Baltic fish (mainly sprat) has been used as feed-stuff, 
either as such or more commonly processed to fish meal or oil. Some of these fluxes have 
been directed to animals Baltic Sea countries, but also to other EU countries.  

• On the other hand, fish farmed in the Baltic (rainbow trout) obtains DLCs in their feed, 
including both Baltic Sea fish and other ingredients. 
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3.3.2  Budgets of dioxins and dioxin-like PCBs in the Baltic Sea system 
 
PCDD/Fs 
 

From estimates produced for various budget terms (see above and Annex 6C), only tentative 
and partial budgets may thus be constructed for Baltic Sea dioxins (Table 9). These are order-
of-magnitude estimates. The comparison of atmospheric deposition with deposition of 
suspended particles in the water column suggests that the lowest values of sedimentation are 
higher than those for atmospheric deposition. This is explainable partly by other influxes than 
from air. Still, assuming steady state over extended periods, it would be expected that on the 
average sedimentation would not be many times higher. 

 
Dioxin-like PCBs 
 

As stated e.g. by Axelman et al. (2001), there is little data as a basis for congener-specific 
estimates of fluxes of DL-PCBs to and from the Baltic (cf. 3.3.1). The data on indicator PCBs 
and fish are a primary source of information for exposure and risk assessment. Estimates of 
Baltic Sea budgets for ΣPCBs have im particular been produced (cf. Table 9).  

 
Mackenzie et al. (2004) published a budget for ΣPCBs in the Baltic Sea incorporating pools in 
fish and sinks in fisheries. Their calculations implied that the standing stock of Baltic cod, 
sprat and herring was a sink for 260 kg ΣPCBs a-1 in late 1980s to early 1990s and that the 
fisheries removed as much or more (ca. 30 kg ΣPCBs a-1) than other budget components (e.g., 
degradation in the water column). However, the fluxes to (and possibly from) sediments are 
probably still much larger, net sedimentation being around 3000 kg ΣPCBs a-1 according e.g. 
to Wania (2001); estimates of this sink seem particularly important and uncertain.  

 
 

Table 9. Summary of estimated budget terms for DLCs in the Baltic Sea (cf. Annex 6C). Figures 
have been rounded to one signifying digit. Note the units and the spread and uncertainty of 
estimates. (To be completed and elaborated) 
 

PCDD/Fs (g TEQ or g TEQ a-1) ΣPCBs (t or  
t a-1) 

CB 126 (g 
or g a-1) 

CB 118 (kg 
or kg a-1) 

Budget term 

Low Medium High 4PeDCF    
  Infuxes 
Atmospheric deposition >30a 200b-700c >3000d  0.4i, 0.7t, 1e 70o 50f 

Runoff 40g ?  ? 0.2i , >0.005p  ? 
Direct emissions  ?  ? 0.2i  ? 
Influx from North Sea <h <h <h <h 0.1i <h <h 
Resuspension   ?   2i   
  Outfluxes 
Sedimentation  4000c,q 20000r  3i, 7k, 8000l   
Volatilization  <?  <? 0.3i   
Efflux to North Sea ? ? ?  0.2i   
Removal in fish 1n 2n 3n  0.03i   
Degradation (sed., water) ? ? ? ? 0 (s), 0.02 (w)i   
  Pools 
Mixed surface water  20c   ?   
Bottom water  ?   ?   
Sediments 10000 (GF)m 30000s   300000f   
Fish biomass  20n ?   0.3i   
Other biomass  10? (mussels)      
References: aVerta & al. unpublished, from rural S Finland precipitation data; bDMU 2002, ref. Jensen 2003; cBroman & al. 1991, Engwall & al. 
1999, cf. Isosaari & al. 2002a; dMarklund & al. 1991 based on PCDFs, corresponds to measured value for PCDD/Fs in rural Japan, Ogura & al. 
2001; eLarsson & Okla 1989; fFrom arithmetic mean of Baltic Sea/coast stations by Agrell & al. 2002, cf. MSC-E 2004; gVerta et al. 2003; hInflux in 
seawater assumed negligible; iModel assumptions or simulations by Wania & al. 2001, including diffusive water-sediment exchange in 
resuspension and sedimentation, and vapor absorption in volatilization terms; kStrandberg et al. 1998; lBergqvist et al. 2004; mIsosaari et al. 2002b; 
nthis study; omodeled by Pekar & al. (1999); pFalandysz & al. 1999 for River Wistula; qNaf & al. 1992; rEngwall & al. 1997; sSNV 1987, ref. 
Paasivirta 1990; Baltscheffsky & al. 1997, ref. Kankaanpaa & al. 1997; … 
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The estimate of Mackenzie et al. (2004) of the relative importance of fish and fisheries in the 
overall budget of ΣPCBs is greater than that calculable for PCDD/F pool in fish and for 
PCDD/F removal in catch (ca. 2 g WHO-TEQDF a-1) that are much smaller than estimates of 
net sedimentation (Table 9 and Annex 6C). The pool and removal in fish also seem small in 
relation to influxes from air (>200 g PCDD/F-TEQ a-1). Nevertheless, as pointed out by these 
authors, removal of such bioaccumulating compounds in fish does present a means of 
reducing the load in the sea (cf. 7, 8).   

 
The PCB pool in sediments of the Swedish sea area roughly estimated by Bergqvist et al. 
(2004) on the basis of SGU sediment data, 170000 t ΣPCBs, was ca. 10 % of the estimated 
global technical production. This seems much too high, as the estimated pool of e.g. PCB 52 
in the Baltic was only 2 % of the pool in all continental shelf sediments (Jonsson et al. 2003), 
and as much more is stored in soils and wastes on land. The corresponding estimated 
sedimentation of 7000 t ΣPCBs a-1 (Bergqvist et al. 2004) is 1000-fold higher than the figure 
7 t ΣPCBs a-1 for the Baltic calculated by Strandberg et al. (1998) based on sediment traps 
(the difference in sediment ΣPCB levels being only 3-fold), and 20000-fold higher than the 
net sedimentation (and deep sediment burial) flux given by Wania et al. (2001, cf. Mackenzie 
et al. 2004). These comparisons and the data on atmospheric deposition of PCBs likewise 
suggest that the estimate of Bergqvist et al. (2004) is too high by orders of magnitude. The 
discrepancies illustrate the great uncertainties of fluxes and budgets also for PCBs.   

 
Estimates of the loads and budgets of DL-PCBs can be produced from relationships between 
indicator PCBs or ΣPCBs and PCB-TEQs. Applying the empirical equation between ΣPCBs 
and PCB-TEQs in Swedish sediments published by Bergqvist & al. (2004),  
ΣPCBs (ppb dw) = 34 PCB-TEQs (ppt dw) + 17 (r2 =0.96, n=17, significant),  
and assuming this holds for the ΣPCBs/PCB-TEQs relation in immissions despite congener-
specific differences in fate, the range of estimates of the atmospheric deposition flux of PCB-
TEQs on the Baltic (0.4-1 t a-1, Table 9) translates to 10-30 g PCB-TEQs a-1. This is an order 
of magnitude less than the medium values of estimates for atmospheric deposition of 
PCDD/Fs, and is supported also by the corresponding ΣPCBs/PCDD/F-TEQ relationship in 
sediments (Bergqvist et al. 2004). Additional influxes of DL-PCBs come especially in runoff. 
Estimates of the total immissions may be produced also from estimated emissions of PCBs 
and data on DL-PCB in PCB products (Annex 3). It seems however based already on the 
PCDD/F-TEQs and PCB-TEQs in air and sediment data that also these other fluxes and the 
total immission of DL-PCBs to the Baltic are likely to be smaller than that of PCDD/Fs.   

 
 
3.4  Environmental levels and trends, and body burdens in Baltic non-human receptors  
 
3.4.1  Abiotic compartments 
 
PCDD/Fs and DL-PCBs 
 
Air and water 
 

No congener-specific data allowing resolution of trends or quantitation of fluxes have been 
published for dioxins in air or atmospheric deposition. Data exist for some air emission 
sources in Baltic Sea countries but these represent only a source category. Congener-specific 
analyses have been made of PCBs in atmosphere (Agrell et al. 2001, Brorstrom-Lunden et al. 
2003, cf. Tuomisto et al. 2004), but do not specify DL-PCBs (except for PCB118). Only 
Broman et al. (1990) have reported data on PCDD/Fs in Baltic water (cf. Annex 6A).  
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Sediments 
 

Sediments accumulate DLCs and the temporal development of immissions is thus reflected in 
unmixed sediment layers. Sediment-dwelling organisms are important as transmitters and 
targets of dioxins. The applicability of sediments for resolution of time trends is constrained 
by time resolution and by sedimentation processes (e.g. focusing to accumulation areas). 
Resolution is at best years, as there is some mixing in even originally layered sediments, e.g. 
by bioturbation (even to >10 cm depth, cf. above 3.3) and possibly diffusion, and due to 
dating methods (e.g. Cook et al. 2003). Also resuspension limits the utility of sediments for 
trend studies. However, the preservation of PCDD/F concentration peaks in sediment layers in 
itself indicates that mixing is limited, and that also more recent layers reflect immission trends 
although not necessarily retaining all PCDD/Fs (cf. Green et al. 2001).  
 
PCDD/Fs have been measured in Baltic Sea sediments in background stations (deep water) 
and in coastal areas (Annex 6A). However, few sediment profiles have been dated. 
Differences in sampling, analytical and reporting methods reduce comparability (cf. 3.1). 
Also the lack of information other sediment quality characteristics hampers interpretation. 
Kjeller and Rappe (1995) produced data from deep Baltic Sea sediments on PCDD/Fs and 
some DL-PCBs, while Verta et al. (1999, 2003) and Isosaari et al. (2002) published PCDD/F 
levels in dated GF sediments. Levels of 10–20 pg WHO-TEQDF g-1 dw are encountered in 
background areas, while in Eastern GF higher values have been found, particularly near the 
cost at River Kymijoki estuary but also toward the middle of GF (Fig. 15, cf. Annex 6A).  
 

Local contamination 
 
Some local gradients and hotspots have been studied. Naf et al. (1992) demonstrated the 
gradient in dioxin levels in sediment traps around a Swedish coastal industrial town with pulp 
and paper and other industrial emissions. Isosaari et al. (2000, 2002) quantified the PCDD/F 
emission from a VCM factory on Finnish GF coast, and estimated the share of the emissions 
in the total pool of GF.  In Kymijoki, beyond the riverbed of ca. 30 km containing most of the 
ca. 12 kg TEQ in the river, elevated dioxin levels are found in surface sediment in the estuary 
and Eastern GF (Korhonen et al. 1999, Isosaari et al. 2002). The contribution of these to the 
Baltic are subject to ongoing studies (Malve et al. 2003).    
 

Source contributions based on  PCDD/F profiles 
 

Su and Christensen (1997) published an estimation of the apportionment of the sources of 
PCDD/Fs using data on Baltic Sea sediments and homologue profiles in some important 
sources cited by Kjeller and Rappe (1995), and a simple chemical mass balance model with 
basic-level uncertainty analysis. The predicted and observed homologue profiles especially in 
the 0-2 cm layer agreed well (Fig. 16). This suggests that environmental transport and fate 
processes do not need to be explicitly included, depending on the precision and detail desired. 
It was estimated on this basis that most of the PCDD/Fs in BP previous to 1970 originated 
from coal, then by municipal solid waste incineration, while the contribution of PeCP was 
more recently increasing. The sediment data allow resolution of the source contributions only 
until ca. 1985. It is also unclear whether the PeCP signature corresponds with (and includes) 
the immission from PCDD/Fs in other chlorophenols than PeCP. Additional studies are 
underway to clarify the relative importance of sources, utilizing e.g. additional more recent 
data from dated sediments (Fig. 16). 
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Fig. 15. Example profiles of PCDD/F levels (in TEQs) in dated sediments from background and 
contaminated areas of the Baltic Sea (from Tuomisto et al. 2004 based on data by Kjeller and Rappe 
1995, Isosaari et al. 2002 and Isosaari 2004 and Verta et al. 2004). 

 
 

    
 
Fig. 16. Estimated development of the relative magnitudes of key sources of PCDD/Fs 
(ESP=municipal solid waste incinerator electrostatic precipitators; PCP-R=PeCP combustion; 
CP2=coal-fired power plants) in dated Baltic sediments as reported by Kjeller and Rappe (1995), 
based on homologue profiles in sources and a mass balance model (left) and homologue profiles in 
sediments of different age (right). From Su and Christensen (1997). 
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Dioxin sources have also been studied using congener profiles in GF coupled with a 
modification of the POPCYCLING-Baltic model accounting e.g. for biomagnification. The 
relationships of 4-PeCDF originating largely in atmospheric deposition and of HpCDF, 
originating mainly in the chlorophenol mixture from its production site in River Kymijoki, 
illuminate the relative importance of these sources (Mattila et al., in preparation). … 
 

Other dioxin-like compounds 
 

The data on other DLCs (mainly PCNs) in the Baltic has been summarised in Annex 6A.   
 

3.4.2 Biota 
 
PCDD/Fs and DL-PCBs 
 
Herring  

 
Limitations and inconsistencies in sampling, analysis and reporting that constraint assessment 
of dioxins in Baltic herring include the following, as illustrated by the Finnish data: 
- Measurements from GB have been made only during the last few years (both from BS and 

especially from BB), and pooled samples from Eastern GF only in 2002 sampling 
- Spring and fall herring, displaying some differences in dioxin levels, have been taken and 

reported only starting in 2002; sampling time is not known in some older data 
- Age class specification in earlier data has usually not been made; even when age data are 

reported and allow normalization and comparison, this introduces additional uncertainties.  
- DL-PCBs were included in herring dioxin analysis only in late 1990's.  
- In some reports only TEQs have been given instead of the congener specific data that 

would allow e.g. analysis of the trends in the key congeners 4-PeCDF and PCB 126 
- Sometimes only ww and sometimes only lw based data have been reported. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 17. PCDD/F levels (TEQs lw) in herring muscle during 1990's in three areas in the Swedish 
monitoring programme (Harufjärden in BS, Utlängan in Bornholm Sea, Fladen on the West Coast). 
From Tuomisto et al. 2004, based on data by SMNH available at data host IVL.  
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Fig. 18. WHO-TEQDF levels and age distributions in herring of different age classes and various 
areas (R=Rűgen) of the Baltic (from Tuomisto et al. 2004). Significant differences at 95 % level are 
marked *, **). Note that the units pg/g fw denote fresh (wet) weight, not fat (lipid) weight.  

 
 
Swedish data on dioxins in herring have been reported earlier (Fig. 17). No trends could be 
ascertained in this set of data. This contrasts with e.g. the declining trends in the more 
extensive data (in terms of duration) on total PCB levels in herring (Bignert et al. 1998) and 
on PCDD/Fs in the eggs of guillemots (see below).    
 
More recent recent analyses (SNFA 2004, Bjerselius et al. 2003, Kiviranta et al. 1997, 2002, 
Karl et al. 2002) are also constrained in representativeness, specification or comparability due 
to variable or unreported sample sizes, sampling locations and times, age, gender and length 
determinations as well as the coverage of DL-PCBs. In the Finnish data reported by 
Kiviranta et al. (2002), no trend was discernible from early 1990's to a decade later, 
suggesting that declines have leveled off. In the survey by Hallikainen et al. (2004), some 
analyses were made also of herring products (cf. Annex 5B) and of individual fish.   
 
Some regularities in variations of herring dioxin levels can be noted: 
• Dioxin levels correlate positively with age (Fig. 18), relatively independently of fat 

content. The length corresponding to 4 ppb fw WHO-TEQDF is ca. 17 cm, reached usually 
by 3-year old fish. However, the correlation is less linear and strong in some other data 
which limits the utility of age as a proxy for TEQs. If the limit value for WHO-TEQPDF be 
retained, even smaller fish would exceed it, and for these the age correlation is low.   

• Differences in herring dioxin levels are found between various sub-areas, with generally 
increasing levels in herring of similar age toward the North (Fig. 18). If expressed on lipid 
basis, the top levels in BB would be still more pronounced (Hallikainen et al. 2004). On 
the other hand, the lower levels in Southern Baltic (Rűgen) as compared to North Sea 
herring are reversed if concentrations are expressed in lipid weight (Karl et al. 2002).  

• Dioxin levels seem to differ between fall and spring catches especially in the 
Archipelago Sea on the basis of the data reported by Hallikainen et al. (2004). Asplund et 
al. (1990) also reported seasonal differences in Baltic herring PCBs.  

• Dioxin contents differ in different parts of fish; a large part of the dioxins is contained in 
the fat in skin (see also Aune et al. 2003, and for smoked herring Hallikainen et al. 2004).  

• Bjerselius et al. (2003) reported a correlation between the gender of herring and TEQDF 
on fw basis, the females having on the average 10 % higher levels at equal age; this 
difference can be explained by higher lipid contents and is smaller than the effect of age. 

 
As a summarizing assessment, high levels of up to 30 pg WHO-TEQ g-1 ww have been still 
reported in Baltic herring, and top values in old (≥8 years) fish in GB with high fat content. 
The contribution of PCBs to WHO-TEQDFP values is usually 30–40 %. There is a correlation 
between age and dioxin content but it is not always as uniform and strong as sometimes 
implied, and may depend e.g. on the area and concentration range in question.    
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Salmon 
 
Data on the levels of PCDD/Fs and DL-PCBs also in Baltic salmon are available mainly in 
TEQs from SNFA (2004) and Hallikainen et al. (2004). DL-PCBs have been reported for only 
part of the Swedish data and with imprecise catch times. Catch areas are not very informative.  
 
The salmon data can be summarized as follows (cf. Annex 6B): 
• In GB, 8-15 pg WHO-TEQ g-1 ww (ca. 50 % as DL-PCBs) were found in Swedish (2001) 

and 2-3 fold higher levels in Finnish (2002) salmon; on lw basis the relationship is 
reversed.  

• in GF, 20–25 pg WHO-TEQ g-1 ww were measured 
• in Southern BP, ca. 10 pg WHO-TEQ g-1 ww have been found regardless of fat content 
• most dioxins are located in anterior parts  
• no clear correlation with age or gender seems to exist 
 
All in all, no clear and consistent trends are distinguishable in time or space in salmon dioxin 
contents that reach high levels, ranging from ca. 5 to 30 pg WHO-TEQ g-1 ww.  

 
Other fish 
 

Data have been produced on PCDD/F and DL-PCB levels in an increasing amount of fish 
species in the Baltic (cf. Annex 6B). Data are available also for Russia, Poland and Baltic 
States, and have been obtained in special studies (e.g. Isosaari et al 2000, Verta et al. 1999, 
Lundgren et al. 2003). They generally do not allow trend analysis, but illustrate the overall 
levels and variations.  
 
In summary, it can be noted that  
• Dioxin levels approaching or exceeding the EU action limits have been measured in 

several fish species, especially if DL-PCBs are included  
• species with elevated levels of DLCs include eel as expected for a fatty predator; brown 

trout; whitefish; bream, flounder; and the few specimens of three-spined stickleback 
• in lean fish, lower dioxin levels are present, but in cod liver they are higher  
• in bottom-dwelling fish, apart from flounders, intermediate levels have been reported 
• limited information is available on geographical, time and on tissue distributions. 

 
Seals and other marine mammals 
 

The PCDD/Fs reported by Bergek et al. (1992) and Bignert et al. (1989) were 3- to 10-fold 
higher in blubber of ringed seals than in grey seals (cf. Annex 6B).  
 
In harbour porpoises PCDD/F and PCB levels in Baltic and nearby sea areas was reported 
(Berggren et al. 1999); the contribution of PCB 118 to total TEQs was dominating (cf. 5.2). 
 
PCBs were studied in Baltic seals since the 1970's but usually without specifying DL-PCBs. 
Nyman et al. (2003) gave CALUX-TEQs of 0.2 ng g-1 lw in ringed seal and 0.1 ng g-1 lw in 
grey seal plasma, and PCB-TEQs of 7 ng g-1 lw in ringed seal blubber. The value for PCB 
126 mentioned by Kannan (2002), 0.1 ppb lw blubber, is considearbly lower.  
 
OH-PCBs and methyl sulfone PCBs have been studied in Baltic seals that have heightened but 
species speficic ability to transform PCBs to these metabolites (Annex 7C). 
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Fish-eating birds 
 

Guillemots as a clupeinid-feeding small population of low genetic variation have been 
monitored during a long time for levels of persistent contaminants, reproduction and 
population dynamics.  Levels of PCDD/Fs in guillemot eggs declined in early 1980's to ca. 
1/3 of the level a decade earlier, but slowed down and may have stabilized (Annex 6B2). The 
earlier decline may reflect  declines in herring levels that have not been monitored long using 
comparable methods (see Fig. 19). 
 
Organochlorides including PCBs (but not specifying DL-PCBs) have been measured in 
Arctic terns in SW Finnish archipelago (Lemmetyinen et al. 1990, 1982). The ΣPCB levels 
in livers of males were twice as high as in females, but were in all birds much below those in 
herring gulls (see above). 
 
In little terns in German Baltic coast, levels of DL-PCBs have been found to be lower than 
during 1970's-1980's (Thyen et al. 2000, cf. Annex 6).  
 
The levels of ΣPCBs in herring gulls in SW Finnish archipelago in 1970's were 10-fold 
higher than in Arctic terns; it was considered plausible that their body burdens reflected 
exposures in Southern Baltic wintering grounds  (Lemmetyinen et al  1982). For other data 
(on PCBs) see Annex 6. 
  

Birds of prey 
 

High PCDD/F and PCB levels have been reported in Baltic white-tailed sea eagles (e.g., 
Falandysz et al. 1994, Koistinen et al. 1997, cf. Annex 6B).  
 
In ospreys, only few scattered data have been reported, pooling specimens from both Baltic 
and inland areas (Jansson et al. 1993, cf. Annex 6B). 
 

Other dioxin-like compounds 
 

Data on other DLCs have been compiled and evaluated (Annex 6B). PCNs accumulate in 
Baltic food-chains, and the same is expected of many other DLCs including brominated 
dioxins and PBBs. However, reliable and generalizable observations are almost nil.  

 
 

 
 
Fig. 19. Trends of PCDD/Fs (in ng TEQ g-1 lw) in guillemot eggs from the Swedish colony (Stora 
Karlso) subject to long-term monitoring (Tuomisto et al. 2004, from data by Bignert et al. 1998).  
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3.5   Human exposures to dioxins from the Baltic Sea as part of overall exposure 
 
3.5.1  Consumption of fish and fish products and intake of dioxins 
 
Fish consumption estimates 
 

Statistics of human consumption of fish and fish products are available for Baltic Sea 
countries (Annex 7A). The share of Baltic fish consumption is difficult to estimate for 
Sweden and especially Denmark as fish are also obtained from the Atlantic.  
 
Fish consumption data include (in increasing order of reliability as a measure of intakes) catch 
amounts; amounts available for consumption on the market; and consumed amounts. Catch 
amounts may differ radically from the amounts available on the market for human 
consumption, as many fish are used for other purposes and processed industrially before use; 
for some fish however the catch approximates the amounts consumed (Fig. 20).  
 
The actual amounts of fish differ from those offered for consumption, and thus consumption 
and dietary surveys are needed (see Annex 7A). They include food basket studies; selective 
studies of individual foodstuffs; duplicate portion studies; and dietary recall studies. All these 
have their problems of quantification, specification and overall methodology (IPCS 2000). 
Many difficulties are related to the variable consumption patterns of different fish species and 
products, regions, and age and other groups (e.g. gender, profession) of the consumers. The 
amounts consumed per the total population differ from those per the population consuming, as 
many people never or rarely eat fish; this depends e.g. on fish products. Fish consumption by 
children in Baltic Sea countries has been studied extensively only in Germany (Annex 7A). 
 
Previous to ingestion, levels and amounts of DLCs may change in food processing. Karl et al. 
(2002) did not find great differences in dioxin levels between fresh fish and corresponding 
fish products, but others have reported such changes (cf. Annex 10). Alterations in intake may 
mainly depend on what part of the fish is consumed, e.g. the parenchymal skin fat of herring. 
Such detailed product-specific consumption data have not been found.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 20. Flow diagram of production and consumption of fish from the Baltic, emphasizing human 
exposures to dioxins and to fisheries and market operations and respective statistics. 
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In addition to DLCs in fresh fish, DLCs from the Baltic are consumed by humans in 
• Farmed fish: data on these dioxin sources have been published by Isosaari et al. (2003). 

The intakes of such fish and their distributions are not known in detail. Although dioxiun 
levels are lower than in wild salmonids, rainbow trout as a whole carries considerable 
amounts of dioxins in Finland.    

• Fish oil based dietary supplements: Some of these come from industries that also use 
fish from other areas than the Baltic. Therefore, the contribution of Baltic fish in these 
products is difficult to quantify.  

• Other industrially processed but directly fish-based products: … 
• Animals that have been fed fish, fish meal or fish oil in fodder: … 
 
 

Intakes of polychlorinated dioxins and dioxin-like PCBs 
 
Total dietary intakes 
 

Dietary intakes represent by far most of the dioxin intake for the majority of people also in 
Baltic Sea countries (cf. 2.4). Data on dietary intakes of PCDD/Fs have been provided for 
some Baltic Sea countries in the SCOOP study (2000, Annex 7B). Total intakes of PCDD/F-
TEQs have come down in most Baltic Sea countries for which there are representative data. 
DL-PCB intakes are more difficult to estimate based on these data. Also for PCDD/Fs, 
additional specific studies are needed e.g. among population sub-groups.  
 
Kiviranta et al. (2001) analyzed PCDD/Fs and PCBs in common Finnish diet ingredients. 
Using food consumption data from a 24-h dietary recall study for 2862 Finnish adults, they 
calculated a total intake of PCDD/F of 46 pg TEQ d-1, ca. half of the earlier estimate of 
dietary dioxin intake made in 1992. The calculated PCB intake was 53 pg PCB-TEQ d-1, 
resulting in a total intake of 100 pg WHO-TEQ d-1 (1.3 pg TEG kg-1 bw d-1), i.e. within the 
TDI range proposed by the WHO. 

 
Human intakes from Baltic Sea fish 
 

Intakes of dioxins from Baltic Sea fish may be assessed by combining fish consumption and 
concentration data, or on the basis of observed body burdens in subjects with known fish 
consumption (Fig. 20). As outlined by Tuomisto et al. (2004), the catches of the different age 
classes of herring as well as the different stocks need to be taken into account when 
estimating human intakes of PCDD/Fs in detail. This approach may be taken further, 
including other fish, the contributions of DL-PCBs (as suggested e.g. by Tuomisto et al. 2004) 
and recreational fish. Further specifications may be made e.g. between the parts of the fish. 
Also the distribution in consumption of the key species, stocks and tissues between human 
populations (e.g. age groups) need to be accounted for in more realistic assessment of intakes.  
 
In Finland, Kiviranta et al. (2004) studied dietary intake of PCDD/F and DL-PCBs by adults 
based on a market food basket study linked to the Findiet survey. Intakes from all fish were 
only reported; however, it was estimated that consumption of Baltic herring comprised 11 % 
of the total market basket consumption of 27 g fresh fish d-1; salmon and brown trout 
comprised 29 %, but the share of free-living Baltic Sea fish was not specified. Of the total diet 
basket intake of 58 pg TEQ-WHODF d-1 ca. 90 % came from fish; for PCBs, the share of fish 
was c. 70 % of the total intake of 56 pg TEQ-WHOP d-1. Thus, ca. 80 % of dioxin toxicity in 
human dietary intakes (and almost as great a share of all intakes) originate from fish. The 
share of Baltic Sea fish of this total is hard to estimate, especially as there are variations and 
differences between regions, age classes and other population groups. 
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Fig. 21. Left: Frequency distribution of estimated total TEQDFP intake in Riksmaten 1997-98 study, 
showing the share of Swedes exceeding a TDI of 2 pg TEQ kg-1 bw d-1. Right: The relationship 
between dioxin intake and fatty fish consumption in women <40 a, showing the level of 4.2 pg TEQ 
kg-1 bw d-1 for women in child-bearing age, based on diet advisories (Darnerud et al. 2003).  

 
 
In Sweden, estimates of PCDD/F and DL-PCB intakes have been produced from the 
Riksmaten 1997-98 data and dioxin levels in fish (Fig. 21, Lind et al. 2002). The distribution 
of fish consumption is skewed. The average share of fish and thus also of Baltic fish of total 
TEQ intakes by the general population is smaller than in Finland.  

 
In Germany, PCDD/F intake data is available for total intakes and different food items (for 
1998) based on SCOOP (2000). Also studies of dioxin intakes by children have been 
published (cf. Annex 7A). These are for populations not consuming great quantities of fish in 
general, the share of fish of total dioxin intakes being 11 %, and in particular Baltic Sea fish.  
 
In Denmark, the contribution of fish to dioxin intakes was not reported in SCOOP (2000). 
The share of Baltic fish is difficult to specify as much of the fish on the consumer market 
comes from North Sea. It has been estimated that DL-PCBs contribute more than PCDD/Fs to 
the total risk of dioxin toxicity based on WHO-TEQs (Fødevaredirektoratet 1999). 
 
In Poland, some data are available on PCDD/F levels in food items including Baltic Sea fish 
and fish oil (Grochowalski and Chrzaszcz 2000, Falandysz tla. 1994, 2002). Such figures 
depend heavily on the amounts consumed and other assumptions.  

 
A key deficiency in all the above studies is that children have not been covered. Some studies 
have been made of children's nutrition e.g. in Finland, but not focused on Baltic Sea or other 
fish. There are indications that the consumption of herring by children, adolescents and young 
adults, particularly women, is low in comparison with the general population (Bjerselius and 
Darnerud, oral communication, Kuikka et al, unpublished project proposal 2004).      

 
Intakes of other dioxin-like compounds in fish 
 

The intakes of PBDD/Fs and PCBDD/Fs from Baltic Sea fish can not be estimated due to the 
lack of data and evaluated models (cf. Annex 4A). 
 
The share of PCNs of total I-TEQ (in intakes) has been deemed small, around 2-5 % (refs.), 
but this may depend on area, species, etc. 
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3.5.2  Absorption, distribution, metabolism and excretion 
 

The phamacokinetics (including toxicokinetics and kinetics at non-toxic doses) of dioxins 
play a key role for exposure and risk assessment (Van den Berg et al. 1994). 
Pharmacokinetics affect and modify the relative potency and may be responsible for a large 
share of the differences between congeners in apparent toxicity. For instance, Emond et al. 
(2003) estimated by a reduced modification of the Wang (1997) model for pharmacokinetics 
in rats that for DLCs with elimination rates 20 times greater than TCDD the relative potency 
factors can vary over 2 orders of magnitude depending on the study design; one reason for the 
large range in potency values in the literature may thus be attributed to study design. 
 
Pharmacokinetics operate at several levels, whole body to cellular mechanisms (e.g. 
Birnbaum 1985, Van den Berg et al. 1994, and Hu and Bunce 1999). Dioxin 
pharmacokinetics have been studied mainly in rats and monkeys (Annex 7C). For humans 
they have been obtained predominantly studies of occupational and accidental 
(poly)exposures. As the common laboratory animals are used as models of humans, key 
aspects of their pharmacokinetics will be discussed. Most information on humans pertains to 
adults. Perinatal exposures have been studied mainly in rodents, fish and birds. 
 
TCDD has mainly been studied. Brewster and Birnbaum (1987) provided data indicating that 
the C4-Cl in 4-PeCDF hinders its metabolization in rats. The total effect of congener-specific 
pharmacokinetics is however difficult to elucidate. Exposure to complex mixtures has the 
potential to alter the kinetics of individual compounds (see e.g. Van den Berg et al. 1994).  
 
Dioxins attach to fat, e.g. in adipose and nerve tissue, breast milk, and liver (Annex 6E). Liver 
plays a key role in disposition and transformation as the enzymes responsible for 
detoxification and depuration of dioxins largely reside there. Blood is the link between 
tissues. In addition, dioxins are distributed to genitals and eggs, the latter being important 
reserves in non-mammalian animals, to lymph tissues, to some endocrine glands including 
thymus, and to skin epithelium, all of which are important sites of dioxin action. 
 
Geyer et al. (2002) listed internal and external factors affecting dioxin pharmacokinetics (cf. 
Annex 7C). There are inter-species, gender, individual, temporal and dose range differences 
(Van Molen et al. 2000 and on perinatal exposure Kreuzer et al. 1997). TCDD half-life is 
short in infants and increases to approximately 10 a between 40 and 60 years of age.  
 

 
Table 10. Summarizing evaluation of the influence of pharmacokinetic factors on dioxin risks. 

 
Category of 
PK process 

Source of variation PK factors increasing risks to humans PK factors decreasing risks to humans 

age and sex fetuses; breast-feeding &  fat in women   
species/individual particularly high uptake particularly low uptake 
congener low-halogenated blocker-DLCs (CBs) 

Absorption 
/ uptake 

dosing (level, time) low-D high-t1/2 high-D low-t1/2; prolonged dosing (some cases) 
age and sex placental/egg transfer, early devel 

disposition to target tissues, milk loading 
baby fat 

species/individual fat stores, fast fat decrease (fasting), 
unfavourable nutrition 

 

congener high-halogenated accumulate  

Disposition 
and tissue 
distribution 

dosing (level, time)   
age and sex  intense metabolism in young; clearance in milk 
species/individual metabolic anomalies (e.g. lipids) favourable metabolic anomalies 
congener low-halogenated; persistent and toxic 

(OH)metabolites 
high-halogenated in excreta 

Metabolism 
and 
excretion 

dosing (level, time)   
References: Cf. Annex 7. 
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3.5.3  Body burdens and contributions from fish 
 
PCDD/Fs and DL-PCBs 
 
Mother's milk 
 

Human milk represents an important pool of dioxins as much of the body burden in mothers is 
excreted in milk (e.g., Schecter et al. 1998) and milk makes up most of the load of dioxins and 
PCBs on suckling infants. Levels of PCDD/Fs as well as DL-PCBs in human milk have been 
subject to monitoring that has been internationally harmonized under WHO, with repeated 
quality control and quality assurance studies and programmes.  

 
In general, levels in human milk in Finland and Sweden are lower than e.g. Germany and the 
Netherlands, the WHO-TEQDF level in Finland being ca. half of that in the latter (Malisch and 
van Leeuwen 2003). Regional differences are also discernible (Annex 7C).  
 
The levels have declined in many countries, e.g. in Sweden (Norén and Meironyte 2000), in 
Finland (Fig. 22), and in Germany. The declines are not uniform; although levels of PCDD/Fs 
and PCBs dropped in Sweden since 1972, this seemed to have ceased between 1985 and 
1989, due mainly to continuous high levels of PCB118 (Norén and Lundén 1991).   
 
No studies have specified the relationships between consumption of fatty fish and dioxin or 
PCB levels in mother's milk. Vartiainen et al. (1997) suggested that some of the differences 
tound between levels in Southern and Central Finland were due to intake of Baltic Sea fish.  
 

Serum levels and fish consumption 
 

Kiviranta et al. (2002) measured plasma levels of PCDD/Fs and PCBs in fishermen from the 
Finnish sea area and inland areas. The levels correlated with the frequency of fish meals and 
consumption of Baltic fatty fish. The body burden reached the median of 170 pg TEQ g-1 fat 
for Baltic Sea fishermen, with a maximum of 420 pg g-1. Results for TCDD showed that 
lifetime exposure reached levels seen in Seveso, and were far above those in plasma of 
exposed sawmill workers and in the general population (Kontsas et al. 1998).  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 22. Left: Development of PCDD/F-TEQs (in pg g -1 fw) in Finnish human milk (Tuomisto et al 
2004). Right: PCDD/F levels (in pg TEQ g-1 lw) in the serum of Finnish fishermen and average 
population (Tuomisto et al. 2004, partly based on data by Kiviranta et al. 2002) .  
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Adding PCBs, the median body burden of Baltic Sea fishermen increased to 290 pg WHO-
TEQDFP g-1 fat (max. 880 pg g-1). Individual variation in congener patterns could be associated 
with those in the fish species reported to have been consumed. Linear regression models for ln 
PCDD/F-TEQ, ln PCB-TEQ and ln WHO-TEQ explained 48%, 60%, and 53% of the 
variability, respectively. Age was the only significant predictor of ln PCDD/F-TEQ, whereas 
age, amount of fish eaten, and place of residence were predictors of the other TEQ measures. 
These data on fishermen are illustrated by a comparison with levels in the general population 
(Fig. 23).  

 
Svensson et al. (1991) published data indicating that plasma levels of several PCDD/Fs were 
significantly higher in Swedish men with a high intake of Baltic fish than in those who 
consumed less, concluding that fatty Baltic fish is an important source of PCDD/Fs in 
persons who eat fish regularly. It was also found that fishermen on the East coast had higher 
levels of PCBs and PCDD/Fs than westcoast and other referents (Svensson et al. 1995). 
Asplund et al. (1994) likewise reported that with respect to 10 PCBs in Swedish serum 
samples (as well as DDT and DDE), there were statistically significant associations with fish 
intake (see also Glynn et al. 2000, Annex 7A). Thus, fish from the Baltic Sea was concluded 
to be a major source of exposure to these compounds in Swedes. On the basis of earlier 
PCDD/F analyses in a subset of the subjects it was calculated that the contribution of DL-
PCBs to total Nordic-TEQs was almost 80%.  
 
As to exposure trends, Wallin et al. (2003) studied the development of serum levels of PCB 
153 (shown to be a marker of all PCBs by Glynn et al. 2000) in 39 men from 1991 to 2001. 
Although there was an average decrease of 30-40 % during this period in PCB 153 levels, it 
was not related to fish consumption or age, but instead to body mass index, indicating slow 
body removal. There was also considerable inter-individual variation in the temporal 
development of serum levels. 
 
Becher et al. (1996) found the mean WHO-TEQDFP was ca. 47 pg g-1 fw in Lithuania, slightly 
higher than in Norway. DL-PCBs contributed 2-3 times more than PCDD/s. WHO-TEQDF 
had also decreased by ca. 37% since 1985/86, while those of ΣPCBs has remained unchanged 
or only slightly decreased 
 

Adipose fat 
 

Few data have been found on DLCs in human adipose tissue from Baltic Sea countries, apart 
from occupational exposures, and none of these have been linked to Baltic fish consumption 
(Annex 7B).  
 

Other DLCs 
 

Data on other DLCs in humans have been summarized in Annex 7B. For PBDD/Fs and PBBs 
there are very little information, essentially none for Baltic Sea countries. Choi et al. (2003) 
reported TBDD, TBDF and 4PeBDF levels in Japanese adipose tissues. Interestingly, the 
median concentrations (ranges) of the sums of these PBDD/Fs in 1970 and 2000 were 5.1 
(3.4-8.3) and 3.4 (1.9-5.3) pg/g lipid wt (l.w.), respectively; i.e. the summed levels had not 
increased with time, although the levels of PBDEs in the same tissues had increased strongly. 
This suggests that PBDD/Fs may not necessarily become a great human health problem 
despite exposure to PBDEs. 
 
In addition to DL-PCBs, some studies have been made of PCN metabolites in humans 
(blood).   
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4 Effects assessment 
 
4.1   Assessment principles and evaluation of the quality and relevance of information 
 
4.1.1 General considerations  
 

Elucidation of effects is the crux of risk assessment. Without detailed information on effects, 
risks cannot be adequately identified, estimated and characterized, their certainty and 
significance evaluated, and exposure assessment focused (cf. 3). Both the biological forms 
and basis of effects and the rationales used in interpreting them need scrutiny. Assessment of 
effects is crucial also in evaluating management options. In particular, the information and 
inference about effects in authoritative risk assessments underlying recent regulatory risk 
management strategies are appraised, taking into account additional information and 
judgments and modifying the assessments with a view of the Baltic Sea.   
 
The effect mechanisms play an important role in assessment of effects and thus risks. 
Notably, there is continuous uncertainty of the mechanisms, even though usually the 
simplifying and generalizing assumption is made that the effects are mediated and thus 
defined by the AhR. However, this is a questionable premise as many other, partly unrelated 
effect mechanisms have been unfolded. Some of these are AhR related, some less so. Richter 
and vom Saal. (2003) noted that very low doses of estrogenic chemicals stimulate prostate 
growth during fetal life, and that low levels of TCDD in fetuses can interfere with this 
stimulatory effect of estrogen, TCDD and estrogenic chemicals acting as ligands for 
transcription factors. The authors pointed out that for chemicals that bind reversibly to 
cytoplasmic or nuclear receptors, the assumptions underlying current risk assessment, e.g. 
that dose-response curves are monotonic and there is a threshold dose, are invalid.  
 
A related assumption on which most dioxin assessments rest is that of comparable effects of 
the various DLCs, scaled by the relative potency as approximated by the TEF. Also this 
assumption is contrained and may be broken down by non-additive and differential effects.  
 
Effects of dioxins particularly in a risk management context include non-toxicological and 
other non-biological effects (cf. 2.4). Psychological, social, economic, technological or 
research-related effects arise to a considerable degree from toxicological effects. However, 
some impacts may be significantly caused and conditioned by other factors, such as 
perceptions, including fears and wishes, and by policies (which are essentially reflections of 
perceptions of policy-makers and based not only on scientific information).  
 
 

 
 
Fig. 24. Conceptualization of integrated and differentiated assessment models for dioxin effects 
(from Grassman et al. 1998). 
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Information on effects comes from empirical studies, including in vivo experiments and 
population–based empirical field studies, and from theoretical and modeling studies (Fig. 24, 
25). Usually insights are obtained by both data, drawn from existing sources or original 
studies, and by models, as empirical studies always include some form of modelling (at least 
conceptually) and models in turn are based on some level of empirical information, even if 
only indirectly.  
 
Effects assessment overlaps with some areas of exposure assessment. The analysis of doses 
is partly included therein, but is also an integral part of effects assessment particularly in the 
case of effective tissue doses that result from pharmacokinetics, and still more in the case of 
dose-response functions. Also here a continuum exists, in accordance with the exposure-dose-
response paradigm used traditionally mainly in human toxicological assessment. 

 
4.1.2  Weight of evidence and data quality 
 

The question of the necessary and attainable weight of evidence for effects or conditions is 
crucial especially in causal inference about the roles of dioxins in such effects and conditions.  

 
As stressed by Neubert (1994), the quality of the toxicological data on most "environmental 
compounds" in general and also on DLCs is far below today's standards required for 
preclinical and clinical data on medicinal substances. He specifically pointed out that the 
quality and predictive power of the data on possible effects of TCDD and other DLCs in 
humans vary widely, from adequate to not acceptable, but this is often ignorantly or perhaps 
even deliberately disregarded, and such divergent data are frequently given the same weight 
in risk assessments. The question thus becomes whether for some reasons (e.g. precaution) 
different quality standards may be applied to the evidence used in assessing risks from dioxins 
than those applied to toxic compounds in other contexts. 

 
 

 
 
Fig. 25. Schematic presentation of extrapolation in assessing human and ecological risks from 
exposure to mixtures of dioxin-like compounds (Ross and Birnbaum 2000).  
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Increasing realism ---------------------------------------------------------------------------------------------------------------------------------------------------→ 
Increasing data cost -------------------------------------------------------------------------------------------------------------------------------------------------→ 
 

Response measure Rea- 
lism 
incr. 

Exposure/dose 
measure  SAR 

prediction 
Biochem 
indication 

Lab effect, 
single high-D 

Lab, single   
low-D 

Lab, mix 
low-dose 

Field, 
nonspecific 

Field, actual 
popul effect 

↓ Precursor act. prescreen       
↓ Emission proxy        
↓ Env level/flux  < ------------- many ecotox tests -------------------------------- >   
↓ Bioavail fraction  < ------------- some ecotox tests -------------------------------- >   
↓ Intake   < ----------- many lab animal tests ----------------------------- >   
↓ Absorbed dose  < ----------- some lab animal tests ----------------------------- > field study  
 Delivered dose   < ------ lab tests, good exposure/toxicokinetic data ------- >  epidem study, 

good expo data 
 
Fig. 26. Levels in empirical measures and theoretical models of dioxin risks. 
 
 

An important issue is that of publication bias, usually taken to imply easier publication of 
evidence that supports hypotheses of adverse effects ('positive' studies). This is related to 
confirmation; it is for many researchers not as interesting to try to replicate other studies as 
this would imply a less original approach (which is traditionally not given premiums). Such 
bias may be particularly strong with dioxins that are intensively feared and heavily contested.  
 
There are indications of this also in secondary assessments. It was pointed out by Guo (2004) 
in his critical evaluation of the human and animal data on associations between dioxins and 
endometriosis that in many earlier assessments data was used and interpreted selectively 
(most often disregarding negative findings and favouring positive findings). However, bias is 
not only caused by the tendency to disregard findings of lacking adverse effects and to regard 
findings of adverse effects. In some situations the opposite tendency of finding and believing 
results of lacking adversity ('negative' studies) may be present. Some are more prone than 
others to react positively toward negative results (of adverse effects) for various reasons such 
as preference for a placating stance.  
 
Publication bias has been acknowledged especially in epidemiology, and explicit ways to 
address it have developed. There are also other checks and corrective functions to bias e.g. in 
peer-review. However, there is a possibility of bias of many kinds (see e.g. Assmuth and 
Louekari 2000). It has thus been generally advocated and accepted that instead of basing 
assessments e.g. of dioxins only on one pivotal study of effects, or on one level of study such 
as human epidemiological or experimental animal studies, a more comprehensive 
consideration of all kinds and levels of evidence need to be undertaken. 
 
In terms of weight of evidence and relevance and significance of results, it is commonly 
considered that epidemiological studies in free-living populations are the most heavily 
weighing evidence against which other results must be gauged. This presents an inherent 
complication however because many toxic effects are difficult and some are impossible (due 
to practical and principal e.g. ethical reasons) to establish in epidemiological studies.   
 
There is some gap between risk assessments based on experimental animal studies and on 
epidemiological studies. In a modified form, this divide is repeated in ecotoxicology between 
risk assessments based on laboratory and field studies. The regulatory risk assessments tend to 
favor the selection of pivotal studies among animal experiments (for more detailed discussion 
in connection with TDI derivation, see 5.6 and Annex 8B). A contributing reason is the 
common availability of more detailed exposure information and generally the possibility to 
diminish confounders in controlled experiments.     
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4.1.3  Approaches to effects assessment in the present work 
 
The assessment of effects in this connection is mainly structured according to the various 
kinds of effects. Within this structure, information from human studies is complemented by a 
selective discussion of experimental animal, mechanistic and modeling studies. In accordance 
with the USEPA (2000) assessment, effects on adults and young are in some cases specified, 
as are dose ranges, emphasizing low-dose effects (cf. Annex 8). The various DLCs are treated 
within this structure, with some differentiation between PCDD/Fs and other DLCs. In later 
parts of the assessment, complementary divisions and structures are applied.    
 
Emphasis is given to human studies where   
• exposures have been at a low (background or near background) or medium level 
• exposures have occurred to a great extent through fish, expecially Baltic Sea fish species   
• exposures have been measured in body burdens, and congeners have been specified 
• effects on particular risk groups such as early developmental stages are addressed 
• emergent (i.e. not biochemical level), severe and non-transient effects have been studied 
• study design has been deemed sufficient e.g. as to population sizes 
• information on confounders and confidence intervals or other statistical data given.  
 
In the following, primarily the evaluation in the USEPA (2000) reassessment has been relied 
on. It has been augmented by evaluation of later studies and reviews and by additional 
consideration of inference in establishing effects and attributing them to dioxins. In 
experimental animal studies emphasis is put on pivotal studies in terms of dose level and 
effect,  with a view of risk characterization. Results from wildlife studies and in vitro studies 
are presented only when pertinent to a comparative risk assessment focused on human effects. 
 
The assessment and discussion is kept at a rather general level, based on both reviews and 
specific original publications, and illustrating general points by examples. No comprehensive 
detailed evaluation of effects data is attempted. Implications and issues in resolving and 
responding to the quality, significance and limits of knowledge are focused on. Some of the 
questions related to causal inference will be dealt with in risk characterization.  

 
 
4.2  Attributability of risks to causes and specification of the role of Baltic Sea fish dioxins  
 

A key constraint in assessing the risks from dioxins in a setting such as Baltic fish is the low 
resolution of causality and attributable effects in human studies (cf. 4.1). Thus, although 
studies in human populations are the ultimate proof of dioxin risks to humans, they are 
inherently limited in their ability to detect such effects. One reason for this is the ecological 
complexity of humans e.g. in terms of food choice, even beyond the apparent complexity that 
is caused by our greater familiarity with human conditions than with those of other animals.  
 
Several systems have evolved for resolution of causation and for related inference, especially 
in human epidemiology. The most commonly applied systems and criteria include those by 
Hill (1965) and by Susser (1973, 1977 reprinted 1995, 1986, 1991, cf. Table 11). The latter 
have been adopted for ecoepidemiological risk assessment (Fox 1991, Wren 1991, Grasman 
and Fox 2001, MacNabb and Fox 2003, cf. Suter et al. 1993). Also other principles and 
procedures for epidemiological causal inference have been developed, both nationally (e.g. 
USEPA 2000) and internationally (IARC, WHO) and with more or less explicit formalism, 
although mainly qualitative and variable as shown by Weed (2002).  
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Table 11. Criteria for the strength or weight of evidence for cause-effect relationships in 
epidemiological studies as applicapble to dioxins, modified from the epidemiological criteria by 
Bradford Hill (1965) and Susser (1986, 1991) and accounting for the criteria for dioxins listed by 
Neubert (1997/98)and USEPA (2000). 
 
Criteria  Specifications and examples Evaluations particularly for dioxins 
Strength of association OR or (R)RR estimates and  their CI's  for most endpoints low OR's, large CI's 
Consistency of association negative or positive (or inconclusive) for most endpoints variable 
Specificity of effect misclassification, biological confounders  poor (no clear syndrome) 
Specificity of exposurea  exposure proxies, total CBs, nonspecified PCDD/Fs usually very poor (mixtures, proxies) 
Temporal sequence exposure prior to effect or diagnosis often prominent in ecological popul. studies 
Biological gradient dose-response relationship, geographical gradient often unclear dose-response 
Rationale of effectb  biological plausibility and mechanistic considerations considerable support for effect hypothesis 
Coherence no conflict with current knowledge often prominent   
Experimental evidence manipulations, interventions and controls 'gold standard' 
Analogous evidence commensurate other agents communesurability and generalization limits 
aNot included in the original Hill criteria; may be seen as a subclass of general specificity;bRelated to the more general US Preventive Services 
Task Force (1996) information-oriented criteria and IARC's study design criterion. 
 
 
 

Susser (1991) emphasized the distinction between essential properties of a cause and criteria 
useful for deciding on the presence of these properties in a given case. For a pragmatic 
epidemiology in which all determinants serve as causes, their essential properties were held to 
be a) association, b) time order, and c) direction, in an ascending hierarchy. Criteria for 
association are probabilistic and can be enhanced by strength and consistency. Given 
association, criteria for time order of the relevant variables follow from access to observation, 
which is dependent on design. Given association and time order, causal direction calls on an 
array of criteria: consistency and survivability, strength, specificity in cause and in effect, 
predictive performance, and coherence in all its forms.  

 
Information quality oriented criteria make an important complementary approach. The criteria 
used by the US Preventive Services Task Force (1996) rank evidence according to study 
design, designating evidence from randomized controlled trials as superior to evidence from 
cohort or case-control studies, which are in turn superior to evidence from ecologic studies or 
opinions of respected authorities (Kushi 1999). This can be fused with the other sets of 
criteria for causal reasoning. The US Preventive Services Task Force (1996) evaluation 
scheme is important also in the context of intervention evaluation.   

 
A key difficulty in characterizing risks from dioxins and in attributing them to Baltic Sea fish 
is that specification of exposures has been poor in studies among populations consuming 
such fish and other comparable populations such as Great Lakes fish consumers, or even other 
populations exposed to dioxins and DL-PCBs, e.g. the Dutch children exposed perinatally and 
through breast-feeding. This applies to both specification of the compounds analyzed and 
ascertained and to the level of exposure markers, ranging from proxies in the form of fish 
consumption frequency and quantity to more specific and informative measures of the actual 
body burden in representative tissues (cf. 3.5, 4.3).  
 
Dioxins and DLCs constitute a complex array of exposures. The overwhelming majority of 
effect studies has been made with TCDD. Effects of other DLCs are extrapolated by the TEF 
approach despite its limitations due to the variability in the relative toxicity of all congeners 
and deviations from the TEF value, and also due to some non-additive interactions. Some 
information on effects of DLCs other than TCDD and on their interactions has been presented 
below (cf. 5.2 and Annex 8B).  
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The situation is in many respects similar in human and non-human animal studies. In both 
cases, amibiguous polyexposures are encountered, usually at low levels in comparison to 
clearly toxic levels (based on experiments) and also in comparison to other substances, 
including e.g. other chloroaromatics, organic compounds and dietary ingredients. These may 
be present at levels high enough to mask or interact with dioxins, as indicated e.g. by the 
preliminary data of Connor et al. (2004) on TEQs in humans blood resulting from natural 
endodioxins and the AhR agonist I3C in some vegetables. In both cases also non-specific 
responses are found or suspected. The use of compound measures of dioxin toxicity in 
capturing exposures and linking them with responses, i.e. Bio-TEQs, gives some possibility to 
circumvent the problem of non-specific exposure characterization. However, representative 
and solid data encompassing such aggregate measures of dioxin exposure as well as measures 
of toxicological outcomes are not yet available for Baltic Sea fish dependent populations.  
 
Polyexposures are part of the multifactoriality of effects and conditions. A host of other 
factors than contaminants, including biological and physical challenges and also balancing 
mechanisms, both internal and external, in interaction influence effects and conditions. The 
difficulty of exposure specification and multifactoriality is related to the risk of 'barking at the 
wrong tree' which is relevant for policies, decisions and actions in many cases, although in 
varying degrees and ways (cf. 9). Also the second non-specificity is important for most 
decisions; it might in comparison be termed as the question of whether one should bark at all.  
 
Poor specification of exposures is compounded by poor specification of effects. As pointed 
out e.g. by Neubert (1997/98), there is no clear-cut syndrome or even a set of symptoms 
characteristic of dioxin toxicity, but instead a suite of non-specific, often broad and usually 
highly variable adverse or anomalous conditions may be seen. This also makes it very 
difficult to draw conclusions, quantitatively or qualitatively, regarding effects and risks.  
 
The published studies of adverse effects from dioxins in Baltic fish have limited consistence. 
The same applies to studies of dioxin effects in general especially in field populations. In 
comparison e.g. to epidemiological, clinical and toxicological studies of some other agents 
and in many other areas (such as in nutrition and pharmacology), not many studies have yet 
been performed of dioxins especially in other species than standard laboratory animals. 
Therefore, any negative or positive findings may be spurious. Confirmation of results from 
toxicological effects of DLCs has in general not yet proceeded very far.  

 
For evaluation of the coherence and biological plausibility of evidence, the action 
mechanisms are crucial, especially in the the low-dose region. An issue here is the linearity of 
non-linearity of the dose-response function. Kohn et al. (1994) showed that inclusion of AhR 
induction by TCDD produced a linear low-dose response of CYP1A1. This arose from the net 
effect of sub-linear response of CYP1A1 mRNA to the concentration of the Ah-TCDD 
complex and supra-linear response of the protein concentration to the mRNA level, 
illustrating the importance of biological realism in dose-response modelling. 
 
However, other dose-response forms are possible. That of hormesis is particularly challenging 
(see e.g., Slovic 1998). The assumption of higher risk from a higher dose is implicit in most 
toxicological reasoning and decision-making about toxicological risks; it is implicit also in the 
thinking and choices that influence the generation of basic information on both exposures and 
effects. The stance adopted to such anomalous effects data and models can not be decided on 
the basis of the prevailing effects and risk assessment paradigm requiring monotonously 
growing dose-response relationships as an important part of the overall evidence (Susser 
1986); it may not be definable on any scientific grounds to the extent as with other effects, 
and instead hinges largely on the overall conservativeness and precaution towards risks.  
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Establishing causality is particularly difficult in the area of nutrition, due e.g. to the exposure 
to complex mixtures and to the presence of many often weak dietary factors, excluding the 
application of classic criteria for causality in many cases (Byers 1999, Potischman and Weed 
1999). Causation is still more difficult to resolve with environmental contamination, being 
present as complex mixtures at variable and usually low doses but accumulating over time, 
and intermingled with exposures to and risks from other factors, chemical and otherwise.  

 
 
4.3  Effect types and levels, emphasizing human populations and surrogate animal models  
 
4.3.1  General considerations  
 

The effects of dioxins include many kinds of toxicological responses and endpoints. Their 
profile is influenced by the biological system in question and by the conditions of effects. 
Partly because the biological basis of the effects is largely shared at the level of receptor-
mediated mechanisms, there are close connections between the various effects. This is due 
also to the interconnectedness of biological systems, including regulation mechanisms. 
Therefore, effects cannot be unambiguously delineated and separated. Despite such links and 
overlaps between different effects, the following assessment is organised partly according to 
endpoints, in addition to the main classes of DLCs. Also within the endpoint structure, 
receptors (species and also genders) need in some cases be specified. The section dealing with 
free-living populations is organised by receptor organisms. The latter structure is due to the 
need to assess the biological and practical significance of effects.  

 
Effects may in this context appropriately be defined as a continuum from receptor binding 
and other such initial processes, over subsequent modulation of biochemical level functions, 
to emergent individual level and further population and community level effects and 
endpoints, in accordance e.g. USEPA (2000). However, as pointed out e.g. by SAB (1995), 
this continuum is not uniform and does not imply e.g. that more emergent (and particularly 
more severe) effects necessarily follow after initial subtle alterations. Some biochemical level 
effects such as those on thyroid and retinol homeostasis are however important for the 
development of many key functions such as reproductive, immune  and neurological.   
 
Dioxin effects are multi-dimensional, complex and partly ambiguous. They are not clearly 
definable, single, constant and specific outcomes or conditions. Instead, they are in many 
cases ambiguous syndromes that may be interconnected both arbitrarily or by biological 
linkages. They may also be intermediate conditions or modulations of physiology or 
biochemical-level functions, the adversity of which is not clear.  

 
4.3.2  Developmental and reproductive effects  
 
Developmental effects 
 

Developmental effects, including effects on the developing nervous, immune, reproductive 
and related hormonal systems and functions (IPCS 2001, p. 81-82), are commonly considered 
to be the effects of dioxins that occur at lowest doses (e.g. Peterson 1993, Birnbaum 1995, 
Birnbaum and Tuomisto 2000, USEPA 2000, SCF 2001). The effects and dose-responses in 
rodents are particularly well characterized, and have served as the reference point in 
assessments of human health risks of dioxins e.g. in the EU (SCF 2001). However, it has been 
concluded e.g. by the USEPA (2000) that no epidemiological evidence makes a direct 
association between TCDD or TCDD-related agents and effects on human development, but 
that the accumulated evidence is suggestive of such an effect (emphasises added). 
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Developmental effects are particularly significant and, simultaneously, particularly difficult to 
elucidate as they may arise from exposures during short and critical early periods in 
development, e.g. in the initial stages of fetus and during infancy; some may also be 
intergenerational, arising from parental exposure. Such effects are not readily tractable within 
a regular risk assessment paradigm.   
 
All main types of developmental manifestations (reduced viability, structural alterations, 
growth retardation, functional alterations) have resulted from dioxin exposure, but the effects 
at lowest doses mainly include prenatal mortality and functional alterations in learning and 
sexual behaviour (rat and monkey), and changes in reproductive development (rat) (Peterson 
1993, USEPA 2000). Increasing evidence has been published of abnormal development of 
also structures such as teeth and bones in mammals, including humans at low doses 
(Alaluusua 2002) and high doses (Alaluusua et al. 2004); cf. the critical evaluation by USEPA 
(2000). Teratogenic effects such as cleft palate and hydronephrosis in rodents and other 
deformations in birds are also commonly found at rather low doses. 
 
In general, it may be concluded that developmental effects of dioxins (on male reproductive 
development from interuterine exposure) seem to arise at around 30 ppt TEQ body burden 
(maternal) in mammals. Related biochemical responses, some of which have unclear 
physiological significance but may precede and indicate emergent adverse effects, are found 
at even lower internal doses, being within a factor of ten of current background levels in the 
human populations. There is also evidence for effects on rat locomotor development after 
very low perinatal exposure, depending on the dose-response modeling and metrics adopted. 
 
The effects on the developing male reproductive system are particularly important as they 
have been observed at the lowest doses from a single exposure during gestation (Mably et al. 
1992a-c), and have subsequently been shown in other strains and species (Bjerke et al. 1994, 
Gray et al. 1995 and 1997, Roman et al. 1995, Faqi et al. 1998, Ohsako et al 2001). These 
effects include delayed onset of puberty, reduction in testis and sex accessory gland weight, 
and sperm parameters (USEPA 2000). The LOAELs were 0.05–0.064 ng TCDD g-1 b.w. 
maternal single bolus gavage dose, corresponding to 0.30-0.38 ng TCDD g-1 b.w. materal 
body burden and ca. 0.24 ng TCDD g-1 b.w. in offspring liver. The most sensitive dose-
dependent effects in females (rat) were structureal alterations of the genitalia at 0.20 ng 
TCDD g-1 b.w., i.e. ca. 4-fold higher than for male rats (cf. Annex 8B).   
 
As described by Boersma and Lanting (2000) and ten Tusscher and Koppe (2004), 
developmental effects of dioxins after perinatal exposure also include the interrelated aspects 
of brain development and thyroid metabolism and immune development (see later sections). 
Brouwer et al. (1995) concluded from the evidence that lowest effect levels for developmental 
neurobehavioral and reproduction endpoints based on TEQ body burdens in animals are 
within background human body burdens, and that subtle adverse effects on neurobehavioral 
development have also been observed in infants and children exposed to background levels. 
However, the evidence for such effects in humans has been questioned based on study design, 
confounder consideration, consistence between studies, normal variation and other grounds 
(Kimbrough and Krouskas 2001, 2003, Kimbrough et al. 2001; USEPA 2000). 
 
Developmental effects, as other effects, have mainly been studied with TCDD exposure. 
There is also a large and growing body of research in such effects of PCBs, even in humans 
and at background levels of exposure. Only during the recent years have DL-PCBs been 
specifically analysed however. These studies have focused on neurological, neurobehavioral 
and immunological development as well as on effects on thyroid functions that are closely 
related to the first mentioned effects. Findings are as yet inconclusive (Annex 8B). 
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Developmental effects have likewise been tentatively linked to low-level exposures to DLCs 
in many species of wild animals (e.g. Fry 1996; cf. 4.3 and Annex 8.D). Nevertheless, the 
contributing factors and implications are unclear especially for neurological effects. These 
factors in combination with difficulties in inter-species extrapolation also constrain the 
definition of dose-response relationships and effect levels in humans.   
 
In summary, while developmental effects in non-human animals are found at lowest doses in 
the reproductive system after perinatal exposure to TCDD, only effects on bone and tooth and 
possibly neurological development have been suggested to occur at low exposures in humans, 
and then from polyexposures. Some indications of developmental effects in populations 
exposed to DLCs through consumption of contaminated fish have been obtained, including 
developmental neurological effects, but also in these studies the exposure to a mixture of 
compounds, in addition to confounders and study limitations complicates the inference.  

 
Reproductive effects  
 

Many reproductive effects have been found or suspected to be associated with dioxins. Many 
of these effects have only been ascertained in non-human animals, and for some even this is 
inconclusive. Reproductive effects per definition have great importance both for human health 
and ecologically. They have thus also symbolic and societal in addition to biological value. 
Reproductive effects of dioxins are in many cases related to developmental effects to the 
degree that they cannot be entirely separated (see 4.2.2). This holds e.g. for some effects 
mediated by sex hormones that are also involved in (early) development. In the following, 
such effects are dealt with that are directly related to reproductive organs and functions. 
 
In general, no reproductive effects have been regarded as causally linked with dioxins in 
humans (e.g., USEPA 1994, 2000, Sharara et al. 1998, Birnbaum and Tuomisto 2000). There 
is supporting evidence for such hypotheses mainly from associations between high exposures 
of young males to TCDD (and related compounds) and sex ratio of offspring. Effects on and 
through estrous cycle or on endometriosis as well as on fertility are conflicting and seem 
unconvincing. Also in fish-eating populations, unclear results have been published, due 
largely to poor specifications of (poly)exposures and study design and size limitations.  
 
The evaluation of the scientific information thus becomes largely a question of in how far and 
on what grounds the findings in these animals can be generalized and what evidence should 
be required in this generalization. Specifically, a key question pertaints to the applicability of 
the data on rats and on non-human primates (compare e.g. ATSDR 1999 and SCF 2001). On 
the other hand, also the epidemiological evidence on humans (and the lack thereof) should be 
taken into account.  
 
Reproductive effects of TCDD and related compounds in male experimental animals 
(especially rats) include decreased testis weight and abnormal morphology, decreased 
spermatogenesis, and reduced fertility. Suppression of spermatogenesis is not as sentitive in 
postweanling animals as the effects on the developing reproductive system (see above), doses 
of 1 ng kg-1 d-1 being required (USEPA 2000). Suspected effects of DLCs on male 
reproductive health in humans can not be confirmed or excluded (e.g.,  Toppari et al. 1996).  
 
The primary effect of TCDD on female reproduction include decreased fertility, inability to 
maintain pregnancy, and decreased litter size (e.g. in the rat, as in some wildlife and farmed 
animals). Endometriosis has been found in monkeys and in rodent xenografts, but their 
relevance to humans has been commonly disputed (cf. USEPA 2000). Reproductive effects 
have been linked to other DLCs including DL-PCBs, but with unconclusive results due in part 
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to poor specification of exposures. It has been stated (USEPA 2000) that too exclusive focus 
has been put on male reproductive effects. As summarized in the review by Petroff et al. 
(2002), PCDDs can impinge on female fertility by preventing ovulation through direct effects 
on the ovary in combination with dysfunction of the hypothalamo-hypophyseal axis. 
 
The mechanistic basis of many reproductive effects is only beginning to be clarified, although 
also they seem in most cases to be mediated by the binding of dioxins to the AhR receptor and 
subsequent interference in transcription and cellular regulation. Other regulation mechanisms, 
both sex hormone  related and others, are involved. The mechanisms along the sequlae of 
events impinge on the complex differentiation and development of reproductive functions at 
cellular, organ and organismal level. 
 
In summary, reproductive effects of various kinds, including hormonal, physiological and 
behavioural effects in both sexes and in multiple species, have been among the endpoints 
found at low levels of exposure to DLCs, especially in rats as a result to perinatal exposure to 
TCDD. In humans, such effects have not been confirmed. 

 
4.3.3  Immune effects  
 

Immunotoxicity is among the effects of dioxins that is caused at low doses in experimental 
animals, as summarized by Holsapple et al. (1991), Birnbaum (1995), Vos et al. (1997-98) 
and Kerkvliet (2002). TCDD and like compounds affect both humoral and cellular immune 
systems, cause changes in innate immunity in addition to those in acquired immunity. The 
immune system and its development are intricately linked with hormonal and other regulatory 
systems and processes, also those associated with some cancers. Effects on immune function 
are almost universally observed in the species that have been studied. These studies have 
triggered much controversy, political and scientific, but part of it may be due to the fact that 
the most appropriate approaches have not been applied (Holsapple et al. 1991).  
 
TCDD and DLCs have been found to decrease resistance to bacterial, viral, and parasitic 
infections in exposed animals (see also review by Baccarelli et al. 2002). However, the 
mechanisms, dose-response relations, variabilities, generalizability and specific charateristics, 
and the health significance of immune effects of DLCs are still relatively poorly understood 
(Neubert et al 1994a, Vos et al. 1997-98, Vos 2000). Immunomodulatory effects of TCDD 
have been demonstrated in experimental animals, including thymic atrophy and 
downregulation of cytotoxic T or B lymphocyte differentiation or activation, but human 
effects have not been investigated well (Kim et al. 2003).  
 
The measures, markers and indicators of immune systems and functions and of effects on 
them are poorly defined and have some specific requirements for dioxins, rooted in 
mechanistic complexities. For instance, the results of Kerkvliet et al (1990) suggested the 
involvement of an Ah-independent component of immunosuppression in mice. Kerkvliet and 
Brauner (1990) concluded that the lymphocyte subset markers commonly used e.g. in human 
immunotoxicity assessment may not be appropriate for AhR mediated immune effects and 
that,  specifically, the absence of subset changes does not preclude the presence of functional 
immunosuppression (cf. Kerkvliet et al. 2002). 
 
Among animal groups, low-dose immune effects of TCDD have been found in mice (Harper 
et al. 1993, 1995, Burleson et al. 1996, Vorderstrasse et al. 2003) and marmoset monkeys 
(Neubert et al. 1992, 1994b), but not always reproducible or readily interpretable. Such 
effects have also been found in rats (Gehrs et al. 1997, 1999). Extrapolation to humans is a 
challenging issue due to the inconclusive human evidence and to the complexities of immune 
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systems and responses (Neubert et al. 1994, cf. Annex 8B). There are some indications of the 
comparability of the sensitivity of humans and experimental animals to immune effects of 
dioxins and  related factors, e.g. by de Heer et al. (1995) suggesting similar sensitivity of 
humans and rodents to TCDD (cf. review of Vos et al. 1997-98). However, the relative 
susceptibility of such species with respect to other responses remains to be characterized.  

 
Immune effects pose particular challenges to the TEF concept (Neubert 1992, 1994a,b), Vos 
et al. 1997-1998). For instance, it has been shown in mice that the immunoresponse potency 
of higher chlorinated HpCDFs is only one order of magnitude lower than that of TCDD, while 
the aggregate TEF value based on other effects, used in regular risk assessment, is three 
orders of magnitude lower (ref.). Likewise, Mayura et al. (1993) found that the 
immunotoxicity of DL-PCBs including PCB 126 was much closer to that of TCDD than with 
teratogenic effects. These data suggest that immune effects in some systems and respects may 
be more important than judged by standard TCDD and TEF based approaches.  
 
The mechanisms of immunological effects of dioxins are still much more poorly known than 
that for some other effects. For instance, Smialowicz et al. (2004) showed that CYP1A2, 
responsible for the hepatic sequestration of TCDD and considered an important factor in the 
mediation of dioxin effects, is not required for immunosuppression in the mouse. Kerkvliet 
(2002) in his review concluded that a new paradigm for the mechanism of immunotoxic 
action of TCDD may be more accurate, moving from one focused on the suppression of 
immune functions to one focused on the inappropriate activation of cells, leading to anergy or 
death, and the consequent premature termination of the immune response. 
 
An intriguing phenomenon especially with immune effects of TCDD is the presence of 
hormesis in dose-response relationships. Fan et al. (1996) first showed a U-shaped dose-
response function for humoral immune responses of TCDD in rats (cf. Neubert 1997). The 
implications of such reponses for human effects are unclear but potentially great, although 
complex and not necessarily only increasing risks (cf. 5.1).  
 
As a summarizing evaluation, a growing body of information is available on alterations and 
also impairments of the human immune functions in association with exposure to DLCs even 
at exposure levels near the background in the general population. This information is 
complemented by findings of some similar and some dissimilar responses in non-human 
animals. Many of these findings are however difficult to interpret. Due to the non-specificity 
and variation of exposures and effects, to the lack of information on natural variability, the 
multifactoriality of these alterations, the poorly known dose-response relationships, and the 
lacking understanding of the impacts (if any) of the responses at population level, a detailed 
assessment of the resultant human health risks is difficult to make. Nevertheless, it seems 
prudent not to wholly dismiss the information on immune responses from regulatory risk 
assessment, but to take it into account as an additional factor warranting safety. 

 
4.3.4 Thyroid and other hormonal effects 

 
Effects on the homeostasis of thyroid hormones and on thyroid functions and condition have 
been linked with DLCs in many animals, especially mammals (McNabb and Fox 2003). They 
are caused by low doses in many experimental animals (cf. Brouwer et al. 1995). Increasing 
data on humans have also been published also at low doses; however, critical evaluations 
have considered the epidemiological evidence inconclusive (Kimbrough and Krouskas 2001).  
 
Thyroid effects are connected with several other regulatory functions, including growth, 
metabolism (including thermoregulation), and reproduction, notably neurological 
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development, and immune functions (Brouwer 1998, Rolland 2000). MacLusky et al. (1998) 
described the complexity of thyroid effects, stressing that interactions between different 
hormone-sensitive systems may contribute to the broad spectrum of responses observed after 
perinatal exposure, and pointing out that interactions between the effects of sex steroids, 
corticosteroids, and thyroid hormone are known to influence the development of the central 
nervous system. Hypothyroidism induced by TCDD can be viewed as a protective response to 
reduce the insult by TCDD, as shown in rats by Pazdernik and Rozman (1985). 
 
An important endpoint of early thyroid function is neurological development (see above). 
Brouwer et al. (1998) summarized the evidence as suggesting that pure congeners or mixtures 
of organohalogens directly interfere with the thyroid gland; with thyroid hormone 
metabolizing enzymes in liver and brain; and with the plasma transport system of thyroid 
hormones in experimental animals and their offspring. Maternal exposure during pregnancy 
results in fetal transfer of hydroxylated metabolites known to compete with T4 for plasma 
transthyretin (TTR) binding sites and that concomitant changes in thyroid hormone levels in 
plasma and brain have been  observed in fetal and neonatal stages when sufficient thyroid 
hormone levels are essential for normal brain development. 
  
The effects of TCDD and PCBs, dioxin-like and others, on thyroid states have in particular 
been studied. Non-DL-PCBs complicate the elucidation of dioxin effects. Moreover, OH-
PCBs may interfere with thyroid functions, e.g. in birds (Bowman et al. 1991). Also low dose 
effects have been reported, including effects in humans. Some of the responses on the 
magnitude and direction of change in thyroid hormone levels have been conflicting, but 
generally the levels of the former have been suppressed while TSH has increased.  
 
In human populations, usually only slight alterations in thyroid function have been found, and 
even then associated with high exposures to dioxins (Kogevinas 2001). Some associations 
between of thyroid hormone states and functions with exposure to dioxins and related 
compounds have been reported. Their persistence and significance is however unclear. 
 
All in all, the evidence for effects of DLCs on thyroid hormone states, while reported often 
also in humans, sometimes at low doses, and having partly well-characterized mechanistic 
basis and potentially great significance, is variable and difficult to interpret due also to the 
non-specificity of responses and exposures and the complexity of such hormonal modulations. 

 
4.3.5 Metabolic effects, retinol effects and other biological effects 
 

TCDD and many other DLCs have been found to influence metabolism in many ways. Some 
of these effects such as wasting (loss of body weight) and porphyria are among the hallmark 
effects especially in experimental animals. While many of the metabolic effects are caused at 
relatively high doses, evidence exists for low-dose effects in many experimental animals 
(Table 13). Metabolic effects have been reorted also in humans, although tentatively.  
 
Effects on vitamin homeostasis may be discussed under metabolic effects. Such responses 
are found at low doses especially for retinol in rodents (e.g., Van Birgelen et al. 1995, Table 
13), but also in birds and other non-mammalian species. The effects on Vitamin K states in 
deserve mention as well. They are affected in rodents at doses of ca. 100 ng kg-1 bw 
(Bouwman et al. 1999) and have potential significance for blood coagulation in neonates. 
 
Effects on glucose and lipid metabolism including cholesterol are seen in experimental 
animals. Such effects have been suspepted in humans based on occupational and other 
population studies. There has been particular interest in links between diabetes and dioxin 
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exposure. This is disputable as there are many other causes, including obesity and overall fat 
metabolism; higher exposures in diabetics may thus be a consequence, not a cause of diabetes.  
 
Among the many other metabolic effects, those on enzyme states and functions are 
prominent and occur in most animals especially in hepatic detoxifying enzymes, often at low 
doses, but even in other enzymes including those associated with cell energy metabolism (cf. 
Table 13 and Annex 8B-D).  

 
  In summary, it may be concluded that 

• Metabolic effects from dioxin exposure, some of them well-established, are seen at high 
exposures especially in some individuals in several species 

• Metabolic effects are closely related to effects of dioxins on development and growth   
• Effects of TCDD and DLCs have been suspected for diabetes mellitus; despite tentative 

epidemiological findings and experimental animal and mechanistic information on 
glucose metabolism effects, such findings cannot be confirmed at low levels of exposure 

• Effects on lipid metabolism are seen in animals and are possible in humans but their 
significance of yet unclear 

• Effects on vitamin states are common, some of them observed at relatively low doses 
• Mixed-function oxidation enzyme effects are common early biomarkers of dioxin 

exposure, but are not necessarily directly associated with significant outcomes. 
 
4.3.6  Tumours and carcinogenic effects  
 

Especially since the report of Kociba et al. (1978) that TCDD causes malignant tumors in rat 
liver at lower doses than any synthetic chemical studied so far, attention has been directed to 
carcinogenicity of dioxins. For long, it was driving the dioxin risk assessment in US.  
 
Cancer is not only a concern in humans or experimental animals used as surrogates for 
humans. Tumors have been suspected and in some cases shown to be linked with exposure to 
DLCs in wildlife even in the Baltic Sea, such as uterine leiomyoma in gray seals (Bergman 
1999, Backlin et al. 2003, cf. 4.4 and Annex 8D), various tumors in flounder at high doses 
(Grinwis et al. 2000) and in bottom-dwelling fish and rainbow trout (Williams et al. 1998), 
and possibly even gonadal tumors in marine bivalves (Brown et al. 1995). These effects are 
less studied than in humans and experimental animals, or other wildlife effects of DLCs. 
Although interspecies comparisons may be made between laboratory and wild animals, 
between closely related species even more reliably than with humans, much of the discussion 
below is focused on human cancer risks. This is dictated in part by the literature, in part by the 
present emphasis on human health in risk management of dioxins in the Baltic. 
 
There has been much interest in the classification of dioxins as to carcinogenicity, reflecting 
the significance of even such qualitative designations for risk perception and management. 
IARC (McGregor et al. 1998) evaluated TCDD as carcinogenic to humans (group 1) based on 
limited evidence on workers heavily exposed in accidents, and sufficient evidence in 
experimental animals. The evaluation also considered that TCDD is a multisite carcinogen in 
experimental animals, shown to act through a mechanism involving the AhR in humans as in 
experimental animals, and that tissue levels of TCDD are similar in human populations in 
which an increased overall cancer risk was observed and in exposed rats that developed 
tumors. Other PCDD/Fs were evaluated as not classifiable as to human carcinogenicity. 
 
The mechanisms of dioxin tumorigenesis and carcinogenesis have important bearing on 
quantitative cancer risk assessment through the selection of dose-response models. It has 
generally been agreed that TCDD and other dioxins are cancer promoters, but not initiators 
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(McGregor et al. 1998). This has been based also on their apparent lack of genotoxicity. Even 
promotion is variable; it was e.g. shown already by Cohen et al. (1979) that TCDD could be 
anticarcinogenic against tumors initiated by BaP. Consequently, the assumption of a no-
threshold dose-response function and the application of the common default linearized 
multistage model have been deemed inappropriate, with the notable exception of USEPA 
(2000) that applied more precautionary criteria leading to estimates of the magnitude of 
human cancer risk that differ greatly from those of other agencies (Hays and Aylward 2003). 
     
Another fundamental issue in connection with mechanisms of tumorigenesis is the 
applicability of results of animal models to humans. This affects already the definitions of 
tumors to be considered, and the quantitative assessment through interspecies dose-response 
generalizations. The fact that TCDD is a carcinogen in many species and the evidence for 
phylogenetically conserved sites and mechanisms of action (Hahn et al. 1997) have 
strengthened the basis of extrapolating animal data to humans (McGregor et al. 1998, cf. 
above). This however does not resolve what interspecies extrapolation more precisely is 
appropriate. There is plenty of evidence of great interspecies and even inter-strain differences 
in dioxin tumorigenicity (Schramm et al. 2000); some of it is attributed to differences in 
pharmacokinetics, not susceptibility (Lawrence and Gobas 1997). Hays et al. (1997) showed 
by several dose metrics that humans are much less sensitive than rats to the carcinogenic 
effects of TCDD. This comparative evaluation has however been contested and qualified. 
 
A reevaluation of the histopathological findings of Kociba et al. (1978) was done in 1990 
by a panel using revised NTP criteria, and finding ca. 2/3 fewer tumors (Goodman and Sauer 
1990, see Paustenbach et al. 1991). This changed carcinogenic potency estimates by an order 
of magnitude, as the NOAEL for hepatocellular carcinomas was 10 rather than 1 pg g-1 d-1. 
Further, the aggregation or separation of tumor forms had a major influence. Estimates of 
risk-specific dose (RsD) at 10-6 risk (i.e., background) level based on the original 
histopathology criteria were 10 pg g-1 d-1 when carcinomas and hyperplastic nodules were 
combined but 150 pg g-1 d-1 when only carcinomas were considered; on the revised criteria,  
RsD was 80 pg g-1 d-1 when adenomas and carcinomas were combined and 25 000 pg g-1 d-1 

when only carcinomas were considered. Because the Moolgavkar-Venzon-Knudson two-stage 
model for carcinogenesis that was deemed to be most suitable is intended to predict malignant 
tumors only, the appropriate human RsD was estimated at 25 000 pg g-1 d-1. As the model 
does not account for e.g. pharmacokinetics, the RsD was judged to be smaller still 
(Paustenbach et al. 1991). The ranges of plausible values for RsD based on original and 
reevaluation data were 70-3000 and 100-50000 pg g-1 d-1, respectively. Even the lowest 
plausible RsD was thus estimated to be 10-fold greater than the USEPA RsD of 6.4 pg g-1 d-1 
based on linearized multistage model, and the RsD could well be more than 1000-fold greater. 
Dose conversion from rats to humans based on skin surface area were also critically examined 
(Keenan et al. 1991). Using body weigth, shown to be a more appropriate basis, but lumping 
hepatocellular carcinomas and adenomas as previously and settling for the linear multistage 
model, the reevaluated histopathology data produced carcinogenic potency estimates at least 
16 times less than originally estimated. All this gives an example of the level of uncertainty 
involved in the data, models, assumptions and extrapolations on cancer risk from dioxins, also 
to put associated other uncertainties and cancer risks in general in a proper perspective. 
 
Starr (2003) examined the USEPA and Crump et al. (2003) human meta-analyses of high-
exposure cohorts that concluded "dioxin TEQ exposures within roughly 3-fold of current 
background levels may be carcinogenic" to humans, in the light of an alternative meta-
analysis using an intercept-only model that predicted zero additional human cancer deaths 
from all exposures to DLCs, including those arising via dietary intake. He identified causes 
for the discrepancy in the different selections for a dose metric, in the different assumptions 
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regarding the elimination half-life for TCDD in humans and regarding the importance of the 
most recent (15 a) of exposure, and in extrapolations from TCDD to TEQ exposures. He 
presented several arguments against such an extrapolation, in line with the IARC position 
that, unlike TCDD, other dioxins cannot be classified as to their human carcinogenicity.  
 
Assumptions of dose-response models are crucial for risk assessment. Since the default 
assumption of no-threshold dose-response does not seem appropriate due e.g. to lacking 
genotoxicity, the linearized multistage model or its modifications (e.g. the parameter-free 
form of Crump 1986) are not strongly supported. Alternatives include two-stage and one-hit 
models. Among non-linear models, in addition to simple supralinear and sublinear functions 
also models allowing for hormesis have been considered, assuming a lower response at higher 
than at lower doses in some part of the dose-response curve. Such response may result e.g. 
from detoxifying or compensating mechanisms setting in only at higher doses (see Rozman 
and Doull 2003). Indications for hormesis has been obtained for carcinogenesis, as for 
immune effects (cf. above). Tuomisto et al. (2004a) reported a higher risk at lower than at 
higher doses of PCDD/Fs and DL-PCBs in human populations for soft-tissue sarcoma.  
 
Kayajanian (2002) argued in his commentary on cancer risk assessment of TCDD by NIOSH 
(Fingerhut et al. 1991) that, contrary to the NIOSH findings, the cancer incidence response to 
increasing dioxin exposure is J-shaped as in the two major data sets that the NIOSH authors 
“failed to reference or explain away”, pointing out that the NIOSH statistical treatment 
obscured the significant reduction in cancer incidence at low dioxin exposures, and 
concluding that even though incidence may increase at high exposures, this is preceded at 
lower exposures by a reduction. In fact, instead of J-shape a two-peak ('N-shape') curve seems 
plausible as the excess cancer response at zero (excess) dose may be assumed to be zero. 
Kayajanian (2002) concluded, using the studies by Fingerhut (1991), Kociba et al. (1978) and 
Bertazzi et al. (2001), that dioxin is (1) a promoter blocker of certain cancers, including all 
those that "USEPA scientists claimed dioxin promoted"; (2) a promoter of some other cancers 
that "USEPA scientists failed to identify"; and (3) a net anticarcinogen. These analyses again 
illustrate the need to distinguish between tumour types and sites in evaluating the cancer risk 
of dioxins, and the needs and pitfalls in statistical analysis and dose-response models 
especially in low-dose extrapolation (cf. Bonvalot et al. 1987). 
 
TCDD and some other DLCs such as PCB 77 have in some conditions been shown to be 
anticarcinogenic especially against estrogen-conditioned cancers like breast cancer (Gierth et 
al. 1993, Ramamoorthy et al. 1999). This has been utilized in the development of low-toxic 
dioxin derivatives against estrogenic cancers (Safe and Krishnan 1995). However, also these 
findings have limited generalizability. Particularly for breast cancer there are conflicting 
results on its association or lack of association with DLCs and other organochlorines like 
other PCBs and DDE (e.g., Laden et al. 2001, Demers et al. 2002). In Seveso, a lowered 
breast cancer incidence was found (Bertazzi et al. 2001, Annex 8B), and has been explained 
by the weak antiestrogenicity of TCDD. However, Nesaretnam et al. (1998) showed that PCB 
77 can on the contrary enhance DMBA-induced mammary carcinogenesis in the rat. Hardell 
et al. (1996) and Liljegren et al. (1998) reported tentative results of positive association 
between breast cancer and OCDD and PCB 77 levels, respectively, in patients who had 
undergone surgery for breast cancer, although the 95 % CI’s for OR’s included unity in the 
former study. Despite the low explanatory power of such cross-sectional studies, they 
illustrate the variety of tumorigenic effects of DLCs. Such effects may also depend on the 
timing of exposure. MacElroy et al. (2004) found that recent consumption of Great Lakes fish 
was not associated with postmenopausal breast cancer (RR = 0.8; 95% CI, 0.6-1.1), whereas 
risk associated with premenopausal breast cancer was elevated (RR = 1.7; 95% CI, 1.2-2.5).  
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All in all, on the basis of animal and human data, mechanistic and theoretical considerations 
and other evidence, TCDD is a (non-genotoxic) carcinogen in many animals and tissues, 
particularly in some rodents, but is not a very strong one in humans, based on the generally 
inconclusive findings and the plausible dose, effect and dose-response analyses. Other 
PCDD/Fs and DLCs can not yet be classified as to human carcinogenicity, but many of them 
are possible human and established animal carcinogens.  

 
4.3.7  Psychosomatic and non-biological effects in humans 
 

It has been pointed out (e.g. Pesatori et al. 1998) that some of the apparent cardiac effects of 
dioxins in Seveso may be due largely to anxiety. On the basis of the Australian Evatt Royal 
Commission assessment of possible associations between health effects and exposure to 
dioxins (TCDD) in Vietnam veterans, Hall (1986) pointed out that although they had slightly 
higher rates of psychiatric disorder, heart disease, alcoholism and related disease, these effects 
are unconnected with exposure in Vietnam. It is a matter of debate in how far such responses 
are dioxin effects or are caused by some other factors in social responses to dioxins, thus 
being indirectly related or secondary effects. Psychosomatic effects are however real to those 
experiencing them, and should not be dismissed as imaginary. This would be unjustified also 
medically, as there are links and overlaps between somatic and psychological aspects.  
 
At any rate, the importance of risk perceptions and emotions for health and for health 
interventions needs to be realized for efficient and accepted risk management. Nevertheless, 
the distinction needs to be made in many situations between primarily psychological effects 
and those depending on biological processes. An effect has in some respects a quite different 
level, severity and overall character if it is caused even to people unaware of it (e.g. infants), 
as compared to effects that are (even if only partly) due to such awareness, or fear. The 
distinction is important also for causal inference: it can be difficult to know what is the 
relative contribution of dioxin exposures to effects and risks, when complex socio-
psychological mechanisms blend in biological phenomena that are more amenable to 
objective and observer-unrelated study. Some psychological effects may be seen as 
confounders and error sources, depending on study purpose and design (e.g., recall bias).  
 

4.3.8  Summarizing evaluation of relevant human and experimental animal data 
 

A summary of the evaluated reports of effects in humans as a result of mainly low or 
intermediate level exposures to DLCs, with particular reference to consumption of fatty 
seafish, has been presented in Table 12. In evaluating the evidence, general principles in 
causal inference in epidemiology (4.1) have been utilized. Effects at lowest doses within each 
class of effects have been underlined; for most of these, the evidence is considered 
unequivocal at best. Collectively, these studies and findings strengthen the basis for effects 
assessment, but plenty of puzzles, unexplained variabilities and uncertainties remain. 

 
TCDD, other PCDD/Fs, DL-PCBs and even other DLCs exert a variety of adverse and other 
biological effects in many species of animals and in both sexes, generally in patterns that have 
considerable resemblance. However, there is no clear-cut dioxin syndrome, the effects being 
multiattribute and variable. While some effects such as those on reproductive development in 
rodent male offspring and some tumours have been relatively extensively characterized, even 
these involve great uncertainties as to their factors, variations and implications e.g. in 
quantitative terms and across species. The understanding of other effects such as those of 
immune, neurological, behavioural and hormonal functions, although subject to intensive 
long-time study, is still more rudimentary, and precludes firm conclusions.  
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Some adverse effects have been found and reproduced at low levels of exposure, also in terms 
of internal doses. These doses may correspond to levels in humans that are near the 
background exposure in general populations, despite the decline in exposure levels. However, 
interspecies and inter-period dose conversions are not straightforward. Critical effects in 
terms of adversity and dose levels have in many cases occurred after fetal and perinatal 
exposure, sometimes during very restricted early stages of development. Some effects have 
been transient, while others have persisted to later life.  
 
Some of the effects in experimental animals such as disturbances in reproductive development 
and the immune system are grave. More subtle biochemical level responses have been 
demonstrated in multiple systems, but the significance of many such responses is not clear.  
 
Focusing on possible effects in human populations, the evidence in most cases breaks down. 
Harmful effects or anomalies can be unequivocally shown after exposure to dioxins in very 
few cases like chloroacne, and even then only in association with high (and complex) doses. 
Studies of effects in human populations consuming fish contaminated by DLCs are 
inconclusive, due to poor exposure and effect specifications, lacking control of confounders 
and natural variability, small populations and general limitations in study designs.  
 
 

Table 12. Summary evaluation of evidence for adverse effects in human populations linked with 
dioxins and DLCs, emphasizing low-to-medium level exposure and fish consumption (cf. Annex 8). 
Critical effects on the basis of severity, exposure levels and evidence are shown underlined. 
 

Support. information Effect/condition  Populations studied Exposures 
specified 

Findings of effects 
 

Evidence for DLC-
attributable human 
effects 

hi-
D 

anim mechan/
plausibil 

  Developmental 
Neurological/ 
cognitive devel. 

-NL children  
-US children 
-Gt Lakes fish eaters 
-Gt Lakes fish eaters 
-Faroese children  

-perinat CB, D/F  
-perinatal CB 
-CB/OC, MeHg 
-CB/OC, MeHg 
-whale CB, MeHg 

-motor function  
-infant motor 
-learning, memory 
-hypotonia (baby) 
-subtle cognitive 

-modest; milk protected 
-weak; milk protected 
-inconclusive 
-weak 
-inconcl (interactions)  

 
 
x 

x 
 
x 
x 

(x) 
(x) 
x 
(x) 

Behavior devel. -NL children -milk CB, D/F -play (feminized) weak/subtle, inconclusive  x  
Bone devel.  -US children 

-FI children 
-CB 
-D/F 

-tooth devel 
-neonate tooth  

-suggestive 
-weak, suggestive 

(x) x 
x 

x 
x 

Growth incl. 
fetus devel.  

-Sw BS fishers 
-Gt Lakes fish eaters 

-fish DLC etc 
-fish DLC etc 

-low birth weight 
-birth w and size 

-suggestive 
-inconclusive 

 x 
x 

(x) 
(x) 

  Immune 
Host resistance -BE  adolescents 

-NL children 
-DLCs/TEQBio 

-CB, D/F 
-flu etc infections 
-airways infections

-tentative 
-tentative 

 x 
x 

(x) 
(x) 

Immunosuppr  -NL children (co)CB, D/F  cell/humoral  -supportive, inconclusive x x  
  Reproductive 
Fertility  -Sw Baltic fish eaters 

-Gt Lakes fish eaters 
-fish DLC etc 
-fish DLC etc 

-none 
-paternal impaired 

-fish possibly protective 
-inconclusive/conflicting 

 x 
x 

(x) 
(x) 

Menstrual cycle Gt Lakes fish eaters -fish DLC etc -slight delay -inconclusive  x (x) 
Sex ratio -Fi general 

accident/occupat 
-PCDD/Fs 
-TCDD, 2,4,5-T 

-none 
-60 % F (paternal) 

 
-nonspecific, consistent 

x   
x 

  Tumorigenic 
Soft tissue sarc occupational, patient TCDD, 2,4,5-T etc some slight elevat inconsistent, weak na   
Lung cancer occupational TCDD, 2,4,5-T etc small elevated RR inconclusive  na x  
All cancers occupat/accident TCDD, 2,4,5-T etc small elevated RR rather consistent, weak na x  
  Hormonal, metabolic and other effects 
Thyroid function -Dutch children 

-JPN children 
-CB, D/F T3/T4 etc levels; 

dysfunction  
-modest, inconclusive 
-supportive  

x x x 

Glucose metab general, occup/accid TCDD/2,4,5-T, CB diabetes consistent, weak, inconcl   (x) x (x) 
Chloracne occupational TCDD etc DLCs   na   
Explanations of abbreviations: CB=PCBs, D/F=PCDD/Fs, OC=organochlorides, MeHg=methyl mercury, DLC=dioxin-like compounds; 
T3=triiodothyronine; T4=thyroxine; F=females; RR=risk ratio. 
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The mechanistic and genetic basis of dioxin effects is being unravelled. In addition to AhR 
and related complexes, post-transcriptional processes e.g. in enzyme induction, growth factor 
responses, hormonal modulation and also AhR-independent processes are important. This 
information adds to the plausibility of some hypotheses of emergent effects also in humans 
but, due to the multi-dimensional complexity present, does not allow much certainty in 
explanation and prediction of effects of dioxins, particularly as to generalization. The dose-
response relationships are as yet very insufficiently characterized and quantifiable. 

 
The evaluation of effects in experimental animals depends on estimates for effective dose 
levels or (particularly for non-cancer effects) on threshold doses. This involves data selection, 
modelling and estimation issues that are also related to the form of dose-reponse function. 
Various procedures have been tried and proposed (Table 13, cf. Gastel and Sutter 1995, 
Kavlock 1997, Kim et al. 2002, Sand et al. 2002). Regardless of the procedure adopted and 
their increasing validation with new data, questions will remain as to the biological 
significance of effects, e.g. some low-dose reponses that are not clear adversities, and as to the 
selection of the distribution statistic considered appropriate (e.g., BMD01 or BMD10).  
 

 
Table 13. Values of the relative benchmark doses as calculated by USEPA (2000, ED01) and 
alternative risk-based benchmark doses (BMD) based on studies of low-dose effects of TCDD in 
rodents (from Gaylor and Aylward 2004). Lowest estimated BMDs in each class of effects have 
been shown in bold. Figures for dose estimates have been rounded to one signifying digit. Note the 
generally higher BMDs obtained by the alternative estimation method. 
 
Biological effect        Dose range   ED01   BMD01   BMD05    BMD10   Ref. (1st author, yr) 
 Reproductive/developmental 
Cauda epididymal sperm # (adult)    50–800    10 (0.1)   60 (6)   naa (na)   na (na)   Gray 97 
Cauda epididymal sperm # (PNDb 63)   50–2000c   0.3 (0.1)  3 (1)   10 (5)    20 (9)   Hamm 03 
Cauda epididymal sperm # (PNDb 63)  64–1000   0.6 (0.3)  8 (4)   30 (10)    50 (30)   Mably 92 
Daily sperm production (PND 63)    64-1000   10 (2)   30 (10)   50 (30)    60 (40)   Mably 92 
Seminal vesicle weight (PND 49)    50–800    200 (0.9)  200 (30)  200 (200)   200 (200)  Gray 97 
Seminal vesicle weight (PND 49)    50–2000c   80d (10)  400 (na)  1000 (na)   2000 (na)  Hamm 03 
Prostate weight in mg (PND 49)    50–2000c   0.5 (0.10)  6 (1)   20 (6)    40 (10)   Hamm 03 
Epididymis weight (PND 63)     64–1000   3 (0.4)   20 (5)   60 (20)    90 (30)   Mably 92 
Cauda epididymis weight (PND 63)   64–1000   1 (0.7)   8 (4)   30 (10)    40 (20)   Mably 92 
Cauda epididymis weight/bw (PND 120) 12.5–800   700d (20)  700 (60)  800 (300)   800 (na)   Ohsako 01 
Testis weight (PND 63)      64–1000   100 (4)   100 (40)  200 (90)   200 (na)   Mably 92 
 Body/organ weight 
Body weight         14–1024   4 (0.7)   30 (59)   90 (20)    100 (30)   Van Birgelen 95 
Liver weight         14–1024   200 (na)  300 (10)  300 (40)   300 (90)   Van Birgelen 95 
Thymus weight        14–1024   2 (1)   20 (10)   50 (30)    70 (50)   Van Birgelen 95 
Kidney weight/body weight     14–1024   0.5 (0.2)  7 (2)   30 (9)    50 (20)   Van Birgelen 95 
Spleen weight/body weight     14–1024   10c (7)   70 (30)   200 (90)   300 (100)  Van Birgelen 95 
 Immune function 
Total thymic cells per mouse     100–5000   700 (10)  900 (100)  1000 (400)   1000 (600)  Rhile 96 
Total thymic cells per mouse     100–5000   7 (0.7)   20 (5)   40 (20)    50 (20)   Rhile 96 
Splenic PFCs per 106 cells     5–2500    2 (1)   10 (9)   50 (30)    70 (50)   Narasimhan 94 
PFCs per 106 splenocytes     1200–30,000  6 (2)   40 (10)   100 (50)   200 (80)   Vecchi 83 
 Retinol 
Plasma retinol        14–1024   2 (1)   5 (3)   10 (8)    20 (10)   Van Birgelen 95 
Hepatic retinol        14–1024   0.2 (0.1)  2 (2)   9 (5)    20 (9)   Van Birgelen 95 
Hepatic retinol vs. TCDD level in the liver  1.4–120g   0.02g (0.02)  0.3g (0.2)  1g (0.6)    2g (10)   Van Birgelen 95 
 Other biochemical 
Plasma TT4         14–1024   30 (na)   40 (na)   40 (na)    50 (na)   Van Birgelen 95 
Plasma FT4         14–1024   4 (0.8)   30 (7)   100 (30)   200 (40)   Van Birgelen 95 
Total cholesterol        3.5–125   8 (4)   10 (3)   10 (na)    10 (na)   Maronpot 93 
Liver EROD f        0.15–450 e   10 (9)   5 (4)   7 (na)    8 (na)   Diliberto 01 
Liver EROD         14–1024   1 (0.5)   0.3 (0.09)  0.6 (0.2)   0.8 (0.3)   Van Birgelen 95 
Liver ACOH f        0.15–450   2 (2)   2 (1)   3 (2)    3 (2)   Diliberto 01 
50-nucleotidase        3.5–125   30 (3)   30 (9)   30 (na)    30 (na)   Maronpot 93 
 
Lower 95% confidence limit given in parentheses. All doses expressed as ng/kg body weight/day of TCDD. Explanations: a Not available; b Post-natal day; c Doses 
expressed as dioxin toxicity equivalents; d Based on 1% change in the control mean; f Inadequate goodness-of-fit; g Concentration of TCDD in liver (ng/g wet weight). 
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A key obstacle in drawing conclusions from experimental animals studies is that human and 
other free-living populations are exposed simultaneously to many DLCs and other 
contaminants, and do not exist in controlled conditions but are influenced by a multitude of 
other agents, challenges and factors. While odds or risk ratios in human populations have in 
many cases been elevated in association to exposure to dioxin mixtures, in few cases they 
deviate strongly from unity, and even in such cases spurious associations are possible. Use of 
supportive data from controlled animal experiments in human health risk inference is 
hampered by many uncertainties concerning the similarity in toxicokinetics and responses.  

 
 
4.4  Dioxin-linked adverse conditions in Baltic Sea dependent non-human animals 
 
4.4.1 General considerations and assessment approaches 
 

A PEC/PNEC based approach may in principle be applied, deriving (predicted) no-effect 
concentrations from experimental NOELs or LOELs using appropriate safety factors (cf. EC 
1994, 2003), in combination with bioconcentration and dietary accumulation factors. This has 
been made for TCDD in aquatic environments to derive NECs for body burdens, food and 
water, respectively (Loonen et al. 1996, Fig. 27). The approach is largely comparable with 
human health risk assessments based on experimental animals (see above), despite the 
additional consideration of food-chain accumulation.  
 
Such risk assessment involves major uncertainties due to the description of both assessment 
or safety factors (in extrapolating toxicity data) and of accumulation and other factors (in 
exposure assessment). An important limitation is the unavailability of representative and 
reliable data on exposure processes for many congeners, species and systems. Therefore, 
preferably data or data-based estimates of body burdens in the target species and tissues are 
used instead of such extrapolations, as is done also in human risk assessment.  
 
 

 
 

Fig. 27. Approaches to assessing ecotoxicological risks from dioxin-like compounds in fish. The 
left-hand procedure (Loonen et al. 1996) involves comparisons of no-effect concentrations (NECs) 
in water and a short foodchain with no-observed-effect (NOEC) or lethal/effective (LC/EC) 
concentrations and associated assessment factors, extending standard PEC/PNEC methodology to 
include bioconcentration and dietary accumulation; the right-hand procedure (Naito et al. 2004) also 
includes tissue distribution (to eggs), dose-response modeling and population-level assessment. 
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As the occurrence of field effects are of primary concern, assessments based on experimental 
data and extrapolations need to be put in relation and checked with real-world evidence, by 
ecoepidemiological studies. As with humans, because of the limitations of ascertaining and 
linking field observations to specific causes, supportive evidence must be used. In particular, 
population and community level effects need to be better distinguished from individual-level 
effects and PEC/PNEC-based estimates from non-specific dose and response metrics, using 
also population models (e.g., Naito et al., Fig. 27).  
 
There are several lines of evidence for the presence or absence of relationships between 
toxicity and DLCs in the Baltic Sea environment. These typically include 
• field studies of disorders linked to DLCs in other species occurring in the Baltic or 

elsewhere 
• Experimental toxicological studies in vivo in related species, preferably closely related 

species if the species under consideration can not be studied experimentally 
• Observed population variations and developmental disturbances in the species under 

consideration and in other related species exposed to high levels of DLCs 
• Studies of dead animals (due to various causes) and comparative victim-control studies  
• Historical analogues (both regarding effects and exposures) 
• Studies and monitoring of the levels and trends of DLCs in animals or their feed, and 

bioassay-based measurements of dioxin toxicity in biological tissues (exposure markers) 
• In vitro studies, including xenografts and other semi-in vivo studies 
• Mechanistic information, preferably from closely related species. 
 
Thus, generally an ecoepidemiological weight-of evidence approach is needed (e.g., Wren 
1991). Due to the many dimensions of generalization and the many factors that may come 
into play in this inference (e.g. as to what weights are to be placed on evidence; to what extent 
should specifically Baltic Sea related evidence be required), a single and uniform 
unequivocally best approach can not be identified. The mode of inference is also always to 
some degree data-driven. A common limitation in all of these approaches is the 
generalizability and attributability of effects, given the presence of complex and partly 
unknown mixtures both in the field (in all cases) and in laboratory and captive experiments. 
 
For critical weight-of-evidence assessments, toxicological data on non-human wild animals 
linked to exposure to PCDD/Fs and other DLCs need to be considered in an integrative 
fashion. They need to be related to other kinds of empirical (especially in vivo) data such as 
experimental studies of captive wildlife and studies in closely related laboratory animals, and 
acknowledging the limitations and difficulties in qualifying and interpreting much of the data. 
 
In the following, anomalous conditions in Baltic Sea living and feeding wildlife species and 
their suspected linkages with exposure to DLCs are summarized, based on a more detailed 
evaluation of the published evidence (Annex 8D). Some estimates of effect levels of doses or 
body burdens or intakes have been provided and evaluated (cf. 3, 5.4). Information from 
semi-controlled studies in captive wild animals has been included, and supporting laboratory 
animal and mechanistic studies have been taken into account.  
 
The analysis is based mainly on peer-reviewed literature and on previous ecotoxicological 
assessments. Information on Baltic Sea living species also from other geographical areas has 
been utilized. The possibilities and limitations in generalizing such information to the Baltic 
have been paid attention, including those related to the particular ecological conditions and 
stressors in the Baltic Sea. These limitations are in some respects similar to the task of 
generalizing from laboratory or semi-field studies to field studies, although generalization in 
these cases involve additional issues (see above).    
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This summarixing assessment is mainly concerned with effect profiles and indices and 
associated exposures. Additional characterization of effects, risks and impacts and associated 
uncertainties is included in the next chapter (5).  
 

4.4.2 Effects and effective exposure levels in Baltic Sea living and related species 
 

Mammals  
 
All Baltic marine mammals, ringed seal, grey seal, harbour seal and harbour porpoise, have 
commonly displayed a variety of severe pathological conditions during recent decades, 
including reproductive and developmental disorders in ringed and grey seals, various lesions, 
and lowered immunocompetence as seen in epizootic outbreaks in harbour seals. 
Immunosuppression in harbour seals has been shown to be caused by consumption of Baltic 
Sea fish also experimentally. Although population sizes are undergoing recoveries, several 
lesions persist and some have increased, and the overall health status of these species is 
considered adverse. The profiles of effects have varied between species, populations and 
individuals, but particularly in some respects (e.g., development of bones and reproductive 
organs, immunosuppression) they resemble effects that are known to be associated with 
PCDD/Fs and DL-PCBs in terrestrial mammals (for more detail see Annex 8B and references 
therein, esp. Ross 1996, Bergman et al. 1999, Backlin et al. 2003, Nyman et al. 2003).     
 
It is unclear what the role of PCDD/Fs, DL-PCBs and other DLCs are in these effects in 
relation to other contaminants and factors, and what the quantitative risks of dioxins are. Most 
researchers have expressed the opinion that health impairment in Baltic seals has been caused 
at least to a considerable degree by DLCs (and possibly particularly by DL-PCBs) and that 
they still influence these species adversely. The prevalence and severity of some disorders 
that have been linked with DLCs, such as the disturbances in reproductive development in 
grey seal and particularly ringed seal, have decreased concurrently with decreases in body 
burdens. Similar effects have been seen in other mammals also after experimental exposure to 
DLCs. Supportive mechanistic information and explanations also exist in some cases, adding 
plausibility to the hypothesis of effects caused at least to some part by dioxins and DL-PCBs.  
 
Marine mammal populations have generally recovereded, but temporal and also regional 
variations are seen in these recoveries. In harbour seal especially, fluctuations in the SW 
Baltic and Kattegat populations have been caused primarily by the recurring viral epizootics. 
In ringed seal and possibly grey seal populations the reproductive rates have been estimated to 
be still below those in pristine natural conditions.  

 
Quantitative estimates of effect levels of DLCs in Baltic marine mammals have not been 
produced in a congener specific fashion. A key obstacle has been, in addition to lacking 
specificity (and sensitivity) of measures of exposures, body burdens and doses, the 
simultaneous occurrence of a multitude of contaminants as well as other factors causing 
variability in responses. Therefore, causal relationships are difficult to ascertain. 
 
Ross (1996) tentatively estimated on the basis of feeding experiments and levels of DLCs in 
Baltic herring and interregional comparisons a LOAEL of ca. 100 ppb blubber fat in harbour 
seals. It should be pointed out that wild seal populations may be subject to still higher and 
more prolonged exposures than captive animals, also in more critical (e.g. perinatal) stages of 
development, and to additional stress factors. Therefore, it may be assumed that real-world 
effects in harbour seals may have been still more severe, although less easily noticeable.    
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Mink (North American mink introduced to Baltic Sea area) is sensitive to dioxins and PCBs. 
Reproductive disorders are among the most critical effects. Also biochemical responses and 
markers, e.g. on vitamin states, have been found. The evidence comes mainly from 
experiments with captive animals. Based on reproductive effects, NOAELs and LOAELs of 
0.3 and 2 pg TEQ g-1 bw d-1, respectively (ca. 3 and 20 pg TEQ g-1 ww feed) have been 
estimated (Brunstrom et al. 2001), lower than those by Heaton et al. (1995, cf. Annex 8D).  
 
Effects in wild mink, the role of Baltic fish and their population and ecological significance  
are not clear, as concluded also for minks and DLCs in the Great Lakes area. Nevertheless, 
there are some grounds for concluding that risks to mink from in Baltic dioxins are not great. 
Populations of fugitive mink in the Baltic Sea area have greatly increased and terrorized other 
animals including waterfowl. Farmed mink, also unnatural in the region, is subjected mainly 
to stress unrelated to DLCs. The importance of potential effects of DLCs on mink is thus 
largely in its function as a sentinel species, not in the adverse effects per se. 
 
In otter, similar predominantly reproductive effects as in minks can be anticipated. It has 
been roughly estimated that TEQ levels in otter liver are 2-3-fold higher than those in mink 
(Brunstrom and Halldin 2000, ref. Leonards et al. 1997). It seems likely that otter declines 
also in the Baltic Sea area have been partly due to contaminants in its feed, including DL-
PCBs and other DLCs in fish. However, the evidence for dioxin-attributable risks is 
inconclusive and is especially scanty in the Baltic Sea countries, and the share of seafish diet 
is hard to distinguish. There are mixed signals of otter recovery in the region.   

   
Birds 
 

Adverse conditions in many species and populations of fish-consuming birds, especially 
reproductive disorders, have been linked with exposure to DLCs and related compounds, 
particularly PCBs, also in the Baltic Sea area. The evidence for the specific contributing roles 
of PCDD/Fs and DL-PCBs is however still partly inconclusive. In many cases, other 
contaminants such as DDT metabolites may have (had) greater importance.  TEFs for birds 
are rather variable. For instance, in the sensitive chicken, the calculated TEFs of 4-PeCDF 
and PeCDD were above that of TCDD (Brunström and Andersson 1988, Brunström 1990 and 
Bosveld et al. 1992, cf. Bosveld et al. 1995 and van den Berg et al. 1998).  

 
White-tailed sea eagle is the piscivorous bird species that has been most gravely endangered 
in the Baltic Sea area during recent decades, being near extinction in early 1970's. 
Reproductive disorders in this species have been considered at least partly caused by 
exposures to environmental contaminants, including DL-PCBs and dioxins but also other 
PCBs and organochlorides. Helander et al. (2002) concluded that DDE seemed to have been 
the most important factor, largely masking the effect of PCBs. There is supportive evidence 
that suggests the involvement of DL-PCBs in the reproductive disorders in sea eagles, based 
e.g. on studies in other eagle species, experimental studies in other birds and some 
mechanistic considerations (Giesy et al. 1995, Elliott et al. 1996, Kumar et al. 2002). 
However, by and large it may be concluded that dioxins and DL-PCBs can not with certainty 
be implicated (cf. Annex 8D).  
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Fig. 28. Development of the brood size and breeding success of sea eagles on the Swedish Baltic 
Sea coast (from Helander 2003).  
 
 

The populations of white-taile sea eagle in the Baltic Sea have recovered remarkably during 
the last couple of decades. It has been estimated that indices of reproductive performance of at 
least a large share of the sea eagle populations are now at or near natural background (Fig. 
28). Such recoveries have taken place in both Sweden and Finland, in both Southern and 
Northern populations. This success is largely due to the great and sustained effort put into 
surrogate feeding during winter. It has been evaluated that e.g. the stock in the SW Finnish 
archipelago is now so strong that it probably would survive even without such diet 
(Hogmander 2003). However, it is possible that adverse effects still linger in Baltic sea eagle 
populations although their reproductive performace seems already relatively normal.  

 
Koistinen et al. (1997) published an assessment of the risks from DLCs to Baltic sea eagle 
resulting in the conclusion that these substances posed a considerable risk to reproduction. 
The assessment was based on hazard indices, i.e. ratios between measured body burdens of 
DLCs, mainly DL-PCBs, and LOAELs or NOAELs in other species of birds, and on several 
assumptions. The estimated hazard index for sea eagles suggested that exposures causing 
adverse effects were exceeded by orders of magnitude. The discrepancy between this 
assessment and the observed recoveries of the populations and their reproduction may in part 
be explained by the fact that the assessment of Koistinen et al. (1997) was based of older 
exposure data; it may also have involved assumptions which were mainly conservative (i.e., 
increasing more readily than decreasing risks). Perhaps particularly, it may be explained by 
the above conclusion of  Helander et al. (2002) that DDE seems to mask any effects of PCBs 
(including DL-PCBs). Koistinen et al. (1997) did not discuss the implications of exposures to 
and effects from other contaminants masking, attenuating or aggravating those of DLCs.  

 
Although dependent on fish, ospreys are not so predominantly bound to the sea as is the case 
with sea eagle. Thus, even though coastal ospreys are still exposed to higher levels of DLCs 
and other contaminants than elsewhere, effects at a population level are not so easily 
recognizable. As ospreys migrate to North Africa and feed on fish there, including different 
contaminants than those in the Baltic Sea (probably lower levels of DLCs but potentially 
higher levels of other reproductive toxicants including pesticides), an assessment of risks to 
ospreys specifically associated with dioxins in the Baltic is difficult.  
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Rattner et al. (2004) did not provide evidence linking marginal productivity of ospreys in 
Chesapeake Bay to p,p'-DDE, total PCBs, or AhR active PCB congener exposure regions of 
concern, although the recocery of the population after DDT bans in 1970's suggested  earlier 
adverse reproductive effects.  
 
Herring gulls in the Great Lakes area suffered reproductive disorders in 1970's-80's that have 
been ascribed to DLCs based on many lines of evidence. The populations have already 
significantly recovered, and were found in the assessment by Cook et al. (2003) to be less 
sensitive to egg exposure to TCDD than lake trout. Reproductive impairment of the kind 
found in herring gulls in North America have not been reported from the Baltic. However, 
congener specific studies of exposures or investigations of other responses such as 
immunotoxicity have not been undertaken. It is  difficult to link herring gull conditions to 
DLCs in fish as it is an omnivorous species feeding as a scavenger e.g. on garbage and 
predating on eggs also in terrestrial coastal environments. 

 
In lesser black-backed gulls, unnaturally high mortality has been observed especially in GF. 
It has been suspected that these mass mortalities might be in part related to DLCs. Based on 
ΣPCB levels and other evidence, Hario et al. (2002) however did not find strong support for 
this hypothesis, as many other factors were concluded to confound such an association.  
 
Double-crested cormorants have displayed disorders linked with DLCs in Great Lakes, 
including reproductive disorders and impairments (Annex 8D). In the different species in the 
Baltic, black cormorant, no such emergent effects have been reported despite at times high 
exposure levels (cf. 3.4). For several years this species has increased explosively in the Baltic, 
now being among the most common birds also in the SW Finnish archipelago and exerting 
much pressure on other species (Fig. 29). This increase may have been until recent decades 
inhibited and thus delayed by the still higher levels of DLCs (and other organochlorides).    

 
The levels of DL-PCBs, other PCBs and PCDD/Fs in eggs of guillemots in the Swedish 
population feeding exclusively on Baltic herring have declined (cf. 3.4). The population has 
had low reproductive rates but this has been associated predominantly with other causes than 
dioxins or other contaminants, including mortality in fishing nets (ref.). Presently the 
population does not seem endangered. 

 
 

 
 
Fig. 29.  The temporal development of the black cormorant population in Denmark (from Persson 
and Stenberg 2004).  
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Eiders have been found to be relatively insensitive for reproductive effects (Brunstrom et al. 
1990), but Murk et al. (1994) found, by using individual-level exposure and effect markers, 
that eiders in Waddensea (slightly less contaminated by dioxins and PCBs than the Baltic) 
exhibited effects on retinol, thyroid states by PCBs, including the dioxin-like CB 77, 
concluding that eiders and probably females in particular may thus be vulnerable to PCBs. 
They hypothesized that PCBs may have played a role in mass mortalities seen in North Sea. 
Information on such population collapses in the Baltic has not been found. However, subtle 
effects may still be present. 

  
Terns as long-range migrators are subject to exposures to hazardous substances also in other 
regions than the Baltic Sea and its catchment. For PCDD/Fs and possibly DL-PCBs the 
contribution of faraway feeding areas is however less than e.g. for DDT. Risks from dioxins 
to such Baltic Sea living birds are a global problem that should be tackled, in appropriate 
ways, also in other regions (including especially Africa in the case of terns). The scattered 
Caspian tern populations in the Baltic have exhibited low reproduction, but the causes of this 
and the potential role of DLCs are unclear. The reproduction of Caspian terns elsewhere has 
been suspected of being compromised by DLCs. However, in the Great lakes relatively high 
ED50 levels in comparison to other birds have been reported (Giesy et al. 1994). In the Baltic 
its reproductive success has varied in time and geographically; minks and parasite out-breaks 
are considred key threats at breeding sites, hunting and droughts in West Africa (Persson and 
Stenberg 2004).  
 
In little terns, Thyen et al. (2000) concluded based on levels of specific PCBs and other 
organochlorines in the German Baltic coast that effects of recent contamination by these 
compounds on eggshell thickness seem improbable, but have probably taken place in the 
1960's and 1970's (cf. Annex 7C). No congener specific or TEQ based data have been found 
on dioxins and related effects in terns in Northern parts of the Baltic. However, the levels of 
PCBs in Arctic terns were 10-fold lower than in herring gulls in 1970's and could not be 
linked to reproductive impairment (Lemmetyinen et al. 1980, 1982). Also in these populations 
the peak exposures have passed, and it seems unlikely that grave reproductive effects from 
dioxins are presently encountered in these parts.  
 

Fish 
 

Salmonids are particularly sensitive to DLCs, and we shall focus on these species. Effects 
have been studied mainly in relation to TCDD exposure in the laboratory (see Annex 8D).  
 
The associations between DLCs and the reproductive disorder in Baltic salmon called 'M74' 
have bee subject to much interest. Vuorinen et al. (1997, 1998) showed by principal 
component and other statistical analyses that PCBs 77, 126, 169, TeCDF, and 2,3,7,8-PeCDFs 
had the strongest associations with yolk-sac fry mortality in salmon, of the agents studied. 
They also affirmed that thiamine plays a role and acts as a therapeutic agent. However, 
several factors may contribute to thiamine deficiency and to M74, including the diet, food-
chain structure and eutrophication, and other contaminants (Bengtsson et al. 1999, Breitholz 
et al. 2001, cf. Annex 8D). Thus, the etiology of the syndrome and the specific roles of 
PCDD/Fs, DL-PCBs and other DLCs in it are yet unclear.  

 
Experimental results have been extrapolated to other DLCs and species in field conditions 
especially in assessments of the population declines and recoveries of Great Lakes lake trout. 
These results can not be directly generalized to Baltic salmonids, but have relevance for the 
estimation of effect levels and risks in these and other fish species also in the Baltic Sea (cf. 
Annex 8D). The extensive ecoepidemiological review assessment of Cook et al. (2003) 
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concluded that by 1940, following more than a decade of population decline attributable to 
reduced fry stocking and loss of adult lake trout to commercial fishing, the predicted sac fry 
mortality due to AhR-mediated toxicity alone explained the subsequent loss of the species. 
Reduced fry survival, associated with adverse effects and possibly complicated by other 
environmental factors, occurred after 1980 and contributed to reproductive failure of stocked 
trout despite gradually declining egg TEQs. Present exposures are close to the most probable 
NOAEL, 5 pg TEQ g-1 egg; mortality is estimated to take place at ca. 30 pg TEQ g-1 egg. The 
toxicity predictions are very consistent with the historical data for lake trout population levels 
in Lake Ontario, stocking programs, and evidence for recent improvement in natural 
reproduction concomitant with declining levels of DLCs in sediments and biota. 

 
In other Baltic fish species, observed lesions and disorders (Annex 8D) have not been 
conclusively (or even suggestively) linked with exposure to DLCs. However, given the state 
of knowledge on effects in many species and the many confounding factors in field situations, 
it can not be excluded that dioxins and DL-PCBs and related substances have contributed to 
such conditions, particularly in earlier decades at higher exposures. As in salmonids, it is 
more likely that they have contributed to subtle effects that are not readily observable, or to 
reproductive disorders only indirectly and modified and masked by the primary influence of 
other agents and factors.  

 
4.4.3  Summarizing evaluation of dioxin-linked wildlife effects 
 

Many adverse effects in wildlife populations in the Baltic Sea and its surroundings have been 
tentatively linked with exposures to PCDD/Fs, DL-PCBs and other DLCs. This is in part a 
result of the use of increasingly sensitive effect measures and markers, including responses at 
biochemical level, many of which (such as alterations in levels of enzymes or hormones) are 
only indications of possible responses that may or may not follow.  
 
Many suspected linkages of emergent effects with DLCs are still inconclusive, and for some 
hypotheses contrary evidence has been produced (cf. Table 14). Such evidence has included 
the absence of overt toxicological or pathological conditions that could clearly be linked only 
to DLCs and not to other factors, as well as typically improved reproductive performance in 
populations of the species considered to be most highly exposed and vulnerable. 
 
In some cases, there is however mounting evidence of significant involvement of PCDD/Fs 
and still more often DL-PCBs in adverse conditions, especially in the past (Table 14). Such 
evidence is based e.g. on time orders and specificity of effects and exposures, data from other 
animals including experimental animals, dose-response relationships, supportive mechanistic 
and ecological information, as well as on the coherence of additional studies.  
 
It should be stressed that in addition to and already before (or still after) overt reproductive 
failure or other such severe population-level effects occur (and are observed), other adverse 
effects are likely to set in. These include effects that do not normally affect reproductive rates 
but impair the overall condition of the population. In some cases, such effects may have an 
impact on a more infrequent basis e.g. through epidemics caused in part by immune disorders.  
 
The concurrent exposure to other contaminants and agents, some of them with similar 
temporal trends, fate and effect profiles, together with the great variation in biological 
systems, makes it difficult in most cases to establish definite effects and causes particularly in 
field studies. These cases are different from experimental studies with more well-defined 
conditions, including exposures to single substances or to well-defined mixtures. For many 
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effects tentatively ascribed to dioxins, basic data on the natural variation and the role of other 
factors is lacking, or is not fully utilized in making inference of effects. 
 
As to the specific DLCs, DL-PCBs have often been implicated as the lay causes of adverse 
effects. The relative significance of coPCBs varies by case; CB 126 in many cases dominates 
dioxin-type toxicity, but in some species and settings, other CBs such as CB 77 and CB 169 
have been prominent as well. These (as well as PCDD/Fs) interact with other contaminants 
including non-dioxinlike PCBs in ways that are poorly known and hamper risk assessment; 
this has been a major obstacle e.f. in describing, explaining and quantitatively assessing 
effects in mustelids (otter and mink). 
 
The severity and overall quality of effects needs to be considered as well. As more sensitive 
and specific methods and markers are developed for observing biological and biochemical 
effects caused by dioxins, and as the selection of species increases, dioxin-related responses 
may be found in still more wildlife species and populations and in still more settings. On the 
other hand, some of these effects (e.g. within enzyme induction or mRNA alterations) are 
subtle and transient, not necessarily adverse, difficult to interpret and of uncertain 
physiological and ecological significance. Some of them are more of the indicator and early 
warning type of responses. 
 
It should be emphasized that many of the judgments concerning the occurrence of effects and 
their causes are not based only or primarily on natural scientific facts or are not even in 
principle definable with such knowledge and with unequivocal criteria, but are a matter of 
interpretation; this will be discussed in more depth in chapters 5 and 6.  
 
In most of the cases where adverse effects have been more conclusively linked with DLCs, 
mainly including reproductive disorders, the situation for these affected populations seems to 
have already improved and even normalized, at least in terms of reproductivity, or seems to 
be improving. Examples of such development are the increased viability of many seal 
populations, sea eagle, and mink and possible otter. It is to be assumed that less drastic and 
notable effects are caused already at lower exposures, and may thus still continue.     
 
Because of the bioaccumulation and other properties of DLCs, their effects are mainly 
suspected in animals largely consuming fish, such as seals, minks and otters, predatory and 
colonial fish-eating birds.   

 
There is a possibility that some effects of dioxins are caused at community and ecosystem 
level through ecological interactions even if not evident at the level of single species. Also 
non-linear and lagged processes may be involved. However, there is also resilience in the 
communities and ecosystems. It seems unlikely that community level effects become severe 
as also the condition of the most sensitive species identified so far has improved.   
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Table 14. Summarizing evaluation of information on disorders in Baltic Sea wildlife that have been 
linked with dioxins and PCBs, emphasizing the weight of evidence (cf. Annex  8D).   
 
Species Disorder(s) or adverse 

conditions suspected 
Occurrence, 
development and 
variation of effect 

DLC exposure 
information, etiology 
and confounders  

Supporting or 
conflicting 
information 

Overall evaluation of 
evidence as to dioxin and 
DLC effects  

Ringed seal 
 

-uterus occlusion 
(sterility) 
-renal lesions 
 

70-80's peak 
(BB), improving 
but suboptimal; 
lesion incidence↑

tissue (co)CBs; other 
OCs (DDTs) and 
(biol.) stressors may 
dominate effects 

other (mar) 
mammals/regions; 
(hormonal) basis of  
effects; metabolism 

likely to have contributed 
to past declines and may 
still compromise health 
(suboptimal pregnancy)   

Grey seal 
 

-colonic ulcers 
-skull lesions 
-adrenal/renal lesions 
-uterine leimyoma  

ulcers increased, 
lesions persist 

tissue CBs; other 
OCs/stressors (e.g. 
worms)  confound 
(immune effects ?) 

other (mar) 
mammals/regions; 
mechanistic basis; 
metabolism 

likely to have contributed 
to past and possibly to 
some present disorders, 
but stocks have recovered  

Harbour 
seal 

-PDV epidemics 
-immunosuppression 
-bone, skin lesions  

epidemics in –88, 
-02 in KAT, SW 
BS; lesions in 
SW BS 

high DLC levels still; 
fish levels of concern 

information from 
other regions; exp,  
toxicokin, mech 
information 

Contributing role of fish 
contaminants confirmed 
experimentally; field effects 
and share of DLCs unclear 

Harbour 
porpoise 

parasites, skin lesions, 
pneumonia, liver 
fibrosis, arthrosis, 
abscesses 

frequent (SW 
BS); (temporal 
etc) variations 
unclear 

D/Fs and CBs high in 
BS; elevated DLCs in 
stranded N Sea 
specimens   

 sensitivity; effects 
in related marine 
mammals 

may have caused adverse 
effects  

Mink 
 

-rprd/devel impairment 
-VitA reduction 

 only ΣPCBs reported 
from BS area 

Gt L etc studies, 
mechan info; many 
(nat) factors 

likely to have caused some 
effects but not checked 
growing popul  

Otter 
 

-rprd disorders, 
population declines  

low rprd in 1970-
80's 

only ΣPCBs reported 
from BS area 

+mink analogue 
-DDE important 
-also other food 

have probably contributed 
to declines and may still 
cause some effects 

White-tailed 
sea eagle 

-infertility 
-failed nesting and 
embryo mortality  

rprd disorders (in 
recent yrs strong 
recoveries) 

strong accumulation 
in eggs and muscle; 
PECs>some PNECs 
but these are 
variable and unclear 

effects and effect 
levels in other 
birds; DDE/other 
OCs shown to 
confound 

(DL-)CBs have contributed 
to disorders; grave effect 
levels passed, stocks 
recover strong 

Osprey rprd impairment as 
seen in US in 
association with DLCs 

fluctuation but no 
DLC-indicative 
disorder 

no repres congener 
data; fish levels of 
concern, inland 
exposure 

-JPN data on 
higher tolerance at 
popul level than  
biochem LOELs 

unlikely to cause adverse 
effects anymore 

Little tern 
 

rprd impairment in GtL, 
NL common terns 
linked w/ coPCBs  

popul declines in 
1970-80's 

little congener data; 
fish levels of concern 

+other regions, 
mechan info 
-other OCs/ factors  

assessed to be probably 
contributing to declines but 
past  

Caspian 
tern 

rprd impairment in GtL 
linked w/ coPCBs 

low reproduction 
in BS populations

no repres congener 
data; fish levels of 
concern  

+other regions, 
mechan info 
-high LD50 
-other OCs/ factors 

may not have contributed 
to adverse effects as a key 
factor 

Herring gull 
 

rprd impairment in GtL 
linked w/ coPCBs 

no clear disorder 
reported in BS; 
no embryotoxicity

no repres congener 
data; also inland 
exposure 

+other regions, 
mechan info;  
-other OCs/factors 

may have contributed to 
some (subtle) effects in the 
past 

Lesser black-
backed gull 

population fluctuations  PCB -DDE regarded as 
more important   

not likely to be of 
importance  

Guillemot 
 

emaciation associated 
w/ TEQs in NS   

not reported in 
BS (except 
earlier mortality)  

declining D/F and 
PCB trends in eggs 

-popul studies 
suggested fish nets  
as major cause   

do not seem important in 
BS, particularly presently 

Eider mortality and VitA, Th 
effects of CBs in NS 

not reported in 
BS 

no repres congener 
data from BS 

-rprd tox in BS has 
been low 

possible (subtle) effects 

Black 
cormorant 

rprd/devel disorders in 
GtL/NS linked w/ DLCs 

not reported in 
BS, popul grwth 

no repres congener 
data 

 no adverse effects likely as 
populations thrive  

Salmon 
 

rprd syndrome M74 common in BS co-vary with some 
DLCs; fish levels of 
concern 

diet/thiamine etc  
(nat) causes;  
+expo/mechan info 

possible contributor but 
unlikely key cause of rprd 
disorders 

Burbot 
 

rprd disorders  common in BB very high DLC levels 
in liver 

-also other (nat) 
causes 

? 

Flounder 
 

tumours and lesions common in BS PAH etc DLC levels 
unrelated to preval. 

-nat causes 
(parasites), insensit. 

probably not 

Cod 
 

rprd impairment variable  high liver DLC levels many nat causes 
known 

probably not 

Herring 
 

emaciation variable relatively high DLC 
levels (aged fish) 

many nat causes 
(e.g. diet) 

probably not 

Explanations: GtL=Great Lakes; NS=North Sea, BS=Baltic Sea, BB=Bothnian Bay, KAT=Kattegat, SW=Swedish; D/F=PCDD/Fs, coCBs=coplanar 
PCBs;  DLC=dioxin-like compounds, OC=organochlorides; rprd=reproductive; devel=developmental; VitA=Vitamin A; PDV=Phocine Distemper 
Virus; M74=salmon reproductive syndrome; exp=experimental, nat=natural. References: … (cf. Annex 8D) 
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4.5 Other biological effects of Baltic Sea fish, including beneficial health effects 
 
4.5.1 Other adverse health effects of Baltic Sea fish  
 

Baltic Sea fish contains many other harmful substances in addition to DLCs. All these 
substances have potential impacts on the risks of dioxins. They may be amplified or 
alleviated, either by direct synergistic or antagonistic interactions or by other means, e.g. 
through influences on the fate of dioxins. Other substances thus need to be taken into account 
at least at a rudimentary and qualitative level in integrative assessment. Multi-stressor 
interactions especially in a comprehensive management decision perspective go beyond  
biological interactions at the level of AhR. For instance, even though the effects of some of 
the other fish ingredients are not dioxin-like in the sense of being AhR mediated and having 
precisely similar profile, they may be rather similar regarding some endpoints in particular. 
An example of this is the neurotoxicity of non-dioxinlike PCBs and methylmercury in fish.  
 
Effects of other substances (in fish), although having other causes and only partly similar 
effects, may need to be considered in comparative risk assessment and risk evaluation to 
decide whether fish can be consumed or used otherwise or not, and to what degrees and how 
more precisely. This is analogous with the comparative assessment of risk from dioxins and 
benefits from other ingredients, values and qualities of fish; also in that case, the effects are 
not directly commensurable, but sufficiently so to be considered in overall health care (see 
more detailed discussion in chapter 5). In the present context it is appropriate to consider 
mainly such substances that are persistent and bioaccumulative, as they are closely associated 
with dioxins both in the fish matrices and in terms of other properties, and as they are 
relevant, being POPs, also in many management decision making contexts. Also for these, 
only a limited description and discussion of effects is feasible in this connection, mainly in 
order to identify potential links with dioxin effects and risks.   
 
Relevant other (relatively) persistent, bioaccumulative and toxic substances in Baltic Sea that 
may interfere with or influence the risks from dioxins in fish include (cf. 5.5, Annex 8): 
• Di-ortho and poly-ortho PCBs have non-additive interactions with PCDD/Fs or DL-PCBs 

in some systems and for some responses (cf. Annex 8C) 
• HCBz (as not included in DLCs)  
• DDE and related DDT metabolites 
• Dieldrin 
• Toxaphene and its isomers 
• Chlordane, oxychlordane, nonachlordane and related substances 
• Chlorinated phenols, guajacols, catecols, anisols and other phenolic compounds 
• Methyl mercury 
• Possibly, Mirex and photomirex 
• TBT and related compounds (for non-human animals) 
• Non-dioxinlike PAHs (mainly for non-human animals). 

 
Other relevant risk agents in  the present connection include especially the following: 
• Natural dioxins in diet:  
• Food pathogens:  
• … 
• … 



 

 

114

 

4.5.2  Health benefits from fish consumption 
  
General  
 

Fish is a beneficial ingredient in diet and a valuable source of protein, fat, energy, vitamins 
and minerals. The health benefits of fish consumption extend beyond avoidance of starvation 
(although this is important especially in a global food perspective), to potentially great 
benefits as compared with other foods. The benefits are variable as are their causes and co-
factors, including fish of various kinds and other dietary, life-style, genetic, biogenic and 
environmental factors. This makes assessment of them difficult despite the considerable 
nutritional and health research in this area. Due to the potential great significance of these 
effects in risk management, they are treated here in some detail (cf. Annex 8C). 
 
Fish is of vital health significance also to many other animals, those in particular that are 
wholly dependent on it. From a management point of view, comparison of risks and benefits 
from dioxin-rich Baltic fish is meaningful mainly in terms of human health, as the reduction 
of human consumption of such fish has been only targeted e.g. in the EU dioxin strategy (cf. 
6, 8). However, any restrictions on fisheries have indirect impacts, adverse and beneficial, 
also on non-human consumers of these fish, and still other risk management means may 
influence the benefits and risks to the health of other animals even more directly and strongly.  

 
Cardiovascular health 
 

Fish has been shown in many studies to be beneficial for cardiac and cardiovascular health 
and thus for mortality but also for overall health and quality of life. This is due in particular to 
polyunsaturated fatty acids (PUFAs) in seafish. There are complex interactions with overall 
diet and other factors if cardiovascular health.  

  
Fish and particularly fatty seafish contains n-3 (ω-3) series PUFAs such as docosahexaenoic 
acid (DHA) and eicosapentaenoic acid (EPA) that have been shown to be beneficial to cardiac 
health. In Finland for example, ca. 18 % of the total intake of n-3 PUFAs is obtained from 
fish in both men and women (roughly as much as from meat). However, not only the amount 
of n-3-PUFAs is important but also the overall composition of fats. Meats contain much 
saturated, mono-unsaturated and polyunsaturated fatty acids (supplying ca. 20, 30 and 30 % 
of the total intake of these by Finns, respectively) while fish contributes 3, 5 and 7 %, 
respectively (Mannisto et al. 2003). In addition to n-3 PUFAs, n-6 PUFAs (Sargent 1997) and 
trans fatty acids (Dyerberg et al. 2004) are important for cardiac health. The latter have been 
also in focus in studies of beneficial effects of terrestrial animal fats. 
   
Kromhout (2000) in his review on cardiovascular disease and diet in general concluded that a 
diet low in saturated and trans fatty acids and rich in plant foods in combination with regular 
fish consumption is associated with a low risk of cardiovascular mortality. As summarized by 
Harris and Isley (2001), the evidence supports the view that already relatively small intakes of 
n-3 PUFAs are cardioprotective. According to Harper and Jacobsen (2003), both 
epidemiologic and clinical secondary prevention trials suggest that the n-3 PUFAs, from 
sources such as fish oils and plants rich in a-linolenic acid, may have a significant role in the 
prevention of coronary heart disease. They further pointed out that clinical trials have 
demonstrated reductions in risk that compare favorably to those seen in landmark secondary 
prevention trials with lipid-lowering drugs (cf. Annex 8C).  
 
The benefits of fatty fish consumption for cardiovascular health are particularly important as 
substantially reduced mortality (by several tens of percent according to some studies).  
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Vitamin D and bone development 
 

Fatty seafish, especially liver, is rich on vitamin D. In Finland, ca. 45 % of its total intake was 
obtained from fish in 2002 (Mannisto et al. 2003). The sources of vitamin D are otherwise 
scarce especially for children. Vitamin D deficiency has long been known to be associated 
with bone development, as seen e.g. in the historical incidence of rickets in children, 
prevailing throughout adulthood. As reviewed by Molgaard and Michaelsen (2003), 
prolonged vitamin D deficiency resulting in rickets is seen mainly during rapid growth. The 
authors emphasized that reports of increasing rates of rickets due to insufficient sunlight 
exposure and vitamin D intake are cause for serious concern.  
 
Many countries (including Finland) recommend vitamin D supplementation during infancy to 
avoid rickets due to the low vitamin D content of human milk, and sea fish liver oil products 
have been traditionally used to supplement diets. Without fortification only certain foods such 
as fatty fish contain more than low amounts of vitamin D, and many children will depend 
entirely on sun exposure to obtain sufficient vitamin D. Sunlight is scarce especially during 
winter in the North, and is also avoided by some (in part due to sensitivity and other health 
reasons, including skin cancer concerns). Although the skin has a high capacity to synthesize 
Vitamin D, if sun exposure is low this synthesis is insufficient especially in dark-skinned 
infants (Molgaard and Michelsen 2003). Deficiency of vitamin D from reduced consumption 
of fatty fish among such infants and their mothers, even the Northern (Baltic Sea) population 
as a whole, may thus increase the risk of abnormal bone development, if vitamin D 
fortification is not ensured by other means.  
 
It has been maintained in the Finnish justifications for derogation from the EU regulations of 
dioxin-laden fish that Vitamin D from fatty sea fish would be particularly important for the 
health of elderly people (Finnish Ministry of Trade and Industry 2001). This argument may be 
related to the common deterioration of bones with age, especially osteoporosis (cf. 5.5). On 
the other hand, as shown in the studies cited above, Vitamin D also at earlier stages of 
development is highly important. This is important given the concerns of adverse effects of 
DLCs on bone development (cf. 4.2 and Annex 8.D).   
 

Neurological health 
 

Uauy-Dagach and Mena (1995) concluded there is clear evidence that dietary 
supplementation of n-3 PUFAs is essential for normal eye and brain development, including 
motor function, and may help regulate infant sleep (see also 9.D). These findings are 
important with a view of the suspected neurological and neurobehavioural developmental 
effects, including motor development effects, of dioxins and DL-PCBs during low-level 
prenatal exposure (see above). It may be possible that fish, especially fatty fish and fish oil, 
counteracts the potential adverse effects of dioxins on pre- and perinatal neurological 
development, and restores or even reverses the benefit-risk balance.  

 
Arthritis and immunological status 
 

PUFAs exert beneficial effects in a variety of inflammatory disorders; the n-3 series found in 
marine fish oils is particularly effective. Cleland et al. (2003) concluded from collected 
evidence that beneficial anti-inflammatory effects of dietary fish oils have been demonstrated 
in randomised, double-blind, placebo-controlled trials in rheumatoid arthritis (RA). They 
pointed out that fish oils have protective clinical effects in occlusive cardiovascular disease, 
for which patients with RA are at increased risk, suggesting important synergistic benefits 
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from consumption of marine fish oils. They further lamented that the clinical use of anti-
inflammatory fish oil has been poor.  

 
Bjornsson et al. (1996) found that although sensitization to food allergens is not uncommon 
also in Swedish adults, the correlation to specific symptoms of food intolerance is weak. In 
contrast, fish consumption has been found to protect against some forms of allergy also in 
children; in particular, PUFAs have been thought effective against inflammation in the 
airways based on cohort studies (Nafstad et al. 2003, Annex 8C). 

 
Metabolism 
 

Intake of fish oil PUFAs has been found to be associated with beneficial effects on 
carbohydrate metabolism, including effects on women with insulin-dependent diabetes 
mellitus and insulin sensitivity improvement (cf. Annex 8C).  
 

Cancer 
 
Beneficial effects of seafish consumption and specifically PUFAs have been found on the sex 
hormone modified tumour types, breast cancer, prostate cancer, endometrial cancer. 
Beneficial effects on colorectal cancer are also possible (see Annex 8C). Such effects of 
marine fatty fish are important with a view of the relative health risks and benefits from DL-
PCBs in such fish, as particularly impacts of such contaminants in farmed and wild salmon on 
cancer mortality have been debated (see Hites et al. 2004 and the ensuing discussion, 5.5). 

 
Other beneficial effects 

 
• Antioxidant effects of selenium 
• Hemodialysis treatment. 

 
Summarizing evaluation 
   

Taken together, the evidence points to considerable and in many cases and respects well-
confirmed, consistent and long-term beneficial effects of the consumption of fish in general 
and of fatty marine fish in particular to human health. Some of these effects are attributable 
to n-3 PUFAs in fish oil, but also other marine fish ingredients such as vitamins and trace 
elements play an important role in nutrition and health; in addition, the overall fat 
composition of fish is nutritionally favourable. 
  
It is of interest that most of the important potential or confirmed adverse human health effects 
and risks of DLCs at low doses, bone and neurological development and immune dysfunction, 
as well as the higher-dose tumorigenic, metabolic and possibly cardiac effects, are so well 
matched and probably in most cases exceeded by the health benefits of fatty fish in these 
same broad classes of effects or conditions. It indeed seems almost as if fatty seafish would be 
a near-ideal natural remedy and preventive to dioxin toxicity.   
 
Questions remain regarding how these beneficial and harmful effects relate to each other, 
whether they are actually competing (having sufficiently similar mechanisms and endpoints), 
what their magnitude and certainty are, how they are distributed in populations and otherwise, 
and whether the beneficial effects of fish fat in that case dominate over or may even prevent 
or remedy any such harmful effects of dioxins. Such benefits can also be obtained by dietary 
consumption of other PUFA products, fish-based and others. These issues will be analyzed in 
some detail in later sections. 
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5  Risk and uncertainty characterization 
 
5.1  Variations and qualities of risks associated with dioxins in Baltic Sea fish 
 
5.1.1  Mixture effects and risks of various compounds  
 

Differences in risks between the various congeners are caused at all stages of risk formation. 
Many of these differences have been treated in the preceding chapters. Most attention in risk 
characterization connections is given to the relative toxicity of the various congeners and in 
general to mixture effects (cf. 4.2).    

 
The mixtures of dioxins and other DLCs can be approached by either 
• congener-specific assessment especially in cases where a dominant congener for overall 

toxicity can be shown to be present   
• TEFs aggregating all DLCs present, assuming additivity in effects of the individual DLCs  
• in principle, also by other models (e.g. more elaborate and diversified) of mixture effects   
• direct measurement of the compound effects e.g. by bioassays providing Bio-TEF values 

 
This aggregation or specification need also holds for the assessment of the behavior of the 
various congeners in organisms, i.e. pharmacokinetics and other exposure processes, that may 
be included in effects assessment or treated separately (in exposure assessment), if at all.  
 
Dioxins are present as complex mixtures that are themselves part of still more heterogeneous 
mixtures including non-dioxinlike compounds, some of which are present at levels that are 
orders of magnitude higher. It may however be possible to deduce the share of PCDD/Fs or 
DL-PCBs in the risks from such heterogeneous mixtures. For instance, Till et al. (1997) found 
that total dioxin toxicity measured by Bio-TEQs was ca. twice as high in flyash extracts as 
based on the sum TEQs of the analyzed PCDD/Fs and PCBs; in flyash from noble metal 
plants and wood incinerators this was found to be due to the high levels of dioxin-like PAHs. 
Thus, mixture effects can be a key to identifying additional DLCs and to relating the effects 
of classic dioxins to the effects of such other compunds.       
 
It is usually assumed that dioxins and other DLCs have additive effects or, more precisely, 
concentration additive action. This is the foundation for the calculation and quantitative 
assessment of dioxins as TEQs. The assumption of additive effects is based in particular on 
the premise that DLCs all elicit their effects through the Ah receptor and that their binding to 
the AhR obeys simple forms. This has been shown to hold for the relative bioactivity and 
toxicity of PCDD/Fs and other DLCs in a number of systems and in the case of many 
endpoints, although different TEFs have been necessary for key groups of vertebrates (van 
den Berg et al. 1998). It has been often stated (e.g., Safe et al. 1989) that TEFs derived from 
congener-specific activity and responses rather well predict the additive action of mixtures of 
PCDD/Fs, even if the TEFs are order-of-magnitude approximations of the relative toxicity. 
Thus, although shortcomings of the approach such as species differences and non-additive 
effects are admitted, TEFs are commonly seen as the most appropriate approach to assessing 
dioxin mixtures (Van den Berg et al. 2000).  

 
Additivity of effects has been often regarded as a reasonable assumption for PCDD/Fs for 
risk assessment (see e.g. the review in van den Berg et al. 2000 and the data for reproductive 
effects in rats by Hamm et al. 2003). However, there are many limitations and caveats in this 
approach to mixture effects, as stated also by van den Berg et al (1998). The adequacy of the 
approach will depend on the level of imprecision allowed, and will also vary according to the 
particular case of application, e.g. the mixture and biological system in question.  
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At a principle level, the TEFs may give a false sense of the precision and accuracy of effects 
and thus risk estimates. They may also hide the variability and uncertainty underlying TEF 
values. When it is said that TEFs are "sufficient for risk assessment purposes” the verdict is 
entirely dependent on the meaning then implicitly attached to “sufficiency”.  
 
The differing and partly confusing notions of mixture toxicity of dioxins are exemplified and 
expressed quantitatively by the level of precision attached to numeric values. Even though it 
has been stressed e.g. in the WHO expert consultation and subsequent guidance (Van den 
Berg et al. 1998, etc ref.) that TEFs are order-of-magnitude estimates only of the compound 
risk, as has been taken into account in some quantitative risk estimates (e.g., Yoshida and 
Nakanishi 2003), they frequently are presented and treated as more precise values, even to 
several decimal points. They thus assume on one hand an unjustified singularity (with regard 
to the individual component congeners) and on the other hand an unjustified precision.  
 
Neubert et al. (1992) summarized the requirements for even considering the application of a  
TEF concept "from a scientific point of view", laying down strict criteria based on the 
prerequisities used routinely e.g. in pharmacology; based on a review of the theoretical and 
empirical basis, they concluded that none of these conditions are met in the case of TCDD: 
• the action of the congeners must be strictly additive in the relevant dose range 
• the manifestations in different species must be identical over these dose ranges  
• dose-response curves for various endpoints for a given congener must run parallel 
• the dose-response curves for a given endpoint must run parallel for the various congeners 
• to extrapolate between species the kinetics must be identical, or differences accountable 
• for human risk assessment, manifestations in the low dose range are of special interest, 

and must be identifical with those observed at high doses. 
 
A particular challenge to the TEF concept is the possibility of non-additive action, 
synergistic or antagonistic. Also Pohl and Holler (1995) concluded that the concept is valid 
only if specific criteria are met (e.g., a broad database, consistency across endpoints, 
additivity of effects, common mechanism of action) and that in environmental exposure the 
total toxicity of DLCs is not necessarily the sum of the total individual congener toxicities.  
 
It should be stressed that deviations from the additivity assumption and TEFs based on it may 
either increase or decrease risks. This can be endpoint-dependent. Brouwer et al. (1995) 
pointed out that exclusive use of the TEF approach may underestimate the risk of 
neurodevelopmental effects, as AhR independent mechanisms may be involved. 
  
The form of mixture effects depends on the mixture. Hornung et al. (1996) reported that in 
rainbow trout the interactions between brominated dioxins and PBBs were additive, based e.g. 
on pairwise tests by a probit model. On the other hand, Zabel et al. (1995) showed that the 
only pairs showing evidence of a statistically significant interaction that deviated from 
additivity in rainbow trout sac fry mortality test were TCDD/CB77 and TCDD/CB 126. The 
latter deviation may be important with a view of the abundance of CB 126 in the Baltic and 
also of its possible (putative) reproductive and other effects on salmonids. 
 
As to pharmacokinetics, Chen et al. (2001) reported that the behaviour of 4-PeCDF, like the 
other congeners, was dose-dependent, concluding that extrapolation of high-dose 
experimental data should be used with caution (cf. 5.2). Also the results of DeVito et al. 
(1998), supporting the presence of an inducible hepatic binding protein for 4PeDCF, suggest 
that pharmacokinetic differences between congeners are important for their relative potency. 
De Vito et al. (1997) even proposed that it may be useful to derive two sets of TEFs, one for 
estimating intake equivalents and the other for estimating tissue equivalents that would 
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account for pharmacokinetics (and then be based more exclusively on toxicodynamics, i.e. the 
actual responsiveness of the target tissue(s)). This would further diversify the TEFs, now 
being specified only for the various key receptor groups (mammals, birds and fish). 
 
The additivity assumption as a basis of TEFs does not hold equally in all biological systems. 
Lorenzen et al. (1997) concluded on the basis of in ovo testing of individual DLCs (TCDD, 
CB77, CB 126, CB169), Aroclor 1254 and tissue extracts that common tern embryos may be 
more susceptible to the CYP1A inducing effects mediated by complex mixtures of such 
contaminants than indicated by their response to individual compounds. Likewise, Van der 
Plas et al. (1999) found that TEQ-based administered dose overestimated the observed liver 
tumor-promoting effects of the mixture of DLCs including PeCDFs in rats when also PCB153 
was included. The increasing specification of various TEF values for different groups of 
animals (mammals, birds and fish) already represents an elaboration of the assumption of 
uniform additivity, and a step toward taking variations in this additivity into account. A 
similar need to diversify the assessment and the operational assessment tools like TEFs on the 
basis of e.g. differences in relative toxicity between different endpoints may be envisaged.  
 
In non-mammal animals, less information is available on the relative toxicity of the various 
DLCs. The higher relative toxicity of DL-PCBs in birds is a major exception (cf. 4.4), and is 
reflected in the TEF values for PCBs. For some other DLCs and systems, the assumption of 
additive effects and the use of the TEF concept seems to hold reasonably. For instance, the 
results of Hornung et al. (1996) in rainbow trout supported the use of fish-specific TEFs to 
convert tissue concentrations of PBDD/Fs and PBBs to TEQs and then adding the TEQs 
contributed by the various congeners to give the total TEQs in the tissue. By comparing the 
TEQs in feral fish eggs to the fish egg TCDD NOEL and LOEL for early life stage mortality, 
the risk that complex organobromide mixtures to sac fry survival could be estimated.  
 
The results on toxicity of dioxin mixtures in rainbow trout sac fry mortality test by Zabel et al. 
(1995) collectively suggested that the use of fish-specific TEFs to determine TCDD 
equivalents may not exactly predict the mortality risk posed to fish early life stages by the 
mixture of TCDD-like congeners in the eggs. However, they concluded that the relatively 
small deviations from additivity (1- to 4-fold) are less than traditional uncertainty factors used 
in non-cancer risk assessments (10-fold/factor) and are thus not sufficient to warrant a change 
away from the additivity assumption in assessing the risk to fish early life stage mortality 
posed by TCDD and related compounds in eggs. 
 
The applicability of the TEF concept also depends on the endpoint. Toyoshiba et al. (2004) 
demonstrated that for some responses the use of a single relative potency factor is not 
appropriate for comparing the dose response behavior of different dioxin-like congeners. 
 
Variations, uncertainties and specification needs in TEFs and mixture effect assessment are 
particularly important for PCBs and for Baltic Sea fish dioxin assessment, due to the large 
share of PCBs of overall TEQs, to the current process of extending assessment to them also in 
the areas of food risk management, and to the evidence that exists for the particularities and 
pattern of individual and micture toxicity for this class of DLCs. An example of the 
differences in relative toxicity between compounds and endpoints is the study of van Birgelen 
et al. (1996) of porphyria caused by various PCDD/Fs, PBDD/Fs and PCBs. They found 
higher relative potencies of the 1-o-PCBs and concluded these to have important implications 
for risk assessment of these compounds. With 2-o-PCBs, most commonly antagonistic effects 
that may be explained in part by their levels that are usually orders of magnitude higher that 
those of dioxins and thus may e.g. block receptors and other binding sites (cf. Windal et al. 
2003b, Harper et al. 1995 and Annex 8A). 
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In particular, the mixture characteristics of 4-PeCDF and CB 126 with other DLCs should be 
taken into account. Brewster et al. (1988a) found that the whole-body half-life of 4-PeCDF is 
much greater than 1-PeCDF and greater than or equal to TCDF. Its toxicity in vivo in 
monkeys was comparable with that of TCDD (Brewster et al. 1988b), but 9 % of that of 
TCDD in some other animals (Birnbaum et al. 1987, 1991). On the other hand, Nagao et al. 
(1993) showed that the TEF of 0.5 for 4-PeCDF, proposed already by NATO-CCMS (1998) 
and retained for mammals and fish by WHO in 1998 (Van den Berg et al 1998), 
overestimated the cleft palate inducing potency of 4-PeCDF in mice about 2.5-fold, 
suggesting 0.2 as a TEF; the potencies of the PCDF mixtures studied were also clearly 
overestimated, unlike those of the PCDD mixtures that better conformed with the (WHO) 
TEFs. It thus is possible that the risk associated with the key dioxin congener in Baltic Sea 
biota including herring and man, 4PeDCF, are greater or smaller than those indicated by the 
present consensus values of relative toxicity. This will essentially depend on which species 
and effects (including in vivo and in vitro responses) are selected as the basis of TEFs, and 
how they will be weighted. 
 
For PBDD/Fs, some differences in relative toxicity among the various congeners may be seen 
from those in corresponding PCDD/Fs. Birnbaum et al. (1991) reported that in mice, 
bromination decreased the teratogenic activity of TBDD relative to TCDD and of both 1- and 
4PeBDF relative to the chlorinated isomers, but substitution of bromines for chlorines 
increased the potency of TBDF relative to TCDF. Thus, in PBDD/Fs the relative significance 
of TBDF is emphasized.  

 
Some of the apparent differences between congeners in relative toxicity may not be 
generalizable but mainly observed in some systems, conditions and respects only; as 
information on these is increased, a better picture emerges of the applicability and the limits 
of the TEF concept. For instance, Hamm et al. (2003) found that that the slightly lowered 
degree of response to a PCDD/F mixture including 4-PeCDF and 0-o PCBs based on 
administered dose appeared to be due to decreased transfer of mixture components to the 
offspring, and that, therefore, the use of the WHO consensus TEFs reasonably predicts the 
developmental toxicity of this mixture of DLCs. 
 
Even after such improvements, it is evident that the applicability of TEFs is not objectively 
resolvable but depends on notions of the meaning of 'scientific criteria'. Relaxed criteria may 
be allowed in the name of 'risk assessment' or 'practicality' and are not to be wholly dismissed, 
but are always to a considerable part ambiguous, amd should not be disguised in science.   

 
5.1.2 Variations and relations of risks among receptors  
 
General 
 

An important aspect of risks is who are subjected to them. This is crucial information for 
management evaluations and decisions. In particular, high-risk groups have to be identified 
and their specific risks characterized. This holds to both humans and to other risk groups.  

 
Information is still lacking on the distribution of risks. For instance, we do not know in as 
much detail the dioxin exposure in fetuses or children as in adults. Second, these distributions 
may be related to and conditioned by other distributions and differences between groups.  

 
Risk variation between groups is caused not only by variation in exposures but also in 
susceptibilities or vulnerabilities to risks, i.e. factors in the effect stage. This may be extended 
to other stages of the event chain all the way to risk management and adaptation to risks.   
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Species, strain and other taxonomic differences and extrapolations 
 

There are variable results and evaluations of the relative sensitivity of different species and 
other taxa to dioxins. Some of the interspecies variability differences in response may be due 
to different pharmacokinetics instead of actual sensitivity differences (e.g. SCF 2001). Some 
of the apparent sensitivity variation is due to artefacts, e.g. study design, route of 
administration and characteristics of exposed organisms. The relative sensitivity also depends 
on congeners and effect. However, also within responsiveness great differences exist that 
have been confirmed to be associated with genetic variability (Simanainen et al. 2004).  
 
Differing evaluations have been offered also of the significance of interspecies variability in 
dioxin assessment. Birnbaum (1995) stressed that although some species are outliers for some 
effects (being markedly less responsive than other species), they usually have similar 
susceptibility as other species for other effects. The overall conclusion was that dioxins 
produce similar effects in many species. Such an evaluation would have an impact on risk 
assessment especially by strengthening the case for extrapolating animal data to humans. On 
the other hand, interspecies differences may be stressed e.g. when too straightforward 
extrapolation from animals to humans is not desired. 

 
In a similar vein, Grassman et al. (1998) summarized their evaluation of integrated human and 
non-human animal assessment: a) The reproductive, developmental, immunologic, and 
carcinogenic responses to dioxins seen in humans also occur in animal models; b) The 
preponderance of biochemical effects induced by dioxins in both animals and humans are 
mediated by the AhR; c) Animal dosing regimens can be varied to examine the range of 
exposures encountered in human populations; d) Dose metrics based on internal dose (tissue 
dose and body burden) can be used to compare responses across species as these parameters 
take into account species differences in clearance rates; e) The biochemical responses to 
dioxins in animal models show similarity to those observed in humans. In the authors' 
opinion, the similarity makes it possible to study the underlying mechanisms of dioxin 
toxicity relevant for humans, and, importantly, animal models make it possible to study the 
relationship between simple biochemical and more complex responses which lead to adverse 
effects, inferring responses that would not otherwise be possible, such as target tissue effects. 
 
Other researchers have pointed out the differences between humans and other animals 
especially in more specific assessments of effects. For instance, Neubert (1997/98) stressed 
that humans seem to be a rather insensitive species e.g. in comparison to rats, especially if 
pharmacokinetic differences are taken into account. However, Lucier et al. (1990, 1991), 
based on comparisons of biochemical responses in human placenta (in Yu-Cheng studies) and 
rat liver, concluded that the data suggested that humans are more sensitive than rats to the P1-
450 inductive actions of these DLCs, and that it is prudent to retain a conservative risk 
assessment. Also Okey et al. (1994) found that the affinity with which TCDD binds in vitro to 
the AhR from human sources generally is lower than that for AhRs from rodent tissues, and 
may explain, in part, why the human species seems less sensitive than many laboratory 
animals to the effects of DLCs. 
 
Interspecies differences in susceptibility are often assumed to depend on the evolutionary 
similitude between the species. This relationship may not be straightforward, and e.g. 
intraspecies (inter-strain) differences may override some of the differences between species. 
However, generally it may be assumed that, on the average, susceptibility and also effect 
profile are more alike between closely related than more remote species. The closeness 
between humans and other primates was notably used as an argument e.g. by HCN (1995) for 
emphasizing studies on effects in monkeys in risk assessment. 
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SCF (2000) pointed out that the Kociba et al. (1978) study indicates rat being, based on body 
burden, more sensitive than humans to the carcinogenic potency of TCDD, but within an 
order of magnitude. This is related to the general relevance of the hepatic tumours and lesions 
in rat to humans (cf. above).  
 
Similar questions of the commensurability of information on various species (or other varying 
entities) may be seen e.g. in the discussions about whether a 'weight-of-evidence' assessment 
should substitute a more traditional approach of human studies supported by (carefully 
selected) experimental animal studies, and about what evidence and weights should in the 
affirmative case be applied. It seems that the evaluation of the similarity or dissimilarity of 
species largely depends on one's subjective criteria, and that uniform, detailed, objective and 
indisputable criteria are difficult to provide for this.   

 
In some cases, humans have been found to be more sensitive than other animals. Lucier et al. 
(1990), based on studies of Taiwanese women exposed to PCDFs in contaminated rice oil, 
concluded that species comparisons of effects on epidermal growth factors and cytochrome P-
450 isoenzymes coupled with data on tissue concentrations of PCDFs suggest that humans are 
more sensitive than rats to some of the biochemical effects of PCDFs and TCDD. 
 
As to pharmacokinetics, Lawrence and Gobas (1997) showed that the relationship between 
the external dose of TCDD and resulting liver and adipose tissue levels in humans and various 
species of rodents vary over 700-fold, illustrating that humans and experimental animals 
differ considerably in their ability to convert external doses of dioxin to tissue concentrations. 
It was recommended that pharmacokinetic differences be considered explicity in risk 
estimation, while separately accounting for differences in pharmacodynamics (sensitivity).  
 
Quantitative estimates of inters-species variability in sensitivity have been produced in many 
occasions in exotoxicilogy where the species sensitivity distribution (SSD) is a key tool for 
resolving community-level risks. For human risk assessment, mainly the variability in 
extrapolation from rat to humans is relevant. While rat is typically ca. 10-fold less sensitive 
than human, is some cases the ratio is below 1 (Anon., KemI Rapport 1/2003). 

 
Species at most significant risk in the Baltic Sea 
 

The species at most risk cannot be unequivocally defined, as this depends on both exposures 
and susceptibility, both of which are variable, and as there is insufficient information on the 
relative vulnerability of Baltic populations or the generalizability (even in same species) from 
other regions. However, some tentative comparative risk characterizations are given. 
 
Mustelids are exposed to DLCs also in other food items than Baltic Sea fish (such as inland 
fish, crayfish and crabs). In particular, the key mustelid species of conservation concern, otter, 
also on the Baltic Sea coast due to its foraging range consumes inland fish and food, and on 
the coast feeds largely on such fish as minnows that are likely to have lower average DLC 
levels than e.g. herring.  
 
In contrast, seals are wholly restricted to life in the sea, and their diet predominantly consists 
of fish of higher DLC contents, such as herring, sprat, and whitefish. Therefore, the seals that 
are confined to the Baltic, i.e. ringed seal and to a great extent also grey seal and even the 
Swedish harbour seal populations, are in relative terms to a higher degree exposed to risks 
from dioxins in Baltic Sea fish. Also between the different seal species there are differences, 
as ringed seals displsy higher exposures, due in part to different metabolism.  
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Even a smaller relative share of the Baltic in the DLC-caused risks in some species may be 
important if the total risk limit is high enough; the additional risk caused by the Baltic fish 
may constitute the factor that ‘breaks the camel’s back’. However, in the case of reducing 
risks to otter the focus of the policies and decisions may be different than in the case of seals; 
the relative importance e.g. land-based activities in comparison to sea-based activities may be 
greater (even if they have importance also for seal protection on a preventive strategy). 
 
The relative contribution of DLCs in Baltic Sea fish to the risks to sea eagle is smaller than to 
some other birds, including coastal ospreys or fish-eating colonial birds that are mainly 
restricted to the Baltic. This is however due largely to the low-dioxin carcasses provided 
during the winter, i.e. depends on sustained risk management efforts. Moreover, although the 
diet of the sea eagle also naturally includes non-fish items such as eider eggs, the dioxin load 
in this case comes also from the Baltic although not through consumption of fish but through 
the diet of the eider including mussels. Therefore, among birds a clear difference between 
Baltic Sea fish attributable and other risks can not be distinguished. It must be stressed that 
sea eagles were perhaps the most severely endangered Baltic bird species probably also due to 
DLCs and may still experience subtle effects from DLCs. 
 
Such considerations affect the characteristics and significance of risks, in addition to and in 
part irrespective of the absolute level of risk. The risks to seals may be considered more 
significant in a Baltic Sea fish context than the risks to otter and to other species, although the 
latter have been and may still be hit severely (e.g. as approximated by  PEC/PNEC ratios), 
because for seals almost all of the risk comes from Baltic fish.   
 
Based on genetic information on the variability of the AhR in different species, information 
on the relative sensitive of wildlife species has accumulated. Hahn et al. (2003b) proposed 
that the species-specific, molecular/biochemical characterization of proteins and pathways 
involved in mechanisms of dioxin toxicity can contribute to risk assessment by linking 
mechanistic studies in rodents to observational findings in wildlife, referring e.g. th that 
common terns are ~80-fold less sensitive than chickens to dioxins as shown by Kennedy et al. 
(1996), Lorenzen et al. (1997). 

 
Particular risk groups 
 
A) Age 
 

The young have some metabolic and adaptive abilities, while others are deficient (cf. the  
ability to metabolize drugs in infants due to undeveloped liver enzyme functions, cf. Table 
15). The balance between metabolizing, detoxifying or adaptive abilities and inabilities thus 
becomes particularly important. The functions of the brown stool fat in the perinatal stages 
may play an important role for what the net outcome will be (Rozman et al. 1987).  

   
Information on age-related aspects of dioxin risks in non-human animals may within limits be 
generalizing it to humans for specific (and perhaps species-dependent) developmental 
processes as well as specific actions of DLCs. Such risks also depend on the effects 
considered and on individual factors. For instance, for some responses such as some subtle 
thyroid and immune modulations a transience may be assumed, while other effects e.g. on 
structural and fundamental functional development may be permanent and irreversible. The 
individual variation in risks to the young due to particular exposures and to susceptibility e.g. 
due to genetic factors are difficult to elucidate and quantify. The epidemiological studies e.g. 
of effects in offspring of high Baltic fish consumers do not indicate pronounced risks, but 
have fundamental limitations in resolution.  
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Table 15. Some important differences in toxicokinetics between neonates/infants and adults 
(Lindemann et al. 1999, Scheuplein et al. 2002), with particular reference to dietary dioxin 
exposure. Modified from Anon, KemI Rapport 1/2003. 
 
Absorption 
GI tract     Neonates have higher gastric pH, delayed emptying, and reduced and more irregular GI motility than adults 

  Neonates have lower pancreatic enzyme function and decreased bile secretion 
  The GI tract is rapidly colonised after birth and thereafter gradually developed to adult conditions. 

Distribution 
Total body water   Proportionally higher in neonates and infants 
Total body fat    Increase from 1-3% bw in mid-gestation to ~16% at term, and peaks at 25% by 6-9 months postnatal  

  Decreases as percent of body weight over 6-7 years of childhood to adult values 
Plasma proteins   Lower xenobiotic-binding capacity in neonates and infants than in adults 
Blood-brain barrier   The blood-brain barrier reaches adult capacity at about 6 months of age 
Metabolism 
Metabolism    Liver capacity is ca. 1/3 of adult capacity 3 mo after birth and reaches adult capacity at 2 a 

  Individual enzymes mature at different times (from full capacity at birth to maturation at 3-4 years of age) 
  Total cytochrome P450 levels are lower in neonates and infants than in adults (phase I) 
  Newborns have a very low glucuronidation capacity hat reaches adult levels at 3-4 years of age (Phase II). 
  Maturation of glutathione metabolic capacity is complex  
  The isoenzymes have overlapping substrate specificities and mature at different rates 

Elimination 
Kidney function   Exceeds adult capacity in young children, reaches adult capacity within 1 year 

  Glomerular filtration rate is low in neonates and increases rapidly during the first year 
  Tubular secretion is low in neonates and reaches adult levels at 1 year 

Bile acid secretion   Bile acid secretion is low in neonates and reaches adult levels by 6 months. 
 
 
Research in non-human animals suggests that the developing fetus is a particularly highly 
exposed susceptible target of dioxins (Annex 8B). The critical time window for some 
developmental effects is narrow, and for many processes occurs very early. The question has 
thus been posed (e.g. Birnbaum 2000) whether we have been looking for dioxin effects in the 
wrong time perspective. Exposures at this stage are transferred readily over the placenta. 
Moreover, a very high additional body burden (in relative terms) results from breast-feeding 
(and through eggs in non-mammalian vertebrates). The almost total absorption from this diet 
additionally emphasizes this exposure (cf. Annex 8C).   
 
Adolescents constitute a potential risk group, e.g. as reproductive development may be 
influenced. This applies not only to teenage girls whose fish consumption has been more in 
focus e.g. in food advisories, partly perhaps due to educational reasons when targeting in 
general women in reproductive age (cf. 8), but also to boys (see below).    
 
Also elderly individuals can be at particular risk due e.g. to diet and lifestyle (see below). 
Important factors here include the increased susceptibility to infections due to altered immune 
functions of the elderly as well as their life-long accumulated exposure. It may be that in 
some connections and respects the younger have been too exclusively in focus (cf. 5). As 
described above, there are many general biological reasons for prioritizing risks to young, 
both in exposure and suspectibility; in addition, there are social and principle-level (including 
ethical) reasons that justify such an emphasis, e.g. the fact that the young can not grasp and 
avoid the risks, and that older people have already accomplished most of the valued things 
within their reach (including reproduction). However, there are dangers in excluding other age 
groups totally from consideration based on such a general emphasis. Schantz et al. (2001) 
stressed that their results on associations between consumption of PCB contaminated fish and 
neuropsychological impairments in adults may be important as fish consumption advisories 
focus heavily on protecting the pregnant woman and fetus or infants. Also Neubert (1997/98) 
pointed out the elderly as a risk groups due in part to their lower general condition.  
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A possible argument for targeting elderly persons within the context of the dynamics of 
dioxins in Baltic Sea fish is that, given the reduced emissions to dioxins, the age classes 
where population-level effects have occurred probably include those born and brought up in 
the period of top exposure, 60's and 70's, while fewer infants are now exposed to PCDD/Fs in 
Baltic Sea fish. Some of those effects may have been transient or, although persisting, are not 
identifiable anymore in the populations exposed, while others may yet become visible after a 
lag of even decades. This means that even with a perinatal exposure focus the possibility of 
later (also lagged) emergence of effects from past prenatal exposure among the middle-aged 
and elderly needs to be accounted for, along with other such population dynamics of toxicity. 
A factor to acknowledge may also be that the relative amount of elderly people is strongly 
increasing, which is likely to further increase the population risk (=individual-level risk * 
population size) among the middle aged or (becoming) elderly persons.    

 
B) Gender 
 

Females in reproductive age constitute an important risk group both in themselves and, 
perhaps particularly, as a mediator of dioxin risks to their offspring, e.g. through in utero and 
milk exposure. This applies to both human and non-human females (in non-mammalian 
animals, the exposure to offspring is transferred through eggs instead of mother's milk).  
 
On the other hand, for some effects the adolescent men or boys seem to be at higher risk, such 
as those associated with the development of reproductive functions and systems, associated 
e.g. with male sex hormone modulation (cf. Mocarelli et al. 2000 and the discussion above). 
The need to prioritize male effects is additionally based on the finding of such effects in 
experimental animals, notably rats, at the lowest dose levels commonly accepted as a basis for 
quantitative risk assessment (e.g., SCF 2001).     
 
Both genders in many species seem to be at risk from low level exposure to dioxins, although 
in different ways. The sexually dimorphic character of effects has been noted especially in 
reproductive and developmental (including neurodevelopmental) effects (cf. above).  

 
C) Fish consumption 
 

Heavy consumers of Baltic Sea fish such as fishers and their families but also recreations 
fishers and their families and some other consumers evidently are at higher risk with respect 
to dioxins than many other groups of people. It has been shown (Tuomisto et al. 2004, 
Kiviranta et al. 2003) that the dioxin levels and also the congener patterns rather consistently 
reflect those in the fish mainly consumed. However, also in these groups the intake and risk 
from fish dioxins is only part of the overall dioxin intake and risk. Moreover, in addition to 
PCDD/Fs and DL-PCBs, other contaminants are present. Some of these add to the overall 
burden and risk of dioxins, but some such as non-dioxinlike PCBs may even act 
antagonistically (see the sections and annexes on effects). In any case, it is difficult due to 
these polyexposures to attribute any apparent risks specifically to dioxins (particularly in 
quantitative terms of attributability), especially until Bio-TEQ based individual-level 
exposure measurements are made in the highly fish consuming study populations. 

 
Not only risks but also benefits from dioxin-contaminated (fatty) fish vary between 
populations. Thus, also those at risk from reduced fish consumption need to be assessed. For 
instance, the particular groups of beneficiaries from such fish do not necessarily coincide with 
the particular risk groups. This issue has been discussed below (5.X).    
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D) Inter-individual variation 
 

It has been estimated on the basis of genotype measures in 52 human populations (Rosenberg 
et al. 2002) that differences among individuals account for 95 % of the total genetic variation 
in humans, differences among major groups (such as ethnic groups) constituting only 3-5 % 
(still less in Europe). The inter-individual variation also in health risks from dioxins is thus a 
key factor. There is no superior or inferior race in terms of dioxin tolerance, either; instead, 
there are many individuals considerably more susceptible than the average person.   

  
Masten et al. (1998) presented information on the variation of responsiveness to dioxins at a 
biochemical level in human populations with high occupational exposures and general 
population volunteers, based on measurements of CYP1A1 enzymes. In the occupational 
cohort, min/max ratios ranged 7-17 in CYP1A1 mRNA levels and 6-20 in CYP1A1 activity, 
the variation in the former being greatest in the low-dose group. It was also related that in the 
North Carolina population, 60 % of the total variation was interindividual, 40 % 
intraindividual, and that age, sex, smoking and other habits may influence it while previous 
exposure did not seem to do so; the possible importance of genetic factors (CYP 
polymorphisms) was also stressed. Peer-reviewed publications to substantiate these findings 
have not yet been identified. It was concluded in the short paper that these markers of effects 
or susceptibility suggest that human individual variation in response to dioxin exceeds the 
standard 10-fold safety factor routinely used in risk assessment (often as a compound factor 
including also or only other sources of variation, cf. 5.4). The presenter of the paper (Scott 
Walker of NIESH) in the discussion added that a safety factor above 20 due to individual 
variation could be justified on the basis of such data. The authors however pointed out that it 
is unclear whether (and how strongly) CYP1A1 inducibility is related to altered susceptibility 
to dioxin-associated emergent health effects. This is a consideration mainly for risk policy and 
depends on the precaution and safety desired with respect to evidence. However, no data or 
theoretical grounds have been found that refute this empirically based assumption of 
individual variability in responsiveness; it can also be postulated that although some factors 
may attenuate it in response sequelae, others may in contrast amplify it. It may be added that 
Bogaards et al. (2000) have shown that the inter-individual variation in liver EROD and 
CYP1A2 activity, a marker of also dioxin effects, is 20-fold. 
   
Important information has been obtained of genetic polymorphisms of the AhR and related 
entities and their relationships with inter-individual variation in susceptibility to dioxins (see 
esp. Harper et al. 2002). The results of Watanabe et al. (2001, 2004) indicate that certain 
polymorphisms in the AHRR constitute a possible susceptibility locus for dioxin-related male 
infertility in the Japanese human population. Fujita et al. (2002) showed that 46 % of patients 
with micropenis and 27% of controls were homozygous for Pro185Ala polymorphism 
(p=0.03), concluding that homozygosity for this allele of AHRR may increase the 
susceptibility of a fetus to undermasculinizing effects of dioxin exposure in utero, presumably 
through the diminished inhibition of AHR-mediated signaling. Tsai et al. (2003) reported 
preliminary data that in the highly exposed Yu-cheng population, a CYP1A1 Msp1 variant 
genotype was associated with chloracne (OR=1.8, 95 % CL 1.0-3.4), indicating that CYP1A1 
polymorphisms play a role as an effect modifier of health outcomes in people exposed to 
DLCs. They also found that the human isoenzyme GST T1 non-null genotype was associated 
with arthritis (OR = 3.0, 1.2-8) which had never been reported previously.  
 
Within pharmacokinetics, the modeling and meta-analysis results of Matuyama et al. (2002) 
suggest that differences in body weight, gastrointestinal absorption and food intake behavior 
partially explain the variation in tissue dioxin levels among individuals, being ca. 24 
(Max/Min) for the general Japanese population. 
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The information on polymorphisms and other genetic factors in conditioning susceptibility 
and exposure to dioxins provide important additional insights in risk assessment, e.g. for 
identification and biomarking high-risk groups and specific effects. However, the 
polymorphisms in AhR or AhRR found so far have not been associated with important health 
outcomes (Harper al. 2002). It is also important to realize that no single gene or even a 
combination of genetic factors will exhaustively explain the variability in the multi-factorial 
and multi-attribute effects and risks of dioxins, and that genetic information even in 
combination with information on other factors, such as environmental and life-style related, 
will not elucidate the risks in a mechanistic, deterministic and complete manner.  
 
Johnson and DeRosa (1999) in the appraisal of public health implications of Great Lakes 
contaminants stressed that the findings of neurodevelopmental and reproductive deficits are 
compelling and, although sometimes characterized as subtle, have profound implications 
particularly for the tails of the distributions in populations. The evaluation of the certainty of 
these effects and of their implications are still open to question. However, the emphasis on the 
most susceptible sub-populations seems justified by the inter-individual variation observed. 
These authors also pointed out that these are deficits that, once incurred, cannot be repaid.   

 
5.1.3  Temporal dimensions and variations of risks 
 

Time is a characteristic factor in dioxin risks. It can be divided e.g. in the following aspects: 
• Long-term lags  

- slow transport and cycling in the environment 
- accumulation in biota including humans 
- chronic and lagged toxic impacts  
- inter-generational effects  
- inertia in control systems all along the risk chain 

• Actual temporal variations 
- fluctuations 
- regular rhythms, e.g. diurnal and annual 
- sudden contamination episodes 
- specific time windows of exposure 
- transient events and processes, e.g. effects 
- time trends and historical comparisons of risks 

• Frequencies of events (c.f. rhythms, former point) 
- frequency of emissions (continuous or intermittent) 
- frequency of exposures (e.g. fish consumption) 
- frequency of adverse effects (e.g. diseases) 
- frequency of abatement measures (technical and institutional). 

 
The temporal aspects of dioxin risks interact with geographical variability and variation 
between receptors. Resolution of the significance of risks and of patterns and dependencies in 
them is obscured by the multi-dimensional temporal variation, both systematic and long-term 
and erratic and short-term, causing noise that prevents observing signals.   
 
From a management perspective, the long-term aspect is particularly important. This is partly 
related to the defining characteristics of dioxin persistence, accumulation and chronicity. 
Likewise, the inertia present in management systems, e.g. in regulation and infrastructure and 
know-how, requires a long-term approach. It may also be required by a preventive orientation. 
Long-term emphasis is also needed as a counterweight to the dominance of acute episodes 
that tend to constitute the key drivers for attention and action ('management through crises', 
cf. 8). The long-term aspect is natural in scientific research and monitoring.  
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Fig. 30. Conceptualization of time-space continua in risks associated with dioxins in the Baltic Sea, 
based partly on Suter et al. (1993).  
 
 

Aylward and Hays (2002) reconstructed on the basis of a simple pharmacokinetic model that 
the absorbed intake levels of TCDD must have decreased by more than 95% from levels in 
1972 to result in the observed decrease in human lipid levels, with the bulk of the decrease 
occurring before 1980. They further predicted that mean TCDD levels in the general US 
population will decrease to 0.5-1 ppt by 2015, a fourfold reduction from current levels, even if 
intake levels do not decrease further, and that although fewer data over a shorter period are 
available for other PCDD/Fs in human lipid, they indicate substantial decreases as well, with 
general population TEQ lipid levels currently at least 4-fold lower than in 1970 and still 
decreasing. The overall trends is likely to be (and have been) similar in Europe. However,  
deviations from such a declining trends have been found (cf. 3.4. and Annex 7B).   

 
As related by Hansen (2003), the AMAP Report (Gilman 2003) concluded that there are 
likely to be minor decreases in POPs in the tissues also of Arctic human populations by 2010 
and major decreases by 2030 but that in general, levels of most POPs in populations are 
already reasonably low and are only likely to decline marginally by 2030, depending however 
on prompt ratification and implementation of the Stockholm Convention and other 
multinational environmental agreements. 

 
Dioxin risks are declining, particularly in connection with the estimated reductions in 
emissions of PCDD/Fs and with the observed rapid declines in levels in agricultural (pasture-
based) systems. It should however be appreciated that declines in risks may not always be due 
to reduced environmental levels or intakes, but also alterations in later stages of the risk 
chains may contribute, such as in pharmacokinetic factors modifying body burdens and 
internal exposures, as well as in susceptibility or in detoxifying or compensatory mechanisms.  
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There is considerably evidence that declines in ambient dioxin levels in the Baltic Sea have 
started to level out (cf. 3.4). It seems that declines in the Baltic are slower than in some other 
ecosystems and food production systems more directly dependent on airborne emissions. Also 
in coastal systems the rate of recovery from dioxin contamination can vary considerably. 
Hagen et al. (1997) reported that dioxin levels had declined in dungeness crabs by 80-85%, in 
oysters by 93%, in prawns by 92%, in shrimp by 87% and in sediment by 60 % in British 
Columbia coastal waters in 5 years after the reduction of emissions from pulp and paper mills. 
In a Southern Norwegian fjord, PCDD/F and DL-PCB levels e.g. in cod liver had declined in 
1991-2001 by ca. 10 % yearly (Knutzen et al. 2003) but then levelled off and a tentative target 
level was estimated to be reached as late as in 2015-20. The response time of the Baltic Sea to 
decreased loading by PCBs has been estimated to be in the range of 20 a or more (Axelman et 
al. 2001, Wania et al. 2001), due e.g. to internal loading from sediments.  
 
The declines in exposure and risk levels vary also within the Baltic by region, species, 
compounds and is other respects. For instances, the comparison of Nyman et al. (2002) with 
the data of Helle (1975) from 1973 suggested slow declines in BB adults ringed seal PCBs, 
while in juvenile animals, greater declines have been reported (Blomqvist et al. 1992).   
 
Such variations in recovery may be credited to differences in relative cuts in emissions or 
immissions, in scale (size and turnover) of the system)and in the cycling of dioxins in 
particles, depending e.g. on hydrodynamics, and in food-chains, depending e.g. on the key 
species. An improved description of these dynamics and the key drivers especially for 4-
PeCDF and CB 126 would be important both for predictions of the development of dioxin 
risks and for setting in targeted abatement measures (and not setting in others predictably 
more inefficient) as well as for monitoring their performance.    

 
The time course in exposures and risks varies between the various compounds, complicating 
the picture of the temporal characteristics of risks. Although most PCDD/Fs and DL-PCBs in 
many environments are declining, there are notable variations between the congeners, e.g. in 
biological half-life. Moreover, other DLCs may radically differ in terms of he dynamics of 
risks, including those from compounds whose exposures are still increasing. 
 
It should be stressed that some sudden or transient events have significance in a longer term. 
For instance, the relative importance of the sudden release of and exposure to mother's milk in 
relation to the life-long risks to the infant may be accentuated due to particular windows of 
sensitivity during early development, as often seen in experimental animal models.   

 
5.1.4. Geographical dimensions and variations of risks 
 

Also geographical variation in risks is influenced by all stages in the formation of risks. The 
sources and emissions of dioxins vary by country, region and locality, due e.g. to differences 
in the materials and processes forming and emitting dioxins. The high estimated dioxin 
emissions in Poland are a case in point. On more detailed scale, emissions from certain local 
(even point) sources such as the river Kymijoki in Southern Finland and some industries (e.g. 
metal industries) along the seaboard in Finland and Sweden as well as elsewhere do influence 
the areal pattern of dioxin risks in the Baltic (see e.g. Naf et al. 1992, Isosaari et al. 2002a).  
 
Such initial geographical variations may subsequently even out to some degree in the Baltic. 
This is related to the interacting dispersal (resulting from entropy growth) and concentration 
in certain compartments (such as sediments) and notably in biota, due in part to the properties 
of the DLC molecules and to the biological activities of the cycling and accumulating 
organisms, both of these factors counteracting entropy growth.    
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Geographical differences in the cycling of dioxins, conditioned essentially by differences in 
the overall hydrography and ecology including food-chain structure, in their turn contribute to 
and modify the geographical pattern of risks.  
  
At the next stage, geographical differences in risks are caused by differences in exposures. 
For instance, some species that are for some reasons particularly exposed to dioxins are 
present in only part of the Sea. Among humans, some risk groups may likewise be distributed 
unevenly between the different geographical areas, e.g. due to regional differences in 
preferences for consumption of fatty Baltic fish.  
 
Further, geographical variations are caused by variable sensitivity to dioxins. This may be 
related to the greater stress (on the average) of some receptors in certain areas due e.g. to 
climatic and other external reasons; also particularly susceptible geographically restricted 
populations exist. Ecologically, these may not have significance for the overall well being of 
the meta-population. In human toxicology however, even such smaller geographical 
variations in risks may be relevant.     
 
Thus, in BB where the levels in the biota are higher, possibly due mainly to the higher loading 
per unit area in relation to biomass (cf. 3.3), at the same time organisms are particularly 
vulnerable due to the osmotic and climatic stress (pronounced brackish water nearing 
freshwater salinity, and cold climate and harsh winters). Also in Southern Baltic some factors 
increase risks, e.g. the high loading from neighboring countries; on the other hand, the more 
eutrophic and marine state of these parts may in some respects decrease the risks in relation to 
those in other parts of the sea.  
 
Hotspots have often been identified on the basis of emissions or immissions mainly, typically 
designating an area as hotspot as soon as high levels of dioxins are found. Conceptually 
however, emphasizing the actual outcomes of such local contamination, hotspots on the level 
of risks may be found also in other areas, due e.g. to particularly high exposures and 
susceptibilities to dioxins in some areas. Thus, the location of dioxin occurrence based 
hotspots are not necessarily the same as the location of hotspots based also on factors in 
subsequent stages of the risk event chain.  
 
A (semi)official system of identifying and managing hotspots in the Baltic Sea area is 
established under HELCOM that has listed over 100 hotspots around the sea. The 
development of these hotspots is monitored and assessed with regard to abatement efforts, 
including a de-listing procedure. These hotspots are mainly based on major nutrient 
discharges and direct industrial discharges, with little consideration of toxic substances (apart 
e.g. from oil spills), despite the importance of such substances; this may represent the inertia 
of such organizations in tackling 'new' challenges. It is notable that e.g. the key Finnish local 
area of dioxin contamination, representing an important emitter of PCDD/Fs to the Baltic as a 
whole, the river Kymijoki, has not been included in these HELCOM hotspots.  

 
Variation between the Baltic and other sea areas 
 

The levels of PCDD/Fs in Baltic Sea biota were compared with those in other seas (3.4). It 
could be concluded that the Baltic is relatively strongly contaminated by PCDD/Fs and PCBs 
in some comparabale species such as herring and salmon (cf. Annexes 6B and 7B). However, 
the relative contamination of the Baltic varies e.g. depending on the studies and samples 
compared and on the expression of levels (fat or wet weight basis). In some biota such as 
harbour porpoise, other nearby seas including the Norwegian coast exhibited almost similar 
although statistically significantly lower levels.  
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Fig. 31. Estimated pools of the indicator PCB 52 in continental shelf sediments (<200 m water 
depth), as illustrated by the sizes of the pies that are proportional to the numbers indicating the 
pools in metric tons, and the share of remote (>10 km from nearest urban area), regional (grey) and 
local (black) sediments of the total pool for that coastal sea (from Gustafsson et al. 2003b). 
Estimates are based on zone means to account for variable sampling intensity. Note the dominance 
of remote areas to total sediment pools, the large pool in the Baltic in relation to the shelf area in 
some other regions such as the Arctic, and the still larger pools per unit area in Northern Atlantic 
including North Sea and in the Mediterranean and Black Sea. 
 
 

The contamination situation of the Baltic can also be compared as to sediment levels and in 
global terms, based e.g. on published compilations of the non-dioxinlike indicator PCB 52 in 
continental shelf sediments (Fig. 31). It can be seen that on areal basis, the sediments in the 
Baltic are understandably much more contaminated than those in seas north and south of the 
main emission areas (30-60 degrees Northern latitude). However, even considering the area of 
continental shelf, some other coastal or inland sea areas such as the Mediterranean, the Black 
Sea and North Atlantic including the North Sea are roughly in the same class, even worse.  

 
In Northern European marine sediments, only tentative comparisons can be made of dioxin 
contamination. Stronkhorst et al. (2002) demonstrated that on the Dutch North Sea coast the 
DR-CALUX response varied between 0.2 and 136 ng TEQ kg-1 dw; 94% of the samples 
failed the target value of 2 ng TEQ kg-1 dw while 12 % and 3 % exceecded threshold values 
intended as pass/fail criteria for offshore disposal of dredged material (25 and 50 ng TEQ kg-1 
dw, respectively). With such steep skewness in frequency distributions, the areal variations in 
the intensity of sampling greatly affect the picture.    

   
Ross (1996) in a review of immunosuppresssion in harbour seals in relation to DLCs 
described how higher ΣPCBs levels in the blubber have been found in the North Sea than in 
the Baltic. These comparisons are important with a view of the potential links between 
disease outbreaks in these seas and exposure to contaminants including DLCs in this species.  

 
Some of the particular characteristics of the Baltic with regard to risk from DLCs in fish have 
been summarized in Table 16. It can be seen that many factors exist that both increase and 
decrease risks, and affect their qualities. However, the exact or aggregate significance of these 
characteristics with regard to relative risks can not easily be ascertained.  
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Table 16. The influence of some Baltic Sea factors on risks associated with dioxins in its fish. 
 

Immediate  influence Indirect influence Immediate influence Indirect influence Characteristic 

Health 
risk 
increasing 

Health risk 
decreasing 

Health risk 
increasing  

Health risk 
decreasing 

Eco-risk 
increasing 

Eco-risk 
decreasing 

Eco-risk 
increasing 

Eco-risk 
decreasing 

Young       Adaptation 
low 

 

Shallow efficient  
cycling 

   efficient 
cycling 

   

Atlantic 
climate 

  storms 
resuspend 
sediments 

   storms 
suspend 
sediments 

 

Freshwater  
surplus 

        

Medium 
retention 

  long 
recovery 

   long 
recovery 

 

Semi-
detached  

DLC 
dilution 
low 

   DLC 
dilution low 

   

Brackish     natural 
stress 
(osmoregul) 

 natural 
stress 
(adapt) 

 

Low diversity  short food-
chains 

   short food-
chains 

low 
stability 

 

Cold   (bio)degrade. 
low 

 natural 
stress 

 natural 
stress 

 

Ice-clad  reduced 
mixing 

   reduced 
mixing 

anoxia  

Stratified reduces 
dilution 

   reduces 
dilution 

 anoxia  

Eutrophicated   biomass 
dilutes DLC 

biomagn in 
oligotrophic 
species  

may 
increase 
biodegrad. 

 biomass 
dilutes DLCs 

anoxic 
stress, 
labile ecol 

 

Humus-rich carry 
DLCs 

bind DLCs       

Industrial 
catchment 

DLC load    DLC load    

Populated 
catchment 

DLC load 
and 
exposure 

  sludge 
recycling 

DLC load   sludge 
recycling 

High-
economy 

 management 
capacity 

Intense 
recreational 
fishing 

 traffic 
stress 

management 
capacity 

  

Fish-rich 
(relatively) 

biomagnif    biomagnif    

Heavily 
fished 

exposure   management 
capacity 

  discard, 
trawl 
stress 

 

EU-
surrounded 

 management 
capacity 

pressure to 
uniform risk 
management 
sacrificing 
fish benefits  

  management 
capacity 

  

protected 
(HELCOM 
etc) 

 management 
capacity 
(direct) 

 management 
capacity 
(indirect) 

 management 
capacity 
(direct) 

 management 
capacity 
(indirect) 

High traffic DLC         
Well 
researched 

   management 
capacity  

   management 
capacity 

Educated 
inhabitants 

   management 
capacity  

   management 
capacity 
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5.2  Uncertainties of risks 
 
5.2.1  Types, qualities and characteristics of uncertainties in risks and benefits 
 
Representative statements in the literature about the certainty and significance of dioxin risks  
 

In the following, some statements of the characteristics and significance of human health risks 
from dioxins are compiled, with particular reference to population effects from low dose 
exposures. It should be noted that while some of these are directly included in original 
studies, other are presented in reviews of studies, and in both cases, bias in results and 
interpretations is possible.  
Affirmations of effects on humans at background and medium exposures, including exposure 
from fish consumption 
 "Higher PCDD, PCDF, and PCB levels in human milk, as TEQs, correlated significantly 

with lower plasma levels of maternal total T3 and T4, and with higher plasma-levels of 
TSH in the infants … We conclude that elevated levels of dioxins and PCB can alter the 
human thyroid hormone status (background perinatal exposure, Koopman-Esseboom et al. 
1994)."  

 "Prenatal PCB exposure has a small negative effect on the psychomotor score at 3 months 
of age. PCB and dioxin exposure through breastfeeding has an adverse effect on the 
psychomotor outcome at 7 months of age. The mental outcome at 7 months of age is 
positively influenced by breastfeeding per se; the perinatal exposure to PCBs and dioxins 
does not influence this outcome" (background perinatal exposure, Koopman-Esseboom et 
al. 1996) 

 "In utero exposure to environmental levels of PCBs is negatively associated with birth 
weight and postnatal growth until 3 mo of age" (background perinatal exposure, Patandin 
et al. 1998) 

 "These data give evidence that prenatal exposure to PCBs do have subtle negative effects 
on neurological and cognitive development of the child up to school age. Human breast 
milk volume and fat content is adversely affected by the presently encountered PCB levels 
in W. Europe. Our studies showed evidence that breast feeding counteracts the adverse 
developmental effects of PCBs and dioxins" (background perinatal exposure, Boersma et 
al. 2001) 

 "Three sets of studies of the impacts of human exposure to PCB contaminated fish from 
the Great Lakes basin … evaluated using the epidemiologic criteria of Susser (1986) … 
suggest that the causal hypothesis may be strongly affirmed for the relationship between 
PCB exposure and alterations in both neonatal health status, and in health status in early 
infancy may be affirmed with reasonable certainty. The evidence related to maternal 
exposure and infant size at birth and gestational age must be regarded as indeterminate" 
(medium exposure, Swain 1991).  

 
Refutations of ascertained or probable effects on and risks to humans  

 
Kimbrough and Krouskas (2001) evaluated the evidence for several key effects allegedly 
associated with low-dose exposure to dioxins, including body weight development, 
immunological and thyroid effects; they likewise scrutinized the evidence for neurobehavioral 
development (Kimbrough et al. 2001) and for effects from PCBs (Kimbrough et al. 2003). For 
all of these, they found that the evidence is inconclusive and that in almost no studies have 
such elementary factors been accounted like the normal variation range in the population, or 
more extensive and rigorous analyses of confounding factors (including e.g. breast-feeding) 
been taken into account (for more detailed accounts of this evaluation, see Annex 8B).   
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Neubert (1997/98) presented a critical, extensive and thorough evaluations of the evidence for 
human effects from 'dioxins', stressing the lack of sufficient quality data to draw any firm 
conclusions, either from epidemiological studies or from extrapolations (being, as emphasized 
by the author, inherently speculations) of experimental non-human animal data. His analysis 
was mainly concerned with studies and assessments of highly exposed persons, and it was 
explicitly stressed "it is not at all justified to … extrapolate from … the polyexpposure of 
industrial workers to possible risks for the general population that exhibits comparatively low 
PXDD/F body burdens (e.g. via the food chain). Conclusions … on such a basis should be 
ignored with respect to medical risk assessment, as they violate all basic rules of 
pharmacology and toxicology". However, some of the general points made are of such nature 
that they have by implication some interest for assessment of low-dose exposures as well. 
This is because the author concluded that 1) little unequivocal evidence exists for adverse 
human health effects from even high exposures to TCDD or other related substances, using 
strict (but routine) criteria in medical studies ("almost all epidemiological studies on possible 
effects of TCDD on other congeners … suffer from severe inadequacies"), and 2) because the 
occurrence of effects at lower exposures is still more unlikely (depending however on the 
possible existence of non-monotonous dose-response relationships i.e. hormesis) and are in 
any case still harder to prove, due to the low-level polyexposures and to other methodological 
difficulties. Another point of general relevance is the categorical statement that "it is always 
impossible to directly and quantitatively predict the occurrence of substance-induced effects 
in humans solely from animal data"; the author further stated that while extrapolation from 
high to much lower doses is difficult, because the dose-response curve is unknown in the 
relevant range, the extrapolation from one species to another is "virtually impossible". Such a 
stance in essence refutes the standard risk assessment for most environmental chemicals, but 
no alternative (such as human studies) can be offered either.  

 
Some assessors might downplay the evidence for hormetic effects, as the relatively lower 
higher-dose responses would diminish the actual population risk. Others might be inclined to 
emphasize the possible implications of the low-dose response also at population level, and 
e.g. object to straightforward assumptions of effect thresholds and no-effect dose estimates 
based on either linear low-dose extrapolation or standard safety factors. These latter assessors 
might point out that hormetic low-dose risk elevation is easily masked by the higher-dose 
depression in the curve, and that a no-effect level is therefore especially uncertain (and likely 
to be non-conservative). At any rate, the requirements for confirmation of hormetic effects are 
inherently higher than with effects conforming to other dose-response types, while the 
verification of such effects is exceedingly difficult due e.g. to the constraints of low-dose 
studies especially with mixtures and with non-specific and complex responses. A parallel case 
is the hypothesis of a multiple chemical sensitivity syndrome. Support for the existence of 
such effects can however be increased by both consistence (in repeated studies and studies in 
other systems), and by additional mechanistic evidence e.g. on the reasons for higher-dose 
alleviation or by other evidence for the biological plausibility.    

 
5.2.2  Quantification of uncertainties 
 

A summary of quantitative estimates of uncertainties from data, models and other sources in 
risks and risk factores of dioxins has been presented (Table 17). 
 
Hart et al. (2003) have quantified the uncertainty associated with estimates of risk from 
consumption of dioxin-contaminated salmon applying Monte Carlo sampling of assumed 
probability density distributions of risk variables. Their analysis was limited to exposures and 
TEFs as a proxy of uncertainty associated with toxicity (Fig. 32).  
 
… 
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Table 17. Reported magnitudes and qualities of variation, error and uncertainty relevant for 
assessment and evaluation of human health risks from dioxins, with particular reference to the 
Baltic Sea and its fish. The types of variation, error and uncertainty that have been subject to most 
concerted efforts have been shown. Note that uncertainties in previous stages of assessment do not 
necessarily count if better estimates are obtained for subsequent stages. (To be completed) 
  
Area of 
assessment
  

Uncertainty  
category   

Uncertainty  
factors 

Variation and 
uncertainty    
estimates 

Qualitative 
aspects of 
uncertainty   

Implications for 
overall uncertainty 
of risk 

Reference 
(1st author, 
yr) 

formation rates … precursors, 
reaction 
conditions 

+++  

emission factor  

Sources and 
emissions 

emissions 
activity rate 

often 100-fold, 
some 1000-fold   

+++ Wenborn99,  
Bergqvist04 

sampling   30 % of total var in 
intakes 

 +(+) Hart03, 
Holmes03 

Environmental 
levels 

chemical analysis  60 % of total var in 
intakes (CB 126)   

 + Hart03, 
Holmes03 

environmental 
transport 

 50-70 % error in 
river transport 

  Giri01 Transport and 
fate 

compound fate mass balance 
model–data fit 

40 % rel error 
from best fit in BS 

congener profile  Su97 

intake amount fish levels  species, age, 
tissue, area, time  

 Tuomisto04 
etc 

 fish consumption  skewed 
distributions, 
special groups 

 Lind 

absorption and 
disposition 

  age-dependent   

Human 
exposure 

metabolism and 
excretion 

measurement 
error in t1/2 (dioxin 
level, body fat, time) 

   Caudill92 

specification  up to orders of 
magnitude (e.g. 
pooling tumours)   

   

mixture TEFs weighing up to 500 % (order 
of magn, ≈5-fold) 

 ++  

toxicokinetics  constrains 
extrapolation 

++  interspecies 
variation 

sensitivity  constrains 
extrapolation 

++ (esp. some 
groups) 

 

toxicokinetics   ++  interindividual 
variation sensitivity up to 20-fold for 

CYP1A1 induction 
higher var at 
low dose 

++ (applies also to 
beneficial effects) 

Masten98, 
Bogaards00 

population  effects      
adaptation      

mortality mortality (cancer 
from dioxins, cardiac 
from lack of fish) 

uncert. in B small;  
B/R hunderd-fold  

+++ (esp. worst-
case)  

Tuomisto04 

Effects 

health benefits 
from fatty fish 

morbidity     
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Fig. 32. Flow diagram and results of the quantitative uncertainty analysis of human health risks 
from consumption of dioxins in salmon by Hart et al. (2003). 
 
 
5.3  Risk-risk and risk-benefit comparisons 
 
5.3.1 General considerations  
 

Risks are often compared with and even contrasted to each other. A strict juxtaposition may  
be due to a tactical or rhetorical (or unconscious) attempt to downplay or exaggerate some of 
the risks. For instance, human health risks from environmental contaminants are commonly 
compared with the risk from smoking to emphasize the smallness of the former. However, the 
need to relate risks (as any entities, especially quantitative) to others is natural also in 
scientific analysis, e.g. in testing and predicting differences. It is essentially a question of 
resolving the significance, in statistical or general terms, of a risk to a sufficiently similar 
background risk arising from other causes (or some key cause used as a point of reference).   
 
Also in environmental policy and decision making, it has become commonplace to require 
that risks are put in 'perspective', especially for 'rational' risk reduction, and to this end 
essentially compared to each other to prioritize the risks to be reduced. This was a strong 
emphasis in the policy of the USEPA (and of the US government in general) from early 90's, 
to the point of requiring comparative risk and risk-benefit analyses as preconditions of 
passing laws involving federal regulation. Such risk (and risk-benefit) comparisons have later 
become ever more common also in EU.  
 
It has on the other hand been often maintained that risks cannot be compared to each other in 
a straightforward and simplifying manner, as they may have different qualities. This is 
captured by the saying 'one can't compare apples and oranges'. This stance is also sometimes 
exaggerated to the point of dismissing any risk comparisons, and is used as an (tactical) 
argument against them. Instead, the commensurability of risks depends on the risks and on the 
context and purpose of comparison. It was pointed out by Adam Finkel (ref.) that, even 
acknowledging the many constraints in comparing risks, including uncertainties of risks, 
despite the above saying, one can compare apples and oranges, and that people do it all the 
time both literally and figuratively (often intuitively) in deciding what risks to focus on, to 
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value or devalue and to reduce. Quantity at some point will override (or merge with) quality 
as the most rewarding outcome is evaluated; Finkel developed the metaphor above by the 
example that an orange the size of a melon will in most cases to most people be more 
rewarding than an apple the size of a pie, also attempting to systematize the decision process 
of choosing between risks differing both in quality and in quantity.   
 
We delve on this question because it is crucial in dioxin risk assessment and management in 
the present context. A very simplistic and straightforward comparison of risks from dioxins in 
Baltic Sea fish to other risks, e.g. from (active) smoking, may in some respects and for some 
purposes be meaningless (although also fish consumption would be considered voluntary). 
Comparisons with, say, the risks associated with the voluntary activity of hang-gliding, the 
imposed technological risk of a nuclear plant accident, the social risk of homicide or the 
natural disastrous risks of an asteroid strike may be still less meaningful (cf. Assmuth 2000). 
On the other hand, commensurability (within human health risks) is better e.g. with risks that 
are caused by similarly acting other substances, other agents in diet, and similar endpoints. 
Thus, hierarchies in the criteria for risk comparisons can be discerned and, as they are not 
uniform, devised for a particular application.   
 
Even when focusing on human health, the policy question has been evoked (and debated 
especially in US) of the justification for comparing 'body counts' and basing decisions on such 
measures of risk. However, it has been countered that also the quality of life can be included; 
various systems in risk-based decision analysis have been devised e.g. to compare quality-
adjusted life-years (Barnard 1996, Ponce et al. 2000, Wong et al. 2003), representing an 
analog to the attempt quoted above to integrate qualitative and quantitative considerations of 
commodities. The more fundamental question in this regard is whether a quantitative 
description and comparison at all is meaningful or appropriate; this has both epistemic and 
ethical connotations and premises that cannot be discussed here at length (see Schrader-
Frechette 198X). In terms of overall approach to risks, this issue is in some respects similar to 
the possibilities and limits of quantifying and particularly of monetizing impacts in cost-
benefit analysis (cf. 10).    
 
An analysis of risk comparability or commensurability can be (and should in management 
contexts be) extended to address benefits from accepting risks or risks or losses from losing 
the benefits, such as those from fatty fish (see below in more detail). In addition, the costs 
associated with risks or risk reduction measures often are an important consideration in 
management decisions (cf. 9).   
 
The variation and certainty about the risks to be compared often is an important consideration. 
For instance, it has been shown by Finkel (198X) that the simplistic contrasting of the 
herbicide Alar in fruit to the apparently greater health risk from aflatoxin in peanut butter, 
used as a generalizing argument for herbicides, was misleading not only by disregarding the 
qualitative differences but also by ignoring the quantitative probability distributions of these 
risks and the associated possibility of their reversed order.  

 
5.3.2  Risk-risk comparisons 
 
Comparisons with other toxic substances, particularly POPs 
 

An important consideration in risk characterization particularly for management decisions is 
the risk of dioxins in sea fish in relation to with that from other contaminants in other settings. 
Inter-substance risk comparisons may be in place along several dimensions, e.g. between 
different classes of contaminants in fish, between the same class of contaminants (DLCs) in 
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other parts of the diet, between DLCs in diet and in other exposure sources, and between still 
more different risk agents.  
 
On the basis of the identification and initial description of effects information for other 
persistent, bioaccumulative and toxic substances in Baltic Sea fish, a summarizing 
characterization can be made for the purposes of comparative risk assessment.  
 
Considering the tentative hierarchy of criteria for risk commensurability at multiple levels that 
has been exemplified above, the magnitude and complexity of the task of making 
comparisons of risks at such levels, and the resources for the present work, it is not possible to 
come up with a comprehensive and detailed analysis of these other risk factors. It is also 
beyond the scope of this work to analyze the risks of still other and more dissimilar agents. 
Instead, only some points will be made here, in addition to those made already or discussed in 
connection with risk management: 

   
• DLCs and non-dioxinlike poly-ortho PCBs: These connections and comparisons are 

potentially very important as di-ortho-PCBs and still higher chlorinated (3-4 ortho) PCBs 
are almost without exception present in elevated levels together with DL-PCBs and often 
also with PCDD/Fs, usually in concentrations even several orders of magnitude higher 
(due to the PCB mixture compositions), and as PCDD/Fs and DL-PCBs have interactions 
with di-ortho-PCBs (see above). In particular, non-additive interactions between DL-
PCBs and other PCBs have been noted (synergism e.g. between CB77 and CB52 in rat, 
Jensen and Sleight 1986, Sargent et al. 1991).  
 
There is no conclusive evidence or uniform picture of the direction and characteristics of 
these interactions; in some cases antagonism has been found, in others additivity, and in 
still others slight synergism (cf. Annex 8A). Different action mechanisms probably are 
involved (e.g. various hormonal modulations affecting neurological development), and 
also the effect profiles differ. It is thus difficult to say what the exact relationship and 
balance of the partly disparate risks from non-dioxinlike PCBs, DL-PCBs and PCDD/Fs 
would be. It may depend e.g. on the species and group, and also within a group of people 
be variable.  
 
From a general point of view, this difficulty does however not differ in principle from 
some of the difficulties in comparing the risks of various DLCs; in some respects the DL-
PCBs and non-DL-PCBs can even be more readily compared than PCDD/Fs with some 
other DLCs. As to exposure, the di-ortho-PCBs and DL-PCBs may be regarded as rather 
similar, both groups including congeners of higher and more moderate persistence and 
bioaccumulation properties. There is thus a multi-dimensional continuum of risks in terms 
of commensurability. From a management point of view, the impediments to comparison 
may not be so crucial, as PCBs are managed as a group especially within source control: 
In reducing DL-PCBs, also other PCBs are reduced, and vice versa (cf. 8, 9). This is 
reflected in the ongoing efforts e.g. in the EU to develop assessment and management of 
PCBs collectively, also in connection with dioxins.      
 

• DLCs and methyl mercury: The need to relate methyl mercury contamination to that of 
dioxins is commonly encountered in aquatic food-chain risk assessment, e.g. in Gt Lakes 
(cf. 4, Annex 8). Also in the Baltic Sea, both PCDD/Fs (with DL-PCBs) and MeHg are 
often present at alarming levels in fish. From the point of view of fish food risk and 
fisheries management, the problem is complicated by the fact that MeHg is also 
commonly found in freshwater fish (e.g. in Sweden and Finland), unlike dioxins. Notably, 
in some Baltic Sea hotspot areas such as those impacted by pulp and paper industries (due 
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to the use of Hg in slimicides) and by chloroalkali production (using Hg electrode 
processes), both of these types of contamination are present.  
 
In some cases the levels of MeHg even more readily exceed the guideline value that those 
of PCDD/Fs, and as such may drive the risk management. Assessment and management 
systems have evolved for MeHg already before those for dioxins, e.g. within food 
advisories. Precedents are available also e.g. from compensation for losses to fishers due 
to reduced demand. Regarding the continuous importance of MeHg, presently there may 
even be signs of excessive preoccupation with dioxins in fish in comparison to MeHg. 
Within risk perception, a contributing factor may be that Hg is an 'old' contaminant that 
people have gotten used to, while dioxins are a more recent challenge (at least in the 
minds of many laypersons due e.g. to the intense publicity around recent food scandals 
and fish dioxin regulation). 
 
Within exposures, MeHg and dioxins exhibit some differences despite the 
bioaccumulation potential of both. MeHg accumulates to a higher degree to muscle than 
in fat, due to its chemical properties. It has also been pointed out (Weihe et al. 2003) that 
the elimination of MeHg from tissues is faster than that of PCBs; therefore, even when 
present at equally or more alarming levels with regard to toxicity, they may decline faster 
with reduced intake. In terms of toxicological risks, the effects of MeHg differ from those 
of DLCs. Although both are neurotoxicants, with dioxins these effects have somewhat 
different character and are associated more with the development of the neurological and 
neuroendocrine system and functions within overall alterations in regulatory mechanisms, 
including reproduction, growth and proliferation, the immune system, metabolism etc. On 
the other hand, MeHg lacks many of these associated other crucial effects of dioxins. As 
the endpoints differ, it may be hard to quantify in a straightforward manner the risks in 
terms of health outcomes.   
 

• DLCs in fish and in the general diet: This is part of the assessment of fish-attributable 
dioxin risks. As has been related, the contribution of fish to intakes of TEQs varies from 
high levels of 63-94 % depending of study and calculation method in Finland to lower 
levels of 35 % in Sweden,   % in Denmark and only 11 % in Germany.  

 
• DLCs from anthropogenic and natural sources: The possible importance of natural 

DLCs also in human diet has been suggested, indicated and discussed by several 
researchers (Bjeldanes et al. 1991, Safe and Zacharewski, Safe 1998, Rappe et al. 1999, 
Hovander et al. 2002, Connor and Finley 2003, Denison and Nagy 2003, see also De Vito 
and Birnbaum 1996, Hahn 2002). The recent preliminary data of Connor et al. (2004) 
indicate that many naturally occurring dioxins, including AhR agonizing endodioxins and 
other natural dioxins such as the metabolite I3C of ingredients in some cruciferous 
vegetables, have appreciable levels and potency also in human body e.g. in terms of 
CALUX based TEQs (if samples are not pretreated so that these compounds are removed 
as usual); the natural dioxins even dominated the overall TEQs in the blood of human 
volunteers so that PCDD/Fs and PCBs seemed to comprise a very small fraction the total 
TEQs. Notably, the authors interpreted the findings as conflicting with the assertion 
(driving much of dioxin risk assessment) that low level PCDD/F and PCB exposures 
cause significant human health effects.  

 
• DLCs and their precursors: … 
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Comparisons with other health risks (excluding those from deficiencies in fish consumption) 
 

Despite the constraints in comparing risks e.g. to human health from dioxins with other risks 
to human health, particularly if these have very different causes, comparisons are necessary at 
some level. Some comparison is required also in the toxicological and epidemiological studies 
of effects and risks in the form of control groups (which often are small and poorly defined, as 
pointed out by Neubert 1997/98). Likewise, the definition of normal ranges of variation for a 
health outcome or intermediary response, the lack of which was repeatedly emphasized by 
Kimbrough and Krouskas (2001) for dioxin health effects studies, may be seen as one 
dimension of comparing risks from one cause to the total risk of anomalies in that endpoint. 
Moreover, in the final analysis for decisions some (even if crude) grasp of the significance of 
the putative risks in relation to others is needed; often this comparison is made only 
intuitively and narrowly, superficially, in an ad hoc processes and in late stages of 
deliberation.  

 
Comparisons with risks in other regions  
 

Some characteristics were already provided earlier on the geographical distribution of risks 
from Baltic Sea fish dioxins within the Baltic Marine Area itself. However, it can be 
informative to outline a picture of the risks overall in the Baltic Sea area as compared with 
risks from comparable agents in other regions. Such a comparison in possible mainly with 
regard to the risks from contaminated fish in the Great Lakes area, and in the case of human 
health risks from dietary intakes also with some other parts of the EU. The latter will be in 
focus here because of the relevance for EU policies.  
 
A comparison between total dietary intakes (and thus roughly risks) of dioxin between 
various EU countries is relatively straightforward, despite the deficiencies in 
representativeness and reliability of the estimation procedure particularly for DL-PCBs e.g. in 
SCOOP (2002), specifying fish as a total category only. A much cruder comparison can be 
made between countries with respect to the risks attributable to specifically Baltic Sea (fatty) 
fish.  
 
 

Table 18. A comparison of measures of contamination by PCDD/Fs and DL-PCBs in representative 
animals in Baltic and nearby coastal sea areas, based on data sets selected for maximum pairwise 
comparability as to sampling period, sampled specimens and analytical methods. Note the varying 
inclusion of congeners (DF = PCDD/Fs, DFP = PCDD/Fs and DL-PCBs).  

 
Levels of dioxin toxicity of PCDD/Fs and PCBs (means, in parentheses ranges), in pg WHO-TEQmam Marine area 
herring,  
in muscle lipids 

herring,  
in muscle wet weight 

wild salmon,  
in muscle lipids 

wild salmon,  
in muscle wet weight 

 mature male 
harbour porpoise, 
in blubber c 

Baltic Sea 80 Sw BB 98 DFPd 
23 (7-46) Ger 96 DFa 

3.6 Sw BB 98 DFPd 
1.9 (0.7-3.2) Ger 96 DFa 

240 Sw 96 DFPd 16 mixed 96 DFPd 120 (50-180) DFPc 

Kattegat 
 

15 Sw 98 DFPd 
 

1.8 Sw 98 DFPd 
 

  52 (25-78) DFPc 

North Sea 48 (14-100) Ger 96-7 DFa  
24 (13-39) UK DFb 

83 (26-140) UK DFPb 

0.57 (0.3-0.8) Ger 96-7 DFa 
8.3 UK DFPd 

175 UK DFPd 
6.5 (4.6-11) UK DFb 

25 (16-38) UK DFPb 

24 UK DFPd  

Norwegian 
Atlantic coast 

    81 (35-300) DFPc 

References: aKarl et al. (2002); bSmith et al. (2002), based on MAFF (1997, 1999); Berggren et al. 1999, data for porpoises caught 1988-90, 
including analysis of 0-o-PCBs 77, 126 and 169 (not PCB 81),1-o-PCB 118 (not 105, 114, 123, 156, 157, 167 and 189) and 2-o-PCB 180 (not PCB 
170) among those PCBs given (tentative) TEFs; significantly higher BS levels found only for TCDF and 4-PeCDF and ΣPCBs, not PCB 118; 
dSCOOP (2000);    
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A comparison of the levels of dioxins and DL-PCBs in herring, salmon and harbour porpoise 
in the Baltic and in other marine areas is presented (Table 18). To facilitate comparisons, both 
lipid-based and wet weight based concentrations are given. Herring data specified or 
normalized for age or catch season are not available for such comparisons (cf. 3.3). The data 
by Berggren et al. (1999) on harbour porpoises are included although not covering all DL-
PCBs, as they illuminate regional variations in dioxin and PCBs levels in a marine mammal, 
include stastistical analysis of the significance of differences, and illustrate the importance of 
the weakly dioxin-like PCB 118 for the TEQs in this species.  
 
It can be seen that generally the dioxin and PCB levels, in terms of dioxin toxicity, were 
higher in the Baltic than in other nearby seas. For instance, the WHO-TEQDFP levels in 
Swedish 1996 samples were higher in Baltic than on West coast on both wet weight and lipid 
basis (2- and 5-fold, respectively). However, the Baltic dioxin contamination level was not 
always significantly higher; the levels in 1996 German Baltic herring were lower than those in 
1996-97 German North Sea herring on lipid basis. In salmon, the levels on both lipid and wet 
weight basis have been comparable in Baltic Sea and UK (North Sea) samples from 
approximately the same period (mid-90's). Also in porpoise blubber, the Baltic Sea levels 
were not significantly higher for either TEQs or the key contributor PCB 118.    
 
DLC levels do not necessarily correspond with differences in toxic effects and risks. For 
instance, Bosveld et al. (1995) noted that although the dioxin and DL-PCB levels (also in 
TEQs) in North Sea common terns were comparable with or even higher than those in the 
Great Lakes area, adverse reproductive effects were absent; it was suggested that variable 
interactions of DLCs and other contaminants such as non-dioxinlike PCBs may contribute to 
such discrepancies. The same may be true of other fish consumers. 
 
In more general terms, the risks associated with DLCs to fish-feeding animals, including man, 
between the Baltic Sea and other sea areas can be compared in a qualitative or semi-
quantitative fashion (Table 19).   

 
 
Table 19. Comparative assessment of relative risks from Baltic Sea fish, other fish and other 
sources in some Baltic Sea countries and Central Europe.  

 
Country/ 
region 

Risks from dioxins 
attributed to Baltic Sea fish 

Risks from dioxins 
attributed to other fish 

Total risk from dioxins Share of the risk from 
Baltic sea fish from total 
risks 

Finland Relatively high (in heavy 
users) 

Relatively high (most of 
the average dioxin intake 
is from fish) 

Relatively low due to clean 
rest of the diet 

High in heavy user 
groups; moderate on the 
average (but above that 
in other countries) 

Sweden Relatively high (in heavy 
users) 

Moderately high (up to half 
the intake is on the 
average from fish) 

Intermediate  Moderately high 

Denmark Relatively high (in a few 
heavy users; i.e. moderate 
population risk) 

 Relatively high due to high 
intakes from meat, dairy and 
eggs (but declining) 

Intermediate 

Poland and 
Baltic states 

Relatively high (in a few 
heavy users) 

  Intermediate 

Central 
Europe/North 
Sea 

Almost nil (even including 
Baltic Sea fish based 
fodder)  

Modest (in many countries 
and user groups) 

Relatively high due to high 
intakes from meat, dairy and 
eggs (but declining even for 
DL-PCBs, whose inclusion will 
induce an artificial rise in risk) 

Low or nil 

US, Canada/ 
Great Lakes 

(not relevant)   (not relevant) 
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5.3.3 Risks and benefits from human consumption of fatty seafish 
 

Comparisons of the risks and benefits of consuming dioxin-lade fatty fish present an issue for 
risk characterization emerge as a crucial issue, and one that has been omitted in most formal 
assessments but is increasingly referred to in the debates about dioxin risk management; 
however, it is sometimes dealt with in a superficial, generalizing and unbalanced manner.  
 
This comparison is only one aspect of a more general risk-benefit analysis in a risk 
management strategy connection, as also other benefits from fisheries than those directly 
related to human health (such as economic, social, cultural benefits) should be then factored 
in. Also within the more restricted area of health risks and benefits, both human and non-
human animals (and in principle whole ecosystems) may be addressed. However, within 
health risk assessment, the risk-benefit relationships within the immediate effects of fish 
consumption on human health are of main importance.    
 
FAO and WHO (refs). consider fish to be an important component of a nutritious diet, and 
that the risk of consuming contaminated fish must be weighted in view of the beneficial 
nutritive effects of fish. FAO and WHO plan to develop general guidance for such risk-
benefit considerations, with the contamination of fish as case studies. 
 
It has been shown above (4.5) that health risks and benefits from fatty fish display a rather 
similar profile in terms of what biological systems and response types are involved. The 
immunological, developmental, reproductive, metabolic and even some tumorigenic risks 
from dioxins, at a generalizing and endpoint-aggregating level, are matched and possibly in 
many cases exceeded by benefits from consumption of fatty fish. This makes it more 
meaningful to compare risks and benefits from Baltic Sea fish consumption. However, there 
still are differences between these benefits and risks also in terms of effects profiles, and these 
may have to be taken into account in closer evaluation of the relative significance of such 
risks and benefits in decision making. Notably, the key benefit from fish consumption, that 
for cardiac health, is much more pronounced and certain than the indications of cardiac 
toxicity by DLCs (occurring only at high levels in humans), although some findings of low-
dose effects on lipid metabolism may at least partly challenge this comparative evaluation.   

 
The evidence of fatty fish benefits for cardiac health is important in the assessment of the 
effects of dioxins in Baltic Sea fish, as they tend to accumulate preferentially in the fatty fish 
of greatest human consumption, herring, and as cardiovascular diseases are among the key 
causes of mortality and morbidity in the Baltic Sea countries, particularly in Finland still 
today despite many interventions and extensive long-term efforts.  

  
A more detailed definition of the receptors of risks and benefits and their distributions in time, 
space and population segments (especially among humans) is an important aspect in risk-
benefit comparisons. It may be envisaged that as dioxin risks decline (albeit slowly and with 
some fluctuation and variation e.g. geographically and between fish), the benefits from 
consuming fatty fish may be held constant or may even increase; this can depend e.g. on the 
development of other factors affecting the health conditions that are benefited by fatty fish; it 
can also depend on whether the use of clean fish oil based dietary supplements will increase 
as a surrogate to fresh fish and to other dietary items.  
 
Age group again is a significant consideration. There is plenty of scientific information and 
expert assessments pointing to the fact that particularly great health risks from dioxins are in 
general caused to early developmental stages in perinatal exposures, transmitted through their 
mothers, and to young people in general including adolescents of both sexes, based on their 
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susceptibility (4.4, Annex 8B). However, for risk quantification, characterization and 
evaluation, also the exposures (past, present and future) of these groups need to be taken into 
account. There are indications that these targets or transmitters of risks presently consume 
small amounts of fatty Baltic Sea fish. On the other hand, the benefits from consumption of 
fatty fish may be accrued to a great extent to elderly persons that are in particular risk group 
for cardiovascular disorders. This distribution of benefits is somewhat altered and modified 
by other benefits such as those on development (of bones, nervous system etc) distributed also 
among younger persons. Still, it seems probable that the overall distribution of risks and 
benefits from consumption of dioxin-laden fatty Baltic Sea fish is asymmetric in terms of age 
groups; the benefits are particularly strongly dominating over risk among the elderly, while 
the risk-benefit relationship is less favourable among younger persons.       

 
Further, a significant aspect in decision-making that is related to the cause of the risks and 
benefits is their avoidability or reducibility. This includes the question of whether benefits 
can or cannot be obtained from alternative dietary items. There is some evidence for a greater 
benefit to cardiovascular health from consumption of fresh fatty fish than from fish oil 
supplements. Still, in principle the possibility if substituting the fatty fish with other, more 
dioxin-free but equally or almost equally healthy dietary items and supplements presents itself 
as an important management decision issues (cf. 9). Several studies have been made on the 
content of DLCs and other contaminants in fish oils, especially during the last few years 
(refs.). In general, many fish oil products especially based on cod liver have been found to 
contain appreciable levels of dioxins, also some products from allegedly clean marine areas. 
This may imply that the relative net benefit obtainable from substituting consumption of fatty 
Baltic Sea fish with fish oil supplements is not great.  

 
The avoidability criterion is important in light of recent debate on human health risks from 
fish dioxins (in farmed fish, i.e. not directly relevant to the Baltic; however, the general 
arguments have great relevance for the present risk-benefit assessment). As a response to the 
Science article by Hites et al. (2004a), several replies were published, detailing the health 
benefits of fatty fish and pointing out dangers involved in reducing fish consumption. It is 
noteworthy from a risk communication point of view that some of the replies presented health 
benefits from fish as if the original article had ignored them. However, as pointed out by Hites 
et al. (2004b) in their eply, they had explicitly emphasized the many health benefits from fish 
and the need for considering both risks and benefits. Thus, some of the replies may in part be 
regarded as 'red herrings', implying opinions or omissions that were not in fact presented.  
 
A quantitative risk-benefit analysis was included in the reply by Tuomisto et al. (2004) who 
provided a comparison of the mortality risk of cancer due to fish dioxins with the mortality 
risk of heart attack due to lowered fish consumption. However, such a simplified comparison, 
although accounting for some uncertainty factors, may miss both a fuller consideration of the 
uncertainties involved and other, even more important decision dimensions. For one, the 
relevance and commensurability of the impacts and thus the validity of the net risk estimate 
can be questioned; a more relevant analysis might include e.g. comparisons with morbidity 
from the more common reproductive, developmental and possibly immune disorders. 
Furthermore, a distribution of risks and benefits seems in place, as discussed above. Still more 
importantly, such comparisons do not take into account what alternatives there are to fatty 
fish consumption; this was pointed out already by Hites et al. (2004a). In effect, a 
straightforward juxtaposition of risks and benefits from fatty fish may too easily presuppose 
that people would automatically shift from consumption of such fish to more unhealthy fat, 
protein and energy sources. This presupposition should however be questioned, also as such 
dietary behaviours may be influenced by active measures (cf. the chapters on risk 
management measures and strategies, 8 and 9).  
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It seems feasible to focus on a semiquantitative comparative evaluation of risks and benefits 
from consumption of Baltic Sea fish by humans (Table 20), instead of e.g. attempting to 
estimate the magnitude of risks and benefits in commensurate measures such as cost units. 
The main thing here is to identify some of the influences on and characteristics of human 
health that are relevant in the context of consumption of Baltic Sea fish.  

 
 
Table 20. Comparative assessment of human health impacts of ingredients in fatty Baltic Sea fish. 
 
Effect type Effect direction and strength, by effect factora Notes 
 PCDD/Fs 

+DL-
PCBs 

Other Oxs MeHg 3-o-PUFAs 
(fatty 
seafish) 

Other fish 
ingredients

Overall 
effect 
and 
certitude 

 

cardiovascular -  - ++    
neurological -(-) - (other 

CBs) 
-(-) +(+)    

developmental 
(non-neurol) 

-(-)   +(+)    

reproduction -(-)   +(+), (-)   conflicting results in fish-eating 
cohorts 

immune -(-)      some persons allergic to fish 
metabolism -   +    
tumours (-)   +(+)   varies by tumour type 
other -       
a- = adverse, + = beneficial; (-)/(+) = weak effect, i.e. at high doses or subtle effects at all doses; -(-)/+(+) = moderate effect; --/++ = strong effect.  

 
 
Table 21. Distribution of human health risks and benefits from Baltic Sea fish. 
 
Impact  
type 

Distribution 
among age 
groups 

Gender 
distribution 

Other deviating  segments of 
population 

Geographical 
distribution  

Distribution in time 

Risks - highest in 
prenatal 
exposure esp. for 
developmental 
effects  
- high in children 
(breast-feeding 
compensates) 

highest in 
females (also 
apart from risks 
mediated to 
fetus) 

-high in heavy seafish 
consumers 
-high in those heavily exposed  
from other sources, e.g. smokers 
(although relative risk addition is 
smaller) 
-high in fasting persons 
-high in persons with certain 
metabolic  anomalies (e.g.  
thyroid disorders) 
-high in persons of unfavourable 
genetic disposition 

-highest in hotspot 
populations  
-high in coastal fish 
consumers 
-high in areas of  
high  exposures from 
other sources 
(although relative risk 
addition is smaller) 
-high in areas with 
greater susceptibility  

-some risks have up 
to trans-generational 
lags (reproductive 
effects in offspring) 
-some risks are 
transient (e.g., 
behavioural), some 
permanent (structural 
development) 

Benefits - for cardiac 
health, highest 
among elderly  
-high in other age 
groups 

for cardiac 
health, highest 
in men  

-high in persons with risk 
elevated risk of cardiac disease 
-high in persons with low vitamin 
D and some other nutritional 
deficits 
-high in persons of favourable 
genetic disposition 

-high in areas with 
elevated risk of 
cardiovascular 
disease 
-high in areas of  fish 
ingredient deficits 
and favourable 
genetic disposition 

-some benefits have 
long lags 
-some benefits are 
transient 

Com-
pound 

benefits are likely 
to exceed risks 
for all age groups 
but precaution is 
advisable for the 
young 

benefits are 
likely to exceed 
risks for both 
genders but 
precaution is 
advisable for 
females 

benefits are likely to exceed risks 
for all segments but precaution is 
advisable for some of the high-
risk groups 

benefits are likely to 
exceed risks for all 
areas but precaution 
is advisable for those 
with high risk 

risk/benefit ratio will 
decrease further if 
exposure levels 
continue to decline 
(from fish and 
generally) 
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In addition to such generalizing comparisons, it is important to outline the distribution of risks 
and benefits among various groups of people defined along some key dimensions (Table 21). 
 
Ponce et al. (2000) studied risks and benefits of fish consumption by using quality-adjusted 
life year weights with dose-response models. They focused on neurotoxicity of 
methylmercury (MeHg); the analysis is nevertheless relevant for dioxin assessment due to the 
relationships between dioxin and MeHg effects and to the task and methodology of risk-
benefit analysis in connection with fish consumption. They presented a quantitative method 
that allows for consideration of diverse health endpoints that differ in their impact (i.e., 
duration and severity) using dose-response modeling weighted by quality-adjusted life years 
saved. Benefits were defined as the decrease in myocardial infarction mortality resulting from 
fish consumption, and risks as the increase in neurodevelopmental delay (talking) resulting 
from prenatal MeHg exposure. Fish consumption rates were for Washington State. The net 
health impact of eating fish was estimated in either a whole population or a population 
consisting of women of childbearing age and their children. It was demonstrated that across 
fish MeHg concentrations of 0-1 ppm and intake levels of 0-25 g d-1, individuals would have 
to weight the neurodevelopmental effects 6 times more (in the whole population) or 250 times 
less (among women of child-bearing age and their children) than the myocardial infarction 
benefits in order to be ambivalent about whether or not to consume fish.  

 
Breast feeding as a parallel case of risk-benefit balancing 
 

The relationships between adverse effects and benefits of breast feeding are important from 
the point of view of Baltic Sea fish dioxins, as some general issues in risk and risk-benefit 
assessment and in risk management are comparable between these two cases of human 
nutrition by contaminated foodstuffs. Also the differences between them are instructive. 
 
Tuomisto et al. (2004a) pointed out the fact that most authorities have continued advising 
mothers to breast-feed despite risks from contaminated milk, although in some cases 
suggesting that the duration of breast-feeding might be limited to e.g. 6 months. These authors 
also noted the lack of research on the relative benefits and risks from breast-feeding.  While 
the risk-benefit comparisons in connection with contaminants in human milk and breast-
feeding have been noted as an important topic in several occasions (e.g., Pohl and Hibbs 
1996, Brouwer et al. 1998), very little explicit analyses and detailed have been presented.  
 
Hoover (1994) assessed the exposures to and risks from persistent organochlorines in 
Canadian breast milk probabilistically for cancer and non-cancer effects, weighing the risks 
quantitatively and qualitatively against the benefits of breast-feeding. It was concluded that 
current levels of the majority of contaminants identified in breast milk do not pose 
unacceptable risks to infants and that the well-documented benefits of breast-feeding appear 
to outweigh potential health risks from organochlorines.  It was also pointed out that the risks 
of mortality from not breast-feeding estimated by Rogan and Ragan (1994) exceed even the 
theoretical cancer risks estimated for infants exposed to potential carcinogens in breast milk. 
However, potentially significant risks were estimated for exposure to PCBs and PCDD/Fs 
although levels of POPs had been declining. Follow-up work was suggested on 
physiologically based pharmacokinetic models with probabilistic inputs to predict dioxin 
exposure to infants and on coupling exposure estimates with a dose-response analysis 
accounting for uncertainty. 
 
Finally, it can be noted that the relationships and differences between mother's milk and other 
foods, including fish, are largely related to risk perceptions and health and nutritional risk 
management policies and practices. These aspects of this illuminating parallel will be dealt 
with in the sections below.   
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5.4 Tolerable intakes, allowable concentrations and other quantitative decision criteria 
 
5.4.1  Basis and definition of TDIs and other measures of tolerable human intakes 
 
General 
 

In the present risk management of dioxins e.g. in the EU the key quantitative criterion of 
acceptable risks is the human Tolerable Daily Intake (TDI) and similar measures, such as 
increasingly Tolerable Weekly Intakes (TWI) or even Tolerable Monthly Intakes (TMI) due 
to the emphasis put on long-term accumulation (SCF 2001, FAO/WHO 2002). Because of 
this importance of the TDIs, they should be viewed critically, as to their scientific and policy 
foundations and implications, in relation to other risk dimensions, and also as an example of 
simplifying measures that has some problematic corollaries (as well as some justification). A 
scrutiny of TDIs that are often accepted in a rather unquestioning manner (or criticized 
unanalytically and out of context) is necessary for a balanced discussion of risk assessment 
and management of dioxins. In particular, it needs to be clarified in how far TDIs are science-
based or based on other premises, also non-explicated. 
 
The TDI is in essence based on a) effective doses or body burdens, and subsequently derived 
no-effect doses, in animal experiments fulfilling certain criteria, b) conversion of these 
measures to corresponding human doses, body burdens or intakes, and c) application of 
various safety factors because of the uncertainties involved in the process. Some consensus 
procedures have evolved for this, based especially on the proposal by WHO (1994). However, 
the process is not guided in detail, and also more non-formalised and even silent decision 
criteria, partly convention based and partly case-specific, are applied e.g. as to the quality of 
data, the relevance of effects, and the appropriate safety factors. It should be noted at the 
outset that the procedure is not strictly scientific (even allowing that nothing fully is, and that 
the notions and limits of 'scientific' are to be questioned), but involves considerable judgment 
based on pragmatic considerations and valuations, more or less transparent.  
 
The TDI concept is evolving, e.g. to include other dose measures than intakes, such as body 
burdens that shift the focus closer to critical tissue doses and avoid some of the uncertainties 
in dioxin fate in the body and related limitations of interspecies extrapolation. The 
development of TDIs is explicitly indicated in the concept, and thus in its application in the 
food safety area, by the additional specification of temporary TDIs ('t-TDIs'). In the most 
recent SCF (2001) opinion and re-evaluation of dioxin risk assessment, this reservation has 
been removed, implying that a more permanent TDI be definable. The criteria for this basic 
distinction between types of TDI are however not clear and the implied conclusion is in some 
respects not easily defensible, as will be explained below. 

 
In the following, the SCF (2001, 2002) evaluations and proposals for a TDI (or TWI) for 
dioxins are used as a case, justified e.g. by their central role in EU dioxin risk management. 
These TDIs will be compared with some other (including older national) evaluations and 
proposals, related to some pertinent discussions of TDIs, and analysed also more generally, 
even if in short, within the context of quantitative decision criteria. Finally, it is stressed that 
many of the criticisms offered apply to both the TDIs as stated by SCF and to other TDIs and 
quantitative benchmarking approaches to dioxin risks, and are thus not to be construed as 
indicating exceptional shortcomings of the SCF opinions on the matter. On the contrary, it can 
be said in general that in some respects (such as in toxicological and pharmacokinetic 
assessment) these opinions are thorough and well founded and display even exceptional 
expertise and insight (in the context of regulatory assessments), their important limitations, 
weaknesses and unclarities being found elsewhere. 
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Database and pivotal study selection  
 

The selection of the studies, mainly animal experiments, to be used as a basis of quantitative 
and qualitative toxicological assessments and definitions of a human TDI is the first critical 
step affecting the conduct and outcome of these assessments. 
 
SCF first (2000) qualified as pivotal low-dose studies those by Mably et al. (1992) and Gray 
et al. (1997) on reproductive development in male offspring of Holzman and Long-Evans rats, 
respectively, and those by Schantz and Bowman (1989) and Rier et al. (1993) on reproductive 
effects (endometriosis) and neurobehavioral development, respectively, in Rhesus monkeys. It 
also discussed the study of Gehrs et al. (1997) on immune effects in rat male offspring. Of 
these, only the Gray et al (1997) and Mably et al. (1992) studies were retained in SCF (2001), 
while new studies by Faqi et al. (1998) and Ohsako et al. (2001) on reproduction in Wistar rat 
male offspring and Holzman rat male offspring, respectively, were included.  

 
Among the criteria for evaluating and selecting the studies accepted as a basis of TDIs that 
may be identified in the SCF (2002, 2001) opinions (Annex 8C, Table 3) many seem logical 
and defensible, even necessary for quality control. Also other, unstated criteria exist for 
selection of pivotal studies, and may be justified e.g. on the basis of the general practice in 
toxicology. Specifically, GLP and other methodological guidelines and evaluation criteria 
influence choice of acceptable low-dose studies. Replication and confirmation of studies may 
also be considered as a requirement especially in the case of dioxins where non-reproducible 
'candidate pivotal' studies have been published e.g. of host resistance suppression at low doses 
(Burleson et al. 1996, cf. non-confirmation by Nohara et al. 2002). 
 
However, among the above selection criteria for studies, some seem problematic, ambiguous 
and open to interpretation. Foremost among these are the following (numbered as in Annex 
8C, Table 3):  
 
2) The 'clear adversity' of effects is difficult to establish objectively especially in some cases, 
not only among biochemical level responses but also among organ or organism level 
emergent effects. This difficulty, related to the multidimensionality and sequentiality of 
effects and risks, should on the other hand not be construed as an artificially inflated obstacle 
to assessment; the variation in endpoints and stages of response could instead be utilized as a 
source of additional information (e.g. using effect biomarkers in an extended weight-of-
evidence approach).  
 
3) The 'clear relevance' to humans of animal effects is also difficult to define unequivocally 
(cf. 4.6.1). Its definition necessarily hinges in part on a somewhat subjective general and 
effect-specific evaluation of interspecies comparability that is based also on supportive 
information e.g. about phylogenetically conserved effect mechanisms or about the physiology 
of the species compared. This difficulty may also be exaggerated. For instance, it may be 
argued that even if a behavioural anomaly in monkeys does not occur in a similar form in 
humans due e.g. to differences in overall behaviour, or the relevance especially of a subtle 
behavioural effect is not the same (as emphasized by SCF 2001), due e.g. to social 
compensation mechanisms, the effect in itself may have a generalizable neurological and 
general biological basis and may be an indication of broadly similar and significant risk 
(within the category of behaviour) also in humans. It is at any rate conceivable that 
particularly in socio-behavioural respects monkeys are more closely related to humans than 
rats. Regardless of these considerations, in as far as the human relevance is accepted as a key 
criterion as suggested by SCF, the decision of SCF (2001) to limit itself to rat studies (see 
below) contradicts such a line of thought. It is interesting that precisely because of the 
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difficulty of interspecies extrapolation and because of the need for data from human-like 
experimental animals, the previous Dutch health risk assessment for dioxins (HCN 1995) 
stressed the need to utilize the information on low-dose effects in monkeys.      
 
4) In connection with the former point, criticism is in place of the statement in the updated 
opinion of SCF (2001, p. 14) that "In view of … the firmer basis for extrapolation from the 
pivotal rodent studies that is now available, … decided not to include the study (on monkeys) 
as a pivotal study …". This is problematic on principal grounds, suggesting that those species 
that have already been studied (for reasons that may be not relevant to human health such as 
historical and practical considerations) could be continuously prioritised if only some added 
support e.g. for extrapolation is accrued. Such a criterion of study selection would imply that 
additional information from more species be unexploited. More generally, this carries the 
threat of a self-imposed limitation in knowledge and view, and may also influence knowledge 
production by over-emphasis on established knowledge. An extension of this line of 
reasoning would be to focus only on those endpoints already well studied, as there is a firmer 
basis for such studies than for some new endpoints. It seems preferable that also within 
definitions of TDI, possibilities be actively sought to utilize more fully information on 
additional species (and other entities) without bias toward favouring traditional ones. There is 
a trade-off between specificity and reliability of information on one hand and coverage of 
variation and human relevance on the other (the latter can also be seen as attributes of high-
quality information in a wider sense); the SCF (2001) stance tends to push the balance toward 
the former.  
 
The comment of UBA (unpublished 2003) questioned the decision to limit the knowledge 
base of the assessment to studies in only one species, rats, and in fewer strains, sexes and 
development stages. As a general methodology, the deliberate limitation to one species differs 
from the accepted approach in ecotoxicological risk assessment as practiced e.g. in EU 
chemicals management, where a basic requirement and a strong determinant of safety factors 
is the availability of data on several species representing several groups (CEC 2003a). While 
this approach may not be directly applicable to human toxicology, it does provide a general 
pointer to a more information-inclusive direction. Use of data on other taxa (including data on 
humans) does not have to be made in a similar manner, and may e.g. account for differential 
internal uncertainties and make use of the increased knowledge of similarities and differences 
in metabolism and effect types and mechanisms between species. 

    
Derivation of uncertainty factors and extrapolation models 
 
General considerations 
 

When conducting risk assessment by the procedures employed by the SCF (2000, 2001) as by 
other regulatory expert bodies, this is often the most important stage of assessment and TDI 
definition. Uncertainty factors have varied by orders of magnitude, as compared to the 
variation of tens of percent in some other areas of assessment (e.g. estimates of environmental 
levels or intakes). Safety factors underlying the TDI are the quantitative basis for much (in 
present management style even most) of the evaluation of the significance of dioxin risks and 
of their management needs also in the Baltic Sea. They therefore need to be scrutinized 
critically, especially as applied in the SCF assessments. 
 
Paradoxically (but in some respects understandably, given the nature of these factors and 
decisions), safety factors are simultaneously the area of TDI derivation also in the SCF (2000, 
2001) assessments that has been given least attention both in terms of what factors are applied 
and how, and in terms of the justifications given for associated choices. While the 
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consideration of pivotal studies, dose conversions and the evaluation of effects information in 
these assessments are generally speaking thoughtful (see above), the specification and 
discussion of safety factors is even more limited than in some other assessments (e.g., HCN 
1995). Empirical information pertinent to safety factors e.g. in extrapolations has not been 
fully utilized, and also some theoretical considerations have been omitted or downplayed. One 
may further notice a lack of coupling between the thoroughly covered areas of assessment on 
one hand and the safety factor definitions and discussions on the other, considering that the 
latter are actually reflections, operational interpretations and decision rules based on the 
former.   
 
The above critical evaluation does not imply that safety factors necessarily need to be applied 
in a detailed manner, or at all, at least in the present sense. Alternative approaches to dealing 
with the uncertainty inherent in risks and their constituent factors and associated processes 
and variables can be, and have been, conceived (see below).  

 
Dose conversion and pharmacokinetics 
 

To derive no-effect doses that would be equivalent to human long-term exposure (Estimated 
Human Daily Intake values), SCF (2001) in its revised opinion utilized additional data on 
pharmacokinetics of TCDD in rats, obtained by Hurst et al. (2000a,b). Basically, SCF (2000, 
2001) has continuously relied on the single-compartment (whole-body) pseudo-first order 
kinetic model of dioxin depuration. The conversion between acute and sub-chronic maternal 
doses in the rat using the power function model fit by SCF (2001) to the data of Hurst 
(2000a,b) was shown to be robust, and also the conversions between maternal and offspring 
steady-state doses seemed reasonably supported by the correlations (the statistical 
significance of the correlations was however not given). Nevertheless, the bounds of these 
empirical power function models should be better acknowledged. They may depend e.g. on 
body fat stores (stated by SCF 2001), overall condition of the animals, and dose levels 
(Carrier et al. 1995). Naturally, the models apply to TCDD and not necessarily to other 
congeners, the pharmacokinetics of which have been shown to differ from TCDD in both rats 
(Brewster and Birnbaum 1987, 1988, Abrahams et al. 1989) and humans (Van der Molen et 
al. 2000) also in ways deviating from their relative TEFs; this point has been stressed also e.g. 
by WHO representatives (Younes 1998).  
 
In particular, the models were derived and demonstrated for the rat, and their applicability to 
humans is questionable. The simplified single-compartment, steady-state first-order model, 
the approximating power function model and the associated dam-foetus and exposure 
duration conversions may not be consistent with the demonstrations of improved dose 
estimates for humans obtained by using more complex and physiologically based generic 
mammalian models (Carrier et al. 1995), by considering age dependencies in depuration and 
pharmacokinetics (Van der Molen et al. 1996, 2000) and by specifying trans-placental 
pharmacokinetics between mother and foetus (Kreuzer et al. 1997, Lorber and Phillips 2002), 
or other models and data that might account for some of the above factors.  
 
The SCF (2001) at the outset of the TDI definition laid down the established paradigm (e.g., 
WHO 1994) that the uncertainty factor should account for the possible inter-species 
differences between experimental animals and humans in susceptibility (pharmacokinetics 
and toxicodynamics) to TCDD, and to the potential inter-individual variation in susceptibility 
in the human population. This is a conceptual approach that is rather logical, comprehensive 
and commendable. They then proceeded to stating (p. 15) that an inter-species 
pharmacokinetics based uncertainty factor was not required since the default pharmacokinetic 
factor was replaced by actual data in calculating the body burdens used to scale doses across 
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species. This seems somewhat questionable, as the data utilized in this case are largely limited 
to rats, and do not cover extensively and explicitly dissimilarities between rats and humans. 
Little scaling of data across species and little consideration of the factors and uncertainties 
involved has been shown, the data and calculations being concentrated on rats (see also SCF 
2000). 
   
For inter-individual variation in pharmacokinetics a default safety factor of 3.2 was assigned 
as recommended by WHO (1994). This was backed up by the observed difference in TCDD 
half-life between humans giving a data-derived uncertainty factor of 1.5 (ratio of 95 % CL 
and mean). Since these data came from occupationally exposed males and may not adequately 
cover females, the default safety factor was chosen, i.e. in this case stricter than that indicated 
by the data, which seems prudent. It should however be added that these occupational data not 
only exclude gender differences but also variation in pharmacokinetics between age groups 
and, perhaps still more importantly, between persons of variable uptake and metabolism 
through genetic disposition, nutrition or health. For instance, the occupational data may be 
biased also due to the healthy worker effect, conspicuous in epidemiology and shown also for 
dioxins (e.g., Vena et al. 1998) and likely to be still more influential with nutritional and 
metabolic e.g. lipids related anomalies. If accounted for, data on such variabilities might on 
the contrary increase the safety factor over the default (cf. the indications of greater 
interindividual variation in the general populations cited above in 3.4).  

 
Toxicodynamics and LOAEL-NOAEL extrapolation 
 

With regard to toxicodynamics and the relative sensitivity of different animal species, the 
SCF (2001) states (p. 16): "studies of AhR binding affinity and adverse responses directly 
dependent of AhR suggest that humans are less sensitive to TCDD than responsive rodent 
strains". This seems a rather one-sided generalization, as there are data suggesting equal or 
even reversed sensitivity between humans and rodents for some responses, e.g. for EROD 
induction in rat livers as compared with human placentas (Lucier et al. 1991).   
The statistical and general conceptual and principle level constraints and problems of the 
NOAEL have been discussed and emphasized, and alternatives to NOAELs including 
benchmark doses (BMD) have been searched for (Pease et al. 1991, Barton and Das 1996, 
Dekkers et al. 2003, Rogers 2003, Renwick et al. 2003). In essence, NOAEL is an arbitrary 
measure of insignificant risk level because it is dependent on the study design (dosing regime 
and pattern). The NOAEL may also utilize the data sub-optimally or obscure it. Some 
analyses of alternatives for NOAELs in the case of dioxins have been described in Annex 8B.  

 
Safety factors 
 

Safety factors are the decisive element in TDI derivation, in addition to the selection of 
pivotal studies (and are closely related to and dependent on the relevance and quality of 
information in these studies). The importance of safety factors can be illustrated by the fact 
that in the definition of TDIs for dioxins they have varied by two orders of magnitude even in 
authoritative assessments, e.g. from 250 in Ahlborg et al. (1994) over 100 in HCN (1995) to 
10 in WHO (1998) and 3.2 in SCF (2001).     

 
At a recent IPCS meeting on the harmonisation of risk assessment procedures (August 2000) 
it was recommended that when a default value is replaced by a value based on quantitative 
chemical specific data the value should be termed an adjustment factor, and the term 
uncertainty factor retained for the default values shown in the risk assessment scheme above. 
Thus the “safety factor” would be the product of chemical-specific adjustment factors (for 
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aspects where data are available) and default uncertainty factors (for the remaining aspects 
where data are not available). 

 
General guidance for safety factor designations has been offered by the WHO (1994), 
suggesting that safety factors be defined based on  
 inter-individual differences in pharmacokinetics and pharmacodynamics 
 inter-species differences in pharmacokinetics and toxicodynamics 
 extrapolation from LOAEL to NOAEL  
 extrapolation from (sub)acute to (sub)chronic toxicity. 

  
Most importantly, the SCF (2001) concluded that no safety factors are needed due to inter-
individual variation in susceptibility, without further justification or comment. This is a 
remarkable statement, considering e.g. the standard guidance for safety factor designations 
and the empirical data on interindividual variation also in vivo in human populations as 
approximated by biochemical effect markers (see above 5.2.2). It may be noted that also 
ECETOC (1995) in the position of industry to assessment factors in toxicological risk 
assessment has equivocally and explicitly stated that the partial safety factor for inter-
individual variation due also to susceptibility always has to be above unity.  
 
This decision of SCF (2001) to drop a safety factor based on inter-individual variation was 
among the things most severely criticized by UBA (unpublished 2002) in their comment to a 
draft of the revised opinion of the SCF. It has not been possible to scrutinize the comments of 
other parties on this draft or to the discussion on safety factors in TDI definition for dioxins in 
other contexts. 
    

 

 
 
 
Fig. 33. Left: Uncertainty factors used to establish acceptable levels of human exposure based on 
animal databases. The factors shown with continuous lines are used in the EU for the assessment of 
food additives and pesticides. Other factors may be applied for other types of chemicals (e.g. 
contaminants) and by authorities and bodies outside the EU. The numerical values represent usual 
practice. Right: Scheme for risk assessment of threshold toxicants (based on WHO, 1994).  
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Criticisms against the use of a compound safety as low as or below 10 have also been 
expressed by the scientific community, e.g. specifically for immune effects on developing 
fetuses and infants by the participants of a symposium who concluded that despite some 
differences in immunocompetence at birth and after lactation, and differences in the time 
frame for maturation of the immune system, reaction types are thought to be common, 
comparable and similar in human childhood and early adolescence and the postnatal lifetime 
of laboratory rodents (Richter-Reichhelm et al. 2002). The authors also felt strongly that 
regulatory steps urgently need to be initiated to incorporate some relevant aspects into 
existing test guidelines for testing developmental immunotoxicity.   

 
Summarizing evaluation of the basis of TDIs 
 

The 100-fold increase in apparent confidence as to dioxin risks that is displayed in 
authoritative health risk assessments of dioxins during the past decade may only partly be 
explained by improved data and scientific information unequivocally dispelling uncertainties 
during this relatively short time. Rather, it seems likely that as new evidence has accumulated 
on low-dose effects of dioxins, standard and also some data-based safety factors would have 
led to impracticably and alarmingly low guideline values for intakes, even below present 
intakes for much of the population, and therefore pressures have amounted to justify lowered 
safety factors. In no other way does it seem possible to explain that e.g. SCF (2001) ignored 
inter-individual variation in sensitivity as a factor contrary to contrary advice.  
 
Information on only one model species (rat) and one endpoint (disorders in reproductive 
development of offspring) has increasingly replaced a more multi-dimensional effect 
assessment. This may be partly justified by that this receptor and endpoint are the best known 
and the most sensitive identified (depending on the criteria for study selection with regard to 
both the quality and relevance of information), but leaves the assessment vulnerable to 
important limitations.  
 
The above critical evaluation of the present TDIs and the process of their definition should 
not be taken to imply that TDIs should (have had to) be necessarily lowered; it only seeks to 
scrutinize the arguments used and their potential weaknesses and gaps in TDI definition, also 
to identify possibilities for alternative interpretations and evaluations. That is, the criticism 
avoids taking a stance to the matter a priori. We are instead concerned with the argumentation 
(or the lack thereof) in the previous official assessments, and how the scientific evidence has 
and has not been used therein.  
 
There are conceivable reasons for not lowering TDIs (and even for not increasing safety 
factors), as well as for lowering TDIs. Reasons for a more lenient TDI might include e.g. 
human population evidence (and strict criteria for its quality) and the lack of noticeable severe 
effects even from previous higher population exposures, i.e. further reducing the safety factor 
from interspecies extrapolation; further pharmacokinetic considerations including lower 
cumulative distributed doses; interactions (also antagonistic) and associated developments in 
TEFs; alternatives to NOAELs; more restrictive definitions of adversity. Even the additional 
consideration of human variability does not have to lead to lowered TDIs, especially if a more 
explicit (and theoretically better founded) probabilistic approach be adopted instead of the use 
of repeated safety factors, and the combined probability distributions would narrow the spread 
in risk estimates based on repeated worst-case assumptions. For instance, if heterogeneity of 
human exposures or susceptibility to dioxins e.g. due to polymorphisms would be shown to 
partly cancel out each other, this could have a (lowering) impact on safety factors and TDIs.  
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Thus, it can be conceived on scientific grounds (although politically and pragmatically 
problematic) that TDIs for dioxins would even be increased as well as decreased; this is 
largely dependent on the evidence and the overall rationales in deriving a TDI. It may be 
noted that also a decision to exclude DLCs from TDI in effect implies a more lenient TDI for 
those included; correspondingly, apparent risks are increased if additional DLCs are included. 
Such decisions are largely political, and their political and scientific dimensions should be 
more clearly disentangled. Such decisions should preferably also be based on more 
transparent inference where the reasons for adopting some methodologies and procedures and 
for omitting some factors and arguments and emphasizing others would be given, instead of 
being silent on key issues e.g. related to human variability. In particular, such decisions (on 
TDIs) should be based on assessments and inference more fully acknowledging and more 
explicitly indicating their limitations (cf. 8, 9).      

 
Important additional insights in uncertainty evaluation in a decision perspective is given by 
analysis of the justifications and arguments for and against the uncertainty factors used in the 
derivation . These arguments combine qualitative and quantitative aspects, and are in many 
cases related to fundamental epistemological (knowledge-related) and policy principles and 
decision rules, i.e. uncertainties at a a high level (Table 22).    

 
 
Table 22. Characterizations of the treatment of some key uncertainties in recent official assessments 
of human health risks from dioxins. 
  
Assessment Pivotal effects and studies  Uncertainty factors used in deriving risk 

criteria 
TDI/TWI/TMI 
pg g bw-1 time-1 

WHO 1998 Rhesus monkey endometriosis (Rier93)  
Rhesus neurobehavioral (Schanz89) 
Rat male offspring spermatogen (Gray97) 
Rat male offspring genitalia devel (Mably92)  
Rat male offspring immune (Gehrs97)  

e.g. pharmacokinetic differences accounted 
for but not very extensively or explicitly 
 

1-4 TDI 
 

WHO 2000 approximately as above 10 (only from animal LOAEL – human 
NOAEL extrapolation)  

 

SCF 2000  approximately as above (but with different body 
burden estimation and dose conversion) 

 7-21 TWI=1-3 TDI 
 

SCF 2001 Gray97 (see above) 
Mably92 (see above) 
Rat male offspring reproduction (Faqi98) 
Rat male offspring reproduction (Ohsako01) 
(Rhesus and rat immune effects omitted) 

10 overall, unspecified  2 TDI (14 TWI) 

HCN 1996a Rhesus neurobehavioral (Bowman89)  
Rhesus immunosuppression (Neubert92)  
+ human evidence (background doses): 
- breast-fed infant neurol devel (Huisman95)  
- breast-fed infant hormon status (Koopman95) 
- breast-fed infant immune status (Weisglas95) 
  (cf. later results on preschool cohort) 

2 from LOAEL-NOAEL extrapol 
5 from interspecies variation 
10 from interindividual variation 
= total of 100 

1 TDI 
 

USEPA 2000 including carcinogenicity which is possible also 
in humans but is difficult and probably not 
justifiably a critical endpoint(s);  assessment is 
also unclear and debatable (and debated) 

… … 

UBA (Anon) 
2000 
(comment on 
SCF 2001) 

more endpoints requested to be considered 
more species requested to be considered 
more dosing ages/periods requested 
more dioxin-like agents (HCBz) requested 

more empirical uncertainty factors requested 
for:  
- pharmacokinetics 
- LOAEL-NOAEL extrapolation 
- animal-human extrapolation 
- inter-individual variation 
- high-low dose extrapolation 
- additional dioxins 

1 TDI 
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The German claims are in some respects justified or can be supported, e.g. the following: 
• inter-individual variation may be substantial (se e.g. Masten et al. 1998) 
• primates justified as human-like, also other species are desirable 
• etc claims (to considerable extent) 
 
However, some claims and arguments seem selective and biased, e.g. the following: 
• e.g. HCBz inclusion can be debated 
• reference to Burleson mouse study omits conflicting later results by Nohara et al (2002) 
• epidemiological studies, while generally desirable as checks, do neither confirm non-

effect nor effect,  and yet may  add weight to more stringent OR more lenient risk criteria 
 
As an overall evaluation and a methodological commentary, dioxin health risk and intake 
criteria (and thus the present key drivers for EU risk management), and particularly the 
consideration of uncertainties, are not indisputably derivable from scientific facts, but involve 
considerable value judgment, conventions and pragmatism, thus being subject to change and 
fundamentally political decisions which should be acknowledged as such (also to allow 
clearer role for and more intelligent use of scientific arguments and more productive debate). 

 
Other risk criteria 
 

Among other commonly used quantitative criteria for risk, the reference dose (RfD) approach 
as used for USEPA to derive still safe (and already unsafe) exposure levels for humans is a 
common metric. RfD is in principle and also in many details much similar to the traditional 
international procedure for deriving effect and non-effect levels in defining TDIs or tolerable 
(lifetime) average daily doses (ADDs). Greene et al. (2003), on the basis of e.g. USEPA 
dioxin reassessment (2003) and JEFCA (2002) assessments reviewed the human and 
experimental animal data for non-cancer effects of dioxins and identified a NOAEL of 13 
ng/kg (maternal body burden) as the most pertinent for deriving a RfD for humans. A RfD of 
1-10 pg/kg-d (TCDD TEQ) was found to be consistent with the objectives of this risk 
criterion. They concluded that maintaining a lifetime average daily dose below this level 
should prevent noncancer effects in 'virtually all persons', and that this value is consistent with 
the JECFA recommendation of 70 pg/kg-mo (ca. 2 pg TEQ kg-1 bw d-1). The experimental 
animal NOAEL used as point of departure is below that selected by SCF (2001).  
 
In principle, also other dose-related criteria may be applied as a support of decision making. 
These include, following the chain of risk formation and subsequent stages of assesment: 
• allowable body burdens (accounting for pharmacokinetics more directly instead of 

hypothetical models and extrapolations) 
• allowable tissue doses (e.g. in the fetus or critical organs) 
• allowable effect levels (if effects can be conclkusively related to dioxin exposure) 
• allowable population risk (accounting for populations affected),  
• specifying TDIs (or body burdens) e.g. as to various age groups and lenghts of exposure 

(see ATSDR guideline values for dioxins in soil separately for child and adult chronic and 
sub-chronic exposure, Pohl et al. 199X), and specifying such criteria in terms of target 
(longer-term and stricter) and action or limit (shorter-term and more lenient) values. 
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Fig. 34. Alternative approaches adopted for establishing acceptable levels of human exposure (from 
…). 
 
 
5.4.2  Translating TDIs to allowable fish concentrations 
 

No clear and detailed methodology and rationale has been published in connection with the 
EU dioxin strategy for defining how allowable levels (maximum, action and target levels, cf. 
Annex 11) of dioxins in fish and various fish products, including fish-based feedstuffs, are 
related to TDIs.  
 
The basis for maximum or action levels in fish is affected not only by the assumptions and 
judgments in deriving TDI or TWI values, many of which involve great uncertainties, are 
unsubstantiated by scientific facts presently or even permanently, and are essentially value-
based (see above). The basis of such allowable levels additionally depends on assumptions 
and judgments concerning many other factors both previous to and after intakes in the risk 
chain. Importantly, the limit values in fish (and in fish-based foods and feedstuffs) are also 
conditional on the consumption of fish and its relation to exposure from other sources, and on 
associated uncertainties.    
 
Key factors in fish-based dioxin exposures that not been clearly addressed but ought to be so 
when defining allowable fish action levels include the following  
• what Baltic fish species (wild and farmed) and fish qualities (e.g. sizes of herring) are 

consumed 
• how frequently and what quantities per meal are fish consumed  
• whether the fish is consumed directly by humans or as feed to non-human animals 

producing food for human consumption, and what transfer models from these animals to 
humans are applied in the latter case 

• what is the consumption of other dietary items, including fish from other waters.  
 
As shown above (3.4), all these consumption factors vary greatly between regions, population 
segments, ages and also sexes. Indeed, an additional factor or class of factors that may need to 
be specified in definitions of allowable fish contents is who they are for, i.e. what group of 
consumers is intended. Specifically, a key distinction may have to be made between adults 
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and children in any quantitative analysis of allowable levels of intakes and consumption, as 
the latter have a body weight several fold lower (besides having potentially greater 
susceptiblity). In principle, allowable levels of consumpion (and intakes) might be derived 
also for breast-fed children and fetuses. However, these would have to be tied to the body 
burdens and subsequently consumption levels if pregnant and nursing mothers which involves 
still greater uncertainties and difficulties due to the complexity of related toxicokinetics and 
the lack of operative models to taken the available information on them into account. 
 
The time dimension is highly important in this connection. A fixed level of allowable fish 
concentration supposes that fish of a certain (e.g. just unacceptable) dioxin content would 
give rise to a certain (just unacceptable) TDI. Hereby uniform time-averaged fish 
consumption is assumed, regardless of whether a TDI or even TMI is the benchmark. 
However, the risk from consumption of fish exceeding e.g. 4 ng TEQ g-1 ww is radically 
dependent on how often and how much of it is consumed over the long term. Those 
consuming seldom and little may safely eat fish containing even orders of magnitude higher 
levels; conversely, regular high consumers may need to worry for fish containing even lower 
dioxin levels (at least if health benefits from fish are ignored). This is self-evident and usual 
practice with many other foods; but with dioxins the long-term average exposure is still more 
important than with many other food items or intake media. The time dimension is also 
associated woth the need to take the various age grops and exposure periods into account. 
 
With strict and fixed levels of allowable fish concentrations counter-intuitive effects result. It 
may be difficult for people to understand and accept that a fish may be risky under some 
circumstances and risk-free under others, and that the limits are not only (educated) guesses 
like those of TDIs (although derived on the basis of scoentifiec knowledge and professional 
practices), but also inherently disregard many additional factors of variation also in fish 
consumption and in the consumers.     

   
This can be illustrated by some example calculations. A maximum tolerable level of 
consumption of medium-sized Baltic herring would be every other week for adult (60 kg) or 
every other month for a young child (10 kg) based on the lowest TDI of 1 pg TEQ kg-1 d-1 and 
an average content of 5 and 1 pg TEQ g-1 ww in herring and other foods, respectively.  

 
Such calculations have limited utility in defining risk management goals for dioxins in Baltic 
fish, and they are presented here mainly to demonstrate the deficiencies in the definitions of 
allowable fish levels in the EU strategy, and the difficulties encountrered when attempting to 
quantify allowable consumption levels. The fundamental limitation of such caluculations that 
renders them rather nonsensical as management criteria in a more comprehensive nutritional 
and health context is that they disregard the relative benefits from various foods.  
 

5.4.3 Additional aspects of human health risk criteria 
 
• The intakes of dioxins by humans in the Baltic Sea countries, coming almost wholly (for 

most persons) from diet, have declined during the recent years. A levelling off of the 
declines may however be taking place at least for some pats of the population, as the rates 
of decline for also non-fish foods decrease. In this development, also the relative 
uncertainty of intakes may play a greater role  

• Despite these declines, the general population exposure due to dietary intakes of PCDD/Fs 
and DL-PCBs (e.g. as average daily intakes, ADIs), as expressed in TEQs, are very near 
the present recommended TDI values for long-term human intake, allowing only a margin 
of safety 2-3 fold above the present intake. It should be taken into account that the 
presently recommended TDI values, based on animal data, involve considerable 
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uncertainty and may not be directly applicable to humans; some uncertainty factors may 
advocate lower, some on the other hand higher TDIs  

• The ADI/TDI ratio is particularly unfavourable in fetuses and breast-fed infants 
(especially to mothers exposed over the average level); however, these measures of risk in 
perinatal exposure are not necessarily comparable to the levels for adults. Foetuses and 
probably also infants are in some respects still more susceptible and sensitive than older 
persons to some effects of DLCs; on the other hand, other factors may reduce the relative 
risks. In any case, the risk accrued by infants during the heavy exposure during a 
relatively short time will   

• Also in some high consumers of dioxin-rich diet such as highly contaminated fish will 
ADI/TDI levels exceed unity, and are reflected in body burdens of some of such persons, 
being at the level of the high-end exposures measured in Seveso   

• According to recent Swedish studies, in some 10 % of the population the ration of average 
daily intake to tolerable daily intake (ADI/TDI) is >1 

• The total dioxin intakes of particularly Finns, despite their high intakes from fish 
including Baltic Sea fish, are lower than in many other European countries, while they are 
closer to European averages in Sweden and Denmark 

• Intakes of other DLCs by populations in the Baltic Sea countries are poorly known, with 
some exceptions (such as the putative DLCs, PCDEs) 

    
5.4.4  Ecotoxicological risk criteria 
 

By application and extension of the standard PEC/PNEC based ecotoxicological risk 
assessment, measured levels of DLCs (as TEQs) in body burdens or diets of relevant Baltic 
Sea species are compared with the LOAELs and NOAELs or other threshold values of body 
burdens or dietary exposures for various endpoints or responses in these species (or closely 
related species). In the absence of body burden data, extrapolations can be made from other 
tissues, environmental levels and from other species based on statistical relationships, in an 
approach similar to that of Cook et al. (2003) for retrospective Lake Ontario trout effect 
assessment (Table 23). 
  
The following points should be kept in mind in evaluating NOAELs, LOAELs and other 
exposure benchmarks: 
• TEFs are assumed, but involve considerable uncertainties 
• In some cases, benchmark exposure levels have been given for PCBs, but are discouraged 

in the present assessment of dioxin toxicity 
• Dose conversions between matrices can in some cases not be made  
• Extrapolation from other species has in some cases been used to derive NOAELs, but 

should be viewed with caution because of the marked interspecies differences in 
sensitivity (even on equal body burden basis) 

• The calculation basis (wet, lipid or even dry weight) varies, and conversions are not 
always possible due e.g. to lacking data on lipid or water contents in the original sources 

• Many different benchmarks have been given (for fish and birds) 
• In many cases deviating values have been given 
• Some variability is due to the biological system studied and measurement methods (for 

both exposures and effects).  
 
Therefore, these benchmarks are to be treated as rough estimates of lowest effect or no effect 
levels. In some cases, particularly when derived through extensive extrapolations, they should 
be seen as order-of-magnitude approximations, although the dose-response curves are in 
many cases steep.  
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Table 23. Summary evaluation of ecotoxicological risks from dioxinlike compounds in fish-
consuming Baltic Sea animals by comparison of body burden or diet levels and effect or no-effect 
levels for various endpoints, estimated from experimental and field studies (cf. text and Annex 8D). 
Sensitive and Baltic Sea relevant species are selected. Those data for different species or endpoints 
are in parentheses (to be completed by dietary level data and tissue dose and matrix conversions) 
 

Present Body burdens or diet levels (in 
TEQs) 

Benchmark doses for effects (in TEQs) Species 

Median (mean) 95th % (max) NOAEL (effect) LOAEL (effect) 

PNEC/other benchmark, 
notes on BS application 

Ringed seal 
 

ca. 100 pg g-1 lw 
plasmax, 7000 
blubberw  

  (160 pg g-1 blubber 
(harbour seal immune)y) 

(2 pg g-1 diet extrapolated 
from rat NOAEL, ref.) 

Grey seal 
 

ca. 200 pg g-1 lw 
plasmax 

  (160 pg g-1 blubber 
(harbour seal immune)y) 

 

Harbour seal 
 

ca. 400 pg g-1 lw 
(fed Baltic herring)2 

  160 pg g-1 blubber 
(immune)y; ca. 400 
(lymphocyte)z 

 

Harbour 
porpoise 

(200 pg g-1 lw 
blubber, adult)k; 90 
pg g-1 ww blubber0 

    

Salmon 
 

     

Lake trout  20-30-40 pg g-1 eggn; 
20 ng l-1 d  

5 pg g-1 eggc ; 
50 ng l-1 d 

 application to BS trout ? 

Rainbow trout   <38 pg l-1 (grwth)f 6 pg g-1 ww diet, 0.9 pg g-
1 livere 

levels low in BS rainbow  and 
its fodder  

Mink herring 8, all BS 
fish 5 pg g-1 ww 

herring, all BS fish 30 
pg g-1 ww 

(0.7 pg g-1 fisha) 
0.3 pg g-1 bw d-1  
(rprd)m 

2 pg g-1 bw d-1,  
20 pg g-1 feedb (rprd) 

EC50 160 pg g-1 ww (kit 
surv)p 

Otter 
 

   5 ng g-1 lw liver 
(immunotox, Th, VitA)f 

(1-4 pg g-1 fish; mink)a; 
application to otter ? 

Black 
cormorant 

   (ca. 100 pg g-1 egg)q  

Guillemot 
 

     

Eider    ca. 20 ng g-1 lw (retinol, 
Th)t 

 

Herring gull 
 

   0.8 ng g-1 ww liver 
(porhyria)r 

 

Lesser black-
winged gull 

   (chick embryo LOAEL 1 
pg g-1 d-1, embryo mort 
20-50 pg g-1 egg)j 

 

Caspian tern 
 

  (2-20 pg ml-1 ww 
blood)g 

 LD50 750 pg g-1 eggq  

Common tern    25 ng g-1 lw liver, 0.6 ng 
g-1 ww diet (fish) (plasma 
tT3)i  

 

Little tern 
 

   (20-50 pg g-1 egg,  
(chicken mortal))j 

 

White-tailed 
sea eagle 

200 pg g-1 ww 
eggu; 60000 pg g-1 
lw egg1  

 (100 pg g-1 ww egg, 
CYP1A1) 

(200 pg g-1 ww egg 
(CYP1A1)h, 210 (surv))v 

 

Osprey 
 

  >140 pg g-1 egg 
(embryo surv)s 

  

Notes: aTillitt et al. 1996 (unclear whether lw or ww basis is used); bBrunstrom et al. 2001, approximately similar as the value given by Heaton & al. 
1995, see m, cf. Aulerich et al. 1988; cCook et al. 2003; dGuiney &al. 2000;  eWalter & al. 2000; fMurk & al. 1998; fMehrle & al. 1988; gGiesy & al. 
1994, threshold estimated for both Caspian terns and chicken and pheasants despite their differences; hElliott & al. 1996, for bald eagle CYP1A1 
induction; iBosveld & al. 2000; jHoffman & al. 1996, threshold value for embryo mortality in chicken, cf. Giesy et al. 1995; kBerggren & al. 1999, 
comparable with the PCB-TEQ levels of 90-300 pg g-1 ww blubber in female porpoises in S BS reported by Falandysz & al. 1994; lHope & al. 1997 
generically for seals, based on the rat oral NOAEL on 1 pg g-1 d-1 of Murray & al. 1979, using several assumptions and extrapolations; mNOAEL of 
0.3 and LOAEL of 4 pg TEQ g-1 bw d-1 for maternal toxicity, Heaton & al. 1995 from data of Tillitt & al. 1996; nWalker & al. 1994 (ref. Comber & al. 
2003) for maternal, waterborne and injection egge exposure, respectively; oIshaq & al. 2000; pLeonards & al. 1995; qGiesy & al. 1994 for double-
crested cormorant; rFox & al. 1998; sWoodford & al. 1998; tMurk & al. 1994; uKoistinen & al. 1997; vElliott & al. 1996 for bald eagle; wBergek & al. 
1990, CB-TEQs; xNyman & al. 2003; yQuasi-LOAEL (threshold) proposed by Kannan & al. 2000; zFrom dose-response curve of Shaw & al. 2003; 
1Helander & al. 2002; 2Ross 1996; … 
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5.5  Summarizing characterization of risks, impacts and uncertainties  
 

• PCDD/Fs and DL-PCBs that are explicitly included in present 'dioxin' assessment and 
regulations form only a part of the mix of DLCs of potential relevance for risks and 
management. Additional substances are relevant especially when defining risk by 
biological responses, and affect and add to the magnitude and the qualities of risks, such 
as their trends, as well as to related uncertainties. In particular, the cause of effects and 
thus the risks attributable to 'dioxins' are difficult to ascertain in real-world populations 
because of the simultaneous existence of and exposure to a host of compounds with more 
or less similar properties. On the other hand, among all DLCs, the specific compounds of 
most relevance (e.g. 4-PeCDF and PCB 126 in fish and emergent PBDD/Fs and coPBBs) 
and their particular characteristics are accountable also to reduce uncertainties in TEQ-
based assessment. Moreover, in a comprehensive assessment especially including aspects 
of prevention, dioxin precursors, mainly including other haloaromatic compounds, are 
root causes and important parts of the risks and thus targeted. 

 
• The chains of events in risk formation extend from the sea to other compartments and 

beyond economy fish. The catchment and other more remote production and 
consumption areas of fish dioxins interact with the sea, thus causing, modifying and 
bearing risks. This is important especially in integrated assessments attentive to 
management, e.g. in grasping risk qualities, factors and developments to devise effective 
strategies and measures. In addition to consumption of fish in human diets, risks in other 
processes are associated with dioxins in the Baltic, both in the sea and outside it. On the 
other hand, when focusing on the fish and the sea, a broader and deeper look is invaluable 
to understand and manage risks and uncertainties, e.g. in the context of fisheries 
management beyond the present preoccupation with fish dioxin limit values.  

 
• Humans are only one of the species exposed, and ecological risks are caused to entire 

communities of species. Risks to non-human fish consuminf wildlife, including some fish 
but especially marine and coastal piscivorous mammals and some predatory birds, are 
emphasized as they may not be so acutely perceived (even if some are more evident than 
risks to humans), so well understood, so vocally expressed and eagerly reduced as risks to 
humans. While there is consensus on the commonality of basic mechanisms and some 
dose-response relations, interspecies differences exist even in fundamental metabolism 
and effect profiles. Ensuing uncertainties cause disregard for evidence from other species, 
but are sometimes easily tolerated e.g. in the reliance on rodent tests for human health risk 
assessment. It seems that more consistence in combining integration across taxa with 
specification is in place. 

 
• Among effect categories, risks are associated not only with the effects on which official 

risk assessments and management criteria hinge on, i.e. developmental effects on the 
reproductive system in male offspring, but also with other endpoints found to occur at low 
doses (at levels corresponding to background in human populations) and having potential 
significance for public health or ecologically. These include especially effects on immune 
system and neurological (including cognitive and behavioral) development, even though 
subtle and hard to interpret. Effects on thyroid and sex hormone functions are also given 
attention. On the other hand, broader effect assessments figure in the considerable benefits 
from fatty fish consumption to cardiovascular health, development of immune and 
nervous systems and of bones, and cancer prevention, balancing dioxin risks also as to 
effect profile and probably generally exceeding them.     
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• Risk groups of above-average but internally variable susceptibility and vulnerability can 
be discerned, including fetuses, neonates, juveniles and adolescents of both sexes and 
other groups due to genetic predisposition, disabilities, nutrition, occupation, life-style and 
life-history affecting  pharmacokinetics or pharmacodynamics; in combination such 
factors can strengthen each other. It has been shown that inter-individual variation can be 
20-fold in enzyme responses in human populations in vivo, and is pronounced in some 
non-human animals also in adverse endpoints. However, also groups particularly 
benefiting from use of fatty sea fish (and suffering from non-use), including both elderly 
and young, are defined in a multi-dimensional risk assessment. 

 
• There are temporal and spatial variations in risks. Trends are difficult to discern due to 

both real fluctuations and to method inconsistencies and limitations. Collectively the 
information indicate that exposures to PCDD/Fs and DL-PCBs in the Baltic and its fish 
have generally decreased, but displaying variations between species, matrices, areas and 
compounds, leveling off in some cases. Dioxins accumulated in long-lived tissues are 
cleared slowly, notably 4-PeCDF from humans. Some effects (e.g., developmental) of past 
peak exposures also have lags. Significantly, while some (and possibly the overall) dioxin 
risks decrease, others may increase and new ones emerge, even after considerable lags, 
such as those from other DLCs. Events and processes are conceivable that increase 
exposures and risks, e.g. land-based pulses, resuspension, oil spills, starvation and 
invasive competitors, while other changes may reduce risks. Geographically, hotspots of 
elevated risks can be identified, based on particular exposures (contaminated areas) and 
sensitive receptors.  

 
• The risks are also influenced by the system, e.g. the environmental conditions and 

processes of the Baltic (such as eutrophication and water exchange), by linked systems 
(through technological and natural material flows) , and by human responses to these.  

 
• The perceivable effects and risks of dioxins are not restricted to those commonly studied 

experimentally and assessed; the effects, risks and impacts are indeed not only biological 
but are also construed by mental and social processes; however, the question is posed 
whether the first mentioned are to given precedence (e.g. as risk perceptions may be 
changed through education of scientific findings of biological risks) and are to be 
prioritized in management   

 
• Other contaminants in Baltic fish contribute to risks, especially those compounds having  

comparable endpoints and interactions with dioxins, such as many other organohalogen 
compounds and methyl mercury; they in any case add to the risks from fish, and may in 
some cases be even more significant and thus to be accounted for in risk management 

 
• Although the risks of dioxins in Baltic fish thus are wider than often thought, they are also 

balanced and potentially more than compensated for by concurrent multi-dimensional 
health and other benefits from dioxin-laden fish; the loss of such benefits due to risk 
reduction measures focused on fish constitutes a significant and largely ignored counter-
veiling risk to be dealt with in management 

 
• There are considerable uncertainties involved in the risks and in various risk factors, 

from sources and exposures to effects and controllability. On the other hand, much is 
already known, and can be better utilized as a basis of decisions and actions. Systematic 
identification and analysis of remaining and emerging uncertainties may also be useful in 
order to guide both management actions and knowledge production activities to fill in the 
gaps of knowledge. 
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All in all, the risks from Baltic Sea fish dioxins extend considerably beyond those that have 
been in focus in most previous assessments (also those addressing dioxins more generally).  
 
In a comprehensive assessment of risks and impacts, other risks need to be taken into account, 
including both risks that act in the same direction (such as other fish contaminants) and in the 
opposite direction, such as particularly the risks associated with loss of beneficial effects of 
fish and fisheries.  
 
The above identification and initial characterization of risks indicates that there is very 
incomplete information on many aspects of the relevant risks. However, the width and 
complexity of dioxin risks also in the present connection should not be seen to imply that 
nothing can be said or done. Such epistemological aspects of the risks will be dealt with in 
more detail in the following chapters.    
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Part B: Risk management analysis 
 
6   Relevant international and regional policies and management procedures 
 
6.1 Introduction and conceptualization 
 
6.1.1 Policy contexts and contents  

 
The environmental problems of the Baltic Sea cross political and jurisdictional boundaries. 
Simultaneously, many global environmental conventions and initiatives also concern the 
Baltic area. The multiple scales and dimensions of ecosystem management involve a broad 
range of interests and organisations. Traditionally different countries have had their own 
policies and regulatory activities on dioxins.  
 
Relevant policy activities for dioxins in the Baltic and its fish include chemical policies as 
such but also e.g. marine protection, fisheries, food and health policies. Many international 
initiatives in the environmental chemicals area address POPs that include several groups of 
hazardous substances. Some initiatives, e.g. on PCBs, have not been labelled as POPs-related.  
 
In the in the 2003 edition of the Master List of Actions on the Reduction and/or Elimination 
of the Releases of Persistent Organic Pollutants prepared by UNEP Chemicals, 47 countries 
around the world reported having restricted dioxin and furans emissions by establishing 
release standards. All other Baltic coastal states except Russian Federation were included in 
these countries. In the Baltic context, the cooperative ecosystem management approach has 
mainly been executed by HELCOM activities. With the European enlargement the influence 
of the EU regulation on the Baltic area increases.  
 

6.1.2 Policy approaches and principles 
 

There are different approaches to legitimizing policies. A general requirement for different 
states and institutions to cooperate with each other is that various regulatory and scientific 
organizations need to share some level of consensus about what constitutes sufficient 
evidence of hazard. Criteria for identification, however, can vary substantially across 
institutions. Substances may be evaluated differently e.g. depending on whether there is more 
concern about preventing potential public health problems or minimizing the economic 
impact of false positive identifications. An example of criteria for the harmfulness of dioxins 
is the current discussion in several policy arenas on the inclusion of other toxic effects to risk 
assessment (see Chapter. X.X).  
 
One of the factors affecting on the relevant policy principles is the nature of policy action. 
While some initiatives work as a coordinating and indirectly or 'softly' harmonizing 
framework for different countries or levels of regime and between different sectors, e.g. in 
devising and reporting their separate action plans, other initiatives set legally binding 
regulatory principles and activities.  
 
Many policies dealt within this chapter are adaptable. Adaptive management sees policy and 
decision making and implementation as an iterative process rather than a one-time exercise, 
and emphasises the role of learning from successive management choices. Adaptability is a 
common idea in international policies and e.g. with POPs it enables to agree activities for 
substances accepted as harmful while the negotiations and evidence reviewing on more 
debated substances can continue (Eckley 2002). 
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Precautionary and evidence-based policies in the face of uncertainty  
 
As described in Part A, the problem in dioxin risk assessment is to evaluate the actual human 
health and ecotoxicological effect of the variable concentrations in the environment and of 
cumulative exposures to these mixtures. Consequently, the scientific community disagrees on 
the risk of the present environmental concentrations of dioxins. While there is a certain 
agreement that the risk of cancer is not very high, the risk of other effects such as 
developmental disorders might remain high (cf. 4, 5). Thus many dioxin-related policies 
apply a precautionary approach (cf. 7.2-7.4). 
 
Precaution is a principle for making decisions based on available evidence, when the evidence 
is considered highly uncertain. The precautionary principle is often restricted to cases of 
irreversibility of effect. It might also be applied to mitigate a harm that is ultimately reversible 
– if reversing the damage could be more costly that preventing it. There are also cases in 
which there are no uncertainties, for example, when it is known that future generations will be 
harmed in some way (Ashford 2002). 
 
The precautionary principle is in sharp political focus today partly because (1) the nature of 
scientific uncertainty is changing (e.g. Ravetz 2003) and (2) there is increasing pressure to 
base governmental action on more (allegedly) "rational" schemes, such as cost-benefit 
analysis and quantitative risk assessment that are difficult to combine with straightforward 
precautionary action. There is a significant amount of literature on issues relating to 
precautionary principle, both supporting and critical (e.g. Raffensperger and Tickner 1999, 
Harremoes et al. 2002, Haag and Kaupenjohann 2001, Ledoux and Turner 2002).  
 
The precautionary principle has been criticized as being both too vague and too arbitrary to 
form a basis of rational decision making (e.g. Nilsson 2003). Precaution may lead to even 
worse counter-veiling risks e.g. due to harmful surrogate products or processes, or to the loss 
of benefits associated with the risk such as health benefits from dioxin-laden fish (see general 
discussion by Tuomisto 2004). It has also been noted that an emphasis on precaution will alter 
established practices in production and use of scientific information, even eroding well-tried 
modes of inference (Weed 2004) and creating disincentives and other problematic 
implications for research (Grandjean unpublished 2003, 2004). On the other hand, 
precautionary principle does not exclude the use of scientific evidence. Nevertheless, the 
principle has been advocated on loose grounds, as exemplified by the Baltic fish issue, and 
requires elaboration. 
 
Regardless of the stance adopted toward precaution, scientific considerations are not the only 
relevant criteria for agreeing on common policies and selecting regulatory targets, with 
different criteria being relevant in different contexts. An effective and generally adequate 
policy must also consider other aspects. With regard to benefit-risk analysis as a complement 
to precaution, it may be concluded that although the benefit-risk ratio of intake of dioxins in 
Baltic fish is probably above 1, it does not seem justified to use cost-benefit analysis as the 
sole basis of related decisions. For example, with EU's restrictions in the dioxin level in food 
and feed the consequent economic impacts e.g. to fisheries may be significant, but there is no 
straightforward way to balance them with public health. The cost of the risks can be compared 
to the cost of reducing risk, rather than to any possible profit. Cost-benefit analysis 
fundamentally assumes that all important risks, impacts and benefits can be valued in 
economic terms. Cost-benefit, as well as risk-benefit, analysis is also biased against investing 
in the present to prevent such future harm, because of discounting of cost and benefit over 
time. Yet the obligation to ensure the health of the public is prevalent where foodstuffs are 
concerned.  
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Establishing evidence based policy has its problems and limitations too. The idea of evidence-
based policy-making relies heavily on the rationality of decision making, and on the 
possibility of scientific proof. Yet, this can be an overly positivist point of view in the case of 
highly uncertain risks (cf. 8). There are also certain tensions in and obstacles to decisions that 
can be tracked down to the scale and scope. The centralized risk decisions in EU or other 
international forums might not make sense in local or sub-regional e.g. Baltic Sea contexts as 
(if) they do not take into account local factors and needs and priorities. Thus, when defining 
and solving the problem at hand, there is a trade-off between the geographic area included and 
the degree of detail produced for that area. This is related to the question of generality of 
models and decision criteria. As mentioned, dioxin risks are mainly managed internationally. 
This is also the level where there are uncertainties with respect to facts, e.g. on the sources of 
emissions. A problem of scope for evidence-based policy formulation is caused by the 
difference between sectors in both the evidence required, and in the procedures to decide upon 
that evidence. It may thus be difficult to reconcile the views of the sectors. 
 

6.1.3 Policy levels and actors 
 

There are several global and regional policies and efforts in managing hazardous substances, 
many of which include dioxins. Within regional policies and actors or regimes, several levels 
need to be distinguished in the present work, from EU and other supra-regional regimes such 
as POP Convention regions, to sub-regional e.g. Nordic or Baltic Sea. The global and regional 
policies interact with national level policies; the latter typically specify the general global and 
regional policies, but often also conversely influence them e.g. when national and sub-
regional such as Nordic activity initiates global and supra-regional such as EU policies.    
 
Global initiatives include a range of scientific and technical programs and policymaking 
under different intergovernmental organizations and inter-organizational international 
programs, e.g. in INEP, WHO or IPCS.  
 
Among regional forums and regimes, Helsinki Commission (HELCOM) for the protection of 
the Baltic Sea has a specific role, as it involves all Baltic seaboard countries including Russia 
(and some observer countries that occupy land in Baltic Sea catchment area), and is engaged 
in close official and expert cooperation in many areas including hazardous substances (e.g. 
HELCOM 199X), also within land-based activities, and integration of marine protection with 
fisheries (HELCOM and IBSFC 2002). The role of HELCOM and other regional marine 
protection organizations is undergoing reform in connection with developing EU mandates 
and initiatives in this area, especially in the Baltic Sea due to EU enlargement.   
 
Other regional forums in addition to HELCOM that deal with hazardous substances and 
marine management include the corresponding Convention for the Protection of the Marine 
Environment of the North-East Atlantic (the “OSPAR Convention”), that has focused on 
dioxin-like compounds (e.g., OSPARCOM 199X); United Nations Economic Commission for 
Europe (UNECE) and the Convention on Long-Range Transboundary Air Pollution 
(CLRTAP) managed by UNECE and its Meteorological Synthesizing Centers (MSC-E in the 
Baltic Sea area) and, the EU (Demmke 199X, Selin and VanDeveer 2002).  
 
The policy initiatives discussed in this chapter emphasize the management of dioxin as global 
environmental problem or their management activities directly effect Baltic Sea (Table 24). 
Instruments outside this analysis include e.g. the EU Marine Strategy and the EU Chemicals 
Policy (REACH), both in preparation. It is thus not clear what their implications for dioxin 
management will be; they are referred to only in general terms, and discussed in chapter 8. 
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Table 24. Policies and instruments relevant to the management of Baltic Sea fish dioxin problem.  
 
Policy statement or regime/forum Year Areal scale Legislative status and other significance 
the Protocol to the regional UNECE Convention on Long-
Range Transboundary Air Pollution (CLRTAP) on POP's2,  

1998 Global Legally binding 

The Stockholm Convention 2001  
(in 
force 
2004) 

Global  
(+ regional, 
national) 

Legally binding 

CEC on POPs 
1) Commission Proposal for a Regulation of the European 
Parliament and of the Council on persistent organic pollutants; 
2) Commission Proposal for a Council Decision concerning the 
conclusion, on behalf of the European Community, of the 
Stockholm Convention on Persistent Organic Pollutants; 
3) Commission Proposal for a Council Decision concerning the 
conclusion, on behalf of the European Community, of the 1998 
Protocol to the 1979 Convention on Long Range 
Transboundary Air Pollution on Persistent Organic Pollutants 

 EU Legal proposals 

the Communication on a Community Strategy for Dioxins, 
Furans and Polychlorinated Biphenyls (COM(2001) 593 final) 

2001 EU Includes legally binding limit and action 
values 

EU Interim strategy for PBTs and VPVBs 2001 EU None (as of now) 
The European strategy for Environment and Health (SCALE) of 
DG-SANCO, DG-ENV and DG-RES   

2003 EU  
  

No legal status; includes a pilot project on 
dioxins (monitoring) in the Baltic Sea 
region,  linked to management strategy 
development 

EU strategy for endocrine disrupters 1999 EU Some proposed e.g. on labeling but mainly 
non-binding; addresses many DLCs  

HELCOM's strategies for the general protection of the Baltic 
Sea 

several Baltic Sea No legal status; recommendations 
unanimously accepted by signatories, incl. 
land-based and monitoring strategies 

The HELCOM objective with regard to hazardous substances  1998 Baltic 
region 

No legal status 

EU Common Fisheries Policy 2003 EU Includes legally binding instruments ... (?) 
ICES/IBSFC fisheries strategies for the various stocks several Baltic Sea Binding for catches 
Nordic Council of Minister's Nordic product-oriented 
environmental strategy 

2001 
(1998) 

Nordic 
states / 
NCM 

No legal status 

Nordic strategy on sustainable development 2001 Nordic 
states / 
NCM 

No legal status 

Arctic environment protection strategy;  
Action Plan for elimination of pollution from the Arctic (1999)  
 

several 
since 
1991 

Arctic 
Council 
(some BS 
states) 

No legal staatus; includes project on phase-
out of PCB use and management of PCB-
contaminated wastes in Russian Federation  

 
 

In addition, also some other existing policies and instruments in EU, in other international 
domains, and nationally are relevant for the management of dioxins also in Baltic Sea fish. 
Some are specific and dioxin-focused while others have a more general scope; also the time 
frames differ. Even some strategies that extend outside the jurisdictions in charge of Baltic 
Sea matters may be relevant, such as the global strategies for controlling waste transfers. 
Moreover, some strategies wholly outside the Baltic Sea jurisdictions such as the recent US 
food dioxin strategy are important as procedural and methodological examples that have in 
some respects covered insufficiencies in EU strategies and related assessments (e.g. 
accounting more explicitly for uncertainties and analyzing management goals and means).   

                                                 
2 http://www.unece.org/env/lrtap/ 
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6.2 International policies on POP's at the global level  
 

At the international level there are two legally binding instruments, the Protocol to the 
regional UNECE Convention on Long-Range Transboundary Air Pollution (CLRTAP) on 
POP's3 in 1998 and the multilateral environmental treaty on POP's (The Stockholm 
Convention)4 in 2001. The latter entered into force on 17 May 2004. These instruments 
include a list of the 16 (CLRTAPl) and the 12 (Stockholm Convention) prioritized POP's. 
Both instruments contain regular reviews and other procedures for including additional 
chemicals, and include provisions for the reduction of unintentionally produced POP's.  
 
UNECE Protocol obliges Parties to reduce their emissions of dioxins and furans below their 
levels in 1990 (or an alternative year between 1985 and 1995). It also establishes specific 
limit values for the incineration of municipal, medical and hazardous waste, all of which have 
been important sources of PCDD/Fs, and still are in many present incineration processes.  
 
UNECE Protocol takes into account the application of the precautionary approach, as it is 
described in principle 15 of the Rio Declaration on Environment and Development5. The 
importance of a precautionary approach and the current uncertainty of the predictive value of 
the proposed UNEP screening criteria to identify candidate POPs suggest the need to err on 
the side of caution and permit more substances to be evaluated for potential control and 
phase-out under the new treaty (UNEP 199X, Ledoux and Turner (2002) etc refs.) 
 
The Stockholm Convention identifies sources and reduces releases of unintentionally produced 
POPs with continuous minimization. The objective is ultimate elimination where feasible. 
The main tool is the National Action Plans, which should cover source inventories and release 
estimates as well as plans for release reductions. The most severe control with regard to by-
products is to promote and require the use of best available techniques for new sources within 
their major source categories. Stockpiles management e.g. for PCBs and pesticides is also an 
important part of the Convention both in identification, monitoring and assessment and in 
management including capacity building. This will include some waste management 
operations, but additional measures may be needed in this area e.g. for control of emissions of 
dioxin-type POPs not included in stockpiles (expect for dioxin-like PCBs and some other 
DLCs). In addition, risk reduction by preventing formation of by-products such as dioxins e.g. 
by process design, selection of raw materials and use of non-precursor substances and even by 
control of some activities giving rise to formation are included (see below) and could be an 
important category of options to be utilized and further developed also for dioxins.   
  
The Convention includes several general obligations to promote and facilitate public 
information, awareness and education measures and monitoring of POP's. The specific 
reference to information exchange in the Convention was supported by the realization that 
research, testing, monitoring and demonstration data was being generated and numerous 
publications, data sets and databases were produced but national agencies responsible for 
management decisions were unable to access them. An important part of these materials 
seemed to disappear in a black hole, never becoming available to those requiring them at the 
time when they are needed. (Keita-Ouane 2003). 

                                                 
3 http://www.unece.org/env/lrtap/ 
4 http://www.pops.int/ 
5 In 1992 United Nations Conference on Environment and Development (UNCED), countries agreed by consensus to 
the Rio Declaration on Environment and Development which binds them to implementing the precautionary principle to 
protect the environment. This approach states that "where there are threats of serious or irreversible damage, lack of full 
scientific certainty shall not be used as reason for postponing cost-effective measures to prevent environmental 
degradation" (Principle 15). During the 1990s, the precautionary principle has become widely recognized and reflected 
in many international policy statements and legally binding agreements. However, it has usually not been specified. 
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Several other international agreements also call for the establishment of monitoring activities 
to verify the effective implementation of the conventions and the decrease of environmental 
levels of  pollutants. Some monitoring activities are already in place but, as different 
methodologies are used, the data is often difficult to compare. UNEP Chemicals has, 
therefore, launched the project "Global Network for Monitoring of Chemicals in the 
Environment"6, to create an electronic forum and working group on the harmonization of 
methodologies and analyses of chemicals in the environment (Keita-Ouane 2003). This 
network operates on several regions, of which one includes The Baltic Sea and its catchment 
along with much of Eastern Europe and Black Sea catchment. 
 
The Stockholm Convention includes four explicit references to precaution, but according to 
Willis (2002) the spirit of precaution flows through the treaty. Considering the control 
measures of unintentionally produced POP's it is stated that "in determining best available 
technique (BAT), special consideration should be given, generally or in specific cases, to the 
following factors, bearing in mind the likely costs and benefits of a measure and consideration 
of precaution and prevention…" (Article 5, Annex C). The spirit of precaution is to be also 
found in a "pollution prevention hierarchy" established for by-products e.g. promoting the 
development and requiring the use of substitute or modified materials, product and processes 
to prevent the formation and release of the chemicals listed in Annex C of the Convention. 
 

 
6.3 European Community policies on dioxins and in other relevant areas 
 
6.3.1 European chemical policies 
 

European Union has activities in different regimes that are either directly related to dioxins or 
dioxins are a part of a larger regime. European Union has established a number of specific 
regulations on dioxins, e.g. industrial safety requirements and maximum permissible 
concentrations for air emissions (cf. Annex 11). This regulation is relevant for the policy work 
on POPs .Another regime deals more specifically with dioxins and human exposures. 
Notably, in 2001 the Commission adopted a Communication on a Community Strategy for 
Dioxins, Furans and Polychlorinated Biphenyls (COM(2001)593 final). The strategy attempts 
to adopt an integrated approach aiming to assess the current state of environment and the 
ecosystem, and in the short-term to reduce human exposure to dioxins and PCB's and in the 
long term to maintain human exposure at safe levels (for more detail, cf. below and Annex 
11).   
 
With regard to the environment, there are two general types of legislation in the European 
Union (Geiser and Tickner 2003): 
• Legislation regulated by Article 95 of the Maastricht Treaty, covering “things that 

move.” This is the internal market regulation – in this case, countries can only go beyond 
European Union regulation if they can demonstrate the need with the European 
Commission. To achieve derogations (exemptions) from European-wide policy, countries 
have to prove local conditions that warrant extra protection, such as a sensitive aquifer.   

• Legislation regulated by Article 175 of the Maastricht Treaty covering environmental 
protection. While this article includes all environmental protection policies, it generally 
covers things that are fixed, such as production facilities. In this case, countries can go 
beyond EU law – i.e., in banning emissions of a chemical, permitting, etc – but must 
respect the internal market.  

 

                                                 
6 http://www.chem.unep.ch/gmn/default.htm 
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Chemicals policy generally falls under Article 95 since chemicals are marketed and traded 
among Member States and the new chemicals legislation will probably be developed under 
this article. Also the dioxin regulation setting the maximum limit aiming at human exposure 
reduction (Directive 1999/29/EC) falls under Article 95, while the release control measures 
(e.g. the IPPC Directive 96/61/EC) that cover also dioxin sources are under Article 175 . 
 
In general, there is a major change in chemicals regulation at the European level. 
Centralization of a decentralized chemicals management system seems to increase (Geiser and 
Tickner 2003). Yet, according to Neyer (2000), EU's regulatory philosophy is neither 
hierarchical enforcement nor centralised decision-making. Instead, e.g. scientific expertise is 
to be used to legitimate regulation (Joerges 1997). Jordan and Jeppesen (2000) claim that the 
impact of the subsidiarity principle upon the process of European political integration is open 
to question. In the detailed aspects of environmental policy development, only the more 
insignificant aspects have been returned to the member state level, whereas e.g. health as a 
more important question has remained at the EU level.  
 
A focus of chemicals regulation in the EU and even more so in USA has been on carcinogenic 
substances, but this is a process with variation and now in transition. Other kinds of chronic 
effects have been also traditionally in focus, such as reproductive disorders in the context of 
'CMR' substances (that are carcinogenic, mutagenic or reproductive toxicants).  
 
Endocrine disrupting chemicals are a more recent critical topic in risk assessment and 
management. The Commission adopted a strategy on endocrine disrupters in December 1999. 
It addresses the identification, testing, assessment and prioritisation of potential endocrine 
disrupters, and also some areas of risk management, information and communication, 
distinguishing between near-term actions (based on existing regulations) and long-term 
actions. In the framework of the European Environment and Health Strategy, endocrine 
disrupting effects are included in the first cycle (2004–2010) of the strategy. The aim is to 
establish an understanding of the link between environmental factors and endocrine disrupting 
effects. In a review of the existing knowledge on health effects of dioxins and PCBs 
(European Commission 2004), it was concluded that they still are a hotly debated area, with 
developmental effects in children as the most relevant health effect.  
 
Bär et al. (2000) claim that European environmental policy stands out for its flexibility that is 
due to the fact that it has always had to consider different requirements in terms of nature and 
substance. Its flexibility is also due to the separately evolved legislations, administrations, 
economies, societies and cultures that have not yet become very integrated, especially in the 
dynamic field of environmental protection. This necessity of flexible responses to different 
conditions is met by the establishment of permanent exemptions or temporary transition 
periods within the EC Treaty or in individual secondary legislation (directives or regulations). 
The newer European policies also lean more to a risk adverse and precautious approach (e.g. 
ban on beef hormones and the resistance to genetically modified organisms, Geiser and 
Tickner 2003). The precautionary principle is mentioned in the environmental chapter of the 
EC Treaty, together with the principle of prevention (Article 174).  

 
6.3.2 European policies on POP's 
 

The EU policies on POP's is to considerable part overlapping with those on chemicals in 
general. However, it also has independent areas and is also of great importance as a general 
framework for the management of dioxins and PCBs, being important classes of POP's. 
Therefore, policies and strategies for POP's will be specifically dealt with in the present work.  
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In EU (as in US and elsewhere), policies on POP's have also included an emphasis on PBT 
substances which has in some respects other characteristics than POP's policies (e.g. through 
the greater emphasis on toxicity in the former case). These policies anf their framing are 
reflected e.g. in the draft EU strategy for PBTs (date), and are of potentially of considerable 
importance for Baltic Sea dioxin management both directly and directly, due to the emphasis 
on PBTs as a marine environmental problem in the EU initiatives. However, also the policies 
and strategies for PBTs in EU are yet in a preparatory stage, and can thus not appropriately be 
analysed in the present connection.  

 
The European Community has signed both of the above international instruments on POPs, 
together with all Member States. The Community has taken activities in order to ratify and 
implement these agreements. Therefore the Commission has adopted three legislative 
proposals7.  
 
1) Commission Proposal for a Regulation of the European Parliament and of the Council on 

persistent organic pollutants; 
2) Commission Proposal for a Council Decision concerning the conclusion, on behalf of the 

European Community, of the Stockholm Convention on Persistent Organic Pollutants; 
3) Commission Proposal for a Council Decision concerning the conclusion, on behalf of the 

European Community, of the 1998 Protocol to the 1979 Convention on Long Range 
Transboundary Air Pollution on Persistent Organic Pollutants 

 
The Community legislation includes many instruments relevant to unintentionally produced 
POPs. The main release control measures are defined in Directive 96/61/EC (the IPPC 
Directive) which covers the major stationary sources (industrial sources, energy and waste 
management) of by-product POPs.  
 
The European pollutant emission register (EPER), a Community-wide inventory of the 
principal emissions and respective sources, was established by Commission Decision 
2000/479/E and it covers all unintentionally produced POPs, except PCBs. The list of 
pollutants to be registered will be expanded due to other international obligations, and also 
PCBs will be included.  
 
The Waste incineration Directive (2000/76/EC) deals with an important source of by-product 
POP's. In addition, the Directive on Large Combustion Plants (Directive 2001/80/EC) is 
relevant for POP's emissions. The Council Directive 96/82/EC (the so-called Seveso II 
Directive) on the control of major-accident hazards is applicable on the prevention of 
accidental releases of dangerous substances.  
 
Although there is Community legislation on release control measures, there are no emission 
reduction targets at Community level, and the current release inventories do not cover all 
sources of POPs. (EC 2003)8. 

 
 
 
 
 
 
 
                                                 
7 http://europa.eu.int/comm/environment/pops/index_en.htm 
8 Proposal for a regulation of the European Parliament and of the Council on the persistent organic pollutants and 
amending Directives 79/117/EEC and 96/59/EC, Brussels 12.6.2003 COM (2003) 333 final 
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6.3.3 European policies on health and food safety 
 
General features 
 

The European Commission publicised the White paper on food safety (COM (1999)719) in 
2000. As the paper made public, under intense pressure from consumer concerns due largely 
to food dioxin scandals, plans for "a huge shake-up in the way food safety issues are treated in 
the EU" (ENDS Daily 12.1.2000), it also revealed planned measures to include laws to set 
maximum levels of dioxins and PCBs in foods and feed-stuffs. 
 
In 2001 the Communication on a Community Strategy for Dioxins, Furans and 
Polychlorinated Biphenyls (COM(2001)593 final) was adopted with the overall objective to 
reduce human intake levels below the levels recommended by the EU Scientific Committee 
on Food. This quantitative objective is 14 picograms WHO-TEQ per kg bodyweight per week 
(2 pg per day). The strategy includes also the objectives of reducing environmental effects 
and finding out more about dioxins and PCBs and the risks they pose. 
 
The Community strategy for dioxins and PCBs consists of three elements. The first is the 
legislative action and limit values that entered into force in 1 July 2002. The two others are 
actions identified during 5- and 10-year periods. The short-to-medium-term (5 years) actions 
cover hazard identification, risk assessment, risk management, research, communication to 
the public and co-operation with third countries and international organisations. The long-
term actions (10 years) cover data collection, monitoring and surveillance. The intent is to 
present a comprehensive picture of the environmental dioxin/PCB problem and an 
understanding of existing trends, which will permit further policy making and evaluation.  

 
Action and limit values 
 

The main elements in the strategy are the legal maximum levels in food and feed-stuffs, 
supplemented by "action levels" to provide early warning of higher than desirable levels and 
"target levels" to be achieved over time (Annex 11). These targets must be achieved in order 
to reduce exposure levels, to which a large part of the European population is subjected, to 
lower than the tolerable intake levels established by the Scientific Committee for Food (SCF 
2001). The aim is to provide additional protection to European consumers from the long-term 
effects of dioxin consumption. 
 
Council Directive 1999/29/EC on the undesirable substances and products in animal nutrition 
merges the numerous amendments to Council Directive 74/63/EEC on the undesirable 
substances in animal nutrition. This Directive includes maximum limits for heavy metals such 
as arsenic, lead, mercury and cadmium, as well as for dioxin, aflatoxin, certain pesticides, and 
botanical impurities in certain feed materials and feeding-stuffs.  
 
In response to dioxin contamination, the European Commission presented a proposal for a 
European Parliament and Council Directive in 17 Dec 1999 to replace Directive 1999/29/EC. 
Following the comments of the Parliament, an amended proposal was presented by the 
Commission on 19 Dec 2000. A Common Position on this Proposal was politically agreed in 
the Council on 19 June 2001 and formally adopted on 17 Sep 2001. It foresees the prohibition 
of dilution of contaminated feed materials with other feed materials, adding rules for 
maximum limits of undesirable substances in feed additives, deleting any possibility of 
derogation to the provisions of the Directive and introducing thresholds on the presence of 
undesirable substances that trigger intervention by the competent authorities if  exceeded.  
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The proposed amendment of Directive 1999/29/EC (CD 1999/29/EC) on the undesirable 
substances and products in animal nutrition proposes dioxin limit values. A concurrent 
Commission Recommendation will contain corresponding action values. The limit and action 
values for dioxins in feeding-stuff are introduced (Annex 11). 
 
The three components of the proposed legislative measures are (Joas et al. 2002): 
 
1) The establishment of maximum limits (=limit values): The proposed maximum limit 
means that the product such as fish oil or fish meal, with a contamination level above the 
corresponding maximum limit, will not be used for a production of feeding-stuff (e.g. fish oil 
with a contamination level above 6 ng/kg or fish meal with a contamination level above 1,25 
ng/kg whole weight). 
 
The proposal is restricted to dioxins because on the basis of the current data it seems 
inappropriate to include dioxin-like PCBs. It has been planned that the maximum limits will 
be reviewed before the end of 2004 in the light of new data particular to include dioxin-like 
PCBs in the levels to be set. A further review is planned before the end of 2006 to 
significantly reduce the maximum levels. 
 
2) The establishment of action values: The action values are a tool of early warning for 
higher than desirable levels and trigger a proactive approach from competent actors to identify 
sources and pathways of contamination and to take measures to reduce the contamination. 
The exceeding of action values will not have direct consequences on the marketing or use of 
the feeding-stuff concerned as long as maximum limits are followed. 
 
3) The establishment of target levels: Target levels would be levels to be achieved over time 
in order to bring human exposure to dioxins and dioxin-like PCBs below the recommended 
tolerable weekly intake (TWI) (see above). The current proposal does not contain target 
levels. The target levels are foreseen to be set before 31 December 2004. 
 

5-year-activities 
 
A key goal for action within five years on the basis of the Community dioxin strategy is the 
completion of a series of dioxin and PCB emission inventories. Some industry-related 
measures are considered as well. The inventories are focused on emissions to land and water, 
but also some emissions to air are reviewed. Some of this is done in connection with the work 
based on the Stockholm and LRTAP Conventions e.g. at the MSC-E, some in specific tasks 
such as in the SCALE pilot project on dioxins e.g. in the Baltic Sea region or the further EU 
actions on dioxin emission inventories and management (see below).  
 
Certain industrial air emissions will be targeted for further monitoring, with the possibility of 
limits being introduced within the framework of the EU's integrated pollution prevention and 
control directive. These include emissions from hospital waste incinerators, iron ore sintering, 
electric arc furnaces as well as zinc recovery processes in the non-ferrous metals industry. 
Other possible industry-related measures include introduction of subsidies to curb illegal 
dumping of equipment containing PCBs and limits for dioxins and PCB's in sewage sludge. 
 
Development of environmental indicators and bio-indicators is planned, as is research into 
dioxin-like PCBs, which are now suspected of posing a much larger threat to human health 
than previously thought. Non-industrial sources will come under the spotlight, with emphasis 
on emissions from domestic solid fuel combustion. A public education campaign about dioxin 
emissions from backyard burning is also on the cards (ENDS Daily 25 October 2001). 
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Accordingly, there have been several studies and other preparatory actions financed by the 
Commission (Annex 11). These have included The European dioxin emission inventory, 
Stage II (LUA-NRW, 2001) that  identified the need for further investigation or actions on 
specific sources. According to this inventory the Commission should therefore take action in 
the following sectors: 
• hospital waste incinerators 
• iron ore sintering 
• electric arc furnaces 
• non-ferrous metal industry 
• miscellaneous sources such as secondary smelter for non-ferrous metals (aluminium, 

copper), iron foundries (cupola furnaces), cement production 
• non-industrial emission sources concerning the domestic solid fuel combustion, domestic 

waste burning, burning of animal carcasses.  
 

Additional work funded by the EU has been ongoing on inventories of data on environmental 
emissions and levels of dioxins in the candidate (new and accession) countries (Anon. 2004, 
cf. Annex 11). Also this work has focused on monitoring, and the recommendations produced 
have mainly dealt with the coverage and quality of measuring environmental levels and 
exposures. However, some information, evaluations and proposals have also been provided in 
the area of emissions, being more directly linked with management.  

 
It should be noted that in the EU dioxin strategy little detailed suggestions or concrete policy 
principles have been presented in the key area of dioxin risk management prevention (cf. 
Annex 11); also some of the formulations in the emission control area are vague. No se-based 
management options have been mentioned. Most attention in post-sea management has been  
given to management by means of fish and feedstuff concentration levels. Additional 
evaluation of the EU strategy will be provided below (8).   

 
European strategy for Environment and Health  
 

Also the new Community strategy for Environment and Health (COM(2003)338 final) 
addresses dioxins and PCBs. "A European Environment and Health Strategy" was launched 
by the Commission in June 2003. The overall aim of the strategy is to reduce the disease 
burden caused by environmental factors in Europe. One of the pilot projects is on integrated 
dioxin and PCB monitoring in the Baltic Region9. The project aims to develop a methodology 
for integrated environment and health monitoring and response.  
 
The synthesis of baseline reports (European Commission 2004) presented an analysis of 
integrated environment and health monitoring of dioxins and PCBs in the Baltic Region. The 
most important problem is considered to be the general lack of communication, coordination 
and cooperation between environmental, food and health researchers and authorities. Suitable 
international and national mechanisms need to be established in order that a unified approach 
can be taken. The objective of integrated monitoring in not only to express risk. Monitoring 
includes much of the official control systems. Integrated monitoring should also translate to 
integrated risk management leading to better tracing and linking, targeted risk management, 
and quicker problem solving. 
 
 
 
 

                                                 
9 http://europa.eu.int/comm/environment/health/index_en.htm 
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6.3.4 European fisheries and marine policies 
 
Common fisheries policy 
 

The Common Fisheries Policy (CFP) of the EU is in principle an important sectorial policy 
also from the perspective of managing Baltic Sea dioxins. It may be seen as one of the policies 
where a stronger EU coordination will develop for the Baltic Sea also due to the inclusion of 
new member states on the seaboard. The CFP emphasizes structural changes in fisheries, 
including development of fleet structure. Within environmental conservation and natural 
resource use areas, mainly the sustainable productivity of the fish stocks is emphasized.   
 
The importance of the CFP in the present management case is diminished or made less clear 
by the initial stage of its development and implementation, and by the lack of explicit 
considerations for bioaccumulating contaminants in fish as a contributing and even driving 
factor in fisheries management. The CPF is however likely to have increasing importance also 
indirectly through overall development of EU fisheries.      
 
The CFP faces many great challenges also in more traditional areas, including the resolution 
of national interests and conflicts under the pressures of diminishing stocks and declining 
economies, a broader participation of stakeholders, and the structural changes in fishing fleets. 
It will not be an easy task to include dioxins as an additional boundary condition for the 
dynamically developing fisheries management, particularly in the Baltic involving many new 
member states.    
 
The coordination of other CFP with other international fisheries policies and procedures will 
be important but contribute to the lags involved in its development. In particular, coordination 
with BSMFC (Baltic Sea Marine Fisheries Commision) under ICES (International 
Commission for the Exploration of the Seas) will be crucial. This has some parallels and 
resemblance with the tasks of coordinating HELCOM and other Baltic Sea based structures 
and activities with EU policies and programmes. Also a coordination with national fisheries 
policies needs to be developed within EU. This seems a challenging tasks, given the pressures 
on fish stocks e.g. by competing fisheries, and the disagreements already within BSMFC on 
sustainable TACs.   
 
Application of the precautionary principle in CFP is mainly associated with the increasing 
emphasis on sustainability of stocks and on consideration of uncertainties in their states and in 
predictions and analyses. … 

 
Marine policy  

 
Marine policy in the EU is in part established based also on many legally binding 
international  conventions, but includes areas that are still under preparation (see Annex 11). 
In particular, an ecosystem approach based marine resource management is still not 
extensively included in the maritime instruments. Also Coastal Zone Management policies 
and instruments are still under development.  
 
The ecosystem approach in marine policy is of particular importance regarding Baltic sea 
dioxins, as a holistic human ecological approach is adopted in this connection, and as 
operationalizations of the precautionary principle, including considerations of uncertainty 
management, are important dimensions in the development process.   
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6.4 Baltic Sea cooperation on dioxins and related substances  
 

One of the most important means in protecting the Baltic has been the Convention on the 
Protection of the Marine Environment of the Baltic Sea Area (the Helsinki Convention), 
originally agreed upon and set up in 1970, concluded in 1992 and entered into force in 2000. 
The governing body of the Convention is the Helsinki Commission – Baltic Marine 
Environment Commission – also known as HELCOM.  
 
Some HELCOM recommendations for the management of hazardous substances and 
specifically on dioxins were established in early 1980's (Recomm. 13/4 & 16/8). The first 
major HELCOM objective on hazardous substances set in 1988 Ministerial Declaration on the 
Protection of the Marine Environment of the Baltic Sea Area with intention of 50 % reduction 
of the total discharge in 1987. To explain this goal a list of 47 priority substances – including 
dioxins - were identified for this reduction goal and the list was supplemented with a list for 
national programs to achieve the goal. 
 
As this general 50 % goal was not reached (HELCOM 1998), more detailed targets were 
specified in 1998 and HELCOM Recommendation 19/510 was adopted. Its aim is to prevent 
pollution of the Convention Area by continuously reducing discharges, emissions and losses 
of hazardous substances towards the target of their cessation by the year 2020, with the 
ultimate aim of achieving concentrations in the marine environment near background values 
for naturally occurring substances and close to zero for man-made synthetic substances. A 
Project Team on Hazardous Substances was created under the HELCOM Land-based 
Pollution Group in 1998 with the purpose of acting towards the implementation of 
Recommendation 19/5. The Project Team consists of members from all Parties and 
representatives from three NGO's: the European Chemical Industry Council (CEFIC), the 
European ChlorAlkali Industry (EuroChlor), and the World Wide Fund for Nature (WWF). 
 
The guiding principles of the strategy are the application of the precautionary principle, the 
polluter pays principle and best available technology and best environmental practice. Parties 
to Baltic cooperation may, for example, deem a substance to be hazardous even if it does not 
fully meet all the criteria for toxicity, persistence and bioaccumulation if there are other 
grounds for concern, such as suggestions of endocrine disruptive functions or damage to 
immune systems (Selin and VanDeer 2002). 
 
Recommendation 19/5 lists in Appendix 2 some 280 hazardous substances as potential 
substances of concern to be considered by HELCOM. A further list of hazardous substances 
selected for first action was produced. Dioxins were added to the current list of 36 substances 
in 2001. Dioxins are the only by-product substance group in the list. 
 
HELCOM has prepared a guidance document to support policy makers in their selection and 
application of appropriate instruments to achieve cessation of emissions, losses and 
discharges of dioxins. The detailed proposals are following (HELCOM 2002): 
 
• The knowledge concerning dioxin/furan sources, emissions and concentrations in the 

environment has to be improved. Especially country specific information about potential 
point sources of halogenated hydrocarbons should be searched for in co-operation. 

• Activities related to local and regional risk assessments and risk reduction measures 
should be planned, drafted and possibly even to some extent decided without unnecessary 
delay. The HELCOM strategy for risk management and preliminary decisions on 

                                                 
10 http://www.helcom.fi/recommendations/rec19_5.html 
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Recommendations for risk reduction measures may be specified later when the improved 
(and country specific) research data is made available. 

• Measures aiming at a broad reduction of emissions of halogenated hydrocarbons from 
waste treatment and from combustion processes in industry should be promoted by 
HELCOM using its available means. 

• The measures necessitated by EU legislation and obligations or recommendations, 
foreseen as follow-up actions according to the Community Strategy for Dioxins, Furans 
and PCB's, should be taken into account when formulating HELCOM Recommendations 
concerning the legislation or practice in EU applicant countries as soon as possible. Russia 
should be recommended to apply the same standards and strategies for risk reduction. 

• Other new international conventions of relevance to dioxins and furans (UNECE POP, 
Stockholm Convention) should be ratified by the HELCOM countries without delay. 

• Pollution load compilations (PLCs) by HELCOM should in future include data on the 
amounts of persistent organic compounds including dioxins and furans.  

 
In addition, the following HELCOM activities or initiatives can be mentioned: 
• Inventories of PCBs emissions and recommendations of controls (cf. Annex 3) 
• Evaluation and control of land-based activities  
• Creation and updating of a lit of hotspots under the Joint Comprehensive Programme 

(JCP), although focused on nutrient emissions (cf. Annex 3)  
• The strategy on monitoring and assessment, MONAS. 

 
 
6.5 National policies on dioxins 
 

The Nordic States (Denmark, Norway and Sweden, see Geiser and Tickner 2003) have used a 
variety of voluntary and mandatory policy tools – such as education, procurement, lists of 
chemicals of concern, eco-labelling, research and development on safer substitutes, and 
chemical phase-out requirements - to encourage companies using chemicals to reduce their 
reliance on harmful substances and to develop safer substitutes.  
 
All of the Nordic policies have a major focus on product-based risks, as officials in these 
countries believe that products – not simply point sources – are important pollutant sources. 
Government officials in each of these countries also believe they must develop policies to 
stimulate industrial innovation in safer technologies and products (though the extent to which 
government works with industry differs among countries).  
 
The chemical management policies in each of these three countries are more developed (using 
many policy tools and widely implemented) and restrictive (strongly regulatory and focused 
on restricting problem chemicals) than the more general policies of the broader European 
Union (Geiser and Tickner 2003). It may be pointed out however that there is variation in the 
relative status of development and strictness of chemicals management between the Nordic 
states and the rest of EU. 
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Table 25. The status of regulations and actions in the management of dioxins in Baltic Sea 
countries.  
 
Country Regulation for reduction of dioxin and furan risks National Action Plans 
Denmark Tolerable Daily Intake (TDI) 5 pg I-TEQ/kg bw. (Danish Guidelines)  Danish Action Plan on dioxins, objective is to 

obtain more knowledge about Danish 
emissions and to implement measures to 
minimise emissions (1999 – not specified) 

Estonia - Integrated Pollution Prevention and Control Act (Oct 10, 2001, based on EU IPPC 
Directive 96/61/EC), emission limit values in air and water 
- Food control (based on Council Regulation (EC) No. 2375/2001) – Baltic Sea fish 

- 

Finland - Regulatory control on major sources (plant permits) 
- Waste containing dioxins or furans must be disposed of in such a way that waste 
does not exhibit the characteristics of persistent organic substances. If this is not 
possible or the PCDD/F content is low, the waste may be disposed of in some other 
environmentally sound manner (Government Decree on POPs 735/2002) 

- 

Germany - Ban of production and use of substances known to be contaminated with 
PCDD/Fs; i.e. PCBs (18/07/1989/ and PCP (12/12/1989) 
- Ban of production and use of substances known to form PCDD/Fs; i.e. PCBs, 
halogenated scavengers in gasoline fuels (17/01/1992) 
- Ordinance on Prohibition of Certain Chemicals under the Chemical Act, setting 
limits for PCDD/Fs in substances, preparations and articles on the market  
- Off-gas concentration of waste incinerator plants and crematories must not exceed 
0.1 ng I-TEQ/m3 
- The content of PCDD/Fs in sewage sludge to be used on agricultural land limited 
to 100 ng I-TEQ/kg d.w. 
- Ordinance on the Prohibition of Certain Chemicals (14/10/1993) - Ordinance on 
Ban of Halogenated Scavengers (17/01/1992) 
- Directive 2000/76/EC of 04.12.2000 on incineration of waste with a limit value of 
0.1 ng TEQ/m3 
- Ordinance on the Incinerators for Waste and Similar Combustible Materials 
23/11/1990) under the Federal Immission Control Act (14/05/1990) with a limit value 
of 0.1 ng TEQ/m3 for all industrial plants 

Programme to find out the consequences of the 
reassessment of PCDD/F dioxin-like PCBs for 
the requirements from industrial plants, 
objectives of emissions of dioxin-like PCBs 
from industrial plants (with programmes for 
measurements) and review of requirements for 
their limitations, if needed (2002-2004) 

Latvia - The 30-min average air emission limit value for Furans is 0,01 ng TEQ (?!)/m3. 
Regulations of the Cabinet of Ministers No. 219 "on Air Quality" (15.9.1999) 
- Furans and Dioxins total emission limit values for incineration plants 0.1 ng TEQ 
(?!)/m3; waste co-incineration plants in cement kilns 0.1 ng TEQ (?!)/m3; discharges 
of waste water from cleaning of exhaust gases from waste incineration plants 0.3 ng 
TEQ (?!)/m3. Regulations of the Cabinet of Ministers No. 323 On requirements for 
incineration of waste and for operation of waste incineration plants (17.7.2001)  

- 

Lithuania - Basic technological requirements for waste incineration and limited values of 
pollutants in ambient air. 
- Maximum permissible concentration of chemicals (including dioxins and furans) 
polluting air of residential areas 
- Basic requirements for waste incineration and limited values of pollutants from 
wastes incineration plant.  

Project to Assist the Republic of Lithuania to 
Transpose EU Requirements in the Water 
Sector Standards Project), e.g. assisting 
Lithuania in transposing Dangerous 
Substances Directives (76/464/EEC and 
daughter directives) 

Poland PCDD/Fs are subject to emission fees for air pollution, and emissions of them have 
to be based on (??) inventories. There are emission limits for PCDD/Fsfrom 
incineration of municipal waste hazardous waste and waste fuel oils 
Some substances from this group were placed on the list of hazardous chemical 
substances (1996) 

Construction of the installation for recovery of 
HCl from waste containing chloro-organic 
compounds to prevent generation of dioxins. 
The installation is to comply with EU standards 
of waste generation and emissions to water 
bodies and to the atmosphere. (1999 – 
completion of the installation construction) 

Russia No information on regulation - Federal Target Programme for "protection of 
the environment and population from dioxins 
and dioxin-like toxic substances. No info on 
status. With UNEP 
- Evaluation of PCDD/F emissions with focus 
on Northern regions, to identify and quantify 
sources, quantify environmental releases and 
prioritize sources for reduction measures. The 
project includes training in sampling and 
analysis from Western to Russian laboratories. 

Sweden - Operating permits for waste incineration plants include emission limits. A step-wise 
reduction since mid 1980's. The emission to air from waste incineration plants is 
estimated to have been reduced from 50-100 to ca. 1 g TEQ/yr. Other industries 
have also substantially reduced their dioxin emissions to air and water. 
- The National Food Administration has issued dietary recommendations on fish 
consumption based on the dioxin and PCB content in fish from certain areas.  
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Sweden has traditionally been at the forefront of POPs studies and management. Several 
initiatives have been made and actions taken both at a national plane, e.g. in connection with 
the recent work on environmental goals including total phase-out of PBTs by 2020. This is 
relate to the so-called generation goal, one among the environmental goals (e.g., Rikskansliet 
2000) and internationally to the Aarhus process and the Stockholm Convention. Sweden has 
also often proactively restricted chemical products that have been found or feared to give rise 
to dioxin-like compounds. This policy has a long history, from bans and restrictions of 
chlorinated pesticides and PCBs already in the 1970's, over chlorophenol use restrictions to 
the more recent attempts to limit brominated flame retardants including PBBs, even despite 
EU market requirements (refs). No specific action plan on dioxins has yet been produced 
however. In managing dioxins in Baltic Sea fish, Sweden like Finland has adopted an 
independent and deviant policy with respect to the EU strategy, referring e.g. to the benefits 
of fish and fisheries and to the use of other management approaches.       
 
Some of the mechanisms being used by the Danish government to decrease the use of 
undesirable chemicals include action plans on problematic classes of chemicals. For 
chemicals found to pose particular risks, the government prepares action plans outlining 
problems with the substance, goals for reducing hazards, steps for reducing hazards, and costs 
of implementation. An action plan has been developed for reducing dioxin emissions (ref.).  
 
The 1996 white paper and its updates (refs.) state the goals of Norwegian chemicals policy. 
These include an elimination or reduction of releases, by certain deadlines, of dangerous 
substances on a national priority list. The latest 2003 white paper on environmental policy 
(ref.) proposes that the list is supplemented by criteria on health and environmental hazards, 
ensuring that all of the most dangerous substances are encompassed by the national goals. The 
list includes emissions to be substantially reduced by 2010 at the latest. Dioxins and furans 
are included in this list. 
 
In 2002, the Finnish government adopted a national protection program for the Baltic Sea 
(specific ref.). One of the main areas is reduction of discharges of harmful substances 
including dioxin. The program points out the problems related to dioxin charges, but claims 
that there is still a need for further research before efficient measures can be determined. The 
program emphasizes the need to enhance research and monitoring. (Degnbol et al. 2003). 
 
Of the other Baltic Sea countries, chemicals statutes, policies and actions have been 
particularly prominent in Germany at both federal and state (Länder) level. Also Germany 
has stressed the prevention of risks and the substitution of harmful chemicals (e.g., 
Stolzenberg 2000) The practical implementation has varied however depending e.g. on the 
legislative, economic, technical and other conditions and possibilities; also influenced by the 
strong position of the chemicals industry. It should be pointed out that especially within 
dioxin management Germany has adopted a proactive position, in part due to some local cases 
of heavy dioxin contamination (e.g. in Hamburg), and has produced several detailed 
inventories, proposals, plans and criteria and other provisions for management.   
 
When the European Community dioxin strategy was adapted both Finland and Sweden 
opposed the EU restrictions on the catching of fish. As a result, Sweden and Finland were 
allowed to delay full application of imminent EU limits on dioxins in food until 2006. In 
Sweden the political attitudes towards the derogation varied (DN 28.11.01). The other Baltic 
Sea states in EU, Germany and Denmark, accepted the limit values as such, although at least 
in Denmark limit values were criticized for being too stringent (Copenhagen Post Online 
News 13.8. 1999).  
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On the basis of high dioxin concentrations in fish, the Finnish and the Swedish national public 
health and food safety authorities have given recommendation on fish consumption. Because 
fish is healthy food, the authorities have not given recommended a reduction in overall 
consumption of fish. In order to reduce the dioxin intake it is recommended to consume 
different types of fish – fish from lakes, marine fish from outside of the Baltic Sea as well as 
Baltic Sea fish. It is recommended not to eat only Baltic Sea fish and when eating Baltic Sea 
fish it is better to eat young fish. Finnish recommendations have been less strict than the 
recommendations in Sweden (Degnbol et al. 2003). Due to the derogations, the Finnish 
recommendations on fish consumption were reviewed and publicized in 2004. 
 
Domestic sale and consumption of Baltic Sea fish will be allowed until at least 2006. Herring 
with higher dioxin concentration than the EU limit of 4 pg/g can be sold in Finland and 
Sweden as well as outside EU, but not exported to other EU countries. Under the agreement, 
all exports will be banned and both countries will be required to warn consumers of health 
risks and to report annually on dioxin concentrations. The deal also requires Sweden and 
Finland to abide by new rules on dioxin content in animal feed. These are less stringent.  
 
The fish products are to be given a label indicating how much of the toxic chemical dioxin 
they contain. An ellipse-shaped symbol on the side of the jar or can of fish is to be an 
indication that the dioxin content does not exceed the maximum limits set by the European 
Union. A rectangular symbol indicates that the level could be higher. The Baltic herring under 
17 cm is included to those fish products allowed to use of the ellipse-shaped symbol. Closer 
records are also to be kept to keep better track of the fish sold in Finnish markets. The new 
rules on fish hygiene took effect on July 1, 2002, and the Ministry of Trade and Industry has 
drafted a report to European Commission on the tracking of the fish sold in Finland, and the 
enforcement of health standards. The system was required after Finland got special 
permission from the EU to use fish caught in the Baltic Sea, whose dioxin content exceeds the 
maximum levels set by the EU. 
 
In their argumentation for derogation, both countries emphasised the cultural importance of 
certain species such as herring, salmon and whitefish roe in national dishes. They also argued 
that the north's dark winters meant citizens needed to consume the fish in order to maintain 
adequate levels of vitamin D. (ENDS Daily 26 November 2001). The countries are also 
concerned about protecting the livelihood of their fishermen.  

 
 
6.6 NGO interests in the Baltic Sea fish and dioxin issue 
 

Environmental NGO's have been concerned with the dioxin issue in the Baltic Sea whereas 
the consumers' organizations have not taken part in the public debate. In the study by Degnbol 
et al (2003), WWF-Finland was interested in the state of the Baltic Sea. The high 
concentration of dioxin in fish was seen as an indicator of a polluted sea. According to the 
WWF–Finland, the food safety question is important, but from the environmental point of 
view not as central as two other aspects of the state of the marine environment. First, how 
does dioxin as a bioaccumulating substance effect the marine ecosystem? Second, what are 
the impacts on herring populations? Therefore, the concentration of dioxin in herring was 
seen as relevant both for the conservation of other species, some of which may be 
endangered, and for the health of herring populations as such. 
 
On the international level, the environmental NGO's Greenpeace International and WWF have 
permanent programs on toxic chemicals. In connection to Stockholm Convention negotiations 
in 1999, Greenpeace campaigned delegates to agree to eliminate dioxins at their sources, 



 

 

179

 

rather than to concentrate on expensive schemes to reduce dioxin emissions into the 
environment. Similar approaches to dioxin risk management may be seen in the USA, e.g. in 
the USEPA and especially some state programmes on PVC as a key part of their dioxin 
strategy (in addition to incinerator improvement, refs. from Boston dioxin symposium special 
session 2003). As a part of the campaigning, Greenpeace published a report "POPs in the 
Baltic"11. A WWF-UK Report on dioxins and dioxin-like PCBs in the EU (1999, ref. & 
website) recommended EU Member States to set and adopt a EU-wide TDI, as well as 
Maximum Admissible Concentrations or at least guideline levels in specified foodstuffs for 
dioxins and dioxin-like PCB's; this corresponds largely to the management approach in the 
subsequent EU dioxin strategy. They also recommended setting a food contamination 
monitoring system to ensure compliance, which also has been a prominent and extensive part 
of the EU strategy. These regulatory measures seek to impose a common standard of human 
health protection. Therefore it may be assumed that these international environmental NGO's 
would support the recent regulatory activities in EU. 
 
Both organizations have also expressed concerns on endocrine disruption by proposing the 
elimination of exposure to endocrine disrupters to protect wildlife and humans. This has been 
e.g. WWF's initial proposals in the new EU chemicals legislation. 

 
 
6.7 Framing the dioxin issue and implications of the multi-forum activities 
 

There is not a single cooperative action on Baltic Sea and hazardous substances but a number 
of policy activities affecting the Baltic dioxin problem (Table 25). The policy-making and 
management of dioxin risk is incorporated within a complex web of institutions, with 
different institutions focusing on different aspects of dioxin risk issue. The countries around 
the Baltic Sea have adopted different regulations on dioxin, so the geographical coverage 
varies as does the legislative status of different policies.  
 
Most of the Baltic Sea countries are involved in the above central policy regimes and 
activities. They all are contracting parties to HELCOM, Russian Federation being the only 
contracting party  outside EU. The Stockholm Convention has not been signed by Estonia and 
it is not ratified by European Community, Latvia, Lithuania, Poland and Russian Federation. 
The UNECE Protocol on POPs is not signed by Estonia and Russian Federation and it is not 
ratified by European Community, Latvia, Lithuania and Poland. Nevertheless, the persistence 
of dioxin compounds and the increasing importance of airborne emissions changes also the 
relevance of geography for the Baltic Sea dioxin problem. As the earlier waterborne point 
sources are being controlled, the importance of the distant emission sources increases. 
 
However, the problem of coherence (different rules, e.g. different standards caused but the 
implementation of precautionary principle) arises not only between states, but also between 
different interrelated regimes and institutions. At the global level, there are several institutions 
dealing with dioxins. It is crucial to pay attention to mechanisms and arrangements ensuring 
coherence between different regimes. Therefore, institutional and geographic clustering of the 
relevant institutions and multilateral environmental agreement should be an important element 
of the future dioxin risks management. According to Selin and VanDeveer (2002), HELCOM 
activities e.g. show regulatory overlaps with the Stockholm Convention. 
 
HELCOM has concluded that as long as EU measures do not apply to all of the countries of 
the Baltic region, it is useful to have HELCOM actions on dioxins and furans. HELCOM 

                                                 
11 http://archive.greenpeace.org/toxics/reports/popsbaltic.pdf 
 



 

 

180

 

activities should be compatible with EU actions. The most urgent need according to the 
HELCOM evaluation seems to be filling knowledge gaps concerning emissions and 
concentrations in the environment including biota (HELCOM 2002).  
 
Nevertheless, with European enlargement, it is likely that HELCOM (like OSPARCOM) 
overlaps with the EU will be of particular importance (Selin and VanDeveer 2002). Looking 
at HELCOM, EU Directives are legally binding while the HELCOM Recommendations are 
not. This means that states that are members to both generally have a stronger incentive to 
implement EU Directives first, and then address further requirements in HELCOM 
Recommendations. Although the HELCOM recommendations have been dubbed "Soft Law" 
and thus non-binding, none of the contracting parties have refused to implement the 
recommendations due their non-binding nature. The recommendations carry a highly 
powerful moral and political significance (ref. Eckenberg, K). HELCOM cooperation on 
hazardous substances exhibits several positive signs of high compliance of substantive 
obligation (Selin and Van Deveer 2002). Yet, as for instance some marine animals continue to 
exhibit reproductive disorders, suggesting that also hazardous substances including PCBs and 
dioxins are still causing problems (HELCOM, 2001b, 2001c) and as their levels have no 
longer clearly decreased, it seems fair to assume that the current level of HELCOM activities 
on dioxins is not sufficient to solve the Baltic dioxin problem.  
 
If HELCOM Recommendations and EU Directives are more or less identical, the key added 
value of HELCOM after Estonia, Latvia, Lithuania and Poland become EU members may be 
that HELCOM also includes the Russian Federation. In such a case, the future importance of 
HELCOM is thereby to a large extent dependent on that HELCOM Recommendations either 
go further than EU Directives in terms of the hazardous substances that are controlled and the 
reductions that are necessary, or that they cover technical, scientific and policy aspects of 
Baltic Sea cooperation that fall outside the scope of the EU. It is also noteworthy that in 
HELCOM guidance document on dioxins (HELCOM 2002) it was stated that the data 
concerning dioxins in the Russian Federation is very vaguely reported (Selin and Van Deveer 
2002?) 
 
HELCOM recently completed a study assessing the compatibility of HELCOM 
Recommendations and EU and OSPAR requirements (HELCOM 2001a). The report also 
looked at possible ways to rationalize HELCOM reporting requirements with those of the EU 
and OSPARCOM, in an attempt to reduce the burden on state officials by streamlining 
reporting formats and standardizing many informational demands. The report offers a detailed 
analysis of obligations under the three multilateral fora, making numerous recommendations 
regarding changes that HELCOM Parties might make to bring HELCOM recommendations 
more into line with EU and OSPAR (without lowering any HELCOM standards). The parties 
accepted a number of these recommendations at the 2002 HELCOM meeting. Seven of the 
twelve Recommendations adopted at the meeting -- HELCOM Recommendations 23/6-23/12 
-- were largely consistent with the proposal of the harmonization report. Other suggested 
revisions are currently under review by HELCOM (Selin and Van Deveer 2002). 
 
Coordination between international fora is also relevant for reporting purposes. Different fora 
often have their own separate reporting requirements. In order to avoid that states are not 
subject to widely diverging reporting requirements that will strain sparse resources, efforts 
should be taken to ensure that reporting requirements are to the fullest extent possible 
harmonized across forums. Since the late 1990s, the EEA, European Commission, HELCOM 
and OSPARCOM (?!) participants have also shown greater interest in standardizing reporting 
requirements, monitoring systems and data gathering and calibration procedures, with the 
hope of simultaneously improving date quality and availability, and reducing the 
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administrative burden on state officials. The EEA and HELCOM catalogued some of these 
challenges (see, e.g. EEA, 1997a, 1997b, 1998, 1999, 2001; HELCOM, 1998b, 2001b; 
HELCOM Project on Hazardous Substances, 2001a), and more work need to be done in this 
area. In addition, harmonization and cooperation between HELCOM and OSPARCOM has 
continued and been also given new impetus due the EU enlargement and the development of 
EU marine strategies and marine protection. Also other standardizing efforts have been made 
e.g. under the Stockholm Convention, where a standardized toolkit for identification and 
quantification of dioxin and furan was released (UNEP 2003).  
 
While it is positive that more international forums are paying increased attention to hazardous 
substances including dioxins and related POPs, this development requires more attention to 
coordination between forums to avoid costly overlapping, or even conflicting and 
counterproductive policy actions in separate forums (Krueger and Selin 2002). In the future, 
Baltic cooperation needs to connect more to other fora and investigate possibilities for 
coordination and cooperation. Priorities may differ across fora, due to differences in economic 
development; agricultural and industrial production; and climatic, geographic and social 
conditions, but some issues and experiences will have validity across forums. (Selin and 
VanDeveer 2002).  
 
POPs issues have been framed as questions of long-range transport, persistence, 
bioaccumulation, and toxicity, which emerged out of science-policy interaction in the 
CLRTAP assessments. This framing remained as the dominant, one even s more and more 
parties became involved at global level and as other dimensions of the issue (e.g. existing 
stockpiles and technical assistance) emerged as further concerns (Eckley & Selin 2001).  
 
The dominant theme on dioxins is and has been the issue of health. As the main pathway of 
human exposure to dioxins is via food, the limit or target value for human intake has been a 
main tool for deciding the acceptable risk. When the limit value of dioxin is not exceeded, the 
fish is healthy source of nutrition in many ways. If the limit value is exceeded, there are 
potential harmful effects from dioxins, but the health benefits of fish oil remain. Agreeing on 
the significance of these impacts is complicated when discussing the effects of fish in 
nutrition, as the risks and benefits are distributed among different population groups. The 
nature of dioxins as a boundary object is crystallised in the debate over the limit or acceptable 
values.  
 
Other important and problematic factors in deriving limit values include assumptions 
concerning mixture effects (additive or not) of the various congeners, their pharmacokinetics 
and fate in receptor organisms, and the relationships between intake limits and other limit 
values such as fish concentration limits. 
 
The effects of dioxins on the Baltic ecosystem are a less discussed although acknowledged 
dimension. As the limit and action values set by EU are intended to protect human health, 
there is insufficient knowledge if this level will also protect the wildlife. Yet, if the dioxin 
levels in the Baltic are considered a significant problem for human health, also other species 
should be studied and taken into account in risk assessment and management. The Great 
Lakes –guidelines has been proposed as an applicable approach to protect marine species. 
 
While the integration of fisheries and environmental management has not dealt extensively 
with dioxin and other contaminant issues, links between the Baltic dioxin problem and 
fisheries management are recognised. Conventionally fisheries management looks at the state 
of stocks trying to optimize their yield within the constraints of the fishing effort. A reformed 
EU Common Fisheries Policy emphasizes the ecosystem approach that assumes e.g. that one 
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does not examine only one species, e.g. Baltic herring, but looks at the ecosystem at large, 
including species interactions, environmental effects, public health, eutrophication and other 
such processes and entities. In such an approach Baltic Sea dioxin problems and fisheries 
management have a dynamic relationship as they both affect each other. 
 
Although there has been only limited regulation concerning the dioxin concentration of 
commercial products such as cosmetic products, the idea of fish as a commercial commodity 
is established in EU regulation. This sets certain standards for food sold in the EU market in 
order to ensure safe products for consumer.  
 
Degnbol et al. (2003) concluded that the dioxin problem does not include any conflicts 
between interests when it comes to fisheries and environmental stakeholders: all stakeholders 
want to reduce dioxin concentrations in fish. The objective is the same whether high dioxin 
concentrations are seen as ecosystem problem or as a food safety problem. But on a more 
concrete level, the objectives for human health and ecosystem protection may differ in some 
respects. Constraints of aligning and uniting the objectives of various groups and areas were 
implied also by the study made for the European Parliament on conflict potential for fisheries 
caused by the EU strategy and proposed regulations of fish dioxins (Joas et al. 2001). Nor has 
the delicate balancing of risks and benefits of fatty Baltic Sea fish been pointed out much yet 
in the public discussions on the matter, although it has been discussed among experts e.g. in 
two recent Nordic meetings (especially in Sweden in 2002 and also in Finland 2003).  
 
Agreement may be more easily reached with respect to management actions that are in the 
interest of most groups, e.g. dioxin prevention and emission control (as these reduce both 
human and ecological risks in approximately equal proportions expect when congener profiles 
and emission localities play a role), but also this may apply to a general level only. When 
more concrete discussions start of the relative merits and costs of various measures to prevent 
dioxin formation or of prevention versus other management approaches such as extensive and 
expensive hotspot cleanup, or of the reduction of herring fishing versus promotion of herring 
consumption, or of compensation for loss of value e.g. to fisheries, difficult choices will 
emerge where conflicting views and interests and multi-directional and even turbulent and 
heated discourses will be natural.  
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7 Management options and measures, and initial evaluation of their potential 
 
7.1  Defining and evaluating options along event chains and at various levels and scales 
 

Many options exist for managing risks associated with dioxins in Baltic Sea fish. They 
include both technical and more general, e.g. information and regulation related options. It is 
imperative for efficient management that options and measures are identified and evaluated in 
a comprehensive and systematic manner.  
 
It has been stated in many connections, also in authoritative assessments (e.g., Younes 1998), 
that "all efforts" should be made to reduce dioxin emissions and exposures (also on humans). 
However, it is impossible to make all efforts conceivable and apply alls means technically 
available, at least to similar or to a significant extent. This may be precluded by economic but 
also by normative and other constraints. Efforts and resources may be wasted in an ill-focused 
'whole-front attack', and even new risks may be created by some solutions attempted. Some of 
the measures available (and presently in use) have important limitations and obstacles; some 
may be readily combined while others may be competing or mutually exclusive, and so forth. 
To better distinguish which measures may be efficient and otherwise useful and justified, and 
what overall strategies in risk management may be adopted, a detailed comparative analysis 
of them is needed in the case of dealing with dioxins in the Baltic Sea.   
 
Some areas of management and some classes of measures and options have been given little 
attention in important strategies due to their inherent limitations in scope and approach. For 
instance, the EU strategy (CEC 2002) and the strategy of the US Institute of Medicine (2003) 
are focused on exposure reduction by measures within food quality regulation and the food 
production system (and thus on human health), while dioxin strategies more generally 
speaking are biased toward emission control. Also some of these are very general and non-
evaluative, mainly referring to existing regulations, norms and BAT approaches.  

 
                           
Prevention of     Improved utilization      Alleviation of      Therapy of      
dioxin formation  ( ) of health etc benefits from    or compensation for       dioxin receptors  
- precursor control    dioxin-laden fish      dioxin-caused risks     (incl. chemotherapy 
- process design    (incl. in several measures)    and impacts      e.g. for excretion) 
                               
                           Other measures to 
Emission control                       reduce exposure  
- primary sources                       (e.g. clean food supply, 
- secondary/lagged sources   -Operational     -National/specific       protection areas) 
  (incl. hotspots cleanup)    -Strategic     -EU/aggregate         
                             Food advisories and 
Enhanced retention and breakdown                       other avoidance measures 
in migration pathways     -Normative/regulatory  -Immediate             measures    
(enroute to sea, in sea)     -Informative/voluntary  -Long-term          
                              
Enhanced removal    Selective fishing      Food or feedstuff     Food/feedingstuff  
from the Baltic Sea     and other biosteering     processing and      guideline/limit values  
e.g. in fish landings,   and ecomanagement     mixing        and market regulation 
sediment sinks     to control biomagnification             (EU strategy focus) 
     
 
Fig. 35. Conceptualization of main parts or stages and categories of management measures for 
Baltic Sea fish dioxins. Note that all categories involve several levels and dimensions (e.g. those in 
the center). 
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Important areas and stages of dioxin risk management along the event chains (Fig. 35) have 
thus been left with little consideration, both in terms of dioxin management more generally 
and especially with regard to the Baltic Sea. Such less considered areas of management 
include  
 Prevention of dioxin formation, e.g. in connection with precursors 
 Influencing dioxin transport and fate within the catchment or other donor areas 
 Steering of dioxin cycling in the sea e.g. by fisheries-based ecosystem management 
 Alleviation of, adjustment to and compensation for risks and impacts (including socio-

economic)  
 Utilization of the benefits associated with dioxin-laden fish 
 Reducing risks to non-human receptor organisms 
 Targeted measures specified e.g. in terms of geographical area and risk group 
 Information-related measures (with the exception e.g. of Swedish diet advisories) .  

 
Historically, although dioxin risks have been in focus for decades and considerable work on 
management measures has been conducted also in R&D, most of the scientific studies and 
assessments have been centered on the occurrence and fate and the effects of dioxins. The 
analyses of management measures have moreover usually been specific and have not 
evaluated measures, or their relationships with risks, in a comparative and more 
comprehensive perspective. This is natural, as the identification and characterization stage is 
the main task in the beginning. Some aspects of management measures are implicitly included 
in assessments of the problem and risks. In particular, identification, quantification and 
characterization of dioxin sources is directly linked with management opportunities.  

 
Additional and more extensive emphasis on management measures (including prevention 
stages) represents an opportunity-oriented approach to dioxin risks that may be efficient in 
circumventing some downstream risks, problems and difficulties (such as resource needs) in a 
more decisive, long-reaching and comprehensive fashion. In principle, much of the work on 
elucidating details of the effects and risks may thus be reducible (but many needs will remain 
although in partly altered forms). On the other hand, such a general emphasis and approach 
involves its uncertainties, risks and threats, implying the need for careful deliberation. 
Nevertheless, increased and improved emphasis on management opportunities is also in line 
with many relevant general policies in EU (and in many Baltic Sea states) and with specific 
procedures such as the STOA (Scientific and Technological Options Assessment) developed 
and applied by both the European Commission and Parliament. 
 
There are many ways to classify risk management measures relevant to dioxins, e.g. that for 
BAT and BEP under the Stockholm Convention (CEC and EU 2002). Measures may 
generally be divided e.g. along the following dimensions: 
• Preventive or curative measures, i.e. based on stage of risk formation and chain of events 

in management (cf. Fig. 35). 
• Normative, economic, technological and information steering measures, and hybrids 
• Long-term, intermediate-term, short-term and hybrid measures 
• Measures in Baltic Sea countries and elsewhere, and local and global measures. 

 
In the following, management measures are divided mainly along the first dimension in 
measures directed to sources of dioxins before they enter the sea, to dioxins in the sea, and to 
dioxins after they have exited the sea. Existing classifications are utilized especially in 
prevention and control of emissions. In addition, the above other dimensions will be utilized. 
It should be noted that there is no strict separation between means according to the risk 
formation stage. For instance, some technologies are applied in the control of primary 
emissions as well as in cleanup of contaminated sediments or treatment of fish rests. 
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The following presentation and evaluation of management measures does not attempt to go 
into details especially within some categories of measures, due in part to the need for 
comprehensiveness and to the constraints of the present work. Rather, an outline of measures 
is presented. In some areas, specific measures are not readily identifiable, and only some 
general remarks have been provided. Some initial discussion is included in connection with 
the description of measures and in a summarizing evaluation; more general strategic aspects 
will be dealt with in Chapter 9. The emphasis will be on the areas of dioxin risk management 
that have been little studied, i.e. prevention of dioxin formation in products and processes; 
measures within fisheries and in the sea; excretion enhancing and therapeutic measures; and 
adaptation and compensation (cf. Annex 10)  
 
Coverage of the literature in this area (much of it in technical reports) is necessarily more 
limited than in the previous chapters. In this area, more reliance is placed on publications (in 
many cases preliminary reports and limited extended abstracts) at dioxin symposia.  
 
Within source control, emphasis is placed on prevention in stages preceding the processes of 
dioxin formation at the facility level. This is done to avoid duplication of the common focus 
on technological measures within facilities, and also because of the overall orientation to 
management issues at the policy level. Thus, instead of restricting the assessment to repeating 
the information on specific technologies, it is extended on one hand to the root causes of 
dioxin formation, on the other to  subsequent post-facility stages. Prevention of dioxin 
formation in products and processes are treated separately, and some attention is given also to 
prevention through the processes that are indirectly (but potentially highly importantly) 
contributing to dioxin risks, such as the needs for some of the formation processes. 
  
The detail and style in presentation varies between the categories and cases of measures, due 
to both the information available and accessible and to the general character and perceived 
significance of the measures for the present case, dioxin risks from Baltic Sea fish.  
 
 

7.2  Measures before dioxin immission to the sea 
 
7.2.1  Prevention of formation of dioxins and related compounds  
 
Reduction of the need for dioxin-forming products and processes  

 
This is an area of dioxin prevention that holds much promise. For instance, by reduction of 
material flows, by promotion of low-waste technologies and low-transport solutions the 
formation of dioxins in many processes can be avoided in the first place. The importance of 
such prevention is emphasized by the fact that so little attention in both research and analysis 
and in management strategies has been directed to it e.g. in the dioxins area. This is connected 
to the fact that environmental problems and their solutions are still not sufficiently understood 
as essentially depending on and conditioned by (and in turn influencing) social processes. 
Also the political nature of such a level of prevention can create obstacles for its 
condideration. However, e.g. in connection with the work on technology evaluation under the 
Stockholm Convention such more fundamental preventive strategies and options have been 
addressed in the form of root cause analyses within socio-economic evaluation of POPs 
abatement technologies (Annex 11).  
 
Some of these measures may have also other benefits, by reducing other dioxin risk factors or 
by generally benefiting the environment, health and safety. For instance, dioxins along with 
many other harmful substances are avoided by more modest levels of such activities as cause 
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their formation. A related difficulty is that such measures are often not considered only for the 
purpose of dioxin management, as the relevant actors often see dioxins, if at all, as minor 
concerns, and as the relevant mechanisms do otherwise not facilitate their inclusion. The 
question also hereby arises how far other benefits and purposes, both within synergies and 
competition or conflict, should be considered (cf. 9). 
 
Reducing the need for dioxin-forming products or processes may target activities that require 
materials (such as organochlorides and other organohalides) that are prone to form dioxins, or 
activities that directly cause dioxin emissions. In general, this dimension of prevention entails 
low-waste economy, sustainable consumption  and cleaner production. Reducing root causes 
of dioxin-forming processes can also include alterations in societal structures, both in social 
and physical sense, e.g. as to urban development.  
 
As outlined above, measures also in this area may be regulatory or, because of the indirect 
connection with dioxin formation, can in many cases be information based or achieved 
through economic steering.  
 
These measures generally speaking presuppose a more fundamental questioning of the 
necessity of present ways of life and production, thus having in some respects a character of 
political rather than technical choices. This may be both an asset and a constraint; for 
instance, reduction of the need for products and processes that induce dioxins, and a general 
dematerialization of society, may offer attractive and efficient ways to manage risks at a 
fundamental level and to achieve other desirable goals, but may also clash with reigning 
systems of economic growth (cf. 9).  
 
As measures are devised that address processes far preceding formation, it often is difficult to 
know whether such measures will in fact reduce dioxins or will also affect dioxins in other 
ways, even increasing other risks they cause (and, at worst, increasing the net risks). For 
instance, some recycling processes increase dioxin formation, especially when chlorinated 
organic material are involved. Thus, intuitively attractive measures that seem to be able to 
reduce some of the dioxin risks (and to have general environmental and health merits) may 
have unanticipated drawbacks also for these risks, and need to be carefully scrutinized.   

 
Prevention by alternative products and processes 

 
The substitution of dioxin-containing or dioxin-forming products and substances constitutes 
an area of management that is closer to the concrete process of risk formation, and can be 
approached within a defined technological domain and utilizing the abilities of enterprises 
presently engaged in production and use of commodities. Substitution of substances is also for 
other reasons naturally considered when looking for alternative solutions. It is consequently 
included in many risk management strategies and schemes, e.g. in the risk reduction strategies 
under existing (and proposed new) EU chemicals policies.  
 
In some cases it is rather straightforward to predict risks of alternative products at least in 
terms of the potential for formation of dioxins. However, also in this area the imperfect 
knowledge (and imperfect systems of application) create obstacles and constraints. For 
instance, polybrominated flame retardants were introduced in part as a environmentally 
friendly substitute for chlorinated diphenyl ethers used initially for the same purpose, until it 
was realized that also these alternative substances cause risks, even by forming corresponding 
brominated dioxins (ref.). Halogenated substances may also have important more indirect 
benefits for society even within health. They will constraint efforts to achieve dioxin risk 
reduction by simple and cross-the-board dechlorination or dehalogenation solutions (cf. 9).    
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A parallel for such prevention of dioxin risks is the risk reduction strategy and activities in 
Germany for chlorinated paraffins (CP), being the first entry from the EU Existing Substances 
program priority list. This has involved e.g. cessation of production forcing development of 
alternatives; industry lists of undesired substances and requests to vendors for CP-free metal 
working fluids, and appropriate waste management (Stolzenberg 2000). As a summarizing 
evaluation, it was concluded that after crossing a threshold of initial investment efforts, the 
substitution process turned out to be self-preserving, irreversible and bet benefiting (cf. 9). 
However, in the case of dioxins, the challenge is to efficiently utilize precursor substitution. 
 
Innovation is needed in developing surrogate products and processes. In this case innovation 
may be more straightforward than e.g. when developing ways to reduce the needs for a 
product or process, as the producers and other actors already possess much of the know-how 
and other prerequisites for developing alternatives, and less diffusion of knowledge and 
innovation is needed. However, this direct linkage between the present producer of dioxins, 
precursors or co-factors and alternatives does also involves considerable limitations and 
challenges, for instance as these actors may be bound by their present solutions. 
    
An evaluation of the EUCLID database for High Production Volume chemicals in EU with 
chlorine or bromine in aromatic or other organic structure resulted in a list of sdveral hundred 
chemicals (Annex 3). It should be stressed that their dioxin-forming potential is largely poorly 
known, except for some well-known precursors such as 2,4,6-TCP and some chlorobenzenes 
and some chlorinated herbicides, pesticides or other biocides. On the other hand, as stated 
above and in Annex 3, also inorganic chlorides may in some cases form PCDD/Fs. Therefore, 
an evaluation of the dioxin-forming potential must be continued using structure-property 
models and empirical data, preferably in connection with evaluations of use pattern and 
quantity as well as use purpose and possible alternatives, in order to focus on those precursors 
with greatest potential risk and also greatest potential opportunities for risk prevention and 
reduction. 
 

Prevention by product use regulation and steering 
 

Regulation of uses of dioxin-forming products is a common approach to reducing associated 
risks. This is a more straightforward category of measures and more closely linked with the 
concrete processes of dioxin formation than e.g. the above measures attempting to change 
production and consumption patterns more fundamentally. Product use regulation is often 
combinable (and combined) with substitute products and processes (see former point). 
 
Use regulation can involve total bans, partial or conditional bans or restrictions. It may apply 
to all uses or to some, e.g. downstream uses. Also in use regulation, several levels (e.g., 
international or national, general and specific) are available. In addition to regulating uses 
directly, also indirect measures steering and influencing them may be included.  

 
7.2.2  Control of land-based emissions  

 
General 

 
Emission control is evaluated here separately from prevention in processes causing emissions, 
to emphasize the latter. This divide is however in many respects blurred, and processes must 
be viewed as a whole, including preventive and other measures down to end-of-pipe controls; 
indeed, emission control can and should in many cases be extended to reducing emissions 
from environmental sources beyond the facility originally emitting them (see below).  
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Some areas of emission control are well-asteblished on a commercial scale. In other areas 
such as biodegradation many technical measurements are still at a laboratory or pilot scale. 
The conception, development, upscaling, demonstration, testing, and commercialization of 
emerging technologies is a long and complex process wherein it can not always be easily 
assessed what the potential of a technology is in relation to the status of existing technologies.  
 

Primary emissions 
 

Plenty of information has been presented on technological measures for controlling and 
reducing dioxin emissions from waste incineration and, increasingly, industrial processes. 
Much of this information has been rather specific; systematic comparisons and summarizing 
evaluations are much less frequent especially in scientific literature. Important comparative 
eveluations have been produced in connection with international environmental instruments, 
especially the Stockholm Convention. In the present work, control technologies have been 
described at a rudimentary level for the purposes of strategy evaluation, based on an 
evaluation of the literature retrieved (cf. Annex 9). 
 
Within emission control, air pollution abatement technologies have dominated. However, in 
the course of developing air pollution control measures also for dioxins, there consequently is 
increasing need to consider, develop and apply emission control measures in other areas. In 
particular, abatement and control measures for solids resulting from air (and water) 
purification technologies are needed. This is closely related to the control of secondary 
emissions e.g. from waste management and also from environmental sources (see below).   
 
It is noteworthy that even within municipal solid waste incineration, being the most 
researched single source category, there are still no emission limit values at EU level, but 
national, especially German, standards and EU standards for hazardous waste incinerators are 
applied as deemed appropriate (e.g. Francois et al. 2000). Also within this source category 
considerable development of the technologies takes place. Prevention of dioxin formation by 
plant design, operation conditions and also by inhibitors, integration with NOx control as well 
as dioxin breakdown (by catalysts) instead of transferring to solids are increasing trends (e.g., 
Choi et al. 2000, Taoda et al. 2000, Bonte et al. 2002, cf. Annex 9).   
 
In primary emission control within management of risks from dioxins and DLCs in the Baltic 
Sea, the following specific points and areas should in particular be noted (cf. Annex 9) 
• There are synergies but also competitive or conflicting relationships with other emission 

control and non-environmental technologies and solutions.  
• Thermal technologies some time ago seemed the only robust and efficient approach to 

dioxin destruction, but other physico-chemical methods have much matured.  
• Technologies and substances for inhibition of dioxin formation in combustion and other 

(thermal) processes are under inrense development 
• Among the different industrial branches, emission control in iron and steel industry is 

particularly important, e.g. in Sweden and also in Poland and Finland; improved 
technologies are available from R&D and practical application other EU countries 

• With regard to present emissions, pulp and paper industry is important mainly in those 
countries and plants still using elemental Cl and old bleaching technologies.  

 
Stockpiles management and hotspots cleanup 

 
Emissions from products during their use stages and all through the life cycle are included. 
This is in line with the emphasis in many recent developments, including the EU risk 
assessment procedures for existing substances, and in general with increased application of 
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life-cycle management approaches. With PCBs, PCNs and many dioxin precursors including 
chlorinated pesticides, herbicides and other biocides, this involves management of stockpiles. 
Some of these are closed storages, while some approach uncontrolled dumps and 
environmental release areas. Plenty of technological guidance has been produced for their 
treatment especially under the Stockholm Convention (UNEP 2003, 2004) but also in other 
connections, e.g. at ILO and WHO already previously.  
 
The emissions from waste management or other later stages in dioxin or PCB life-cycle 
extend the area of emission control from primary processes e.g. in industrial and other 
facilities to emissions already released but not too far dispersed to the environment. Important 
areas of emission control therefore are the cleanup or other controls at dioxin or PCB 
contaminated areas, either on land or in the sea (in sediments). Some risk management 
technology evaluations have emphasized this area of activity (e.g., UNEP 2004). It should 
however be noted that it has intimate connections with emission control technology in other, 
more closed and technological systems e.g. in facilities.  

 
Initial listing has been produced of hotspots around the Baltic Sea that may be relevant with 
regard to dioxin emissions and their control (Annex 3F). This listing is partly based on the 
HELCOM list of hotspots. These are however mainly concerned with municipal and 
industrial discharges of nutrients and oxygen consuming organics, and have thus included 
dioxin-discharging sites usually only as a spin-off (e.g. metal and pulp and paper industries) 
and have excluded many other kinds of hotspots that are relevant for dioxins. Therefore, this 
list has been used only selectively and augmented by additional published or unpublished 
official information specifically on hotspots that are known or strongly suspected to contain 
dioxins. These include many chloralkali factories and sawmills. Abatement measures for such 
sites also with a view of emissions to the Baltic should be specifically developed and applied.  
 
Dioxin hotspots are located both on the coast and in inland areas of the Baltic Sea catchment. 
The listings produced in connection with the present work have been focused on the former, 
as they can have more direct emissions to the sea, in some cases already having emitted 
considerable loads to nearby and even more remote sediments. However, much of the 
cumulative pool of PCDD/Fs and DL-PCBs in the Baltic Sea catchment are in soils, wastes 
and products (Bergqvist et al. 2004) and thus also in inland hotspots, including industrial 
areas and landfills. These pools and emissions are also more easy to treat or contain than 
those on the coast and especially those already dispersed in sediments. Therefore, for 
management strategies especially in the ling term, also inland hotspots as well as inland point 
sources need to be included.    

 
Within management of dioxin and PCBs emissions to aquatic environments, sediment 
cleanup, removal or safeguarding (solidification/stabilization or isolation) has often been in 
focus. The NRC (2003) strategy for sediment PCB management is a notable example of such 
technology evaluations. Also the Great Lakes inititiative and the ensuing strategies for POPs 
abatement include extensive sediment management elements (see Annex 11). However, at a 
strategic level for the protection of the Baltic Sea, a key question is what the relationship of 
these controls is with land-based emission abatement and cleanups. It can be argued that 
technically, economically, and environmentally, large-scale sediment cleanup is exceedingly 
difficult and can thus be prohibitively costly. This was pointed out also in the 2002 strategy 
for the Great Lakes, noting that only one of 43 Areas Of Concern had yet been remediated, 
and that the cost of the projected operations, 200 M$, should be orders of magnitude higher.  
 
It may be generally justified to focus within environmental cleanup on terrestrial and some 
lacustrine or riparian environments where the problems associated with dioxin dispersal and 
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treatability are not so pronounced. Such considerations should be seen in relation to 
Superfund and corresponding European cleanup initiatives, both in terms of technology and 
of policy and economics.   

   
 7.2.3  Interception of transport to the sea 
 

Several steps may be and are taken between the emissions of dioxins from the various 
facilities and processes of formation and their entrance in the Baltic Sea, in various branches 
and stages of material flows. The scale of such measures vary; some may be directed to 
extensive processes in the ambient environment, while others are undertaken in closed or 
semi-closed technological systems such as waste-water purification plants.  
 
Many of the potential options in this area have been established to control unwanted fluxes of 
solids and other materials to watercourses (and other recipients) with regard to other 
substances such as nutrients and other contaminants. Their application to dioxin risk 
management may require some modification; the foci of the processes may also differ. 
Nevertheless, dioxin control and the control of associated other substances and materials may 
have sufficient shared interests to allow efficient abatement solutions also with regard to 
costs. As with many other solutions, e.g. those in emissions control (see below), it is in many 
cases largely a matter of raising awareness of the needs and possibilities to take into account 
dioxins in designing and operating systems that are primarily intended for other purposes.   

 
Scavenging dioxins in wastewater treatment plants: This is an important area of control 
measures, as much of the dioxin fluxes from the catchment, also of those originally airborne, 
are deposited on surfaces connected with sewers for wastewaters or storm water (cf. 3.2). 
Moreover, the reduction of dioxin emissions from industrial and waste facilities will cause 
their disposal (in ash, slag and sludge) in waste deposits that are increasingly sewered as well. 
Thus, the relative importance of the flows of dioxins in sewered systems is likely to increase. 
As storm water is usually and increasingly separately diverted in Baltic Sea countries, the 
treatment of settled solids from these sewers, normally allowing and achieving less efficient 
retention than in wastewater treatment, is of importance.   
 
The wastewater treatment process affects the control of dioxins. Increased solids removal will 
increase dioxin removal, but also the type of process (active sludge or combined biological-
chemical precipitation, and auxiliary processes for N removal) has an influence e.g. through 
flocculation and binding in biomolecules. The BAT of wastewater treatment generally 
contributes to improved dioxin retention in municipal and industrial sewage (cf. Eduljee et al. 
1997), and the upgrading of wastewater treatment plants especially in new member states will 
be important to stall the total dioxin fluxes to the Baltic. Also the primary sludge treatment 
processes (anaerobic digestion, aerobic composting, or others) influence dioxin retention, and 
some of these are difficult to optimize for this purpose; for instance, anaerobic processes may 
induce formation of DLCs from e.g. PCBs (see Engwall et al. 2002), and composting has also 
been reported to have formed dioxins (Oberg et al. 1993, Krauss et al. 1994). 
 
Preliminary results have been published (Nakamiya et al. 2000) from laboratory-scale trials of 
removal (supposedly by biodegradation) in an activated sludge process, giving surprisingly 
high removals (99,9 % of TEQ during 28-d incubation). The removal activity remained high 
in continuous culture, suggesting the method may have potential in large-scale application (cf. 
Annex 9). This might have the added value and convenience of utilizing existing treatment 
systems; the process requirements, modifications needed in sewage purification plants and 
other constraints have however not been elucidated, and no later information has been found. 
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In a wider dioxin cycling and balance perspective, although dioxins are scavenged in 
wastewater treatment, their subsequent recycling in sludges to agricultural, horticultural and 
other such areas (including urban greenery areas, roadside cultivations and silviculture) will 
again involve the possibility to either bioaccumulation in terrestrial food-chains (up to 
humans) or transport e.g. in runoff to the Baltic Sea (cf. Fielder 1996 etc.).   
 
Dioxins already dispersed in watercourses may be scavenged by sedimentation basins 
constructed for other purposes (such as solids and nutrient retention) and through careful 
disposition of dredge spoils from such basins and from particularly dioxin-rich sediments.  

 
 

7.3  Measures in the sea 
 
7.3.1  Control of emissions and fluxes in the sea 
 

Control of emissions in the sea involves mainly restriction of emissions from shipping. This 
has potential importance mainly through accidental releases in connection with transport of 
dioxin precursors and carriers, particularly mineral oil, instead of regular emissions from 
vehicles. The risks from oil shipping have increased and are projected to continue increasing 
due mainly to growing Russian shipping. Management of risks from oil and chemical spills 
has a high priority in national and international (e.g. HELCOM) activities to protect the 
Baltic. However, additional measures, enforcement and steering instruments are needed. 

 
Reduction of resuspension of dioxins from Baltic Sea sediments is a measure of risk 
reduction that is intuitively promising and has attracted some interest. Reduced resuspension 
may be desirable also for other reasons to reduce adverse impacts of the sediment on the 
Baltic marine ecosystem (and adverse impacts on sediments themselves). Specific measures 
to control this dioxin source, based on sediment-impacting and resuspending agents, 
processes and factors (cf. 2), include the following:  
• Restricting bottom trawling (cf. Hansson, oral communication 2003) 
• Reducing dredging for shipping, e.g. restricting it to areas that are not heavily dioxin 

contaminated 
• Banning or reducing dredging for use of sand/gravel and possible future plans of 

extracting metal-rich nodules in sediments 
• Restricting ship traffic e.g. by speed limits of large ships causing excessive wave action 

and bottom disturbance in archipelagos 
• Reducing bottom cables 
• Banning or restricting pipeline construction, e.g. that proposed for transport of Russian oil 

thtough the Baltic to Central and Western Europe.  
 
7.3.2  Reduction of dioxin pools in the sea 
 

There are several possibilities to reduce the dioxin pool in the Baltic. In particular, fisheries 
offer options for reducing the dioxin pool and thus subsequent risks. However, also other 
means are conceivable for reducing this pool, by both biological and other techniques.  
 
Dioxin pool reduction measures in the Baltic Sea include the following:  
• Concentration and removal in fish catches by 'cleanup fishing' has been proposed as a 

means of removing PCBs from the Baltic by Hansson (unpublished 2003) and Mackenzie 
et al. (2004), supported by total PCB budget estimates that were based on data for 1980's 
and early 1990's (see 3.4); sprat was calculated to contain the bulk of the removable pool 
in the major economy fish species. While it is uncertain whether fish catch represents as 
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large a share of the pools or fluxes of PCDD/Fs or even DL-PCBs (Fig. 35, cf. 3.3), this 
load reduction may not be insignificant. At any rate, it is one of the means to reduce these 
compounds that is technically and economically rather easily implemented, as it can be 
combined with continuous fishing using equipment and practices already in place. 
Continuous fishing in the dioxin-rich stocks, even though not consumed by humans or 
production animals, may be desirable also for the control of dioxin cycling through 
population structure (see below). Constraints of this options include the needs and 
difficulties in treating and disposing (and preferably utilizing) the 'junk fish' biomass in a 
manner that is both efficient and does not cause harmful environmental and other impacts 
(e.g., composting, processing, burial)    

 
• Restriction of the recycling of fish discards back to the sea has been proposed especially 

for cod livers (that can no more be sold for human consumption) as they may contain a 
not insignificant amount of DLCs (Mackenzie et al. 2004).    

 
• Enhanced degradation of dioxins in marine sediments by direct measures is constrained by 

the low biodegradation rates in nature and by the efforts needed to substantially increase 
them in situ, as laboratory trials of bioremediation of dioxins in sediments have usually 
achieved modest reductions especially of the highly chlorinated 2,3,7,8-congeners (e.g., 
Beurskens et al. 1999X, etc. references). Possibilities to enhance degradation indirectly 
e.g. by adjusting nutrient or redox levels seem difficult and wrought with hard-predicted 
consequences including risk associated with increased eutrophication. These constraints 
are much more prohibitive than those in biological (and combined biological and physico-
chemical) treatment of dioxins in lake and river sediments that can be more efficiently 
contained in both in situ and ex situ (on-site or off-site) solutions (see also evaluation of 
sediment PCB management by NRC 2003). 

 
• Removal of dioxins by dredging and subsequent treatment of the dredge spoil, especially 

in maintenance dredging (in harbours and waterways) but also solely for dioxin removal 
in heavily contaminated hotspots is a cleanup option. Although the removed amount of 
dioxins may not be great from the point of view of the overall dioxin budget of the sea, it 
may achieve significant local remediation. Some of such measures (in rivers and 
estuaries) can also be seen as reduction of land-based emissions (cf. above). Such 
measures need to be taken on careful consideration of the risk reduction achievable, in 
relation to the effort required and the counter-veiling risks e.g. of smtirred up and 
dispersed bottom sediments (cf. Malve et al. 2003 etc references). Thus, precision 
dredging, dry dredging after river channel diversion or containment, and water removal 
techniques from spoil are interesting. 

 
7.3.3  Biosteering of dioxin accumulation in marine food-chains 
 
Selective fishing and other fisheries management measures 
 

While the potential utility of fisheries in removing dioxins and PCBs from the Baltic has been 
proposed in some connections also in professional publications (see 8.3.2), the use of fishing 
to control bioaccumulation of dioxins has received little attention as a risk management 
approach for Baltic Sea dioxins (or elsewhere). This is rather curious as fisheries are so 
centrally involved in the formation and abatement of dioxin risks in other respects (as carriers 
and suppliers of dioxins, as targets of regulatory market restrictions, and as indirect targets of 
consumer advisories and incentives). This may be interpreted as a reflection of lacking 
operational links in the case of dioxins between environmental chemicals, food safety and 
health area on one hand and fisheries management on the other.  
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Figure 35. Estimated removal of total PCBs from the Baltic in fish catch (from Mackenzie et al. 
2004). 
 
 

It is common in fisheries management to influence stock and population structure by fishing; 
such actions are routine also to ensure sustainable stocks, increasinblgy taking into account 
interactions of species. Biological steering of aquatic systems has moreover been increasingly 
considered and tried for purposes other than fish production, such as to control nutrient 
cycling and diminish eutrophication and to restore aquatic ecosystems, mainly in lakes; it has 
also  been proposed as a management approach to the trophic state of the Baltic (ref.). In 
principle, fisheries management may similarly be utilized to decimate dioxins in the Baltic.   
    
This is presently subject to some investigation within the Academy of Finland project. 
Moreover, a R&D project proposal to the University of Helsinki (Kuikka et al., unpublished 
2004) has planned to address such management options in the context of integrated risk 
assessment by utilizing probabilistic methods for efficient decision analysis.  
 
Specifically, e.g. the following measures of fisheries-based biosteering may be consider for 
reduction of dioxin risks through fish, mainly to human health:  
• biomagnification control e.g. by adjusting cod stocks and predation on herring 
• catch size selection e.g. by fishing small herring and sprat and -fishing gear specifications 
• area selection and designation of high or low intensity fishing areas and areal restrictions 
• catch time selection e.g. by banning or reducing spawn time and area fishing. 
 

Eutrophication control 
 

It has been implied (Hakansson et al. 2002) that as dioxins are present in higher 
concentrations in  smaller biomass, the reduction of the trophic state and the eutrophicating 
nutrient load of the sea could lead to still higher dioxin levels in fish and thus increase risks 
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from fish consumption. Consequently and conversely, continuous eutrophication might be 
considered as a means to reduce risks from dioxins based on 'fat dilution'.  
 
However, the logic behind such measures rests on grossly simplifying, misleading and partly 
erroneous assumptions of the process of eutrophication and its variations as well as of its 
linkages with dioxin bioaccumulation (Hildén and Assmuth 2002). The relationship between 
trophy and dioxin biomagnification is complex as to structure of the ecosystem and the 
dominating species in the food-chains; it is e.g. not likely that eutrophication in the presently 
dominant form of blue-green algae blooms will lead to or be directly linked with higher 
biomass (and fat) and lower dioxin levels in the key economic species, herring. There are 
some indications to the contrary, i.e. the present level and form of eutrophication may instead 
counteract herring growth and fatness and thus increase dioxin levels in them. The herring 
stocks and their condition including fatness may depend to a much greater extent on other 
species and on still other dynamic factors, including the herring population structure that is 
controlled in part by fishing (although not presently to minimize dioxin levels, see above). 
Likewise, the regional variation in the ecosystem dynamics should be accounted for.  
 
Nevertheless, important links between trophic state and dioxin levels do exist. Eutrophy and 
eutrophication play a fundamental role in the ecology and economy of the Baltic, and should 
be considered as a factor and partly a boundary condition also in dioxin management. 

 
 
7.4  Measures on dioxin fluxes after removal from the sea (post-sea measures)   
 
7.4.1  Reducing intakes by food advisories and other means of information steering 
 

Food advisories are a key measure in the management of human health risks from fish 
contaminants, including dioxins, notably in the Baltic Sea countries like Finland and Sweden 
where this management task has been approached largely by such means, instead of wholesale 
bans on trade of contaminated fish. Fish and seafood advisories are a key risk management 
tool also in other contaminated watercourse areas, notably the Laurentian Great Lakes where 
also dioxins and other POPs have been the main concern. Food advisories have been 
traditionally in place to respond to similar risks e.g. from mercury contamination, notably in 
Sweden and Finland, as well as in other areas of food safety.  
 
These management measures may be divided in the following broad and overlapping classes: 
• General food advice  
• Targeted advisories for children and kindergarten/school personnel, girls, young women, 

fishers, mother's milk use and other animal fat 
 
In both cases, factors that have been and may additionally be pointed out include: 
- fish species: advice can be given to avoid heavy consumption of Baltic herring and 

salmon; in a more positive vein, a mixed fish diet including several species can be 
recommended 

- fish sizes: An important specification and target also in food advisory based risk 
management is the discourage especially the use of large herring accumulating high 
concentrations of DLCs, as has been recommended in some connections 

- catch areas: the use of fish from particularly contaminated areas can be discouraged also 
through food advisories; again, the mixed consumption of fish from various areas 
including less contaminated inland areas and of imported fish may be encouraged, in 
accordance with the present advisories in Sweden and Finland 
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- fish parts: the use of the skin fat of herring, the anterior parts of Baltic Sea salmon (and 
trout) and the livers of fish (e.g. of burbot in addition to cod) and other tissues with high 
dioxin contents (such as roe) can be discouraged   

- frequency of consumption: quantitative recommendations have been issued in Sweden 
(and recently in Finland) on how often (e.g. no more than once a week) fatty Baltic Sea 
fish ought to be consumed by particular risk groups such as women who are pregnant or in 
reproductive age 

 
Regarding this long-time prominent position of such information steering, little studies have 
been made of the reception, efficacy and conduct of such advisories. In US, Connelly and 
Knuth (1999) found that multiple formats are required to meet the needs of a significant 
percent of anglers for fish-related risk information. Advisory text should be geared to abilities 
of the target audience; for audiences, a combination of qualitative and quantitative 
information and a combination of diagrams and text may be most effective; for most 
audiences, a cajoling rather than commanding tone better provides them with the information 
needed to make a decision about fish consumption. 

 
7.4.2  Reducing intakes by regulating fish marketing and by associated product labeling  

 
This is the present key EU instrument in dioxin risk management strategy for food and 
foodeing-stuff, and involves rather detailed prescriptions particularly concerning limit values 
of PCDD/Fs in fish and fish-based products, and monitoring, reporting and labeling fish 
quality with regard to dioxins. The foundations of these measures have however not been 
thoroughly analyzed in relation to alternative measures; also impacts of these measures have 
been mainly assessed from the point of view of their legal basis, and certain socio-economic 
implications and conflict potential (cf. 6).  
 
This strategy is to be developed and specified further, e.g. as to the scope (possibly including 
DL-PCBs), targets, timing, regions, accompanying measures and other respects.  
 
The EU strategy is evaluated and discussed in more detail in the following chapter also in 
relation to alternative strategies and policy principles and (8).  
 

7.4.3  Treating dioxin-laden fish and fish products 
 
General 
 

PCDD/Fs and DL-PCBs as other lipophilic contaminants can be technically removed from 
fish fats and similar tissues. Particularly on large scale and with high removal efficiency this 
is a rather demanding risk reduction option, the applicability of which depends e.g. on the fish 
and its uses. Such measures may thus be generally restricted to fish not used as such for 
human consumption.  

 
On the other hand, fish consumers or cooks do process the fish consumed in various ways in 
any case, and these ways influence the exposure and risk. Thus, in addition to being important 
for the precise assessment of exposures and risks, the cooking and preparing methods have 
relevance for risk reduction. Such measures may also rather naturally be combined with 
advisories for the use of fish, e.g. with regard to the part of the fish to be selected.  
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Technical-scale processing options 
 

Dioxin removal from fish oil: Information and evaluations have been published that there is 
technology available in the EU to cost-efficiently remove dioxins and related compounds 
from fish oil to reduce the adverse impacts from dioxin risk management (Joas et al. 2001).  
 
Development of methods for removal from fish meal: Joas et al. (2001) presented information 
based on industry consultation that the removal of DLCs from fish meal is presently not 
economically feasible. Thus, with regard to this option the development of technically and 
economically more feasible methods of dioxin removal remains as a longer-term opportunity. 
 

Cooking and preparation prescriptions 
 

Several possibilities and recommendations to reduce exposure to DLCs and other 
contaminants in fish have been explored (see Annex 10), including 
- trimming of fish 
- cooking methods and temperatures 
- smoking.  

 
Dilution of dioxin-rich fish to obtain high- and low-dioxin raw materials 

 
This option was discussed by Joas et al. (2001) but was deemed problematic on both principal 
and practical grounds. 
 

7.4.4  Exposure reduction by supplying surrogate diets and protection 
 
Surrogates for humans 
 

Human exposures to dioxins can be and often are reduced by shifting to another diet, 
including consumptions of other fish. This in effect is the ides and result of diet advisories 
recommending lower consumption of certain foods. However, also positive recommendations 
and actual surrogate measures may be used. The provision of surrogates may increase the 
efficiency and health benefit of avoidance of contaminated fish; they may also ensure that no 
harmful side effects of lower fish consumption are caused.  
 
This is related to an important food and health policy consideration in risk characterization 
and risk-benefit assessment, and also to the acceptance and adoption of risk reduction 
measures by consumers. It sometimes may be assumed that reduction of intake of 
contaminated fish automatically ensures health protection. However, the dietary habits and 
their changes, and their determinants and effects are complex. Acoidance of fatty Baltic Sea 
fish consumption may also lead to impoverished diets and, worse, to the substitution of 
dioxin-laden (although in other respects healthy) fish in diet with less dioxin-laden but in 
other respects unhealthier dietary items.  
 
On the other hand, this may be assumed to take place more automatically than actually is the 
case, e.g. if arguments are selectively sought for emphasizing such potential counter-veiling 
health risks and for not reducing fatty Baltic fish consumption. Instead, such harmful dietary 
changes may be prevented or at least alleviated e.g. by advice (cf.    ) and also by other 
incentives and steering mechanisms. In other words, there is inaccuracy and uncertainty in the 
match of risk management goals, measures and outcomes, and risks of many kinds (both from 
dioxins, from reduced fish and from alternative diets) can be caused. Therefore, targeted 
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dietary surrogates may be used; some of them potentially offer the possibility to both reduce 
dioxin intake and ensure the health benefits from fatty fish.      

 
Huisman et al. (1995) on the basis of measured body burdens and estimated intakes in Dutch 
mothers and infants concluded that decrease of exposure to PCBs and dioxins of the fetus and 
the neonate probably requires long-term reduction of the intake of these pollutants, but that in 
Dutch conditions, substitution of normal cheese by low-fat cheese and the use of vegetable 
oils instead of fish oils in the preparation of foodstuffs by the food industry could reduce the 
intake of PCBs and dioxins. It is not known whether fish oils and particularly oils from Baltic 
fish are used in the industrial preparation of foodstuffs sold and consumed in the Baltic Sea 
countries and thus add to the exposure of the high fish consumers in these countries; for food 
preparation by the general population, fish oils are not used.  

 
Surrogates for other predators 
 

An example of surrogate diet to non-human animals exposed to DLCs in the Baltic Sea that 
has been shown to have success is the feeding of white-tailed sea eagles by clean food such as 
pig carcasses from ice in winter-time. This has been evaluated to be an important factor in the 
recovery of the sea eagle populations in both Sweden and Finland (including the Aland 
archipelago) (refs.). Such supplementary diets may be most efficient complementary risk 
management measures for animals that are naturally feeding on other foodstuffs than 
exclusively fish, such as sea eagle, being accustomed to eating other birds, bird's eggs and 
mammals.  

 
Exposure and effect reduction by protection of receptors 
 

Risks form dioxins in Baltic Sea fish may be reduced especially for non-human sea-living 
animals by protection measures. These may particularly include  

  - protection areas for seals (e.g., HELCOM 2003a) 
  - protection areas for waterfowl (e.g., RAMSAR and NATURA areas) 
  - protection areas for fisheries e.g. at spawning 
 
7.4.5  Exposure reduction by increasing excretion through altered general diet 
 

In principle, dioxin exposures may be reduced by affecting the general diet, especially fat, and 
thereby the fat stores, in order to increase dioxin excretion and clearance from the body. Such 
risk reduction approaches may be seen as a natural extension of the attempts to reduce dioxin 
intakes by dietary changes. Indeed, reduced dioxin intake in many cases is necessarily 
accompanied by some form and some measure of reduced intake of fats, especially animal 
fats high on food-chain and dioxin contents. It may also be considered that massive dioxin 
clearance takes place naturally during lactation, although then transferred as a still more 
massive load (per unit body weight) to the "top consumer in the food-chain, the baby" (Koppe 
1995). 
 
Excretion-focused remedies have important constraints. This may be deduced already from 
the pharmacokinetic understanding of low (although congener and concentration dependant 
and generally variable) dioxin accumulation, distribution in the body and excretion, as 
detailed e.g. by the models of Carrier et al. (1995a,b). The many studies of the development 
of PCBs and dioxin body burdens after dietary intervention e.g. by food advisories, with the 
more common purpose of intake reduction (Weihe et al. 2003, Darnerud et al. 2003), also 
point to that is difficult and slow to significantly affect the body dioxin stores either by intake 
reduction or by de-fatting or other such diets. In general, once fat and dioxins have set in, it is 
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hard to get rid of them. This has been shown experimentally for mother's milk. Pluim et al. 
(1994) studied the possibilities to diminish the intake of PCDD/Fs and PCBs by the baby 
using two diets tested in breast-feeding women for their ability to reduce concentrations of 
dioxins in human milk: a low-fat/high-carbohydrate/low-dioxin diet (ca. 20% of energy intake 
derived from fat) and a high fat/low-carbohydrate/low-dioxin diet. Despite significant 
influences of these diets on the fatty acid profiles, no influence on the dioxin concentrations in 
breast milk could be found. The conclusion was that short-term dietary measures will not 
reduce dioxin concentration in human milk. This may also be seen as an argument generally 
for prevention instead of remedy. 

 
Radical changes in diet, be they sudden (and thus generally inefficient for dioxins) or 
prolonged, carry the risk of causing other adverse health effects instead, as the general 
condition and potentially metabolism is changed. Although obesity in itself is a very 
important (and increasing) risk factor of many adverse health conditions and should be 
reduced, and these reductions offer synergies with reduction of toxicological risks from 
dioxins and other contaminants, the relationship between fatness and dioxin exposure is 
complex. For instance, it was demonstrated by Carrier et al. (1995b) that reduced fat stores 
e.g through fasting may be estimated to instead increase the level of circulating (serum) 
dioxins during a transition period before they are metabolised by the liver. That is, fat stores 
are to some degree also a buffer (and in some sense a diluter) against dioxin exposure in 
other, potentially more critical tissues.  
 
There is thus always a balancing act in dietary advice and interventions between risks and 
benefits, and a need to adjust such interventions to the needs and preconditions of the 
individual subject based on expert guidance. It should be noted that drastic 'functional' dietary 
changes and even liposuction are presently a fashion, even a craze, and it is conceivable (and 
indeed already indicated) that e.g. strong detoxification diets may become more common, 
involving some counter-veiling new health risks. These considerations are is in some respects 
similar to those with extreme vegetarian diets, being harmful for some persons in particular 
due to both toxicological and general nutritional reasons, while a more moderate and varied 
vegetarian or mixed diet, including fish, may often be quite advisable. Thus, in addition to 
eating low on the food-chain to avoid bioaccumulating toxicants, beneficial and necessary 
ingredients from higher levels are also needed for many individuals.   
  

7.4.6  Therapies of adverse effects 
 

Once adverse effects of DLCs have set in, it may be possible to treat or alleviate them by 
chemical or other therapeutic means. These may target various processes from 
pharmacokinetics to receptor binding and subsequent responses, even to adaptation and 
biological compensation. Therapies may be directed to various species including domestic 
and wild animals and to various groups, including those that are at particular risk and at the 
same time particularly amenable to therapeutic treatment for biological and social or practical 
reasons.  
 
Generally, it may be held that therapies as a means of risk management are too passive and 
end-of-the-chain. However, some therapies may also be part of prevention, e.g. by measures 
that generally promote health of humans or other animals exposed to DLCs. If other risk 
reduction measures are found to be ineffective within some systems and constraints, therapy 
can be a practicable complementary strategy and class of measures.  
 
During recent years, information has been increasingly published on therapeutic treatment for 
dioxins and related compounds, including both chemical and non-chemical measures and 



 

 

199

 

targeting both pharmacokinetics and effects (Annex 10). The applicability of many such 
therapies may be restricted to higher levels of exposure causing gross dioxin toxicity, and thus 
have limited utility to reduce population risks, also from exposures to dioxins in Baltic Sea 
fish. However, some therapies can have more general relevance. 
 
An important factor in favour of dioxin therapies is the rapid development of knowledge and 
tools in biomedicine and biophysics, structural and clinical chemistry and pharmacology, e.g. 
by the use of advanced structure-activity models, that help design functioning treatments. This 
development is intimately linked with the ongoing studies of the biochemical (including 
genetic) and physiological basis of dioxin action mechanisms that will also allow better 
tailored specific treatments.  

 
7.4.7  Post-effect options including adaptation, compensation and maximisation of health benefits 
 
Adaptation to risks 
 

Dioxins and other DLCs will load the Baltic for a long time to come, possibly centuries, and 
will cause risks despite restriction of human exposures both to non-human animals and to 
those humans still exposed. Therefore, adaptation to these risks emerges as a notable 
approach to these risks. In layman terms, one needs to 'live with' such lingering past legacies, 
even if also attempting hard to control them and to dimish risks. In the ecosystem, some 
adaptation, directly to the toxicants anfd indirectly by other strategies vping eith their 
suppressice and adverse effects, develop naturally. Also in human poipulations, adaptation by 
medica, technological, socio-cultural and other means. The borderline between risk avoidance 
and adaptation is not sharp.  

 
Compensation for risks 
 

Compensation for risks may be understood both as a biological compensatory meachanism 
and as economic compensation. Dioxins in Baltic fish cause biological risks and impacts and 
socio-economic impacts; both of these may involve losses that should and could be 
compensated for. Compensation for risks includes the following main areas: 
• supporting those bearing health risks (in proven cases) 
• compensating for those bearing economic risks.  
 
In this connection, the losses to fishermen and fisheries are of prime importance, particularly 
if implementation of the EU dioxin strategy, other regulatory or even non-regulatory e.g. fish 
consumption advisory or other consumer demand based measures and developments will 
reduce the income for fishers, fisheries and the fisheries industry and associated other 
industries as a whole. This is not a technical but mainly administrative, legal and socio-
economic risk manzgement area, it will not be discussed here in more detail (cf. 8). 

 
 
Maximization of fatty fish health benefits 
  

- increasing herring use overall and relying on positive R/B balance 
- increasing herring use selectively e.g. among elderly but reducing use among young 
- … 
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8 Management strategies and their characteristics and impacts  
 
8.1  General policy considerations 
 
8.1.1 Basic styles of governance in risk management  

 
Regulatory or voluntary management or governance 

 
The management of risks in many areas, including environmental, health, food and fisheries, 
has traditionally relied on regulations. This is the overall approach also to dioxin risk 
management in EU and its member states. Notably, this is the foundation of the EU strategy 
for dioxins and PCBs in food and feeding-stuffs. A preference for regulatory management 
may be due to the nature of the union, being administrative and legalistic, and consequently of 
its organizations. The preference in a sense is due to the CEC utilizing the instruments that are 
perceived as being the primary ones at its disposal. 
 
On the other hand, other management approaches and instruments than those directly based 
on regulations have attracted attention and have also become subject to increasing 
development and application. These include in particular information based steering and 
voluntary measures. The question of regulatory or non-regulatory risk management, or their 
intermediates and combinations, thus is a key divide in approaching the issue of dioxins.  
 
These choices are related to the fundamental question of what role a normative (i.e. legally 
based) approach to risk management plays in relation to information steering, economic or 
other measures, including voluntary approaches. This will be discussed in more detail below 
(9.2), especially in connection with information steering approaches utilizing dietary 
advisories, as an alternative to regulatory steering.  
 
Tensions between management styles may also be seen in relation to the degree of flexibility 
and plurality in governance. Politically, this question has some resemblance with the issue of 
how centralization and harmonization is balanced with subsidiarity that involves flexibility in 
the regional dimension, although not necessarily in the choice of instruments including 
voluntary measures.     
  

Centralization and subsidiarity 
 
An important choice in risk management approach also in the case of Baltic Sea fish dioxins 
is that between a centralized governance, now increasingly at the EU level, and a bottom-up 
approach placing more reliance on participation of those regulated and allowing more 
variation due to their circumstances. The latter approach often also tries to avoid a segregation 
between regulators and the regulated and emphasizes the multiple, overlapping, shifting and 
complementary roles of all groups. However, EU itself has increasingly been seen as a multi-
level actor and governance regime (cf. its relationships with regional and global levels of 
governance, chapter 7). Consequently, participatory and generally more varied approaches to 
governance have also been emphasized. The interplay between integration, centralization and 
harmonization on one hand and differentiation and subsidiarity on the other is also constantly 
developing, and this development is linked with the overall development of an extending EU.  
 
The needs and tendencies or strives toward centralization and harmonization are inherently 
strong in the raison d'etre of the EU, as a project largely about developing and ensuring a 
common market and removing obstacles to free movement of products and goods and also of 
capital, jobs and citizens. Therefore, it is understandable that so much emphasis is frequently 
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put in EU on harmonization e.g. of quality criteria for products and of economic prerequisites 
and procedures for enterprises.  
 
The appropriate level and aspects of centralization vary according to the field of application 
and to the particular management situations. In the field of environmental protection, 
international harmonization in statutes and management are often particularly indispensable 
because of the essentially international character of the problems. POPs with long-range 
transport are a good example of this. The same goes to fisheries, not only due to the shared 
market for fish products but also to the fact that marine fish reside and are fished in an 
internationally shared area such as the Baltic, as reflected in the detailed international 
assessment and management procedures and cooperative structures created for this. Thus, 
Baltic dioxins as marine POPs are doubly a trans-boundary issue.  
 
However, also in these fields the combination of an international (and increasingly EU-wide) 
dimension with national and other sub-EU levels is important and problematic. For instance, 
with the CFP, national and regional conditions need to be taken into account but present great 
challenges (as seen e.g. in Baltic cod and salmon fisheries, cf. Annex 11). In the area of POPs 
management, account is increasingly made of national conditions as the Stockholm 
Convention enters detailed national implementation. With Baltic fish dioxins, the 
coordination of national and international policies has turned out to be tricky notably with 
respect to the Finnish and Swedish derogations from the EU strategy. 
 
The relationships between centralized and decentralized governance has been subject to much 
research, development and debate. In fisheries management, attention has been paid to 
complementing centralized regulatory management by means of participatory approaches and 
co-management (e.g., Jentoft 1989, McCay and Jentoft 1996). This has in part reflected the 
changing situations and roles of fisheries and fisheries management. Likewise, in health care 
a centrally driven regulation approach has been complemented by more varied governance 
placing increasing weight on participation. This has been associated with recent 
environmental health risk concerns and initiatives (e.g. SCALE), but also with more 
traditional attention to the diverse needs and possibilities of the various groups in society. 
However, also in health care always a strong element of harmonization and central steering is 
present, e.g. to ensure uniformity of requirements and efficiency of measures.  
 
In managing risks from dioxins from Baltic Sea this balancing presents a central strategy 
issue. The selection of a suitable level of subsidiarity and more generally of participation in 
management, taking into account regional and other such special concerns, is contrasted by 
the need and tendency for centralization and harmonization. This is a fundamental question 
behind present and possible future derogations from EU-wide quality criteria for fish: should 
they be allowed and on what conditions, to ensure the regional (national) needs and the needs 
of the EU community, or the one before the other ? The difficulties in this are related to the 
integration of a broadly harmonized, uniform approach with proper consideration of national 
and other regional as well as sector and actor conditions and interests, ie. plurality.  
 
The coupling of EU-wide and other levels in governance and management of risks from 
dioxins in Baltic Sea and its fish directly impacts strategic choices and their impacts. These 
other levels include especially the national level, to some extent also local, regional and 
global levels (cf. 6).  
 
A centralized, regulation-driven management presents problems when particular conditions of 
a region need to be taken into account. The central government is inevitably distanced from 
and unfamiliar with the specific needs and conditions of the region; the regional and national 
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level actors on their part may not be as able to see broader European dimensions and interests. 
It may however be increasingly important to account for regional aspects as the centralized 
EU governance has frequently been experienced as alien to the common citizen, and 
resistance has surfaced to a style of governance not allowing for real participation and 
influence or for consideration of the concerns of those impacted.  
 
It is possible that much of the criticism also towards the EU dioxin strategy can be interpreted 
in terms of a general resistance and suspicion towards EU governance. For instance in Finland 
and Sweden, reactions to alleged meaningless interference by the CEC with local fisheries 
matters have been frequently expressed in media, also by politicians in EU-critical 
connections. Regulation of fisheries and fish dioxins may thus become more general symbols 
for what is perceived as misinformed and excessive EU interference. Conversely, it is 
possible that some of the motivation behind uniform enforcement of the EU dioxin strategy is 
due to a more general unwillingness to allow deviations from a homogeneous market and 
policy, not only to factual health concerns.  
 
Part of the resistance and criticism against the EU dioxin straregy may also be related to the 
fact that dioxin regulation is perceived as a scapegoat for other concerns, e.g. on the part of 
fishers that are under other (even unrelated) pressures as well. This however is largely a 
different issue that will not be discussed here. 

   
Restrictive or inclusive involvement of sectors and actors 
 

Management strategies have their boundaries also in administrative, sectorial and actor group 
sense, depending on their contexts and goals. The crossing of these borderlines, either by 
involving other sectors explicitly and up front or by linking with them, is a key challenge 
particularly in as far as integrated management is striven at.  
 
The present EU strategy on dioxins and PCBs has been portrayed as a comprehensive one but 
is not comprehensive even in terms of sectors (cf. the more detailed evaluation in section 8.2). 
This is partly related to the focus on human health and food which is natural, as most dioxins 
in humans originate from food. Thus it is understandable that environmental issues and 
environmental sectors in EU and in some national governments have not yet been so highly 
included in its implementation and development.  
 
The links with fisheries policies and strategies and management processes seem a more 
unnatural omission and a pressing need, particularly from the point of view of dioxins in the 
Baltic but also more generally. Management of dioxins and PCBs in the context also of 
human health is largely a fish and fisheries issue; relatively little of the scientific, regulatory 
and practical know-how in this area has yet been involved; and the interests and conditions of 
fisheries have not been integrated well (or at all) in the present EU strategy. This poses a 
challenge also as the interests of fisheries may in some respects deviate from those of the food 
and health sectors.      

 
Level of detail 
 

The level of detail in management is important as some of the criticisms of EU governance, 
notably in the fisheries area, have particularly concerned the unnecessary detail in regulation 
that moreover has sometimes been perceived as insufficiently based on 'facts on the ground'.  
 
The level of detail in management is closely related to the above aspects in governance or 
management styles. If the overall approach to governance and to management in general is a 
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regulatory and normative one, it is likely to involve more detailed controls than is the case if 
voluntary measures are emphasized; in the latter approach, general frameworks are often the 
key thing, while details are more important and conspicuous in legalistic approaches. 
However, there is a detailed dimension also in some of the non-regulatory management styles; 
e.g., diet advisories include considerable detail, even more so than regulatory fish quality 
management, as will be discussed in other sections below. In this case, the detail can be more 
easily facilitated, as a flexible approach to management is adopted instead of a normatively 
binding one. The distinguishing quality in this case is not the level of detail per se, but 
whether details are attended to within flexible or rigid management approaches.  
 
If high level of detail is combined with high uniformity in regulation, particularly inflexible 
and inefficient (and inpopular) steering can result. For instance, recent proposals by the CEC 
to restrict the use of coastal fishing gear that were based on generalized prescriptions among 
the various catch species prompted criticism from the Finnish public, politicians, media and 
also authorities. They were regarded as yet another example of unnecessarily and even 
harmfully detailed regulation; they were also ridiculed as a showcase of unfamiliarity of the 
CEC with reality and with conditions in the field ("inability to tell perch apart from cod") that 
is not unlike the legendary 'straight cucumber directive' commonly ridiculed and despised, 
justifiably or not, as an emblem of meaningless detail and normativity in bureaucracy. In such 
cases, both unfounded detail and lack of detail (unfounded generalizations) may come under 
attack. It may be said that the EU dioxin strategy, while generalizing in some respects, 
especially through the emphasis on harmonization and lacking consideration of particular 
regional conditions, is on the other hand very detailed in other respects, such as in the 
specifications for the different target or limit values for the various food and feed items. 
 
More detail is naturally required when dealing with specific regulation matters at the more 
restricted geographical scale, i.e. local or national level; if the central government attempts to 
have a strong regulatory presence also the local level, it will need to regulate in details. 

   
Combination of styles of governance 
 

As outlined above, one may discern a coexistence but also potential conflicts of different 
styles of governance of the risks and associated impacts caused by dioxins in Baltic fish. An 
important issue then becomes what combinations of management approaches are or may be 
adopted, and how they might efficiently complement each other. A market regulation based 
approach and co-management have been contrasted in fisheries regulation (Dubboink and Van 
Vliet 1996) but can also coexist. Similarly, for dioxin management an evolution of a 
coexistence of different management styles and instruments can be envisaged, including e.g. 
combinations of normative regulation and information steering (the latter may also be 
regulated through general structures, functions and related prescriptions), and of centralization 
and subsidiarity (allowing for the necessary consideration of the regional conditions). 

 
8.1.2  Evidence-based and precautionary management  
 

A crucial division in management approaches from the point of view of science, of other 
forms of knowledge production and of assessment is the level and type of evidence and proof 
required for action, be it management or other activity. This is particularly relevant in the 
present assessment context. Strategically, this issue is related to the relative weight of 
preventive and curative risk management approaches.  
This division is particularly important with dioxins and related substances, being a prominent 
case where a more precautionary approach is applied than traditionally, and as the risks of 
dioxins involve multiple and multi-level uncertainties and ambiguity. Dioxin-like POPs have 
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been used as an example of the need for a precautionary approach e.g. in the analysis of 
Harremoes et al. (2002) for EEA. Such needs have also been acknowledged and stressed at a 
general level in the EC communication of the precautionary principle. This exposition of 
precaution has however been at a rather general level (ref.).    
 
For policy choices, a key question becomes how and what kind of precautionary action is 
warranted. There is a risk for misplaced, futile or wasteful, and even counter-productive and 
hazardous management actions in the name of precaution. This is not often enough 
appreciated in generalized pleas for precaution. The realization needs to develop that also 
precaution has its limits, that different types and levels of precaution need to be distinguished, 
and that the principle has to be refined, operationalized, and integrated with other modes of 
inference and with other decision and policy making approaches and principles.  
 
Precaution, that is careful foresight of unwanted consequences, is needed also before 
measures are taken in the name of precaution that may reduce, even irreversibly, health 
benefits from fish or the continuity of fishing (see below in more detail). Precaution is thus 
not a monopoly of chemicals control or environmental policy although it has prominently 
developed in these areas due to some of their characteristics, but is equally necessary (and 
problematic) in other areas such as general health care and natural resource use.  
 
In science, many forms of precaution in inference and judgment are crucial. They may 
however be rather different from and even opposed to the kind of political and fear-driven 
precaution that sidesteps science to a greater extent than warranted. This does not mean that 
science and precautionary policy should be mutually exclusive in principle and could not 
(ever better) complement each other. However, as the latter is presently often seen as an 
alternative to the traditional more tedious progress of science and to science-based 
management, there inevitably are great tensions and problems in their interrelationship and 
integration. 
 
In general terms, the dilemma is to strike a justified balance between 'paralysis by analysis' 
and panic action. An important additional consideration is that precaution prompts action in 
some forms, e.g. banning chemicals and jumping carelessly into alternatives perceived as 
promising, and inactivity in other forms, e.g. lacking innovativeness and even suspicion a 
priori towards some innovations perceived as dangerous. These have to be sorted out for 
informed and successful precaution.  
 
In this process of choosing the level and kind of scientific evidence required, it seems most 
important that different decision situations and different kinds of management opportunities 
are more systematically explored. For some risk management decisions or actions, the 
prevailing uncertainties do not matter as much as for some others, and action can be taken. 
For instance, some management opportunities may be more readily available and feasible 
with little risk of creating more problems and risks, while others may have identifiable and 
considerable counter-veiling risks. Some opportunities may be combined; and synergies with 
other areas of (risk) management may also crucially influence when and how precaution is 
adequate. The opportunities may further be better or worse with regard to some general policy 
principles, such as participation, sustainability, equity and so forth.    
 
 
 

8.2  Defining strategic issues in dioxin management  
 
8.2.1  The framing issue: What agents and risks can be tackled, and how broad strategies developed 
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Inclusion of dioxin-like compounds and their precursors and reaction products 
 

The definitions of dioxins have many important implications in terms of both information and 
policy. Some of the related scientific and policy questions and possibilities for  their solution 
are identified, and some consequences of alternative definitions and approaches outlined.  
 
Dioxins, by either chemical or toxicological definitions, are not limited to PCDD/Fs, or even 
to combined PCDD/Fs and DL-PCBs. It would thus be illogical to insist on such a scope. It 
may also mislead management by ignoring other compounds of significance and by 
preoccupation with those now officially included. This is not always the case, e.g. when only 
PCDD/Fs are and can be expected to be present. However, as a principle and a starting point, 
a more inclusive definition seems justified on both theoretical and practical grounds.  
 
In some areas an extension of frame is already happening (e.g. with PCBs, bromodioxins and 
Bio-TEQs). There is an instructive precedent in that originally only TCDD was taken into 
account e.g. in regulatory decision making, not all PCDD/Fs.  
 
There are particular reasons for including corresponding brominated and bromochlorinated 
compounds, due to their generally comparable properties and toxicity (see Birnbaum et al. 
2003), and potentially increasing formation or bioaccumulation. However, also other classes 
of compounds have potential significance in terms of dioxin-like toxicity, including PCNs, 
some dioxinlike PAHs (especially where biodegradation is not a factor), possibly some sulfur 
and nitrogen analogs, even some compounds with different basic ring structures, and some 
reaction products including metabolites of DL-PCBs (and DL-PBBs).  
 
The relation with precursors such as PeCP and other chlorophenols and chlorobenzenes such 
as HCBz is an important additional framing consideration as comprehensive and preventive 
management is sought, even though such compounds are not definable as DLCs. Some of 
them are both precursors and potential (weaker) DLCs, such as PCBs and PCDE and PBDEs.  
   
Inclusive approaches to new classes of DLCs may be warranted partly because of other 
management processes. For instance, existing processes for management of PCBs may be 
further developed and utilized, also to better specify congeners and to deal with both DL-
PCBs and other PCBs. Care is needed here to retain an adequate balance between integration 
and differentiation, so that e.g. DL-PCBs and other PCBs are not lumped together too 
indiscriminately or treated too separately in cases where they have interactions in fate, effects 
or controls (cf. 3, 4, 5, 8). On the other hand, continuous co-existence and co-evolution of 
management processes for DL-PCBs, other PCBs and all PCBs can be envisaged. 
Management procedures more generally for PBTs and POPs may also be invoked and 
developed to cope with some of the 'new' DLCs.  
 
The inclusion of other compounds in management is not simple and straightforward. A 
reliance on e.g. POPs mechanisms that are of rather different character as to specificity and as 
to the context, style and pace of management may lose opportunities for efficient control of 
specifically DLCs. There is also a risk of perpetuating dioxin management that is narrowly 
focused on some (even if often dominant) compounds, i.e. PCDD/Fs or combined PCDD/Fs 
and DL-PCBs. That is, narrowness in the chemical universe may be disadvantageous for 
dealing with both those substances or groups included and with those excluded. 
Extension of the scope in dioxin definitions has complex repercussions and constraints. Some 
of this complexity is related to legal or administrative definitions and practices. These 
inherently lag behind scientific knowledge. The stance toward this lag depends on the degree 
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of conservativeness adopted (with regard to change in regulatory practices). On one hand, 
there is justification for sticking e.g. to only PCDD/Fs; one the other, this may mislead 
management e.g. as all attention is directed to only a part of the problem. In a general 
perspective, artificial definitions and strict delimitations do not work at least as the sole 
premises and in the long run, as facts accumulate that require changes in concepts. However, 
the process in which more inclusive definitions of dioxins can be introduced is gradual, partly 
indirect and affects decisions at many levels. New findings and concepts thus inform 
decisions to variable extent. Some potential 'new' DLCs may not ever become (or have to 
become) formally and robustly included in decision making on dioxins, instead forming part 
of the more general background (e.g. for POPs) and addressed on an ad hoc basis only.  
 
Many actors need to focus on those substances included in present regulations e.g. on TDIs 
and food limit values. The results that may be achieved already by implementing these 
regulations should not be overlooked. The achievements with PCDD/Fs may also have 
indirect importance for the control of other candidate dioxins. However, in other cases the 
management of PCDD/Fs can involve competition with management of 'new' DLCs that 
might require different strategies e.g. still more focused on prevention. This is related to the 
question of priorities in the risk formation stages targeted; the inclusion of compounds is only 
one aspect of selecting efficient scope, or efficient combinations of scopes and approaches.     
 
The appropriate balance with regard to inclusiveness of dioxin definitions depends on the 
decision situation at hand and on the characteristics of the decision. There are many cases in 
which one may proceed on the basis of a more limited definition; there are also cases where 
this is necessary on e.g. a legal mandate not allowing (presently) a more inclusive decision; 
there are even cases where this is sufficient more permanently, e.g. when predominantly only 
PCDD/Fs and DL-PCBs will be present in a food, and food is in focus. However, some  
decisions and actions are of such quality that this is not sufficient. As a general position it 
seems that sufficiently comprehensive dioxin risk management in many contexts especially in 
future will require the consideration, also explicitly, of a growing amount of DLCs.  
 
The key contemporary decision on dioxin definition in connection with the EU strategy on 
dioxins and PCBs in food and feeding-stuffs concerns the inclusion of (dioxin-like) PCBs. 
Also this is by no means clear-cut even in regulation, and several alternatives may be 
identified. Already the inclusion of DL-PCBs to PCDD/Fs, undertaken at the level of WHO-
TEF definitions six years ago (and in I-TEFs 14 years ago), still meets with difficulties. They 
will be more severe if (as probable) more inclusive definitions bring about stricter 
management goals, e.g. much more common exceedance of limit values. This is an important 
concrete link between scoping and goal-setting in management (see below).  
 
The definition of dioxins by biological activity presents in some respects still more 
significant conceptual changes and challenges. Especially when (if) the impact on the health 
is a starting point, bioassay-based definitions of dioxins are in place. They may at first glance 
seem a further complication in altering and extending assessment, but this does not have to be 
the case. Response-based definitions may instead offer a means to more inclusive risk 
identification and efficient management that may avoid some of the limitations of chemical 
analysis of specific DLCs. Bio-TEQs may thus be one toxicologically well-founded way out 
of the dilemma of an increasing and ever more complex amount of DLCs to be reckoned with. 
One factor in this connection is the cost which may be considerably lower for bioassays.  
 
While sensitivity may be comparable, the specificity of bioassays is inherently lower as they 
do not distinguish between DLCs. For some purposes additional confirmation of the 
compounds present will thus often be needed, e.g. to track the sources, assess the effects in 
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more detail, and devise focused management measures. The low specificity and the risk of 
'false positives' with bioassays requires qualifications however: the identification of elevated 
levels may be a false positive with regard to PCDD/Fs and DL-PCBs (and thus to a legal and 
administrative delimitation), but may be a 'correct positive' with regard to other DLCs and to 
the total effect. Conversely, chemical analyses of PCDD/Fs and DL-PCBs may in this sense 
be considered to be potential 'false negatives', excluding other DLCs at the outset. Bio-TEQs 
and regular TEQs thus complement each other, often also providing mutual support and 
checks and collectively providing information of a higher qualitative dimension than by either 
approach alone. The CEC in recent legislation already facilitates the use of bioassays as 
complements of chemical analysis and as measures of dioxin quantity incorporating toxicity 
information (Annex 11).    

 
Inclusion of risks and impacts and their receptors 
 

A key decision with regard to what receptors and what risks to include in management is in 
how far non-human animals are considered. Also in the case of the Baltic, very different 
goals and strategies may be conceived depending on this decision. In particular, if significant 
risks to non-human animals are found to be caused by dioxins (cf. 4.4, 5.1, 5.4), management 
may essentially require preventive measures, adding more weight to such management 
approaches also with regard to human health and integrated risk management. On the other 
hand, also in-sea and post-sea measures are conceivable and may be practicable and feasible 
for protection and recovery of non-human animals, but will differ from those geared to human 
health risk management (cf. 7).  
 
In human health risk management, it is assumed that all human groups are included. There is 
often particular concern for high-risk groups such as fetuses, infants and adolescents. This is 
stressed in the SCALE initiative of EU, prioritizing the environmental health of children, and 
has been in focus for long also in US (especially in programmes of USEPA and health 
authorities). However, also other age groups including seniors are important (cf. 5.2). As to 
children, a difficulty is the lack of information e.g. on toxicokinetics and also of sensitivity, 
including critical windows of exposure e.g. with regard to reproductive, neurological and 
immunological development (cf. 3.5, 4).  

 
Within risk types, a distinction has been made (although not clear-cut) between somatic and 
psychological effects. Within the former, as explained in chapters 4 and 5, different levels 
(e.g. biochemical and emergent), severities and qualities (e.g. transient or irreversible) of risks 
need to be specified, as they essentially affect the risk management policy goals and strategic 
approaches.  

 
Among toxicological endpoints, those driving dioxin risk management presently include 
developmental effects, notably reproductive development. On the other hand, cancer risks still 
play a role, although they have been commonly estimated to be relatively low.  This may be 
partly due to regulatory traditions, partly to what has been termed 'cancer premium' also in the 
valuations of people more generally (Hammitt and Liu 2004). It should be appreciated that 
additional endpoints may come to alter dioxin risk management, e.g. immunotoxicity or 
neurological and behavioral toxicity (e.g. as PCBs are more extensively included).     
 

  
A crucial consideration for policy and strategy development is in how far benefits from 
accepting risks and, conversely, risks from losing these benefits, are to be included. The 
question whether the most efficient and justified strategy in the case of Baltic Sea fish is the 
market regulation approach based on limit values in fish, or some other approach (or 
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combination of approaches), is particularly heavily influenced by the demonstrated great 
health benefits from fatty fish. As shown earlier (4.5, 5.5), they quite likely exceed the risks 
from dioxins and occur in most of the same effect categories.  

 
Geographical scope of risks and of management is related to levels of governance (cf. 8.1). 
The management of dioxins in the Baltic is influenced by and influences risks in other 
regions. This is due to the fluxes of dioxins and their receptor organisms. In addition, the 
exploitation and management systems within Baltic sea fisheries are linked with those in other 
geographical areas, particularly Swedish and Danish North Sea and Atlantic fisheries. It is 
problematic if these areas of activity are separated artificially and too strictly. This may 
happen e.g. if Danish (or Swedish) fisheries and food policy tries to secure a separation from 
Baltic fisheries perceived also by consumers (including industrial customers) to be much 
more contaminated that those in the Atlantic.      
 

Inclusion of system parts: Description of the fisheries based health risk management systems  
 

As described in the risk identification section (cf. 2), dioxins in the Baltic Sea, its catchment 
areas and adjacent areas, and its fish and fisheries comprise a wide and complex set of 
interlinked systems. These can be analysed and managed at many levels and using various 
frames and many different approaches. For instance, one may focus on aspects of human 
health and therein on food and feeding-stuffs. Fish and fisheries are part of these, but have not 
been taken into account in previous strategies. Therefore, it is of particular importance to 
analyse the fisheries system in relation to dioxin management in more detail (Fig. 36). 
 
There are many interactions and dependencies, strong and weak, and more or less likely, 
some of which have not been shown. The herring fisheries management system is further 
linked to other systems such as other fisheries, fodder production, general nutrition and health 
care, and so forth. An analytical simplification and delimitation of the management system 
that is in some respects arbitrary thus has to be made, and such contexts and links are treated 
as externalities at a less explicit level. The complexity in these interactions can be diminished 
by consideration of the key influences based on data and models and associated expert 
knowledge.    
 
Even with such simplifications and delimitations and without a detailed analysis of the actual 
processes in this system, it is evident that the outcomes of management actions are complex 
and may be substantial. For the present purposes, this realization is sufficient. It can be seen 
that several factors in many sub-systems affect the risks, impacts and uncertainties associated 
with dioxins in Baltic herring, and thus influence management choices. 
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Fig. 36. Preliminary structure of a probabilistic management model of dioxins in Baltic Sea herring 
(using Bayesian net notation, see e.g. Jensen 2001). Ellipses describe probabilistic variables, arrows 
conditional (likelihood) dependencies, squares control variables (decision variables) and diamond 
shape objective functions. The strength of the arrows describes first views about the strength of 
dependencies. The numbered sub-areas denote areas to be analysed separately (modified from 
Kuikka et al., unpublished proposal 2004).  
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8.2.2  The goal-setting issue: What levels of risk and uncertainty are accepted 
 
General 
 

The level of protection required has to be defined in setting goals for environmental and 
health risk management. However, as risks are multi-dimensional, no single quantitative 
measure alone may sufficiently capture the goals. Consequently, various goals may be needed 
and specified e.g. for human health and other organisms, for various areas of management and 
for various time frames. A 'high level of protection' is a central principle in EU environmental 
policy and in EU policy toward the precautionary principle. However, it should be specified 
what organisms, in what respects and against what are to be protected. For instance, the 
counter-veiling risks to health and the environment from allegedly health-protective measures 
have not been much considered in these principle-level documents.  
 
Goals may be formulated qualitatively or quantitatively, and in terms of general outcomes 
and states in addition to those of risk reduction. Goals can be generic or specific, e.g. laying 
down objectives for a particular region, group, food category or other specific setting. 
Important strategic goals further included the speed by which a goal should (and could) be 
reached, and the rate of progress. This is related to both the outcome and the means. 
Moreover, goals may be substantive (e.g. a risk level or reduction rate) or procedural or 
instrumental and thus indirect (e.g. adoption of BAT). The desirable or acceptable level of 
risk goals also includes the level of uncertainties allowed; that is, goals can also be set 
regarding the type and level of information on risks.  

 
Quantitative risk goals may be set by means of TDI's, the present key criterion in human 
health risk management, or other criteria. Quantitative goals may also be expressed e.g. in 
relation to margins of safety (defined by the relationship between reference dose and average 
dose), even in terms of body burdens or other exposure metrics, on the implicit assumption 
that some exposure level represents a benchmark for an effect level that is considered an 
appropriate target. Similarly, exotoxicological risk goals can be set at various points of risk 
chains; they are constrained by the same general limitations and uncertainties as are 
quantitative goals for human health. All such goals may thus include measures of variation, 
e.g. lower or upper 95 % confidence levels. 

 
The adequate management goals will essentially depend on what they mean, i.e. their 
function and implications. This is important as no single goal (e.g. a TDI) may be sufficient 
as a management objective. In particular, if the general function of goals is long-term targets, 
it may be justified to set them ambitiously. If on the other hand a goal would trigger fast and 
binding action it can be counter-prodictive if it is not well-founded and realistic. 

 
From risk management policy point of view, at least the following risk-related factors are to 
be taken into account in goals-setting:  
- the targets of the risks (e.g., humans or non-human animals; specific groupss) 
- the dimensions of risks (time, geographical and other) 
- the causes of risks and the causality of effects (especially the attributability to dioxins) 
- the significance of the risks (as perceived by those deciding on or influencing goals) 
- the benefits associated with bearing the risks 
- the possibilities of controlling the risks.  

 
In addition, many contextual factors play a key role for goals, such as in what regimes and 
based on what regulations risks are managed.  
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The implications of background levels  
 
An issue related to risk reduction goals is the background level of dioxins and exposures to 
and risks from them. This backgound is not easily definable, as it varies in time, space, food 
and other matrices, receptor groups, and as also natural formation of DLCs, including 
PCDD/Fs, takes place. Therefore, it is evidently not possible to set a goal of zero emissions 
(as has sometimes been required e.g. by environmentalists and even policy-makers), or zero 
dioxins in food, not even in the long term. Developments with respect to background and 
reference values may have important policy implications, in addition to the implications for 
inventories, monitoring and research (e.g., Green et al. 2000, Jones et al. 2000).  
 
However, it should also be noted that presently most of the dioxin fluxes and pools still are 
caused by anthropogenic emissions (cf. 3), and will continue to be so for a long time e.g. in 
the Baltic system, as the accumulated pool in the sea keeps cycling also to food-chains, and as 
additional anthropogenic emissions after lags (of even hundreds of years) reach the sea from 
the pool retained in the catchment.  

 
As to dioxin-linked effects, the backgound levels are naturally still higher (in comparison to 
present levels) than in the case of ambient levels and exposures, as most if not all effects of 
dioxins are caused also by other agents, usually at a higher rate and level than by dioxins. 
Thus, the management goals with respect to effect levels may appropriately be stated as a 
certain level of excess risk (or its range), e.g. a probability of 10-4–10-6 lifetime excess 
mortality risk (the latter representing a background or negligible risks).  
 

The inclusion of new substances in management goals 
 

When new substances such as DL-PCBs are included that would greatly increase the apparent 
risk (as defined in regulatory contexts through TEQs) and especially when vital livelihoods 
would be affected, e.g. not only Baltic fisheries but EU food production more generally, there 
are pressures to relax TDIs and other management criteria and goals tied to the definitions of 
compounds. This might be achieved by rising the values or by altering their interpretation and 
management implications, e.g. the types and magnitudes of measures they lead to.  
 
It is conceivable that after the inclusion of DL-PCBs and possible adjustments in food limit 
values toward more leniency it would be difficult to gain understanding for considering and 
somehow integrating additional DLCs, not to speak of lowering TDIs or other limit values, 
even if these would be found justified on toxicological grounds. Adjustments in guideline 
values and advisory levels that by their nature are more flexible may be more easily possible 
than adjustments in regulatory maximum or action levels (see below 8.3). There may also be 
increased interest in taking into account the benefits from dioxin-laden foods and for utilizing 
alternative risk management approaches and measures in such a situation. The question 
becomes one of balancing inclusiveness of risks with consistency of goals.   
 

The implications of risk levels and uncertainties for management goals 
   

As detailed in earlier chapters (4 and 5 in particular), the risks from dioxins in Baltic Sea fish 
are in general not demonstrably great in the sense that they would certainly cause severe 
emergent health impairment in either humans or non-human animals, and be comparable in 
magnitude, extent and certainty with the risks from many other key causes of health 
impairment. This evaluation naturally depends on the principles and criteria to be set for the 
definition of risk significance (e.g. in terms of the relationship between hypothetical risks and 
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actual 'emergent' effects, and subtle and 'severe' risks) and of risk comparability, and for 
'demonstration' and 'certainty'.   
 
As explained in sections 4 and 5, no conclusive proof, by established (albeit equivocal and 
variable) epidemiological criteria, has been found for human health impairment due to the 
exposure to dioxins or DLCs in Baltic Sea fish, particularly for irreversible emergent effects. 
Still, it has been commonly regarded that given the human variability, some adverse effects 
(although perhaps still subtle and masked by other factors and conditions) may be caused by 
DLCs in part of the population even at present exposures (from all diets and sources). In high-
exposure groups such as heavy consumers of fatty seafood the risks from DLCs are higher, 
and thus a still greater fraction of these subgroups is at risk, but even in these there is 
considerable uncertainty (due in part to lacking studies and lacking resolution in studies as 
well as polyexposures, but also to nonhuman-human extrapolation). Also these risks and 
impacts are likely to be mainly associated with subtle effects and also be balanced or 
compensated for by health benefits of such fish.  
 
The same applies to ecological field evidence in the species studied, but also species known 
from experiments to be particularly sensitive to dioxins (cf. 4.4, 5.2). This verdict again 
depends largely on the criteria set for proof. Especially in epidemiological and eco-
epidemiological studies, proof is difficult to obtain due to many fundamental methodological 
constraints that are also aggravated in the case of dioxins occurring as complex mixtures and 
together with many other contaminants, and exerting effects during long periods of time. 
While this increases the risks (in the hypothetical sense) for some species, populations and 
settings, it lowers the possibilities for establishing causation (and thus evidence-based risks). 
The exposure levels of many species in the Baltic exceed NOAELs or even LOAELs (or other 
thresholds) for biological effects, but these are largely tied to subtle effects or are in any case 
uncertain due to the many assumptions used in deriving such benchmarks. There is evidence 
that individual-level responses do not translate into population-level adversities, and many of 
these species are already recovering.  
 
The key policy question thus becomes what level and kind of proof should be required, and 
what is a significant effects. It may be argued on one hand that if conclusive proof be 
required, management actions would be late and insufficient (the precautionary argument). It 
may be added that with agents such as dioxins, conclusive proof may never be obtained of 
effects on either humans or non-human animal species and communities. On the other hand, it 
may be argued that if action be taken on the basis of remote suspicions, assumptions and 
generalizations, the result may be unnecessary, resource-draining and even directly harmful 
action. This may also be unfounded given the documented declines in indicators of exposures 
and of health impairments of susceptible species. In particular, action aiming at reduced 
human consumption of Baltic Sea fish might result in many important counter-veiling risks 
and disadvantages including such as affect human health. Such arguments are scrutinized 
more closely below.     
 

Implications of the receptors of risks and the targets of protection 
 
Risk management goals for the protection of non-human animals can not be set and 
achieved by either fish consumption advisories or fish marketing restrictions. Instead, 
reduction of ecotoxicological risks will require an approach that is directed more to the 
sources, emissions and immissions of dioxins, and to measures controlling their cycling in the 
sea. Within post-sea and other subsequent and auxiliary risk reduction options, protective and 
compensatory mechanisms of different kind emerge as options, e.g. in the form of specific 
areas of protection, provision of alternative food sources, etc.     
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The existing strategies for dioxin management, especially the more specific regulatory 
strategies that have legal status, such as the EU dioxin strategy, target humans. There are 
attempts to develop broader environmental strategies for dioxins and PCBs. Risk management 
with regard to domestic and farmed animals will be important in this connection as well, also 
as part of an integrated approach to food production systems and food chains.  
 

Goal-setting in terms of causes of risks and risk stages 
 
The definition of management goals is also affected by what are the causes of observed 
developments. It has been pointed out that there is a possibility that reductions in dioxin levels 
have occurred more by accident than by design, e.g. as a result of changes in home heating 
patterns and other such diffuse and secondary sources (Jones et al. 2000), instead of being (as 
often implied) a 'success story' due to reductions of primary point source emissions, e.g. from 
incinerators and industries. If this is the case, then management goals are still more 
challenging and constrained, and a relaxed attitude to risks is not so easily affordable.  
 
Also within human health risk management the overall approach in terms of the relative 
weights given to a fish market oriented or a more source or sea oriented strategy needs to 
be resolved for goal-setting. In particular, if a more comprehensive and preventive approach is 
adopted (e.g. for coverage and economic feasibility, or for added ecological risk reduction) 
and becomes achievable in the course of intensified cooperation with enterprise and fisheries 
sectors within dioxin sources and cycling, less reliance on the present regulation by fish 
concentration levels may become natural.  
 

Implications of the time factor for goal-setting 
 
The time-frames to be set for reaching goals may be different for different goals. For instance, 
it may not be realistic or even possible to reach a level of dioxin intake that is lower by a 
certain percentage as soon as it is possible to reduce emissions to the same degree, due to the 
lags of dioxin cycling in the system.  
 
The long-term aspect is particularly important. This is related to the defining characteristics of 
dioxin persistence, accumulation and chronicity. The inertia present in management systems, 
e.g. in regulation, infrastructure and know-how, requires a long-term approach, as may a 
preventive orientation. Long-term emphasis is especially needed as a counterweight to the 
dominance of acute contamination episodes and scares that tend to constitute the key drivers 
for attention and action ('management through crises'). Finally, long-term aspect is natural in 
scientific research and monitoring.  
 
The exposures to most dioxins have in most cases decreased from the top exposure levels 
that seemed to occur roughly in the 1970's also in the case of Baltic biota (cf. 5). The temporal 
development in risks is not necessarily the same, as the latency for some effects of dioxins 
may be almost 30 years, and some adverse conditions may thus still be developing. However, 
by and large it can be stated with some confidence that the worst is already over. For animals 
such as seals, otters and sea eagles, the populations that may have been harmed in part by 
dioxins (especially DL-PCBs) have considerably recovered. This is no guarantee that adverse 
effects could not still be caused by dioxins, but it does give potentially powerful indications of 
reductions in dioxin risks. Such arguments should be reflected in management goals.   
 
Further, the question whether improvement continues is important. Dioxin levels in the 
Baltic have not declined as fast and strongly as in some other systems including terrestrial 
food producing systems, and there are indications of plateaus having been reached in some 
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parts of the Baltic. There always are fluctuations in levels, and increases due to sudden pulses 
or unanticipated longer-term increases in inputs may occur. Additional risks may also surface 
and counteract the general declining trend, just as unanticipated risk-reducing factors may 
surface. Thus, the improvements that have taken place have to be put in relation to the 
possible lack of continuous improvement. The relative significance of these factors is 
essentially a question of optimism and pessimism and not objectively definable, i.e. in how 
far the past improvement gives cause for relief, or whether despite them still stricter, more 
extensive and immediate management goals and actions are justified and wise. 
 
We may never know whether actual health impairment attributable to dioxins, masked also by 
other conditions, has affected or will yet affect the Baltic Sea populations, human or 
otherwise. We will in particular probably never know for certain what the relative 
contribution of dioxins to such effects is or was, as so many other factors, not only chemicals, 
are known (and have in some parallel cases been shown) to be capable of causing effects for 
which dioxins have been suspected.  
 

Risk management policy conclusions 
 
Given these considerations of risk trends, magnitudes, qualities and attributability, it may be 
seen as an unnecessary belated panic reaction if the risk goals in the form of marketable fish 
levels are set at very strictly protective level, as exposures and also risks probably are 
considerably below peak levels, and as little dramatic harmful effects have yet been proven 
(apart from those on sea eagles, seals and otters, even these possibly due mainly to other 
factors). Although the belatedness of action may to a considerable degree be inherent and 
unavoidable in a case like dioxin risks, ans thus more easily aceeptable, there are broader 
policy problems if overreacting to them.  
 
It may be difficult for many to understand why precautionary action with major consequences 
is to be set in now when the situation already has considerably improved. There is a real 
possibility that such goals will lose credibility, ever more so as their foundations are 
equivocal or unstated. Such questions and criticisms may be increased by the growing 
realization that many risk reduction measures, notably those reducing consumption of fatty 
fish, may come at a great prize, that of losing benefits from fish and fisheries (see below).     
 
There is no sharp bright line in either human body burdens or intakes of dioxins, and still less 
so in fish levels, to discretely separate a certainly harmful and safe risk level for human 
health, although many people, organizations and instruments act upon such an assumption. 
Such risk management criteria or goals are approximations and consensus values which may, 
depending on both principles and information, be lowered or increased depending on the 
safety and certainty desired and the requirements for proof of dioxin-linked effects. The total 
uncertainty surrounding these benchmarks is at least an order of magnitude (cf. 5.4). 
Excessive safety will then come at the price of not only the efforts needed to achieve the goals 
but also of counter-veiling risks to health. This ought to have important implications for 
setting and evaluating quantitative risk goals. Risk-benefit ratios (or relationships more 
generally) may consequently be proposed as alternative goals and decision criteria.  

 
Although further research in effects of dioxins in the Baltic Sea environment and fish are 
warranted and may elucidate important new aspects of risks, there is no single conceivable 
result from research to definitely clinch the arguments as to the risks. Even the compound 
weight of evidence will always be too small to conclusively prove or disprove the role of 
dioxins in health conditions of Baltic Sea populations; a certainty nearing e.g. that for 
smoking will definitely not come by. On the other hand, it probably will not be possible to 
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exclude that harmful effects in some populations have been or will be caused, e.g. in heavy 
consumers of fatty fish, possibly after considerable lags (this may be overlooked by those 
prone to require proof of adversities from fish dioxins) or that even severe and irreversible 
effects in the case of some individuals occur. Such verdicts are to a considerable degree 
inherently subjective and relative, and based on debatable judgments of the evidence; there 
are no unequivocal criteria particularly at a detailed level. 

 
8.2.3  The steering instrument issue: The choice of their types and combinations 
 

It has been repeatedly declared in authoritative connections that all possible measures should 
be taken to further reduce the risks from dioxins (cf. 7.1). For instance, on the basis of the 
WHO reevaluation of dioxins and TDIs (Van den Berg et al. 1998), it was concluded (Younes 
1998) that "all efforts should be made to further reduce human exposures". Such a 
generalizing position has been reiterated in various other assessments and recommendations. 
 
On closer inspection it becomes clear (cf. 7) that even if a multi-frontier strategy be adopted it 
is unfeasible and even impossible to make "every effort". Moreover, efforts in some areas 
may preclude others, either directly and absolutely or indirectly or partially, and may at least 
in many cases compete with other measures for resources that might best be used in other 
areas and to reduce other risks, dioxin-related or others (e.g. other causes to the effects for 
which also dioxins have been suspected). Some efforts will even be counterproductive and on 
the contrary increase risks instead of reducing them; this is a real possibility and threat if in 
addition to the risks directly and primarily ascribed to dioxins also the indirect risks of 
management actions are factored in, including the loss of benefits from fish.  
 
This is not to say that strategies could not be combined. On the contrary, it is both inevitable 
and desirable that action is taken in many areas, utilizing a broad selection of means. In 
particular, in the present case extensively preventive measures need to be combined with 
those preventing risks only within exposure reduction. Likewise, measures specifically 
targeting dioxins or fish or the Baltic as well as more general measures and instruments 
(e.g. for POPs and whole biota) are needed. However, a very undiscriminating approach to the 
risks is problematic. There is a danger of wasting resources, if e.g. all DLCs are handled or if 
indiscriminate hotspot cleanup activities are undertaken on large scale, at great cost and with 
uncertain impacts, without due consideration of their contexts (cf. NSF 2003). Thus, a balance 
has to be found between focus and breadth of management approaches and measures.  
  
The present EU strategy is essentially based on normative regulatory steering (cf. 6, 8.1). 
Such a management approach assumes that, also in the case of marketed fish (not only 
recreationally fished), the decision whether fish can be eaten cannot be left to the consumer. 
This is different from many other commodities with great (even much greater) health hazards 
and risks, such as tobacco and alcohol, the marketing of which is not forbidden but only 
restricted in various ways. There are also other cases of dietary consumption where 
pronounced toxicity is caused in a subgroup of people (such as salmiac) but the decision to 
avoid the risk is left to the consumer.  
 
The difference between dioxins in fish (or in other food) and other dietary items partly lies in 
the fact that dioxins are inadvertent by-products, while the hazardous substances in some 
other commodities are inserted on purpose or formed naturally. Another relevant difference 
may be that dioxins in food are not only hazardous to the first consumer, on the basis of 
immediate effects, but will continue cycling, potentially causing further risks beyond the 
particular food and food production system; this was stressed e.g. by SCAN (2000).  
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The ethical question arises whether the freedom of a consumer to expose himself or herself to 
dioxins may violate the rights of others by exposing them, including their offspring. 
However, it is normally assumed also in the case of non-regulated exposures that custodians 
are responsible for the protection of their children or protégées and are entitled to expose them 
to a multitude of harmful agents and depriving them of some beneficial agents, and this does 
not have to exclude the freedom of consumption at own risk. There are also other differences 
between the risks from dioxins and that from e.g. alcohol. Historical and cultural reasons 
contribute to variations in the grounds and level of acceptance of food-related risks.  
 
Fatty seafish contains also many other lipophilic organic contaminants, notably 
organochlorides and methyl mercury, being more or less related to DLCs and their effects. 
The management of health risks from such other contaminants has been based mainly on diet 
advisories that have a long tradition especially for methyl mercury. It may be asked why fish 
based e.g. on methyl mercury contents is not also considered to be subjected to EU-wide 
marketing restrictions, although it also originates partly from inadvertent sources, is persistent 
and bioaccumulative and occurs in fish from some watercourses (also in Finland and Sweden) 
at or near levels considered to be of health concern.  
 
Finally, mother's milk is in many respects an instructive point of reference to clarify risk 
management principles, on account of both its similarities with and differences from fatty 
seafish. Mother's milk is exempted from food dioxin regulations and its use is even 
recommended by authorities (quite justifiably), despite its relatively high levels of dioxins and 
PCBs in comparison e.g. to milk formulae. The beneficial effects of mother's milk for the 
development of the health of infants has been verified empirically in numerous studies, as 
have those from consumption of fatty seafish (cf. 4). The key difference between mother's 
milk and fatty fish, from the point of view of EU regulators, may be mainly that human milk 
is not marketed, not its risk-benefit ratio, its additional significance for the mother and for the 
mother-baby bonding and relationship, or its well-established role in parenting advice.  
 
The validity and generalizability of such differences as arguments for an asymmetric risk 
reduction approach in the present case is questionable. These reference risks pose the 
legitimate question of why fish, even wild fatty Baltic fish rich in dioxins, should be regulated 
so strictly in comparison to the above other foods that also include dioxins and related or 
other harmful compounds, given the beneficial health effects of such fish. The differences 
between fish dioxins and these other cases do not seem radical and valid as health arguments. 
They may thus not fundamentally preclude an alternative management approach allowing 
more consumer freedom and having potential other benefits (cf. 8.3). It is not clear whether or 
how such or other differences between dioxins and other areas of food safety (or other areas 
of health risk management) have been considered in formulating dioxin strategies. 
 
A key alternative approach to risk management in the case of dietary contaminants or risk 
agents is thus to leave the decision of exposure or non-exposure, or rather the degree of 
exposure, to the consumer, based on information on possible risks. This is the strategy 
adopted traditionally in the case of contaminated fish e.g. in Sweden and Finland and in many 
other countries including North America for fish contaminants. Such an approach to Baltic 
fish dioxins will be evaluated below in some detail.  
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8.3  Assessing qualities and impacts of strategies  
 
8.3.1  Evaluation criteria  
 
General 
  

It is difficult to evaluate the pros and cons of a management approaches to dioxin risks from 
Baltic Sea fish comprehensively and in detail; it is particularly difficult to arrive at 
conclusions at any meaningful level of certainty of the relative risks and benefits of 
alternative approaches. These difficulties are due e.g. to the following factors (cf. 5, 6 and 8) 
 
• There are many different kinds of management approaches and strategies, e.g. in terms of 

their scope and level (EU-wide or local hotspot management, and so forth) 
 

• Many of the various alternative options and their prerequisites and mutual relations and 
dependencies are not known at all or very incompletely; for instance, it is unclear what 
the potential as well as the limitations and the wider socio-economic impacts of surrogate 
diets to Baltic herring might be, in terms of risk-benefit ratios 

 
• The implications of management strategies are not well defined and known. They include 

indirect impacts, such as benefits through a learning process wherein dioxin management 
capacity is built, or (political and communication related) benefits through trust-building; 
benefits for reduction of other risks, e.g. through reduced formation of both dioxins and 
other harmful substances; or counter-veiling risks e.g. through losses of health benefits 
and other values inherent in fish, fish consumption and fisheries.  

 
• The risks, benefits and management burdens are to some degree distributed 

asymmetrically, e.g. with regard to species, groups and ages (including future 
generations)  

 
• The inherent and fundamental subjectivity and context dependency of evaluation 

 
• The existence of many different and partly incommensurate (and non-quantifiable) goals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 37. Summary of key aspects of risk management strategies used in structuring the analysis of 
strategic options and their impacts. Some divisions describing the spects have been indicated.  

Approach: flexible/rigid  
- regulation/information 
- subsidiary/centralized 
- preventive/curative 
- incremental/synoptic  

Goals: ambitious/prudent 
- level of protection 
- level of uncertainty 
- time frame 
-

Scope: narrow/broad 
- compounds 
- receptors 
- compartments/matrices/regions
- responses/risks 
- management actions 

Basis: fear/trust 
- evidence/precaution 
- legal/collective will 
- risks/risk-benefit relations 
- effectiveness/acceptability  



 

 

218

 

Evaluation of strategies 
 

For initial evaluation of management strategies for dioxins in Baltic Sea fish and more 
generally, the criteria for evaluation of environmental policy instruments used by Hildén et al. 
(2002) may be applied in a modified selection: 
- Relevance: This is a fundamental criterion related to the framing and scope of strategies. 

Thus, it is closely associated with the integration or interaction with other stratagies or, 
more generally, other areas of policy intstuments and sectors od governance. On the other 
hand, relevance also is dependent on in how far the issues within its scope are addressed 
in a mieningful (e.g., not only superficial and formal) manner. The key general question 
here is, do the goals and concept of the strategy cover key problems in the intended fields 
of policy, in this case including environmental, health, food, fisheries and marine policies.  

- Impacts: These include impacts of many kinds, and may be divided e.g. by sector or 
target into health, ecological, socio-economic, political and administrative, cultural, 
technological and systemic, as well as research and information related. In addition, some 
of the criteria below may be seen as general-level impacts. Importantly, intended (and 
anticipated) and unintended impacts should be distinguished; it should be asked whether 
identified impacts are clearly due to the strategy or to other factors (cf. preceding page).     

- Effectiveness: To what degree do the achieced (or foreseen) impacts and outcomes 
correspond to the set goals and intended outcomes? 

- Efficiency: Do the results justify the resources used? This is a cost-results criterion in 
which benefits are not valued in monetary terms. Another possibility is to use the cost-
effictiveness criterion: Could the results be (have been) achieved with less resources? 

- Acceptability: This is essentially related to the acceptance of the various stakeholders and 
actors, including consumers. On another level, acceptability can be evaluated with regard 
to the legal basis of management, i.e. in how far it fulfils the requirements and boundaries 
set up by existing laws, regulations and other normative presprictions. 

- Transparency: How has the strategy been conceived, and its foundations and foreseen 
impacts evaluated and documented? This is related to knowledge, participation and trust 

- Equity: Whom does the strategy involve and what is the distribution of its impacts among 
groups? 

- Flexibility: How can the strategy cope with changing conditions, and in how far can it be 
modified to account for additional considerations? These may include additional sectors, 
more detailed e.g. regional or food and risk groups specific factors, or considerations and 
factors that change with time. Flexibility is also related to how easily can the strategy be 
combined with other strategies and policy instruments.  

- Predictability: In how far can the impacts, outputs and administration of the strategy be 
foreseen? Is it thus possible especially for those affected to be prepared and take into 
account the strategy? This is related to transparency.  

- Sustainability: In this connection, this is a criterion related to the continuity, contingency 
and long-term durability of the strategy, not to sustainable use of environmental resources 
that is included in environmental impacts. 

 
Some of these characteristics or evaluation criteria may also be included in the impacts, 
broadly defined, of strategies. Impacts are identified and analysed based on a division in the 
overlapping categories a) intended and b) unintended human health impacts, c) ecological 
impacts, d) socio-economic impacts, e) political impacts, f) cultural impacts, g) and 
technological and systemic impacts. The last mentioned can also seen as a mediator of other 
impacts. Additionally, the following complementary set of criteria is used, focusing on the 
impacts in terms of risks of various kinds: Direct impacts on risks to human health and 
ecosystems; direct impacts on risks: other including socio-economic impacts; indirect impacts 
on risks; indirect other impacts. 
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Only some of these evaluation criteria are discussed thoroughly and applied to the strategies 
for Baltic fish dioxins.  
 
In the following, mainly the EU strategy for dioxins and PCBs in food and feeding-stuffs and 
its alternatives are evaluated. This is justified, as the present risk management discussions and 
activities also in the case of Baltic Sea fish revolve (even in a narrow fashion) around the 
applicability, implementation and development of this strategy as a EU-wide regulatory 
instrument. In this connection, mainly such alternatives are discussed and compared with the 
EU strategy that address the reduction of  human exposures to dioxins in the post-sea fish and 
fisheries products use stages. However, also other strategies with different scope and focus, 
such as strategies in dioxin prevention and emission control, will be discussed at a more 
general level and including some specific examples of their characteristics, impacts and 
potentials.  

 
Procedures and criteria for general management options assessment have been developed also 
in EU for STOA (see e.g. Joas et al. 2001). Some guidance has been provided for how to 
evaluate risk management options, particularly for risks from environmental and dietary 
DLCs. For instance, the FAO and WHO (1997) mainly discusses identification and then 
directly selection of options (cf. Annex 11). The procedures for developing risk reduction 
strategies under the Existing Substances Regulations provide some frameworks for options 
evaluation in qualitative terms, focusing on advantages and disadvantages of alternative 
substances. The guidance in PCCRARM (1997) is mainly concerned with economic aspects, 
including a) expected benefits/effectiveness; b) expected costs; c) distribution of benefits and 
costs; d) feasibility; e) potential adverse consequences; and f) linking risk and economics.  
 
As to criteria and procedures for evaluation of technical management options, see Annex 10. 
 

8.3.2 Interpretations and evaluation of some relevant strategies  
 
EU strategy for dioxins and PCBs in food and feeding-stuffs 
 
Relevance 
 

The EU strategy is narrowly focused.  Its key limitations include the following: 
• It includes initially only 2,3,7,8-PCDD/Fs at an operational and detailed level; DL-PCBs 

are to be added based on additional assessments and development of procedures, while 
other DLCs such as the corresponding brominated compounds are not considered 

• It addresses food-related human health risks only, and not e.g. ecotoxicologial or other 
ecological risks 

• It addresses only risks from dioxins in fish, not benefits from dioxin-laden food such as 
fish. 

• It includes limited consideration of related environmental, fisheries and marine policies 
and strategies 

• It focuses on management by dioxin levels in food and feed and gives little consideration 
to other areas and stages of management. These include above all prevention of dioxin 
formation, about which almost nothing is said (see Annex 11). There is little description 
also of emission control, and it is at a rather vague level, in some contexts mainly 
describing voluntary and information measures although particularly in this area there are 
regulatory instruments in place; their key links and coordination with the strategy are not  
described. As to measures within food and feedingstuff production and supply, little 
measures apart from those based on food and feedingstuff quality regulation have been 
included. Among post-production and post-supply management options many are omitted, 
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including diet advisories even as an auxiliary approach despite their broad application and 
great importance.   

• Moreover, it does not address particular regional aspects e.g. of the Baltic Sea and its 
fisheries. This is 'narrowness in breadth' due to lacking specificity. 

 
The strategy is thus not comprehensive and can not be claimed to be surely the most relevant 
and adequate, for Baltic fish or for food or feeding-stuffs more generally. All of these 
limitations carry the risk that the present strategy may not lead to selection of goals and 
instruments that are the most efficient and justified ones, e.g. sufficiently broadly, but not too 
broadly, covering and considering all relevant areas and issues (see below). Thus, its 
characteristics, consequences, and development needs and alternatives need to be evaluated. 

 
Impacts 
 
A) General 
  

The EU strategy for dioxins and PCBs in food and feeding-stuffs has various impacts in the 
case of the Baltic Sea, on the human health risks, on environment (an unintended type of 
impact), social and economic conditions, trade and industry, political processes, information 
and technology, as well as in other areas.  
 
The impacts of the present strategy are as yet limited from the point of view of Baltic Sea, as 
Finland and Sweden have been granted derogations. The impacts would be much extended 
should the strategy be implemented also in these countries. Some of the impacts are not 
restricted to Baltic Sea; for instance, impacts on Swedish and Danish Baltic Sea fisheries will 
have repercussions on (and are conditioned by) fishing in the North Sea and thus on the 
processes and developments of a more extended area.  
 
The impacts of the EU strategy are felt on many levels, local to EU-wide, and in the form of 
both concrete and detailed as well as more general changes. They vary according to who and 
what sectors are affected. In addition to immediate and direct impacts e.g. on dioxin intakes 
after fish marketing restrictions, the strategy has long-term and indirect impacts in all the 
above areas, including structural influences. This makes prediction and analysis of impacts 
difficult, but at the same time underlines the need to at least identify possible impacts and 
their links, co-factors and key characteristics. 
 
The impacts of the strategy have not been hitherto extensively and transparently explored 
even for health (more comprehensively) or for ecological, technical and socio-economic 
aspects. Generally, it can be assumed that its limitations, likely impacts and perhaps 
particularly the lack of risk-benefit considerations may lead to misfocused and inefficient 
regulation, e.g. excessive in some areas and lacking in others. On the other hand, the strategy 
has some justification, e.g. in certainly ensuring reduction of incremental exposures to DLCs 
from foods and feeding-stuffs with higher DLC contents, such as Baltic fish. The balance of 
its pros and cons and the resultant needs for alternative or modified strategies are in any case 
not obvious, and should be evaluated in a broader context, in more detail and more 
systematically. 
 
The consequences of the strategy have not been predicted and cannot even be predicted in 
detail, and more work should be done on trying to identify possible outcomes and their 
implications. It is for instance unclear whether regulation of food quality will efficiently 
prompt measures toward dioxin sources, as the impacts of alternative courses of action are not 
explicated and as the coupling with prevention and emission control is weak.   
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 B) Health impacts 
 

Strict limitations of Baltic fish marketing and thus of consumption and fishing are very 
problematic for health reasons, despite the reduction of risks from dioxin exposure, when 
unintended health impacts are accounted for and especially when health benefits from fish are 
factored in. There is a considerable risk of losing the benefits from additional dioxin intake 
reduction if simultaneously cutting nutritional benefits from fish.  
 
Limitation of Baltic Sea fish supply to the market for human consumption would reduce the 
intakes of DLCs in fish from the present levels, thus reducing risks. The reduction of the 
human health risk from DLCs in fish would be near-complete, but the reduction in total risk 
on the average low (cf. 3.4, 5.4), as most DLC intake for most people around the Baltic comes 
from other foods. The benefits from this would vary according to the segments of population, 
and the relative benefits would depend essentially on the intakes from such fish in relation to 
the intakes from other food.  
 
An important factor in the real development of the unintended health consequences (related to 
benefits from fatty fish) is in how far fatty sea fish can be replaced by dietary supplements 
such as clean fish and fish oil. There is evidence from studies especially in cardiac health 
effects (cf. 4) that the benefits from such supplements are smaller than from consuming fish 
itself, while the utility of such supplements is higher e.g. in the case of Vitamin D deficiency 
(this may be based on extensive, long-term and targeted information and advice on the 
benefits from using such products). Some fish liver oils from areas outside the Baltic have 
contained considerable levels of dioxins and DL-PCBs (Jacobs et al. 2003); thus, they do not 
offer a good alternative to fatty sea fish from the Baltic. Although oil from dioxin-rich fatty 
fish may be industrially cleaned to ensure safer use of the catch (cf. 7), this is difficult and can 
not be extended to all fish and fish products. Even if developed and extended, removal of 
dioxins from fish lipids impairs the nutritional value (and desirability and therefore 
consumption) of fish. Therefore, the key alternative is other dietary ingredients.  
 
On the other hand, it should also be questioned whether the assumption holds that people 
instead of consuming fish would actually and automatically shift to more unhealthy fats. This 
assumption lies at the heart of the claim that reducing consumption of fatty Baltic Sea fish 
would cause counter-veiling health risks (especially to cardiovascular health), and therefore 
requires careful scrutiny. As a counter-argument, it may be pointed out that there are other 
alternative fat and protein sources such as low-dioxin fatty seafish, also farmed rainbow trout 
from the Baltic fed clean feeding-stuffs, and those in more vegetarian diets (e.g. legumes).  
 
It may further be positioned that people can be educated and supported to shift to such 
alternative fat and protein sources instead of animal fats, much in the same way as they are 
educated and advised also to avoid dioxin-laden fish. There are indications that such 
information steering approach can be effective (cf. 7, 9). Thus, this argument for supporting 
diet advisories as a risk management alternative to fish marketing restrictions might possibly 
also be used as a support for alleviating the harmful effects of such restrictions, and thus 
indirectly for the restrictions as well; i.e., the possible success or failure of diet advisories 
should not be used selectively only to back up one strategy and not the other. 
 
Presently it seems reasonable to assume that most people would after dropping e.g. Baltic 
herring or salmon from their plate move to consuming more animal fats, and that it would be 
difficult to turn such fish eaters to vegetarians on a sufficient scale. It can be suspected that 
such attempts would meet with considerable cultural and social resistance and would have 
important limitations. Even more importantly, such attempts would introduce subsequent 



 

 

222

 

other health problems and risks particularly to some sub-populations for which a diet based on 
vegetarian proteins and other ingredients is unsuitable, also as such protein sources might be 
insufficient for key groups like growing children. In a nutritional evaluation, it should be 
remembered that the beneficial effects of fish fat are not only based on the high content of 
polyunsaturated fatty acids, but the overall fat composition and other ingredients (cf. 3.5, 4.5). 
Finally, it should be remembered that cardiovascular health is only one although perhaps the 
most marked benefit from consumption of fatty fish (cf, 4.5). For some other health benefits 
from fish, alternatives to fatty (dioxin-laden) fish may have as much limitations, less 
limitations or even more limitations than in the case of cardiovascular health. 

 
Due to the ongoing decline of Baltic herring fisheries in general, it may be that herring is 
already such a marginal and under-valued product that its fishing will continue to dwindle. 
This will further reduce the overall health risk from dioxins, although price declines may on 
the other hand have the contrary effect of inducing poorer and less well-advised persons to 
hazard a highly herring-based diet (also below maximum dioxin levels) as long as such fish 
are still available. On the other hand, the loss of health benefits from such fish will depend on 
the time course in shifts to other diets.  
 
An important policy question thus becomes: How can the significant and beneficial resource 
of herring be continuously managed and utilized in combination with managing toxicological 
risks from dioxins, and how can e.g. a market-based approach be combined with such steering 
that ensures wise use of Baltic herring despite the constraints and threats to the economy from 
multiple directions. It may be possible to solve some of these multiple (and inter-sectorial) 
problems using synergies. Solutions may on the other hand require more subsidiary and less 
regulatory management approach.  

 
C) Ecological impacts 

 
Altered fisheries and particularly a reduced herring fishery have potentially important 
ecological effects. The population structures of herring and other, also non-target species 
would change, as these are dependent on each other within the community. The anticipated 
immediate effect on herring stock from suddenly relieved fishing pressure would be the 
increased dominance of older age classes. This would in turn probably increase the average 
dioxin level in the herring biomass and the intake by non-human herring consumers. 
Increased shift to Baltic sprat by the Baltic fleet, within TACs, would cause additional 
alterations affecting the whole community and ecosystem.  
 
Such consequences on the ecosystem will be mediated by the fishing effort and will depend 
on the interplay of TAC's, other possibilities and constraints for using sprat (of various age 
classes and dioxin contents), especislly as fodder, and on the resultant development of sprat 
fisheries economy. Thus, there is an intimate interplay between ecological, socio-economic 
and technological-systemic (and unintended health) impacts at several levels, also regionally, 
and involving many variables. Additional studies are underway of the effects of altered 
fishing patterns on dioxin biomagnification through population structure changes, e.g. in the 
Academy of Finland project DIOXMODE. 
 
In response to the proposed EU strategy, Finland expressed its concern for the impacts of 
decreased fishing on the ecological state of the Baltic Sea. The end of herring fisheries or 
maybe even other Baltic fisheries would change the Baltic ecosystem. Whether this change is 
deleterious or not is a value judgment since it has not been proved conclusively (or even 
strongly supported yet by predictions using validated models) that the (expected) higher levels 
of dioxins and PCBs would cause harmful effects. A likely immediate impact is however a 
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deceleration in the growth rate of herring and sprat, which would presumably further increase 
their dioxin and PCB levels (see Harvey et al. 2003). Other kinds of impacts or reverse and 
adverse developments are also possible, e.g. on plankton due to altered predation (Hansson et 
al. 1990).  
 
In evaluating the possibilities for ecological and other impacts from altered fisheries as a 
consequence of the EU dioxin strategy, also interactions between various fleets and their 
operations and between the various stocks (and thus human-ecosystem interactions) need to 
be taken into consideration. It is conceivable that if herring fisheries (in part through reduced 
demand and prices) decline, this fleet shifts increasingly to sprat as a less contaminated 
species. This would help maintain open-sea fishing for clupeinids and could also be ulitized 
for cleanup fishing. However, also the feasibility of sprat fishing is affected by the 
implementation of regulations on the acceptable quality of fish-based feedings-stuffs in EU, 
including its traditionally sprat-fishing new Baltic member states (see below).  

 
D) Foreseen socio-economic consequences  
 

The socio-economic risks and impacts from reduced fishing and consumption are wide-
reaching (regionally), and are not limited to industrial and nutritional economy and 
employment. These impacts are coupled with important cultural roles of fish consumption and 
fisheries that are hard to recreate, once lost.  
 
The scientific and technological policy options assessment (STOA) for the European 
Parliament (Joas et al. 2001) considered the effects on the fisheries industry resulting from the 
Commission proposals (SANCO) on dioxin content of fish, fish oil and fish meal. To evaluate 
the effects of the proposed action and limit values on the fisheries industry, the concept of 
socio-economic "conflict potential (CP)" was utilised. High conflict potential means a risk for 
jobs and turnover due to the high contamination levels of fish exceeding the proposed limit 
value that would prohibit free marketing of the fish or fish products. Medium conflict 
potential means a risk for jobs and turnover due to the possibility that the contamination of 
certain catches with a contamination slightly higher than the average contamination may 
exceed the proposed limit values and furthermore that an elevated average contamination may 
result in high conflict potential. Low potential means no present conflict potential. According 
to the assessment, the conflict potential for Danish, Finnish and Swedish fisheries is the 
highest, and considerable effects on turnover and jobs may be expected (Table 26). 
 
Denmark is the most important producer of industrial fish in EU. More than 200 000 t/yr of 
catches (i.e. 16 % of the total catches of herring and sprat) show a high conflict potential. The 
share of the catch and the amount of jobs with high conflict potential are less than those in 
Sweden and Finland, as Denmark has large Atlantic fisheries. However, potential impacts on 
turnover are considerable, especially if lower conflict potentials are included. This has 
consequences for the Danish fisheries industry due largely to foreseen restrictions on Baltic 
Sea fisheries. In Finland, 100 000 t/yr of the relevant catches of sprat and herring show a high 
conflict potential. This is in absolute amounts less than in Denmark or Sweden but, being 
solely from the Baltic, includes all Finnish industrial catches.  
 
An important socio-economic and systemic consideration in this connection is that the Danish 
North Sea and Atlantic fisheries may benefit from increased certainty of risk management 
under the EU strategy.  
 
The potential impact on employment would be significant (on a regional scale) as Finnish 
herring and sprat fisheries are labour-intensive per unit catch. Therefore the Finnish fisheries 
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industry is likely to be affected significantly by the proposed limit values. Nearly 90% of the 
Swedish industrial herring and sprat fisheries are based on the Baltic and have a high conflict 
potential. The estimated impact on jobs is even greater than in Finland, and a great potential 
impact on turnover is also foreseen. Significant consequences can thus be expected for 
Swedish fishing industry, too. On the other hand, the above mentioned potential positive 
impacts on the Danish (and the North sea based part of the Swedish) fisheries and related 
industries also in terms of employment should be taken into account. 
 
It should be stressed that in addition to the direct impacts estimated by Joas et al. (2001) based 
on fish quality categories, a still larger part of the catches, fisheries and economies may be 
affected indirectly e.g. through a generalized suspicion of the quality of fish, through lacking 
support for fisheries and through other such effects. 
 
 

Table 26. Estimated social-economic conflict potential (CP) due to the EU dioxin strategy for food 
and feeding-stuff for the fisheries industry in Denmark, Finland, Sweden and whole EU (Joas et al. 
2001), in 1000 t a-1 and MEUR a-1. Most figures have been rounded to one signifying digit.      
 
Member state Total Low CP Medium CP High CP 

Catches 1400 1000 200 200 
Jobs 1400 1000 200 200 Denmark 
Turnover 100 70 10 20 
Catches 100 0 0 100 
Jobs 400 0 0 400 Finland 
Turnover 7  0 0 7 
Catches 300 40 1 260 
Jobs 400 50 0 350 Sweden 
Turnover 20 3 0 20 
Catches 3000 2000 300 600 
Jobs 5000 3000 500 1000 Whole EU 
Turnover 200 100 20 50 

 
 

 
Industrial fishing does not only affect jobs and turnover within the fisheries industry. 
Consequences for the fish oil, fish meal and fish processing industry have to be considered. In 
the EU roughly 1000 jobs depend on the production of fish oil and fish meal, 46 % thereof in 
Denmark. Joas et al. (2001) presented an estimation of conflict potentials for the 1 100 jobs in 
the production of fish meal and fish oil, assuming no increased imports. A breakdown 
between member states was not attempted, but it may be roughly estimated that most of the 
jobs in this branch having a high conflict potential are in those Danish industries that are 
based on Baltic Sea herring and sprat, as these have by far the greatest average dioxins levels 
of EU fisheries. No assessment was made on the possible conflict potentials for and impacts 
on the processing industry in the field of fish meal and fish oil, due to considerable 
uncertainties.  

 
A loss of demand for raw material in the fish processing industry exerts a negative feedback 
on the fishing industry which may finally led to additional job losses and turnover reduction 
(cf. above). Reduced production of fish meal and fish oil will have significant impact on the 
aquaculture industry because it may be difficult to satisfy the demand for fish feed materials. 
 
The job losses due to the limit values are not only of economic but also of broader social 
significance. The employment effects are distributed mainly to sparsely populated areas and 
rural areas suffering population losses due to outbound movement (migration loss). The 
Finnish response to the proposed strategy (ref?) was also concerned with individual 
fishermen, who are and would still more be bearing the consequences of the regulation while 
neither responsible for the contamination nor able to affect the situation.  
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Herring and sprat fisheries in the Baltic Sea, and other major Baltic fisheries potentially 
limited and affected by proposed limit values for dioxins and foreseen regulations on PCBs, 
such as salmon, cod, eel, white-fish and even pike-perch fisheries, have considerable cultural 
and general social importance that extends far beyond the living conditions and economies 
of rural areas. They represent a way of life geared to varied traditional and novel harvesting 
and uses of renewable natural resources.    
 
Many other socio-economic impacts are also likely (cf. Joas et al. 2001). These include the 
structural changes in the fish processing, and lagged effects on investment in this sector, and 
impacts on regional development (mainly in coastal areas aith important fisheries).  
 
It is possible that the social and technological conditions are already so far impaired, for 
reasons also unrelated to dioxins (such as structural changes in economies and labour market) 
that Baltic herring fishing has become marginalized. However, a retained and refined ability 
to influence dioxin fluxes may be valuable (se below and 7). Also the cultural including 
educational significance of herring fisheries needs to be acknowledged in its development.  
 

E) Technological and capacity impacts 
 
An area that has received little attention yet although in many respects at the crux of the 
matter are the technological and systemic impacts on fisheries from extending the EU strategy 
(e.g. to new substances, or to the countries now granted derogations). Such impacts are linked 
to socioeconomic and ecological impacts. Technological impacts have a particular role as 
mediators between human and ecosystem processes and resources. 
 
The decline and, after some breakpoint of feasibility, collapse of Baltic herring fisheries 
would impair capabilities for fishing out dioxins and managing dioxin biomagnification by 
focused and adaptive fisheries management, cf. 7). This is a concequence of the EU strategy 
perspective on fish and fisheries only (at least as explicitly stated) as carriers of risks, not as 
carriers and vehicles of solutions. This may be explained by the food orientation.     
 
Another consequence would be a shift to fodder fish and fish meal (from young sprat and 
possibly young herring) and North Sea herring. This will be affected by the market for fodder 
fish, and thus also by the regulatory conditions for its uses in relation to the quality of fish. A 
shift to North Sea fishing would be possible mainly for the Swedish and Danish fleets that 
already operate largely in these parts. Such shifts and changes in fisheries will influence 
ecological as well as socio-economic systems and conditions. 
 
Restriction of Baltic salmon fisheries for market in Sweden and Finland, in accordance with 
the regulations in the EU dioxin strategy and the adopted practice of Denmark (where salmon 
supply to Danish market was already banned) would cause additional changes in the fisheries 
structure. Because of the high dioxin contents in salmon, this fisheries would be effectively 
terminated, in comparison with the prsesent activity despite the restrictions laid down for 
catch areas, times and equipment. The recreational salmon fishing would probably benefit, 
but at the same time the restrictions would jeopardize a significant part of the stock, should 
these restrictions become implemented in Finland and Sweden.  
 
An important long-term systemic consequence related to the socio-economic impacts and 
processes from the collapse of herring fishing for human consumption also in Finland and 
Sweden would be that investments in herring processing capacity, e.g. filleting machinery, 
would no longer be feasible. Such a hiatus in the processing chain of herring that would make 
future recovery of this industry, even in an improved situation, very uncertain and difficult. 
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Thus, there are indirect structural changes and thresholds and other non-linear impacts both 
within the technological and socio-economic spheres, jointly influencing in turn the supply of 
herring for human consumption and thus the intended and unintended (also harmful) health 
effects from reduced consumption.  
 
 

Human health impacts/  Human health impacts/  Ecological impacts/   Systemic impacts   Socio-economic 
intended     unintended     unintended     (fishing/food product)  impacts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 38. Simplified influence diagram of certain or very likely (solid arrows) and possible (hatched 
arrows) intended and unintended impacts at multiple levels from implementation of the EU dioxin 
strategy in the Baltic Sea, with particular reference to herring fisheries.   
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F) Summarizing evaluation 
 

Some important anticipated consequences of the EU strategy within main categories of 
impacts have been illustrated schematically (Fig. 38). It should be stressed that this is a 
simplified initial assessment of possible outcomes. Additional or alternative consequences can 
be envisaged. Some of the outcomes can be prevented, modified, steered, alleviated or 
compensated by auxiliary measures, e.g. subsidies and other instruments. The distributions of 
consequences can not be made in this connection. Nevertheless, already this limited analysis 
serves to illustrate that management of risks in Baltic fish is not as simple and straightforward 
as conceived in the EU strategy, but involves many important impacts.   
 
Based on this tentative analysis, it can be anticipated that the EU regulatory risk management 
by market restrictions pending only on fish dioxin levels has consequences at several levels, 
many of them unintended. The EU strategy thus may get into considerable problems even for 
the stated primary objective of health protection, as the health benefits from fish are 
considered. In addition, possibilities or even the great likelihoods of other kinds of 
problematic impacts and risks are identified. These include ecological, socio-economic or 
cultural and systemic or technological impacts, the latter mediating in concrete forms many 
consequences as technological-economic drivers. 
 
Management of risks in such a complex setting by single-criterion regulation (of fish dioxin 
levels) is poorly founded, narrow in scope, potentially inefficient and unsafe, and may 
backfire. The goal of harmonized clean food market here threatens to clash with important 
health, ecological and social concerns, although being superficially health-protective. 
 

Notes on other evaluation criteria and policy impacts 
 
• Transparency is an impact and characteristic stressed in many connections in EU, 

notably in the Food Law (Annex 11C). It may be said that the foundations of the EU 
strategy for dioxins and PCBs in food and feeding-stuffs are not wholly transparent, e.g. 
as to the methodology and rationale used in defining the maximum and target levels of 
dioxins in fish, in other food and in feeding-stuffs on the basis of TDIs (or perhaps based 
on considerations as well such as implementability for various foods and feedingstuffs), or 
in defining the efficient approaches and measures in risk management in general.  
 

• In general, the EU strategy is not very flexible as it is based on regulatory steering that by 
nature presupposes some rigidity and formalism. Some important specific flexibility 
issues are related to fish dioxin levels as management instrument or criterion. Action 
levels they cannot flexibly incorporate many factors modifying exposures or effects and 
causing associated variations. Even the present specification of target and limit values for 
various food and feedingstuff items is relatively complex; further specification e.g. based 
on the consumption of certain species of fish may increase the complexity in action levels 
based management too much. The argument in favour of fixed action levels or 'quality 
standards' also for fish may be presented that action or guideline levels are used in health 
risk management also in other contexts, e.g. for allowable levels of potable water 
contaminants. However, in this case the relationship between concentrations and 
cumulative intakes is much more direct and clear-cut and displays much less variability, 
as people consume relatively similar amounts of potable water daily. Therefore, such 
other areas of quality standards for intake media may not be directly applicable or may at 
least be much more problematic in the case of dioxins in fish. 
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• It may be argued, for the sake of defending a limit value based approach, that they are 
among the tools available for (EU) regulation and accustomed to by other actors, that too 
much flexibility might erode trust and allow too much irregularity in regulation, and 
that they do not have to exclude additional considerations and measures of risks in 
separate management schemes. A limit value focused approach also has some utility and 
benefits, direct and indirect, for monitoring systems. Nevertheless, it may not make much 
sense to stare at, to the degree presently common in regulatory decisions, whether fish 
levels are 3.5 or 4.5 ppb (or, say, even 2 or 8 ppb), when the uncertainties in the above 
factors and stages (including TEFs, also for DL-PCBs) and associated safety factors are in 
the order of magnitude. Such a critical view of the level of quantification may also be 
justified because of the additional uncertainties in concurrent benefits and counter-veiling 
risks (e.g. associated with health benefits of fatty fish) as well as in other risk management 
impacts that are presently ignored in setting risk criteria and benchmarks. 

 
• The limit value based management approach, although not explicitly including 

simultaneous regulations at a comparable level of detail in the preceding stages of dioxin 
formation (i.e., the present scope and formulation of the EU strategy), is likely to have 
‘back-stream’ effects also on these stages. It may e.g. force reductions in the introduction 
of dioxins to the system as it creates pressures among the actors (such as countries and 
their various sectors and actors). Some of these effects may be intended. However, such a 
reverse effect may be too much a random process where e.g. the interests, potential, and 
an desired comprehensive, efficient and equitable risk management will not be reached, as 
has been noted also by Tuomisto (personal communication 2002). There is e.g. the risk 
that such limits will force upstream actions in some sector or area more than in others 
regardless of where the greatest needs and gains for risk management are.  

 
Alternative strategies and approaches 
 
Identification of the main alternative strategic approach 
 

Considering the broad scope and many levels of risk management for dioxins, it is evident 
that alternative and complementary strategies need to be considered.  

 
The present alternative to the EU regulation of food and feeding-stuff dioxins in the case of 
the Baltic fish dioxins particularly within human exposure and risk reduction in the food 
supply and consumption stage is that practiced and proposed in Sweden and Finland on the 
basis of derogations from the EU regulations. It essentially involves diet advisories coupled 
with other information-related activities.  
 
It may be argued that this approach represents no broad and well-conceived strategy at all. 
Admittedly, it has not been laid down in such detail as e.g. the EU dioxin strategy, but is 
presented mainly in the national fish consumption advisory documents. However, this 
approach is partly based on extensive and prolonged previous management practices. It also 
has important parallels elsewhere, notably in the US both regionally (in the Great Lakes area) 
and nationally as the recommended strategy of the NAS (2003) on reduction of exposures to 
DLCs in the food supply. Collectively, they can be evaluated as a strategic approach that 
displays sufficient similarity in key respects. Also conceptually and in terms of many 
principle-level, procedural and policy characteristics, they represent the main alternative to 
the management approach inhgerent in the EU strategy.  
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Based on work in the Committee on Dioxins in the Food Supply, The US Institute of 
Medicine of the National Academies (2003) has presented an extensive strategy to decrease 
exposure to dioxins and dioxin-like compounds in the food supply. Aparr from being only a 
recommendation and a framework for further development and implementation, also this is 
intended at the outset as a non-binding strategy, unlike the EU strategy that is more directly 
tied to regulation. However, the NAS strategy is authoritative as an expert recommendation 
based on and involving broad connections with government. Follow-up work on 
implementing and developing the strategy is ongoing in an interagency group with 
representatives from USDA, USFDA and USEPA.  
 
This strategy deserves attention as representing an information steering oriented approach to 
management of DLCs in the food supply. In some respects, ther strategy is more 
comprehensive than the EU strategy, e.g. in covering additional DLC (at some level) and in 
addressing variations, uncertainties and particular risk groups more explicitly (see Annex 12).  

 
A diet advisory based information steering approach to fish dioxins has been practiced 
already long in the US and in Canada especially in the Laurentian Great Lakes area. This has 
been part of the overall strategy for protection and management of these lakes (USEPA 2002).  

 
In addition to these main approaches to risk reduction in the food supply stage, other 
strategies exist both in Finland and Sweden, in rest of EU as well as in US and elsewhere in 
other related areas and connections such as emission control (cf. 6). These have been variably 
(often not explicitly) linked with food supply oriented strategies.  
 

Evaluation of important characteristics and impacts of the strategy or management approach 
 
Also a diet advisory based risk management strategy involves limitations and problems, and 
should not be promoted regardless of cost and risk. The coverage and effectiveness of risk 
reduction present problems. For instance, some people can not be reached or are not 
influenced by advice.  
 
If Baltic Sea fish above the EU limit values would be allowed on the market, it is unlikely that 
it would be more popular in other countries than Finland and Sweden, thus reducing the risk 
of high exposure in other markets. The provenience of some fish products is hard to establish; 
in particular imported salmon may be sold as Baltic salmon and vice versa. 
 
As an important characteristic and a key difference from the EU strategy, the voluntary 
information based management approach excludes market control of fish and products. 
However, this need not be decisive for health protection.  
 
An advantage within strategy scope and relevance is that such an approach can capture risks 
both from recreationally fished and other fish.  
 
Perhaps particularly, incorporation and balancing of risks and benefits in a many-sided 
manner can be easily facilitated, as the strategy is about people making such informed dietary 
risk management choices. Thus, the scope of such as strategy is much more relevant in terms 
of coverage of risks and impacts and for the task of holistic health care.    
 
The information based approach is able to account for regional and other specific conditions 
and factors. Diet advisories and other such steering instruments are inherently capable of 
incorporating more variables at a much more detailed level than a regulatory strategy for fish 
and feeding-stuff quality control, as they do not have to be strictly prescriptive. Advice on the 
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frequency of fish consumption, selection of fish species and ages as well as catch areas is 
already given in both Sweden and Finland, and particular risk groups in terms of sex and age 
(children and women in redproductive age) have been accounted for. Similarly, there is long-
time experience of devising and implementing advisories for consumption of contaminated 
fish in North America (see e.g. the methodology of USEPA 2000b, 2002c). However, there is 
still uncertainty as to the effectiveness and performance of such information (cf. 9). 
 
The approach can address high-risk groups and situations e.g. through parenting advice, day-
care and schools. This may be a particularly efficient way to reduce risks among the personnel 
in charge of day-care and school meal planning, particularly in countries like Finland and 
Sweden having an extensive and well-developed school meal system. Thus, education and 
advice and other information-based steering in this connection would not be needed directly 
to the high-risk young group that would require a more challenging risk and risk-benefit 
education task. A similar exposure reduction approach was proposed in the NAS (2003) 
dioxin strategy in connection with offerings of skimmed milk in school meals.  
 
This approach is inherently participatory as it is based on information and advice to and 
interaction directly with consumers and other key actor groups. Partly therefore, such a 
strategy may be widely comprehensible and acceptable, despite the intricacies in the choices 
and details it entails, e.g. in selection of fish qualities and sizing the consumption.  
 
An information based strategy is easily compatible with other areas of management and with 
changing evaluations of risks and benefits.  

 
Also with dioxins, the strategy adopted in Sweden and Finland already, in the former country 
during a relatively long time already, has been based essentially on diet advisories. These 
constitute rather detailed, targeted, varied and well-established information steering 
instruments. The public confidence and trust in these advisories and the representative expert 
bodies is also an important consideration. There is a risk that a market regulation-focused 
management approach will erode the trust in the judgement and the capabilities of the 
consumers and the advisory organizations alike to deal with the risks without robust and 
detailed (but still necessarily generalizing) management based on prohibitions.   
 
An important consideration is whether the efficiency and comprehensiveness of such a more 
information-based management are sufficient. The effects of diet advisories for fish 
consumption on consumer behaviour and actual fish intakes have been studied little also in 
the Baltic Sea countries. There are considerable constraints and uncertainties in influencing 
consumer behaviour by diet advisories, due e.g. to educational, cultural and language barriers, 
as shown in the Great Lakes area (cf. Annex 10). It has been related by Lind (oral 
communication 2002) that even in surveys among Swedish medical students the awareness of 
fish consumption advisories has been found to be rather low. However, some contrary 
evidence pointing to the efficiency of risk reduction approaches has become available. For 
instance, specific diet advisories for fish were assumed to contribute to the lower consumption 
of fatty Baltic Sea fish by younger Swedish women (Lind et al. 2002). It is difficult to 
interpret such findings and to ascertain the relative contributions of advisories and other 
factors influencing dietary habits without additional empirical information.   
 
The ability to choose between more or less dioxin-laden fish regardless of the management 
approach presupposes that some information is available on the levels of dioxins. This may be 
in the form of direct measurements of dioxin contents, but is in most cases indirect and 
approximating information based e.g. on the species, the size of fish, the part of fish, and 
possibly the catch area and other specifications. To decide whether fish consumption is safe 
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or not, some information on most or all of these factors would be needed, depending on the 
requirements of the decision maker for the completeness and accuracy of information (such as 
the consumer in a free choice based management approach).  
 
An important problem with continued dietary advice is that it may lead to a perception that 
fish also more generally is unhealthy and thus decrease fish consumption overall, contrary top 
advice. Such experiences were made after the advisories discouraging the consumption of 
only some fish species from some regions after the mercury scare in 1970's. For such reasons, 
it seems that the general recommendation, common also in other areas of nutrition, to 
consume a varied diet is important. Great care has also to be excercised not to present too 
alarming advice, as some people may react strongly and even in unwanted ways.  
 
Thus, background information must be communicated on which factors influence average and 
probable dioxin levels. Several possible strategies and levels may be conceived for such 
communication also in an information steering approach; e.g., a division in red, yellow and 
green signs for various fish based on their likely contaminant levels may be used, as in the 
Great Lakes states (ref.). Also labelling of fish (or in practice fish containers or vessels) may 
be justified regardless of whether there is actual prohibition of selling fish probably exceeding 
limit values, to indicate its provenience. However, this information on fish is only part of the 
information needed for informed and efficient risk management and avoidance decisions; also 
factors such as particular susceptibilities have to be considered, e.g. the possibly higher risk to 
infants. This is (and can increasingly be) accounted for in diet advisories (cf. 7, 9).     
 
An alternative, more varied and flexible management approach, e.g. one more source-oriented 
and focused on diet advisories and other information steering at post-sea stages, may become 
a rational choice if uncertainties in quantitative measures of risks, body burdens, intakes 
(TDI’s) and corresponding fish (and environmental) levels are taken into account. A variable 
accuracy of quantification in practical risk management may be acceptable and even 
necessary, due e.g. to the inherent variation in the accuracy of regulatory instruments.  

 
Summarizing evaluation of the main alternative strategies of reducing human exposures 
 

The initial comparative analysis of the EU strategy and alternative approach to managing 
risks associated with dioxins and DLCs in Baltic Sea fish has been summarized in Table 27. It 
should be noted that the selection of characteristics, impacts and evaluation criteria are by no 
means exhaustive. The evaluations of the strength and relative weight of the pros and cons in 
various categories and dimensions is inevitably somewhat subjective, but has been based as 
far as possible on facts and likely consequences identifed in the previous strategy analysis. It 
should be emphasized that in doing this, arguments both in favor of and against have been 
systematically sought, and every attempt has been made to view them and associated 
uncertainties objectively and in an unbiased manner.  

 
The following additional summary points can be made:     

 
• Health risks: The fish market regulation approach on the basis of the EU strategy, 

although minimizing risks from dioxins, seems risky as this benefit is probably exceeded 
by the simultaneous loss of health benefits from fatty fish.  

 
• Ecological risks: These favour alternative strategies allowing fishing of the species of 

most biomass, herring and sprat; the question thus becomes whether also other forms of 
herring fisheries than those serving human consumptions coulkd be made feasible enough 
to ensure the capability to reduce ecological risks by fishing 
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• Socio-economic impacts: It has been estimated that implementation of the present EU 
strategy in the Baltic will cause losses of jobs and of revenues. In addition, indirect socio-
economic impacts, some beneficial but probably most unfavourable will result from 
cessation of Baltic herring fishery. Alternative approaches to risk management offer a 
possibility, within some limits, to avoid or better alleviate such impacts. These 
consequences will depend on many factors, and are already constrained. It should be 
noted that also in response to the EU strategy, instead of the present fisheries other 
livelihoods, even fish-based may develop (such as increased fodder and recreational 
fisheries). However, their revenues and general importance would be much less than that 
in the present open-sea fisheries.  

 
• Technological and systemic impacts: The implementation of the EU strategy would curb 

the Baltic herring fisheries and potentially other fisheries as well, along with the 
processing chains, infrastructures and capacities. The alternative strategy could better 
retain and also develop these capacities for fisheries management that could facilitate 
dioxin control, even though also in this case the herring fisheries is constrained by the 
potentially declining human consumption and demand.  

 
• Cultural impacts: A thriving fishing and fish utilization culture with considerable 

importance in Baltic Sea countries, and a large part of the coastal regional cultures, would 
be lost if herring fishing for human consumption in particular would end. In the 
alternative strategy, such a culture would be retained,. In addition, a participatory and 
many-sided risk-benefit balancing consumer risk management culture could develop in 
connection with fish consumption advice and education. 

 
• Policy principles and aspects: A  key question is to what extent people can be let choose 

themselves, on advice and information what (fish) to eat, and to what extent need 
interventions in food supply be made. Voluntary management is accepted on particular 
grounds even with risky foods under extensive regulation. On the other hand, some 
subjects like small children cannot choose; to protect them a regulatory approach may be 
preferred in principle although risks would be considered lower than benefits. However, 
also mother's milk is exempted from food dioxin regulations and even recommended by 
authorities. The difference from fatty fish seems mainly that human milk is not marketed, 
not its risk-benefit levels. As to precaution, sustainability, efficiency, consistency, equity 
and transparency, the EU strategy is not clearly superior, especially if risks and impacts 
are defined broadly. It serves the principle of free market, but this should not be confused 
with health arguments. 

 
  … 
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Table 27. Summarizing evaluation of two principal alternative approaches to management of risks 
mainly to human health associated with dioxins in Baltic Sea fish at intake stage.    
 
Objective or other 
dimension or 
characteristic 
evaluated 

Risk management strategy focused on 
fish quality regulation (implementation of 
EU’s present strategy for dioxins and 
PCBs in food and feeding-stuffs)  

Risk management strategy 
focused on information based 
exposure reduction (diet 
advisories) 

Notes, alternative or 
combined/converging 
strategies and options, 
and conclusions 

Human health 
protection 
 

-- significant reduction of health benefits 
from fatty fish (if many people shift to 
unhealthier foods)  
+ certain added reduction of risks from 
DLC intake (in heavy fish consumers)  
+ control of feed-based health risks  
= -/± 

++ health benefits from fatty fish 
ensured  
+ health protection likely ensured 
(assuming effective advisories) 
- some risks to highly fish/fish 
product consuming vulnerable 
persons may remain = +/± 

*benefits probably exceed 
risks & are more certain 
(esp. if omitting dietary 
shifts and alternatives) 
*distribution of health 
risks and benefits a factor 
*key policy criterion  

Ecological impacts 
and risks 

- may increase risk to vulnerable non-
human fish consumers through 
population and community changes, 
despite immission reduction  = - 

+ decreases ecological risks if 
combined with added immission 
reduction; otherwise no change  
= +/± 

*important criterion 
*consistent but slight 
difference in foreseeable 
impacts 

Economic  impacts - conflicts with economic interests of 
(herring) fisheries and fisheries sector 
- some administrative/control costs 
- costs from loss of net health benefits 
+ benefits from surely safe feed industry  
+ some indirect economic benefits 
through uniform trade = -/± 

+ preserving fisheries economy 
+ low administrative/control costs 
+ preservation of health benefits 
- losses from feed contamination   
- if concern for food safett remains, 
losses may > those from regulation 
= +/±  

*important  criterion 
*many economic impacts 
cannot be quantified but 
appraised comparatively 
*losses and benefits are 
distributed asymmetrically 
(BS, N Sea)  

Efficiency ± efficient but in narrow sense only ± may be broadly efficient *cf. other criteria 
Flexibility -/± regulations rather rigid instruments  +/± info steering inherently flexible 

(e.g. advisory adjustments)  
rigidity entails some 
constancy & predictability 

Social impacts - unemployment in sea fish-based 
sectors  (esp. medium term)  
(±  social trust in regulation)  = -/± 

+ employment in fisheries 
(± social trust in personal risk 
management) = +/± 

employment has broad 
also indirect significance 
esp. in coastal regions 

Participatory 
character 

- none directly with consumers; actors  
basically assumed to follow regulations 
+ some participation from industry = -/± 

+ inherently broad through 
advisories, information and related 
activities 

*also education a factor 
*empirical evidence from 
Gt Lakes (& Scandinavia) 

Precautionary 
principle 

+ precautionary with regard to dioxins 
- not precautionary with regard to fish 
benefits and other impacts = ± 

+ precautionary for preservation of 
fish benefits and other impacts  
- less precautionary for dioxins = ±   

*counter-veiling risks to 
be addressed for broad, 
functionable precaution 

Sustainability - threatens sustainable herring fisheries 
+ may increase sustainable use of fish 
with other measures = ± 

+ ensures sustainable (herring) 
fisheries esp. if processing to feed 
less valued or also ensured = + 

*related to long-term 
efficiency and precaution 

Regional impacts, 
subsidiarity 

- centralizes dioxin risk management  
- cannot account for details well = - 

+ regional and special concerns 
more easily addressed = + 

*inherent differences in 
alternatives 

Transparency ± may or may not be transparent + presupposed by advice  
Compatibility with 
other sector policies 
and strategies 

- not easily compatible with fisheries or 
pro-fish nutritional & health policies  
+ compatibility through  regulation = -  

+ highly compatible with fisheries 
management e.g. under CFP 
+ compatible with other areas 

*important as integrated 
policies are sought 
  

General political and 
principle-level 
impacts 

- enhances uniformity and rigidity 
+ assumes responsibility of consumers, 
including those not reached by advice 
+ supports non-fish food interests = ±  

+ enhances pluralism,  adaptivity 
(esp. of fisheries and consumers) 
- puts responsibility for risk 
management on consumer = ± 

*uniformity and rigidity  
desirable for federalism & 
normative governance  

Cultural impacts -- wipes out fishing and nutritional 
cultures and traditions  
± may build trust in regulations but also 
erode it as drawbacks become known 
- may strengthen a culture of fear = - 

+ preserves fish/fisheries cultures 
+ promotes a novel risk awareness 
- may be vulnerable to excessive 
health fears without strong risk 
communication = +  

*fishing and seafood 
cultures wide-reaching, 
linked with health &  
environmental awareness 
 

Technology impacts 
(mainly risk 
management) 

-- reduces open-sea fishing capacity 
(dioxin-controlling and other fisheries 
not for food are possible on subsidies)  

+ dioxin control fisheries possible   
+ relatively easy use of some other 
post-sea management options = ± 

*in both, prevent etc tech  
*spin-off to (econ) effectiv 
*innovation a factor 

Overall evaluation - + depending on weighing, 
pending on uncertainties 

Explanations: in all categories, a summarizing comparative evaluation of the alternatives (with respect to each other, on scale +; +/±; ±; -/±; -)  
has been produced as a composite of the specific pros and cons (that are given in ++/+/-/--) and has been shown in bold. 
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8.3.3  Issues in developing and modifying strategies 
 
Needs for and influences on new strategies 
 

Novel or modified management strategies for Baltic Sea fish dioxins may be conceived. 
Indeed, an adaptive evolution of management may be seen as natural and necessary. On the 
other hand, the above and other existing strategies may be utilized and developed. This may 
be needed as also the EU strategy and its implementation is under development. Its links and 
coordination with other strategies, including diet advisory approaches also facilitating risk-
benefit and other multi-objective considerations may become important in this connection.   
 
New management strategies may be realized at both general policy level and at operational 
level. They may, regardless of the scope in terms of sectors, be broader or more specific, 
including partial or sub-strategies (such as national strategies within the realms of fish 
marketing only). 
 
New management strategies and approaches are influenced by and called for by the following 
factors:  
• A fuller consideration of general policy and strategy aspects; in particular, the need to 

balance centralization and harmonization with subsidiarity, including consideration of the 
fundamental approaches to management including information-based measures in addition 
to or in partial replacement of norms   

• A more many-sided and in-depth evaluation of risks and impacts from dioxins in Baltic 
sea fish, including in particular the risks associated with additional DLC and pre-dioxins, 
the uncertainties included in TDI and subsequent limit values for fish dioxins, and the 
counter-veiling risks associated with the loss of health benefits from fatty fish 

• A more extensive and robust consideration of the early stages and root causes of the 
risks from DLCs, including control of their formation and emissions  

• A fuller consideration of the management options available and their relative merits and 
limit and other characteristics (cf. 8), as well as generally of the opportunities available 
and feasible regardless of the above uncertainties  

• A more extensive and explicit consideration of the interests and possibilities of various 
sectors and their strategies and policies, including the fisheries sectors. 

 
Convergences and intermediates and scopes of strategies 
 

Because both the EU strategy and alternative strategies have their limitations, deficiencies and 
uncertainties in the case of managing the risks associated fish DLcs in Baltic fish, the 
modification and intermediates of these and still other approaches could be conceived, and 
could form a useful basis for further management. Despite their differences, e.g. the EU 
strategy and the present Finnish and Swedish approach are not wholly incompatible, and some 
convergence between them is possible. Both of these approaches are in a state of evolution, 
the EU strategy very intensely due e.g. to the inclusion and to the expressed goal of including 
other management areas (mainly within environmental tisks beyond consumer health).    
 
In developing the EU strategy and combining it with other strategies and approaches, it seems 
in any case highly important that in addition to the (conceivably also very dioxin-averse) 
environmental risk management area, also the broader health care and nutritional issues as 
well as fisheries issues are taken into account at a much deeper and concrete level than 
hitherto. Otherwise no real comprehensiveness and integration can be achieved, and balanced 
risk management or management in general (including also counter-veiling risks and other 
impacts) can not be secured. 
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The scope of new or modified strategies presents a key issue, especially as coordination and 
integration with other strategies and sectors is seen as important (see below). With regard to 
the scope in more limited sense, within the present approach (focused on fish market 
regulation), an issue is how management of wild fish is related to that of farmed fish. These 
have some difference in terms of both risks as well as benefits, technology, ecological 
foundations, markets and the overall socio-economic and legal foundations of management, 
and so forth. For instance, fish farming and mariculture enables more control at least in a 
technological sense. On the other hand, the dioxin levels and the consumption amounts of 
both of these classes of fish need to be considered. This again calls for additional in-depth 
analyses of opportunities and their consequences.  

 
Strategy integration areas and issues 
 

In developing new strategies for Baltic Sea fish dioxin management, an important task will be 
improved integration of the human health and food oriented present EU strategy with 
environmental strategies, policies, programmes and other instruments. As detailed above (7), 
these include  
• instruments specifically addressing dioxins (e.g. for various emission sources)  
• those addressing emissions in general (e.g. in connection with BAT and EMAS)  
• those addressing POPs more generally (e.g. under LRTAP/EMEP and Stockholm 

Convention)  
• those engaged in marine protection (especially under the developing Marine Policy) and 

Integrated Coastal Zone Management.  
This integration, particularly with the first mentioned areas in environmental management, 
seems a priority task because the European Commission already has stressed the needs and 
possibilities to complement the present dioxin strategy with strategies and actions within the 
environmental sector, utilizing and further developing e.g. emission abatement (CEC 2001 
and van Birgelen, oral communication 2002). 

 
Perhaps most of all, new management strategies for Baltic Sea fish dioxins naturally need to 
fully integrate considerations within management of the fish and fisheries themselves. 
Presently there still seems to be an unfortunate division of these areas of management and 
respective management advice. This is evident e.g. in the limited consideration of dioxins 
when producing fisheries advice in the IBSFC expert bodies. Only the first indications of 
including dioxins in this process are yet to be seen (ICES 2003b, 2004), but these are not yet 
well linked with the other issues and areas of fisheries assessment, many of which e.g. in 
stock estimation are highly advanced and interact with management by providing concrete 
advice (e.g. TACs). On the other hand, lack of integration between these management sectors 
and areas of expertise is evident in the limited consideration of fisheries issues and 
management opportunities in the EU strategy for food, and in the frequent absence of 
fisheries scientists from meetings where Baltic fish dioxins and their management are 
discussed, mainly within food and human health areas.  
 
Such divisions and detachments parallel those between fisheries management and marine 
protection. However, in this areas, intense work is already underway to develop new joint 
procedures such as Ecosystems Approach Based Fisheries Management (HELCOM/ICES 
2004).  
 
Due to such narrow foci and to the mismatch of sector policies and strategies, there is a risk 
that important fisheries (or reciprocically dioxins) issues and opportunities are ignored, and 
strategies and decisions are formulated that do not work in real (holistic) life but instead 
amount even to additional problems. Better integration in this regard will require both the 



 

 

236

 

development at the EU level of linkages between health and food related strategies with the 
CFP as well as the development, for the specific needs of the Baltic, of fisheries and food 
sector communication and cooperation between on one hand the key official bodies for this 
region, i.e. ICES/IBSFC, and on the other hand the various regional organizations in the food 
and health area (e.g. under NCM).  
 
A new European chemicals policy has been under preparation in the last few years. 
Legislation on an ambitious control system (Registration, Evaluation and Authorization of 
CHemicals, REACH), giving increased responsibility to industry e.g. in providing requisite 
information, has been proposed by the Commission (date), and is subject to intense debate for 
finalization and implementation. Although REACH addresses chemical products and not 
unintentionally produced substances such as dioxins, it does have important links with and 
implications for dioxin assessment and management as well, e.g. through precursors and the 
overall procedures for assessment and control. For instance, the associated development of 
risk assessment, including extended treatment of marine environments, PBT substances, 
secondary contamination through biomagnification, and waste management stages, will be of 
importance also within assessment and management of dioxins and other DLCs.  
 
Integration is a challenge also within REACH, e.g. across chemical product classes and 
human and ecotoxicological concerns and assessment and managsment. To this is then added 
the challenge of integrating the complex legislation and practice with other areas of dioxin 
risk management, e.g. in food and health (as attempted in the SCALE initiative) and further 
with fisheries and marine protection. 

 
Inclusion of dioxin sources 
 

Management options exist and may be developed for reducing and generally managing 
specific sources and classes of dioxins and DLCs. On the other hand, some options are 
broadly applicable.    

 
Specific source-oriented strategies are particularly interesting from the point of view of an 
overall preventive risk management strategy to complement and potentially even to replace 
some of the fish-focused management strategies (cf. 9). Source-oriented strategies may 
include both emission control e.g. within an industrial branch (suc h as waste incineration and 
management, metals industry) as well as formation of dioxins in the first place. ' 
 
Upon the EU chemicals risk management paradigm, the development of risk reduction 
strategies is done especially, and with increasing detail, in connection with alternative 
products, including increasingly detaiuled assessments of the advantages and disadvantages of 
such alternative substances. Although PCDD/Fs themselves are not intentionally produced 
and thus inviting analysis of alternative products, such considerations are highly important for 
many dioxin precursors. Thus, specific strategies may be developd e.g. for the phase-out and 
management of PeCP (being subject to such planning e.g. within EU and OSPAR/HELCOM 
arenas), for chlorobenzenes as well as products such as PVC (as shown by the many detailed 
risk reduction programmes in US). 
 
Indeed, such source-oriented strategies may be extended to more general preventive 
strategies, e.g. addressing broad classes of products containing potentially dioxin forming 
substances, as well as chlorine and bromine economies as a whole, e.g. based on PLCA  and 
other LCA and LCM approaches.   
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In addition to general strategies for preventing and controlling formation and releases in 
chemicals control, also improved focused strategies are needed. These include e.g. dedicated 
strategies for dioxin and DLC prevention and control in metals industry (see e.g. Buekens et 
al. 200X), textile industry (Fiedler 200X), pesticides and biocides and other chemical 
industry, and in combustion also outside municipal solid waste incineration. These areas of 
strategy and management should be better coordinated, e.g. under the IPPC and POPs-related 
BAT and BEP systems. 
 

Local hotspot management and geographically broad options 
 

In addition to strategies targeting the whole Baltic sea (and its bordering countries, catchment 
or still broader impacting regions), Baltic Sea dioxins and related compounds can be and are 
being managed at a more restricted geographical scale. This applies to both localized 
emissions sopurces such as industrial areas (see above), but particularly to areas of the 
external environment already contaminated by DLCs.  
 
There is no sharp borderline between hotspots management and more extensive management. 
This is related to the definition of the contaminated site: in many cases, they include several 
separate hotpots (also with different contamination profiles), and in some cases they 
constitute extensive areas in the sea or its catchments, such as in estuaries like that of River 
Kymijoki. Despite the gradients in contamination, most of the DLC load in such cases may be 
located in a large adjacent recipient, and thus any management strategies need to consider this 
larger contamination as well. Moreover, also in more resticted hotspots the background 
contamination has to be taken into account in the investigation and assessment of site-specific 
risks and conditions and in the development and application of site-specific risks and 
management measures. 
 
An important example of such strategies is the recent strategy by the NRC (2003) for 
management of PCBs in sediments. Its importance lies in part in the broader socio-
economic considerations of risks and impacts, and ways to account for them in development 
and implementation of management approaches and schemes. The value and use of fish and 
fisheries, their cultural importance (also from the point of view of the traditional cultures and 
economies of native populations), and the issues associated with losses (economic and health-
related) from reduced fishing and fish consumption have all been emphasized in this strategy, 
along with the more regular primary human health and ecotoxicological concerns and 
evaluation of technical management options. Importantly, it was concluded that no generic 
solutions exist, as the solutions are alaays largely site-specific, and that careful analysis and 
planning is the key to efficient, acceptable and long-term management solutions. The 
principle-level problems of the long-term security of isolation and other such in situ solutions 
were stressed herein, although it was also noted that such approaches in most cases are an 
important part of the toolbox of technical measures (in some part of the contaminated area).      

 
In connection with comprehesive management strategies for hotspots, attention must be 
increasingly given to the risks and impacts, including indirect and counter-veiling ones, of the 
alternative options (cf. NRC 2003). This is particularly important to prevent the formation of 
additional risks (even if only transiently) e.g. from the dispersal of contaminants during 
dredging and treatment. Such analkysis needs to be extended to the control of subsequent 
emissions, exposures and risks at disposal sites for the materials removed and treated.   

 
The issue of land or sea focused hotspots management has to be resolved in setting 
priorities. The coastal and marine sediment hotspots readily emit DLCs to the sea and thus 
constitute an immediate risk. However, their control by intensive technological measures 
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involving containment, concentration and destruction or other treatment is a formidable 
challenge in terms of technology and costs, and may also cause new problems. By contrast, 
the hotspots in the catchment are in many cases more easily treatable and manageable even 
though they cause emissions to the sea only after long lags if at all. It should be also observed 
that most of the DLCs already have dispersed to remote sediments and are out of reach for 
technological control (cf. 7). Thus, a general strategy would be to favour land-based hotspot 
measures over extensive sediment cleanups, if these have no particular justification e.g. 
through simultaneous other benefits (such as in maintenance dredging) or if particular 
technological opportunities arise for most feasible and safe cleanup operations (such as 
possibly dry dredging after river channel isolation in River Kymijoki).   
 

Inclusion of institutional measures and liabilities   
 

The EU strategy as well as most other human health oriented dioxin strategies, even non-
regulatory strategies, focus on the institutional aspects of food supply and consumption stage. 
They do not address the institutional and regulatory issues, instruments and possibilites in 
prevention of dioxin formation, although this seems an important area of risk management.  
 
A challenge herewith is the unclear definition of risk and impact chains and thus of liabilities. 
Most dioxins have been formed unintentionally in the past, and these emissions have 
dispersed and keep cycling in the environment in secondary emissions in a highly complex 
and diffuse system. In such a situation, the polluter pays principle does not hold as readily as 
e.g. in the case of more limited one-time chemical risks from intentional products, and in the 
case of conscious discharges e.g. in violation of existing permits and regulations. Therefore, 
the liability may to a major part be reasonably assumed by the society as whole, if a need is 
perceived to allocate liabilities for risks and risk management burdens. Nevertheless, the 
application of institutional measures in addition to and as a support of technical measures in 
the prevention of additional dioxins and dioxin relseases seems an important area of 
development.     
 
Factors to consider in defining and allocating liabilities a policy making context include  
- whether intentionality of the risk and harm potentially caused by the emissions is a 

criterion of liability, and specifically whether liabilities include such inadvertent reaction 
products and impurities of intentionally produced precursors as dioxins, and releases that 
have not been permitted or explicitly forbidden through regulation  

- whether presently ongoing emissions from facilities (represented by legal persons with 
some general responsibilities) are held to be more liable in a legal sense than past 
emissions (that may have already diffused to the environment, wither to form secondary 
sources in the catchment including rivers, or to the Baltic sea including its sediments) 

- uncertainties regarding the relative share of various source categories (even in crude 
aggregations such as all industrial versus all non-industrial or all primary industrial and 
secondary industrial sources), depending on the requirements placed on the certainty of 
‘risk shares’ of the various source categories and actors that are taken to represent them. It 
may be noted in this regard that generally speaking the requirements for proof in the area 
of environmental legislation are not as strict as in other areas of jurisprudence, but allow a 
lower degree of probability for causes; on the other hand, in some areas such as 
environmental health 

- liabilities for compensation of risks in form of economic losses to fishers and fisheries 
may most appropriately be borne by the society, in this case EU (especially if imposing 
market restrictions) instead of national instruments such as the laws on compensation to 
fishermen based on methyl mercury consumption declines 
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Institutional options potentially include e.g. taxes targeted on chlorine and chlorine using 
industry, either collectively and in a non-specified form or in a more focused manner. These 
are examples of economic (but regulation based) management measures that may in principle 
be efficient, also introducing a preventive element in steering, but that may have considerable 
political and also practical obstacles. The above liability issue, also retrospectively, should be 
taken into consideration. It may however be argued that such obstacles are of a secondary 
nature, and that if other grounds are deemed to exist, no fundamental hindrance should be 
caused by the present regulations, policies and practices; if such a management approach be 
jointly regarded as efficient and reasonable, the regulations and policies and practices perhaps 
should be changed to allow such new approaches.  
 
It may be recalled as precedents or examples also for EU legislation and regulations regarding 
such compensation mechanisms for dioxin-related risks that  
- In US an extensive legislation involving comprehensive and joint liability (CERCLA) also 

for past conduct and emissions and based on taxes collected from (chemical and 
petrochemical) industry has been in place already for 20 years and reauthorized several 
times, to reduce risks associated with chemically contaminated sites, also including DLCs 

- In Europe, the Seveso directive, created on the basis of and with explicit reference to 
accidental dioxin releases, lays down some principles and procedures regarding liability 
and compensation for environmental damage. Its applicability to past releases (including 
diffuse emissions) is more limited than that based on the above US legislation, and the 
same applies to other Euriopean (also national) legislation on environmental damage 

- Within health care, some principles and procedures for establishing sufficient causation 
for enacting compensatory and other regulatory action have been established and tested 
(e.g. in the case of tobacco and disease); some of these may apply also to the reduction of 
environmental health risks by dioxins e.g. in Baltic Sea fish  

- Also the developing regulations concerning product liability, although mainly addressing 
ongoing production, may have some relevance indirectly for the creation or application of 
liability and compensation procedures; they are an example of a general and broadly 
accepted strive toward liability that is extended to cover the whole life-cycle of products  

- Some provisions in the POPs area based e.g. on the principles in the Stockholm 
Convention regarding liability may apply, e.g. for liabilities and compensation (also 
support for capacity building) within stockpiles including DL-PCBs.   

 
Cost considerations 
 

There is very incomplete and uncertain information on costs of dioxin risk management. The 
data and estimates that do exist are mainly for well-known technological processes of 
emissions control in waste incineration, industry and energy production (e.g., Detzel et al. 
1998). Even among these, cost data for some source categories are much better than for most 
others (e.g., municipal solid waste incineration in comparison to industry, and sinter plants in 
comparison to other industrial processes), and usually relate predominantly to air pollution.  
 
Within environmental cleanup technology, dioxin destruction or treatment cost data have in 
many cases been presented by the developer or vendor of the technology, and are not 
necessarily reliable and inclusive. In addition, there are detailed cost data for some other 
sources such as traffic but not assigned to dioxin control specifically but to technological 
control in general, e.g. for other air pollution related reasons. For some other specific options, 
cost estimates may additionally be relatively straightforward to produce. However, in most 
cases they are bound to be 'guesstimates' only.  
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For all options, a difficult question is how to delimit the cost estimates, for several reasons 
including the following: 
• Some costs may be incurred for other reasons than dioxin risks only. This scoping and 

delimitation issue applies to both information related measures such as dietary advice and 
to technological measures e.g. in source control, and to both general and specific options  

• There are indirect as well as direct costs; the former may include costs incurred from 
counter-veiling risks of management actions, e.g. by loss of benefits, and from 
subsequently managing these, as well as indirect costs from impacts e.g. on fisheries   

• The cost structure of a management option often undergoes rapid changes e.g. in the 
course of innovations, expanded use, and regulatory requirements; thus, present cost data 
for an option may be severely misleading and precluding cost (and benefit) comparisons 

• The costs to operators and other primary economic agents (also when summed) may 
differ from those to society at large, and the shares and relationships of these may be 
difficult to elucidate 

• There may be different costs (in absolute and relative terms) and cost structures in 
different spheres of management, e.g. in different countries and sectors. 

 
For such reasons, it is not feasible within this assessment to attempt to produce 
comprehensive and quantitative cost estimates for management options; this is a task that 
should be part of the further development of management strategies on separate funding. 
Instead, the emphasis here is on identification and conceptual analysis of cost factors and 
issues, on semiquantitative and  generalized evaluations of costs, on supplying illustrative 
information by means of examples, and on discussion based on these approaches.     
 
The same applies to benefits: they are important but as difficult to quantify (and monetarize) 
as risks. The benefits from health as well as from fisheries, from a clean and productive 
marine ecosystem and other such entities are only partly quantifiable, and escape strict and 
formal definitions. Thus, they will be treated mainly qualitatively, and identifying issues in 
quantification. Still, even though quantitative risk-benefit analysis has major limitations 
particularly in the case of multidimensional benefits (and multidimensional risks) and within 
human health, they do represent a key aspect of the risks, problems and solutions, to be 
analysed closely, quantitatively and in detail in many decision situations. This is parallel to 
the quantification of the economic value of human lives and health in health economics and 
public health policy and decision making, made e.g. to set priorities more systematically. 
Although direct optimization and minimization of cost (and risk) functions are untenable 
particularly because of the multiobjectivity of decisions, quantitative estimates of benefits and 
risks also in terms of costs will essentially complement the qualitative information in such 
decision (and policy) making.  
 
Cost-benefit and risk-benefit considerations are particularly important and acute in the context 
of dioxins in Baltic fish, as the need to balance risks and benefits from dioxin-laden fish has 
become an argument in scientific and policy discussions, e.g. in justifications for Finnish and 
Swedish derogations and national views of risk management (cf. 5.5). It is thus appropriate to 
discuss cost-benefit considerations in some depth at a policy principle level.  
 
The strive to consideration of costs and benefits within policy formulation and evaluation 
needs to be put in a wider context. Risk-benefit analysis has been advocated in the US, even 
particularly in environmental and health risk management (North 1997), and in relation to 
overall regulatory reform (Barnard 1996). There are consequently some established 
procedures for assessing and relating also quantitatively the costs, risks and benefits of 
policies and decisions. However, there has been some debate about environmental and health 
policies based on such analyses. Some have criticized the potential fragmentation of policies 
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(e.g., Buffler and Kyle 1996); others have resisted the general attempt to resolve priorities by 
methods that essentially involve monetarization, e.g. in the development of the 'rational risk 
reduction' initiative of USEPA (ref.).   
 
Also in EU, cost-benefit and risk-benefit considerations are increasingly present and potent in 
policy-making. This aspect of risk and impact assessment has been mentioned e.g. in 
connection with SCALE (on environmental health strategy) and REACH (chemicals control); 
in the latter, an Extended Impact Assessment has been undertaken to resolve the 'pros and 
cons' of the REACH system. Such an approach can also be seen in many other regulatory and 
administrative processes and practices in EU. At a member state level, increasing 
consideration of the impacts also in economic terms of proposed legislation have been 
strengthened and become required on a routine basis e.g. in Finland.   
 
More generally, the strive toward cost-benefit comparisons may be seen as a modern project 
in Western societies. Other reflections of the perceived need to relate costs and benefits can 
be identified e.g. in the emphasis on efficiency of organizations and functions, primarily (and 
often one-sidedly) in economic terms, and on prioritization of resources that has been 
extended as a formal procedure to ever more areas, notably within health care.  
 
However, the needs and opportunities for as well as the problems and limitations in 
consideration of cost-benefit relationships in risk management have to be recognized. While a 
thorough discussion of this is beyond the scope of the present work, some points need to be 
made to put risk-benefit comparisons in a proper and well-balanced perspective amd to clarify 
basic approaches to the issue.  
 
Some analysts have criticized the application of cost-benefits analysis to environmental and 
health decisions as a fundamentally flawed and misleading approach trying to measure 
incommensurate and irreconcilable entities and goals (NN and Ackerman, ref., cf. Booth 
1994). Some critics have even accused risk-benefit analysis in public health for being 
unethical in that it involves monetarization of the value of human life (cf. Ball 2002). Others 
have on good grounds dismissed such criticisms largely as misunderstandings, pointing out 
the difference between statistical approximations of value of life as analytical tools, and more 
absolute or normative statements of such values, and emphasizing the need to more clearly 
define the purposes and uses of such estimates in risk-benefit analysis (e.g., Hammitt et al. 
200X). In the debate in the area of public health policy, some have also argued for risk-benefit 
analysis by pointing out that prioritization of risk management measures without some 
evaluation of what the most cost-efficient targets and measures might be is in itself unethical, 
as it threatens to lead to waste of scarce resources. It can also be countered that cost-benefit 
and risk-benefit comparisons, in some form (even if only cost-effectiveness analysis) and 
related quantification of values and losses will be made in the process anyway, at some point 
and in some way, and thus better up front, openly and robustly.  

 
As a moderating stance to such polarized argumentation, one may conclude that risk-benefit 
analyses have their limitations as well as some (even considerable) utility and potential. 
Especially with complex and uncertain risks and impacts (where also uncertainties are of a 
higher order than e.g. mere measurement errors), a key difficulty with such analyses is that 
there are no single easily definable objective and utility function to be maximized, in the 
manner of classical cost-benefit analysis. In environmental (and health) decisions, by contrast 
there are often multiple objectives and criteria, multiple uncertainties, and multiple and multi-
level (also qualitative) considerations to be incorporated in the decision.   
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Also in management of risks from Baltic Sea fish dioxins, risk-benefit as well as cost-benefit 
considerations can play an important role. They may help resolving e.g. what the relative 
advantages and disadvantages might be of alternative courses of actions, considering e.g. both 
the risks from reduced benefits associated with accepting a risk, and other counter-veiling 
risks of risk management. Such analyses might also help defining the most efficient measures. 
Such analyses may be done at several levels and in many ways. A key point is that their limits 
should be circumspected frankly, as recommended by Ball (2002), and they should preferably 
be complemented by other considerations.  
 
A moderate stance is particularly important as the risks from DLCs in Baltic fish (and 
elsewhere) are not one-dimensional, involving e.g. only human health, and as these quantified 
(and even monetized) or qualitative impacts are on many levels. Therefore, no simple 
description and above all no simple commensuralization and optimization of cost and benefit 
functions is possible. Instead, single cost-benefit or risk-benefit and other such calculations 
can provide pieces of the decision basis, without either exaggerating or denying their role. 
Collectively, they can also be part of a multi-dimensional and multi-objective exploration (on 
the basis of multi-actor communication) of the various dimensions and frontiers in 
management option and impact assessment, and finally in the selection of an effective or at 
least commonly acceptable and fruitful frontier.    
 
It may thus be better to attempt such analyses openly and in a spirit of constructive criticism. 
Otherwise there is a risk that 'cost-benefit believers' and those dismissing out of hand or even 
demonizing such analyzes both keep offering their simplified pictures of their good or bad 
sides and clashing with each other with no common ground for argumentation, and these 
management aspects are then dealt with in an unanalytical manner, on an ad-hoc basis (e.g. on 
the basis of non-transparent and limited calculations).  
 
In a situation like Baltic fish dioxins management with its broad extent, complexities, 
dimensions and uncertainties, it also seems that in some respects cost-effectiveness analysis, 
also by novel methods, may provide an intermediate approach to gauging the economic 
dimension of strategies, and a viable alternative to risk-benefit approach.   
 
Because of the difficulty in quantitative assessment, it does not seem to make sense to come 
up with e.g. misleadingly certain estimates of risk-benefit ratios as anything more than crude 
approximations that may serve only as one rather limited basis of decisions (e.g. omitting the 
possibilities for healthy alternatives to dioxin-laden fish); they should in particular not be 
considered as decisive arguments as the proponents of such calculations sometimes imply 
(and as decision makers may wish to believe). Instead, the management approaches, options 
and their implications need to be evaluated in a more comprehensive, multi-dimensional 
manner including qualitative aspects of risks or disadvantages and benefits or advantages.  

 
All  in all, it seems evident that strategies for risk associated with dioxins in Baltic fish need 
to and can be evaluated in a multi-dimensional manner incorporating qualittative aspects as a 
crucial element. Particularly at this point, quantitative analysis seems possible and feasible 
only to alimited degree. The main thing is to identify, delineate and characterize the various 
management strategies and approaches, their impacts and other characteristica, and theit 
linkages with political, scientifi and other contexts os management.  
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Relationships with and implications of other strategies 
 
General strategies for POPs 
 

The development of National Implementation Plans (NIPs) under the POPs Convention is 
underway, including some guidance for strategy development (refs.) These include both 
technical and some economic and regulatory and information related e.g. know-how and 
capacity building elements.  
 
In connection with (on the basis of) regional POPs assessments, some options analysis and 
management strategy development is done. However, there still seems to be a lack of 
management and decision analytical elements, such as socio-economic analyses, e.g. with the 
Mediterranean regional plan (Albaiges, personal communication 2002).  
 
The replacement of PCBs by less hazardous substances is a generally accepted and ongoing 
process that also addresses alternatives to substances that have been intentionally produced. 
This is a very different management process from those addressing dioxins as inadvertent 
reaction products; in this case, the preventive considerations must include various precursor 
products such as chlorophenols (already much reduced) as well as chlorobenzenes (reduced to 
a more limited degree and by less regulatory steering). 
 

General strategies for chemicals 
 

Existing chemical strategies and related control systems such as those associated with the 
Existing Substrances, Plant Protection Product and Biocides regulations of EU are important 
for dioxin risk management also in the Baltic especially as precursors are dealt with. These 
strategies are undergoing evolution and consolidation especially within the REACH system, 
based on the New Chemicals Policy of the EU. Strategic issues in connection with them are 
dealt with below in the section on new strategies.  
 

Marine strategies and ecosystem approach in fisheries management in the case of dioxins 
   

The European Commission has prepared a strategy to protect and conserve the marine 
environment. While the strategy is still under development, the Commission adopted a 
communication 'Towards a strategy to protect and conserve the marine environment' in 2 
October 2002 (see Annex 11). 
 
In the communication (COM(2002)539 final), the Commission proposes a series of overall 
and sector objectives for the protection and sustainable use of the marine environment, in 
addition to actions of various kinds to attain them, along the lines advocated in the sixth 
environment action programme. The fundamental objectives identified are to halt the decline 
that is in progress and to protect the marine environment in future, by incorporating these 
objectives into the existing policies and frameworks. 
 
The marine policies and strategies emphasize an ecosystem approach including a 
comprehensive and multidisciplinary consideration of human-ecosystem interactions, also 
socio-economic drivers and impacts. An ecosystem approach in fisheries management is 
under development also by IBSFC and HELCOM (2002) around common issues between 
environmental protection and fisheries; in this connection, also dioxins have been noted, 
although only as a monitoring and research need. 
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The marine strategy is closely related to and partly includes the Coastal Zone management 
strategies implemented on the basis of global e.g. UNEP initiatives and policies. 

 
Fisheries strategies under ICES and its bodies and the BSFMC presently do not consider 
dioxins in detail, and do not link these considerations with the main parts of the operative 
management and advisory system, based on stock and catch optimization by TACs and other 
traditional instruments. In general, the fisheries management system, based on approval by all 
participatory states, is a rather formal mechanism, where the inclusion of additional 
management objectives and instruments and related assessment elements can be difficult.   

 
Other strategies 
 

The NRC (2003) strategy for management of PCBs in sediments is mainly concerned with 
site-specific assessment and remedial strategies in hotspots. However, the broader evaluation 
of risks and management strategies, including those related to more wide-spread sources and 
contamination by PCBs, is treated in detail and has considerable general relevance also for 
PCBs and DLCs in the Baltic. The strategy is relevant for the present case in emphasizing the 
socio-economic including cultural dimensions and impacts of risks and risk management, 
including risk perception and communication and the constrains for acceptability of 
management that are imposed e.g. by different regionals cultural traditions.  
 

Strategic implications of and links with other Baltic Sea processes  
 

Many other processes and developments take place in the Baltic Sea and in adjacent systems, 
including the global system. Many of these, notably social and political developments but also 
changes in natural processes or natural-human processes, are not predictable, are beyond the 
scope of this assessment, or have connections with dioxins in fish (or elsewhere) that are not 
clear. However, at least the following processes seem to have sufficiently well-established 
and important links with dioxins and their management to be mentioned in short:  
 
 Eutrophication: Much like excess DLCs, excess nutrients will load the Baltic Sea in 

future decades despite increasing abatement measures. As discussed above, eutrophication 
influences dioxin cycling in many ways, not only by increasing the biomass. Nevertheless, 
it is possible that e.g. the relatively high dioxin levels in herring in other biota in the 
Bothnian Bay may in part be due to the smaller biomass per unit area, i.e. the less 
eutrophic state of the system, whereas DLCs in other parts of the Baltic are diluted to 
lower levels also in the biomass edible by humans. However, this does not have a direct 
link  

 
 Climate change: This may influence the Baltic Sea ecosystem and technosystem, 

including those in its catchments, in many ways that also have a bearing on dioxin risks. 
Some of these changes may increase (some) risks, some decrease (other) risks. Climate 
change may have multi-directional effects on organic carbon cycling that is important as a 
carrier of dioxins, especially in the Northern part of the Baltic. Such changes are however 
complex and uncertain, and their influences of dioxin risks are difficult to predict (or 
reconstruct), as they are multifactorial and vary e.g. by season and area, being connected 
with catchment characteristics and land use. The estimated annual load of TOC had a 
statistically significant increase in the catchments characterized by peatlands but not in 
those dominated by fields (Arvola et al. 2004); also some decreasing trends were seen in 
loads during some months. The winter North Atlantic Oscillation index predicted rather 
well the load in March in the eight northernmost rivers. The time scale of additional (and 
perhaps accelerating) climatic changes to take effect on dioxins may be decades. Some 
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risks from dioxins and PCBs may by then have been additionally reduced. However, 
changes affecting the cycling of dioxins already in the sea (sediments) e.g. through 
increased storms or altered ecosystem structure may still be negative also in this regard.    

 
 Utilization of inorganic marine resources: In general, increased utilization of marine 

aggregates will increase risks from dioxins by remobilizing sediment pools. Such 
activities are anticipated in connection with oil, gas, shale and mineral and gravel 
utilization and transport. The ability of international mechanisms to control these 
developments even under strengthened marine environmental protection and in an 
enlarged EU are uncertain because e.g. of the interests of Russian Federation.    

 
Science-policy links 

 
In terms of interaction between science and policy, a better grasp of the systems to be 
managed (natural and social) and inherent uncertainties is imperative in developing new 
management strategies. In order to better link science and policy, R&D in these very links, i.e. 
human and social systems, is particularly important, and can be accomplished e.g. by decision 
analysis within risk management of dioxins addressing risk-benefit balancing questions in a 
more multi-dimensional and detailed manner. However, also research in natural systems may 
have explicit dimensions within and direct implications for developing management 
strategies. For instance, Ahmed et al (1993) in their study of risk assessment and management 
of contaminants in fish products consumed in the US noted that log-normal distributions 
appeared to provide good descriptions of the pattern of variation of contaminant levels 
between geographic areas, some organic compounds being much more variable than others, 
and that this variability offers a solution for reduction of exposure through restricting the 
harvest of aquatic organisms from specific sites, and by excluding certain species. Likewise, 
studies in sources of dioxins, their fate in the system, their effects, as well as control 
technologies all produce important information for developing and implementing 
management strategies. Research in dioxin sources is particularly closely related to 
management and prevention of associated risks.  
 
However, it is equally important to understand that some questions also within policy can not 
be resolved by additional research and monitoring, or can be resolved only marginally. In 
such cases, it may be unnecessary and counterproductive to go on with such research and 
information production, e.g. to focus too exclusively on ever more measurements of levels of 
dioxins in fish. Such a preoccupation, discernible also e.g. in the EU pilot project under 
SCALE, while serving some general purposes e.g. of cooperation and signalling that 
something is done, seems to miss many of the more crucial questions, e.g. in the intended 
development of environmental health plans to solve the problems in this connection. Also the 
control of the efficiency of abatement measures is not only or even predominantly dependent 
on environmental or fish concentration data. Instead, more emphasis (presently very lacking) 
seems in place on research addressing the grounds, goals and means of management, within 
technology, policy and socio-economics, and also research addressing the links with the 
broader contexts of dioxin risks outlined above.  
 
Considering the overall uncertainties in risk management also with respect to quantitative risk 
levels (cf. 5), it may be argued that it is of no great importance for many decisions whether 
the levels of dioxins in fish are e.g. 10 % above or below (as stipulated in the regulations for 
food or sometimes even 100 % above or below a limit value. Such precision and quantitative 
information may have some significance and value e.g. to establish trends, but they are 
typically overrated and even distract the attention from more important questions (such as 
whether the TDI or the limit value, ot a risk-benefit ratio, should be 10 times higher or lower, 
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and on what grounds). On the other hand, within monitoring, better balances between 
uncertainties and efforts to reduce them need to be found. Smith et al. (2002) concluded that 
instead of increasing analytical precision, the representativeness of sampling as well as the 
basis for TEFs should be prioritized to more efficiently reduce uncertainty of risk from intake 
of dioxins (in salmon).   
 

Research and other knowledge production issues 
 

Many studies have been made of analytical and research requirements for dioxins, and of the 
requisite precision, accuracy and specificity; some of these have also addressed questions of 
uncertainty and reduction of uncertainty (refs.). Also studies or appraisals of the relative 
merits (and integration) of chemical and biological methods of dioxin analysis have started to 
appear, with a focus on the natural scientific phenomena and processes of interest (refs.).  
 
In regulatory connections, monitoring (and testing and assessment) strategies for dioxins have 
attracted attention, and considerable national, international and interagency work has been 
done on the development of dioxin monitoring approaches, e.g. within WHO and EU; some 
of this work is ongoing as a central part of EU initiatives on dioxins, such as in connection 
with the European Community Environment Health Strategy and the strategy on dioxins and 
PCBs in food and feeding-stuffs (cf. 7). Likewise, research strategies have been evaluated, 
usually at a qualitative level, e.g. in connection with expert meetings on dioxin research 
(refs.).  
 
The information and knowledge evaluation aspect is naturally also included in many of the 
thousands of studies of dioxins implicitly, e.g. in the discussions on further research and 
methods development needs. However, many of these are of the type ‘more research is 
needed’ that, even when specifying research needs and opportunities, do not attempt to define 
them by using any formal and validated methodology. Methodological evaluations and 
suggestions are often of a qualitative, narrative and ad hoc type, and part of an internal 
deliberation that cannot be critically evaluated.  
 
It may be assumed, on the basis e.g. of studies in the socio-psychology of science (e.g., refs.), 
that most researchers and other knowledge producers and practitioners have an inherent bias 
toward their own field of study or activity, and toward a certain kind of inquiry and 
interpretation, even to the point of trying to ‘sell’ a research problem and approach. This latter 
factor is indeed likely to become ever stronger, as competition for scarce resources for 
research and related activities (which are particularly resource demanding in the case of 
dioxins) is ever more pronounced.  
 
Because of this, and because of a separation of science and management ignoring e.g. the role 
of management sciences, it may be suspected that there is an inability to focus in a more 
analytical fashion on the opportunities to manage risks. Instead, ever more and ever more 
detailed studies of the natural scientific aspects of the problems are being made, while 
management policies, decisions and actions are far too often produced on ad hoc basis and too 
detached from scientific information and deliberation, especially in policy and decision 
sciences. 
 
Nevertheless, much of the new information produced in both areas, i.e. by environmental 
chemists and toxicologists, is valuable. Key pieces of scientific, technical and other 
knowledge have been and are being produced by monitoring and research of dioxins. The 
value of animal testing in providing information of dioxin effects, and thus also of more 
general concerns (e.g. of other resembling substances) needs to be acknowledged as well, 
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despite the needs and also the increasing possibilities of obtaining such information by other 
means (such as in vitro studies and modeling). Often the significance (as well as the 
shortcomings and limitations) of scientific and technical information cannot be grasped by 
those unfamiliar with their production. Nor can it be claimed that the value of new 
information could (or should) always be known even roughly, as unexpected results and novel 
breakthroughs and surprises are the essence of scientific inquiry; thus, research needs can 
never be fully or even to a great part foreseen, and requisite research programmed and 
planned. 
 
Few scientific studies have been made of the needs of information and of the roles and 
qualities of knowledge on dioxins from a decision analytical point of view, and taking into 
account more fully and more robustly economic and other human factors related to both the 
needs of information and to the production of information. Judd et al. (2003) have published 
one of the few analyses of monitoring methodology for DLCs from a risk assessment and 
management point of view by explicitly addressing questions of information needs. They 
estimated the desired levels of analytical sensitivity for the congener expected to contribute 
the most to PCB TEQ, CB 126, and compared to limits of detection for various analytical 
methods by multi-dimensional and multi-disciplinary methods. The financial and health value 
of methods with different levels of analytical sensitivity were compared using a value of 
information approach, which includes analytical cost and cost of potential health outcomes, 
and a proposed risk assessment utility approach which considers the relative health 
protectiveness of analytical options non-monetarily. Sensitivity analyses indicate that average 
consumption rate, cancer risk slope factor choice, and knowledge of existing PCB 
contamination are important considerations for planning PCB congener analysis. 

 
   
8.4  Summarizing conclusions and theses about management strategies of Baltic Sea fish 
dioxins 
 

The following theses are presented on the basis of the previous discussion regarding risk 
management contexts, needs and possibilities. In some cases, evaluations of risks and 
uncertainties are included as well. The theses may be seen as tentative conclusions of 
management questions (and associated assessment questions) which in many cases have the 
character of hypotheses. It is nevertheless felt justified to offer them for further elaboration 
and development. They are explained by descriptions of some key aspects; these also serve to 
identify possible angles to resolve related open questions. 
 
• In setting management goals, it should be better appreciated that the worst exposure to 

PCDD/Fs and DL-PCBs are over, and no panic action is needed, even with the inclusion 
of DL-PCBs in the DLCs to be regulated. This is important also as measures, exposures 
and effects are in a long term.  

  
In  general, in addition to the classic dioxins, other DLCs should be given more attention; 
this may imply alterations in policy goals and management strategies.  
 
Considering on one hand the unclear basis for and the ill-anticipated and potentially 
counterproductive implications (also due to the loss of health benefits from fish) of risk 
reduction focused on fish dioxin levels, and considering on the other hand the possibility 
of other, less managed risks due to the formation and accumulation of other dioxin-like 
compounds and effects also on non-human animals, alternative risk management 
approaches seem justified.  
 



 

 

248

 

The basis of TDIs, as the key quantitative driver in human health risk management for 
also dioxins, is not unequivocal; such risk criteria are not purely derivable by scientific 
premises. Already the selection of pivotal studies (and thus of species and endpoints), or 
indeed whether extrapolation from animals to humans at all is justified (and to what 
degree of confidence), is a point where deviations in expert opinion are discernible and 
that is open to judgment. It must be particularly emphasized that no clear justification has 
been given for the safety factors applied. This may mean that risks are either over- or 
underestimated or –predicted). Likewise, Margins Of Safety are not clearcut and purely 
scientifically and exactly definable, but depend greatly on the models, data and 
assumptions used.  

 
It has been practically ignored in risk management strategy development that the 
relationships between TDIs, themselves wrought with great uncertainty, and target or limit 
values in fish, are not straightforward. They essentially depend on factors such as the 
relative amounts of dietary items consumed that have not been explicated in strategies. 
With both a stricter and a more lenient TDI, limit values for dioxin contents in fish higher 
than presently applied can be derived, depending on the assumptions used. In particular, 
consideration of the health benefits of fish and their contributions to the overall risk-
benefits relationships of foods may alter radically the allowable (maximum and action) 
levels in fish.   

 
• A fuller consideration and harmonization is called for of the interests of various sectors 

and related other areas of managing risks both to human health, ecosystems, natural 
resources, safety and other values and needs from dioxins in the Baltic Sea, as elsewhere. 
 
The characteristics and interests of fisheries have not been factored in well enough in the 
deliberations, policies and processes concerning dioxin risk management in the Baltic Sea. 
Examples of this include on one hand the lack of explicit consideration of dioxins as a 
boundary condition of fisheries management under IBSFC, on the other hand the narrow 
and rudimentary consideration of the links of dioxin focused regulation with fisheries as 
well as of the opportunities of fisheries in managing the problem.  
 
This exemplifies the challenges in inter-sector coordination; it is clear that until the 
fisheries linkages are more fully analyzed and taken into account, no comprehensive, 
balanced and well-functioning management policy and strategy for Baltic Sea fish dioxins 
is attainable. The coordination of dioxin and PCB management strategies (for food and 
feeding-stuffs as well as for the environment) with the CFP and with the EU Marine 
Policy, in principle facilitating such linkages between health and fisheries within broader 
human ecology frameworks, is of great importance in developing and implementing all of 
these initiatives.   

 
• A more comprehensive consideration and combination of management measures for 

Baltic Sea fish dioxins (and for dioxins more generally) is needed, spanning all stages in 
the chains of events in risk formation and management as routinely analyzed: prevention 
of formation; reduction of emissions, control of immissions, environmental fate and 
cycling, fishing and fish uses, compound exposures and effects at various stages; and 
adaptation to and compensation for risks.  
 
Regulation of fish dioxin levels is not the only and is not necessarily even the most 
efficient and balanced way to reduce risks to human health from dioxins. A great problem 
with this management approach is the adverse impacts on human health due to reduced 
consumption of valuable fatty fish. If benefits from fish are factored in, the relative 



 

 

249

 

significance and acceptability of dioxin-rich Baltic Sea fish in relation to other food items 
such as meat, diary and poultry will change. The  loss of dioxin and other environmental 
management capacity in fisheries is another important constraint. It is also uncertain 
whether and in how far this fish-focused regulation will influence dioxins more generally 
and in a back-stream process (toward prevention), and equitably e.g. between sectors.  
 
The EU strategy for dioxins even within human health risks targets only the food 
production system (albeit rather extensively) and is chiefly concerned with detailed 
regulation of dioxins in food and feeding-stuff of various kinds, while e.g. prevention of 
dioxin formation and even emissions control are treated very little and mainly in the form 
of vague measures. Some other abatement areas such as removal of dioxins in fish (not 
only from fish products), targeted fishing for population structure control and other in-sea 
measures, as well as improved diet advisories, not to mention post-effect measures such as 
compensation for losses through reduced produce, have not been dealt with at all in the 
extant strategies.  
 
Evidently in all these areas and stages, considerable potential exists for risk reduction that 
needs to be aligned with the present measures, based also on additional analyses of their 
relationships and relative merits. While measures in some of these areas may be 
developed and applied also independently and within other strategies and initiatives 
(based e.g. on other jurisdictions), a better appreciation of their mutual connections is of 
paramount importance. 
 
There still is considerable uncertainty of the risks from dioxins in general and also in 
Baltic fish, as well as of many abatement options (also in terms of their cost-efficiency 
and impacts). Still, some of the options especially in the area of prevention offer relatively 
certainly easy and efficient means of reducing the risks. A key consideration of such 
measures is that they will cascade through all of the subsequent risk chains and reduce all 
kinds of risks from dioxins, including those on non-human animals that now are 
essentially excluded from the specific management approaches of the EU. 
 
It seems that a better linked and coordinated multi-frontier approach is needed and is 
feasible, combining management measures in various stages, sectors and areas and of 
various levels and kinds.  

 
• As to the management approaches and types of instruments applied, the present EU 

strategy is essentially based on normative steering. Such a management approach 
fundamentally assumes that, also in the case of marketed fish, the decision whether a fish 
can or can not be eaten cannot be left to the consumer. This is different from the case of 
many other commodities with great (even much greater) health hazards and risks, such as 
tobacco and alcohol, the marketing of which is not forbidden but only restricted. There are 
differences between dioxins in fish (or other food) and other dietary items of consumer 
commodities, but it is unclear whether they justify a management based predominantly on 
normative regulation of fish quality.    

 
A related issue is the level and type of subsidiarity allowed. In an approach emphasizing 
information steering to a great extent, the possibility of considering specific regional 
conditions and, as a result, acceptability and flexibility may be more easily achieved. Such 
approaches have their limitations and pitfalls, also considering the justifications for risk 
management through uniformity in regulation. Nevertheless, it seems appropriate to 
explore more the needs and possibilities for developing subsidiary management 
approaches for Baltic Sea fish dioxins, as a complement for and also as a further 
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development in the implementation of the general EU-wide dioxin strategy, in particular 
as the latter needs to (and will) be aligned with other strategies e.g. in the environmental, 
nutritional health and fisheries area. 
 
A more comprehensive and preventive approach to consider is the use of economic 
steering instruments (combined with regulation as appropriate) to reduce dioxin formation 
overall, instead of only focusing on the fish market stage. Such instruments may involve 
preventive management of dioxin precursors; also instruments directed to organohalogens 
more generally should be considered, including the application of retroactive measures 
and funding mechanisms, even though inadvertent and unknowing dioxin formation has 
often been the cause of perceived risks.  

 
• Focusing risk management measures to those with greatest opportunities, benefits and 

prerequisites is an important strategic issue. Synergies with other goals and options are an 
important consideration herewith, as some measures may be become much more feasible 
also for dioxins if accompanied by other benefits or prerequisites.  

 
• Other Baltic Sea protection and utilization policies should be taken into account; some 

of these may be synergistic, some competing or even conflicting (in some respects and 
without particularly aligning measures) with dioxin management. In general, is justified to 
focus efforts on those with the greatest benefit/risk ratios (including counter-veiling risks 
such as from loss of health benefits from fatty fish, and indirect benefits). However, these 
are not easily definable, and are only one consideration in such risk management policy 
and decision making. 

 
• Risk management measures in new member states such as Poland offer efficient 

opportunities in preventing, reducing and controlling sources of dioxins to the Baltic Sea 
in connection with structural change and modernisation of industry, waste management, 
chemical usage, energy production and other areas; in addition to measures at the 
technological level, structural and functional economic and political incentives and 
support e.g. in the form of capacity building are needed and feasible. Many of these 
measures, such as prevention and emissions reductions in iron and non-iron (including 
secondary) metal industries, waste incineration, waste disposal and stockpiles control, are 
desirable also for other reasons including reduction of health risks from other 
contaminants and small particles. Reductions in usage of chlorinated (and other 
halogenated) materials including herbicides, pesticides and biocides is another area where 
important progress can be made. 
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9 Perceptions of and communication about dioxin risks, impacts and uncertainties  
 
9.1 General considerations 

 
It has often been stated that the bottleneck of risk management is risk communication. A more 
open, participatory and communicative risk management culture has been advocated also in 
EU and has started to develop, both in general and in particular cases of risks from 
environmental contaminants e.g. to human health, or of fish marketing restrictions. However, 
there are many important hurdles in this progress.  
 
Risk communication is influenced by, and in turn influences, how those communicating 
perceive and value risks and associated uncertainties, impacts and benefits from both reducing 
and bearing risks. Thus, perceptions of risk need to be scrutinized to understand and improve 
risk communication, also in the case of Baltic Sea fish dioxin management.  
 
Risk communication and associated risk perception are an integral part of managing risks. 
This is true especially of the policy and decision making processes. However, risk 
communication takes place in many forms, at many levels and stages, and between many 
groups, especially those involved in management decisions and actions (e.g., CEC 2003). The 
importance of risk perception and communication goes however deeper than to the conception 
and exchange of ideas between those regulating risks and those being regulated. Perception 
and communication are also an inseparable part of knowledge production, processing and 
transmittal. Thus, risk perception and communication are not only about what consumers or 
stakeholders 'feel like' and express about risks, and how they reach consensus (or do not) in 
responding to them: also 'the objective facts' are established - and contested – through 
perception and communication, by scientists and experts but also by and with others. This 
knowledge aspect goes back to basic questions of objectivity and rationality that are of 
interest not only in theoretical philosophy but also in practical risk management. 
 
Such knowledge aspects of risk perception and communication are particularly important in 
relation to risk assessment, or at least two reasons: there often is an illusion of objectivity of 
its scientific basis; as assessment itself can be shown to be highly value-laden and influenced 
by risk perception and communication modes and subcultures; and most interest has been 
given to risk perception and communication in non-scientific spheres, in a strict separation of 
science and policy (and of these aspects of assessment). Both of these reasons are relevant on 
one hand in soliciting and evaluating scientific information and expert opinions produced and 
expressed by others, and on the other hand in evaluating the information and assessments of 
the assessor himself, i.e. as part of methodological self-reflection.    

 
The following discussion consequently has a dual focus. On one hand, risk perception and 
communication within and in close relation to research and assessment are dealt with, 
emphasizing interactions between a) knowledge production (e.g. in science); b) knowledge 
integration, processing and evaluation (in assessment), and c) knowledge application, along 
with other premises, in management (e.g. policy-making). On the other hand, perception and 
communication will be dealt with from the more common point of view of risk management, 
both at a general level such as in formulation of policy principles and strategies, and in more 
specific aspects such as in relation to dietary advisories. Also the relationships between 
perception and communication will be dealt with; however, the discussion in most parts is 
divided in perception and communication. More extensive empirical (as well as theoretical) 
investigation of risk perceptions and communication is beyond the scope of this assessment.  
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9.2  Risk perceptions  
 

9.2.1 Multiplicity and factors of risk perceptions and views 
 

A number of factors have been found (e.g. Slovic 1986) to affect perceived risks and may be 
assumed to affect those associated with dioxins. The factors increasing risk perception that 
pertain to risks themselves include the following aspects of risk (cf. 2 and 5):  
• anthropogenic (e.g. dioxin risks thus may be blamed on someone, cf. Douglas 1996) 
• voluntary (e.g. to dioxins in diets; such risks may be perceived as more acceptable than 

risks imposed by others, due also to the 'outrage factor') 
• present or imminent, or only potential 
• controllable (perceived as smaller; with dioxins, this factor is not clear-cut) 
• known (dioxin risks are still rather poorly known and not commonplace to most people) 
• catastrophic (dioxin risks in some cases such as accidents and contamination episodes; 

however, most of them are continuous and not catastrophic in the sense of sudden risks) 
• dreaded (dioxins are to many people, as 'supertoxics' of health concern; on the other hand, 

fears may decrease e.g. as people learn about and get used to dioxin risks) 
• local (dioxin risks are felt locally, e.g. in hotspots, and globally both in a geographical 

sense and in foods and exposure media of many kinds; this may heighten risk perception) 
• identified with a target (e.g., victims evoking sympathy such as children).      
 
In addition, a host of personal and social factors influence risk perceptions, including age, 
gender, character, social class, education and upbringing, communication about the risk, 
culture, economic interests, prestige, and other bindings and stakes (refs.). Such personal and 
social factors interact with risk-related factors; thus, a generally risk-averse (cautious) person 
also in the case of food contaminants may easily accept some other risks. Perception is also  
modified by the context, the channel of presentation (e.g. media exposure), the presenter, the 
way of presentation, and psychological anchoring and other such relationships (refs.). 
 
Perception of impacts more generally, including beneficial impacts, and of uncertainties is 
also dependent on and conditioned by a host of factors within and around the perceiver, as 
well as on the situation.  Many of the above factors affect these perceptions. However, in 
these perceptions, the dread element and many associated factors in risk perception are not 
present or are not so pronounced. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 39. 'Blind men and the seal': Conceptualization of different perceptions of and perspectives on 
the Baltic Sea fish dioxin problem. 

'Mainly a health 
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knowledge  
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'Stranded seal': Baltic Sea fish dioxins
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Consequently, many differing and complementary perceptions of the risks associated also 
with Baltic Sea dioxins may be identified. While the variation in risk perceptions and views is 
prominent between individuals and situations, it is postulated that group affiliation and 
professional background are generally important is shaping risk perceptions. This may be 
illustrated in the case of risks from dioxins in Baltic fish by a paraphrase of the proverbial  
'blind men and the elephant' (Fig. 39): no one group or person possesses the only legitimate 
view and objective truth about these risks, but only complementary (in some cases 
conflicting) facets of the same fundamentally indivisible reality. In a similar variable fashion, 
other persons and groups including stakeholders, politicians, media representatives and lay 
persons perceive and relate to risks. Stakeholders belong in some respects to professional 
groups, but may not have specific expertise in dioxins (in other respects they may be highly 
knowledgeable experts); they are also particularly likely to perceive things conditioned by the 
perspectives and interests of the stakeholder group(s) they represent.  
 
It should be stressed that this illustration and any classification of perceptions is a 
simplification; in reality, the categories vary, overlap and interact, and distinctions are 
blurred. The differences and apparent limitations in views may also in practice be related 
more to lacking cooperation between disciplines and sectors than to fundamental conceptions; 
at some level (even profoundly) needs for broader views may already have developed but are 
constrained by e.g. disciplinary and administrative divides. However, different perceptions, 
perspectives and conceptions regarding the risks (and their management) exist.      

 
9.2.2 Perceptions of food safety and health related risks 
 

Individual and societal perceptions of food-related health risks are multidimensional. Social,  
psychological and cultural factors interact with nutritional, medical and technological factors 
and affect these perceptions in complex ways. This was shown e.g. by Dosman et al. (2001) 
who established that many socio-economic and demographic variables were strong predictors 
of an individual's risk perceptions, while only gender was robust across all the classes of 
health and food safety issues examined and across two time periods.  
 
Perceptions of risks (and benefits) from fish contaminated by dioxins, or of risks from dioxins 
and food contamination and related natural resource misuse in general, may also be 
approached from a psychoanalytical angle. Association, transference, denial, resistance, 
internalization, adaptation and compensation in relation to the mental challenges of such risks 
are among the key processes. In all of these, the life history of the individual (but as part of 
the community and its cultural traditions) are crucial for developing risk views and attitudes.  
 
Among psychological responses to environmental contamination denial plays an important 
role. It is present on many levels, in many forms and among various groups, from those 
directly subject to the risk to those studying it and supposed to manage it. Denial may occur 
both as a response to perceptions of new risks or as a numbing effect to repeated warnings. 
Hatcher (1982) studied how breast-feeding mothers denied the presence and possible effects 
of chemicals in their offspring, focusing on their psychological defenses and reactions such as 
guilt or ambivalence in the nursing relationship and their efforts at mastering the situation; he 
also pointed out that these reactions may have widespread significance and application in risk 
communication and management. It can be assumed that some similar denial and 
psychological factors are involved in reactions to contamination of fish e.g. among those 
inclined to value fish economically, emotionally or symbolically and dependent on fishing. 
These reactions may consist of excluding the thought of risk, rationalizing it away, or defiant 
continuous consumption of fish not only as a calculated net benefit but as a more general 
attitude. It may also be part of a resistance to risk management (and risk advice) attempts.   
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Such denial may in some respect be seen as a healthy 'filter' of excessive risk warnings, the 
reaction to all of which might be impossible and even harmful (also as s stress factor). Also in 
the case of Baltic Sea fish, some denial of risk suspicions and alarms may ensure that e.g. 
health benefits from fish are not too easily lost or reduced by over-reacting. However, such 
denial may also imply selectively ignoring or downplaying indications of adverse effects, e.g. 
among those intent on finding arguments for continuous fishing and consumption of fish. 
Those prone to react more promptly and strongly to risks in the name of precaution or due to 
their constitution may find such downplaying or denial of risk dangerous, even irresponsible. 
The former persons may be unwilling or unable to grasp real risks and justified warnings, the 
latter unwilling and unable to take into account benefits associated with accepting the risks 
and counter-veiling risks of rash reactions to them, and generally to pause to think what 
would be the wisest thing to do.  
 
The book by Alan Mazur (2003), 'False alarms and true warnings' on the basis of a 
retrospective analysis of various warnings (until 1970's) sheds some light on how these can be 
told apart (based on e.g. the forms and contexts the warnings were presented in), and what 
factors influence whether a warning is both justified and acted upon, or is not. The tension 
between too little or too much denial of risks and warnings can be discerned also within 
science and assessment, among experts. Also they have to balance between 'paralysis by 
analysis', e.g. requiring ever more proof before action is advised, and 'panic action', e.g. 
rushing to study or publish new risks, based on preliminary indications (see Finkel 199X, 
Harremoes 2003).  
 
The average attitude and degree of 'filtering' dioxin risk information may depend to a 
considerable degree on the discipline or sector one works and has worked in. It seems 
probable that those knowledgeable about dioxin risks are on the average more concerned 
about them, whereas those not knowing them more easily have a tendency to ignore or 
downplay them. Also the reverse may be true however: some dioxin experts may based on  
their expertise have a more laid-down attitude, and be able e.g. to sort out excessive fears 
from more justified ones, while less knowledgeable persons, both experts in other areas or 
laypersons, often exaggerate risks new to them. A self-serving risk inflation (e.g. to increase 
research funding or sectorial or other positions), frequently suspected or alleged by risk 
skeptics, may also be a factor, as may self-serving risk denial or deflation.  
 
In reality, there is not a sharp dichotomy between such groups or 'camps'. It is conceivable 
that one and the same person in some situations and respects denies and in others 
acknowledges, or in some cases inflates and in others downplays a risk. Also variable relative 
acknowledgement of different risks is usual ('pet' risks versus others).  
 
The tension between alarm and calmness is thus complex and may be difficult to resolve, as 
science is about finding new facts, also (and in this case, perhaps particularly) facts of new 
harmful compounds and effects and new risks, but is also essentially dependent on being 
disinterested, unemotional and impartially judging all evidence also to the contrary, involving 
careful deliberation. An adequate balance between risk inflation and risk deflation may come 
about, in part, through a broader and improved inter-disciplinary interaction where e.g. 
skeptics of fish dioxin risks learn about alarming facts and justified warnings, while those 
focusing on them broaden their views e.g. to benefits from fish and fisheries and to the 
difficulties and multi-faceted implications of choices in management. However, this will often 
require a questioning of one's own views and affiliations, a reduced certainty of possessing 
the only valid view, and a willingness to modify it while also communicating it together with 
one's information. 

 



 

 

255

 

9.2.3  Perceptions and expressed views of dioxin risks 
 
Dioxins have from early on presented a pronounced case of heated risk communication where 
controversy about scientific information has mixed with policy controversy and related debate 
both professionally and among the general public, particularly about the health risks involved. 
This turbulent and partly confused communication has been fuelled by accidental cases of 
environmental contamination and in a more dispersed mode in the food supply (in Belgium 
and elsewhere in EU and other regions). Intense communication about dioxin risks has also 
ensued due to the less sudden and accidental cases of dioxins in herbicide application 
environments such as in Vietnam war and in forestry, in cases of local contamination e.g. at 
Finnish and Swedish sawmills, and in prolonged occupational exposure.  
 
More similarly with the present case, intense risk communication has taken place about the 
contamination of fish by dioxins and related compounds, notably in the Laurentian Great 
Lakes, although mainly caused by consumption of sport fish and not professional fisheries. 
This risk communication has focused on human health risks; only as a complementary 
dimension have ecotoxicological effects and effects on other non-human animals and 
ecosystems been in focus. In many such cases, the debate and controversy has been largely 
about the sense of violation of basic rights, the difficulty to relate to uncertain risks, and 
associated sentiments of fear and anxiety.  

 
Dunn et al. (1994) concluded in a study of socio-psychological responses to a local PCB 
contamination case that local community context exerts an important influence on 
psychosocial effects of environmental contamination, and that the types of outcome measures 
employed and the timing of the research in the context of the site history were important 
factors for the ability to detect psychosocial effects of the PCB contamination and 
remediation. 

 
Public perceptions are interacting with media representations in a two-way process. On the 
conflict/consensus model of Tichenor and others, Griffin et al. (1995) proposed that mass 
mediated information signaling that local agents are contaminating the local environment and 
posing health risks is conflict-generating and therefore will be controlled in the interest of 
community stability.  
 
The model may be expanded but in a modified (even revised) form to the case of Baltic Sea 
fish dioxins that presents some similar traits, although being a less localized issue. There are 
however notable differences in the Baltic Sea fish dioxin 'storyline', including in this case e.g. 
the juxtaposition of risks and benefits, of experts in various sectors, and of local, national and 
EU-wide communities. The perceptions and views of the public toward these risks may thus 
be assumed to be conditioned by a more complex set of factors, including both risk-inflating 
factors (e.g. to attracting attention due to presumed or observed public fears), and on risk-
deflating factors. The public, the media, stakeholders and others develop their views and 
responses to the risks and to their management, e.g. on how high risks (or risk/benefit ratios) 
be acceptable, partly based on their attitudes and affiliations toward such juxtapositions. 

 
Risk communication in media presents herein a complex scene and process, also as media 
mixes messages exaggerating risk ('the cancer press') as well as, more recently, has 
discovered the interest in news, opinions or assumptions that signal that risks are in fact 
smaller than commonly thought. These varieties of media reactions, interacting with 
perceptions and reactions of the public, are related to the more general debate about 
environmental optimism and pessimism, à la Lomborg. In part, such placating (but typically 
also exaggerated) news may be prompted by other reports that have inflated the risks.   
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9.3  Communication about dioxins in different policy areas and levels of regime 
 
9.3.1  General considerations 
 

Different policy areas have some differences in the ways of perceiving and communicating 
about risks. The different style of communication in various disciplines and sectors are partly 
related to the different professional language and concepts (cf. Fig. 39). 
 
These communication styles are however variable and dynamic. Also within a field several 
approaches to risk communication exist, depending e.g. on the case and context (such as the 
level where communication takes place). For instance, environmental policy is not 
homogeneous but includes such different areas as e.g. environmental resource management 
and environmental chemicals. These may be expected to include very different perceptions of 
and communication about dioxin risks, due in part to the closer familiarity and binding of the 
latter sub-area with dioxin issues. Within environmental health, the perceptions and 
communication about chemical risks may also differ between toxicologists and 
epidemiologists e.g. with respect to the level of uncertainty, as pointed out by Tuomisto 
(200X). This may be due to the habitual use of safety factors among the former sub-group 
instead of more rigid treatment of uncertainty and requirements for proof among the latter, or 
to proximity to the specific risk agent or to a more general and comparative public health risk 
assessment, respectively.     

 
It may be hypothesized that in addition to or even above inter-disciplinary differences in risk 
communication, the particular situation and the contextual factors it activates influence how 
communication is practiced. For instance, in all sectors, there are both precautionary and more 
lenient traditions in dealing with risks to health, environment and safety. Which approach is 
adopted depends on the case, e.g. on the perceived interests of the disciplinary collective to 
adopt a strict or relaxed approach. It also is influenced by the stakes and pressures present. 
These in turn are related e.g. to whether a sudden, catastrophic type of risk (such as dioxin 
accidents and contamination episodes) is confronted with and communicated about, or 
whether communication is about more gradual and stable long-term risks.  
 
The multiple risk perceptions (cf. 6.2) essentially influence the way people communicate (or 
do not communicate) about fish dioxin risks, and e.g. the 'risk language' they use. 
Communication thus takes place in a variety of forms and on many levels. It is practiced by 
many persons and parties in a multi-way process. Some of it is organized and specifically 
facilitated, some informal. It includes scientific, professional and more general public 
communication.  
 
Among the levels of risk communication the different levels of regime and the geographical 
scale of the problem and of responses to it are important. In particular, the communication 
within and between the Baltic Sea states in relation to EU level actors such as the 
Commission is crucial for management (cf. 7). In all sectors such as environmental, health, 
food and fisheries, lower (national) and higher (international) levels operate.  

 
The anxiety and fear factor involved in contaminants especially in the case of human health 
effects and risks strongly influences the forms and processes of risk communication about 
substances like dioxins.  
 
A more inclusive definition of dioxins presents a great challenge also for risk communication. 
It may be hard to educate and convince the public, policy and decision makers, the regulated 
communities and even many authorities of the needs and opportunities for formally 
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considering substances beyond those presently on the table. The reaction easily is that there is 
a never-ending stream of substances that exceeds the capacity of those involved to cope with. 
An important consideration in this regard is the constancy and predictability in regulation. 
Regulators may thus often be predisposed to focus on evidence on traditional dioxins partly 
due to the constraints in implementing management practices even for the WHO-TEF set. 
This may lead to a vicious circle: mainly those regulated are monitored, and vice versa. To 
break such circles new information, evaluations and management approaches are needed. 
 

9.3.2 Alarmist and placationist perceptions and approaches to risks 
 
Factual and emotional arguments are sometimes too strictly separated and viewed in a 
simplifying manner. Allegedly factual arguments for dioxin risk management may conceal 
some value-laden, even emotional elements, and vice versa. For instance, benefits from fish 
are not only biological, nutritional and economic; but also (even within these dimensions of 
benefit) socio-cultural benefits. Conversely, the significance of herring, other fish and 
fisheries may be factual, not only emotional or sentimental. The sense of purpose, of natural 
resource use, of historical continuity and other such perceptions are also facts. On the other 
hand, risks and adverse impacts from dioxins do include an element of fear that is unfounded 
in facts and rather emotional. These considerations may be seen in relation to the general 
question of emotions in relation to and even as an integral part of functioning and lasting 
rationality, as stressed e.g. by Antonio Damasio in his ‘Descartes’ error’.    
 
In more concrete terms, also in Baltic Sea fish and more general dioxin risk management risk 
inflation and deflation (exaggeration and downplaying) are affected by the contrasts and 
interactions between facts and emotions. For instance, some stakeholders and even experts 
(none of them wholly impartial and without preferences formed e.g. by their backgrounds) 
may inflate risks from dioxins in fish due also to emotional factors, such as emotional 
attachment to thought victims, but may lack empathy for (also due to lacking familiarity with) 
those under risk from diminished fatty fish use in nutrition, or those hit by fishing restrictions 
and fisheries collapse.  
 
In a generalizing manner, we may call those focusing on direct risks from dioxins ‘dioxin 
precautionarists’ (even ‘dioxin alarmists’) or ‘fisheries sacrifiers’. On the other hand, some 
stakeholders and even some researchers and experts may inflate counter-veiling risks and 
benefits from fish and fisheries, in an eagerness to secure the future of fisheries. As a 
corollary or a consequence, they may be tempted to ignore evidence and arguments favouring 
restrictions of fishing dioxin-laden fish; they may e.g. more easily belong to or believe those 
assuring that benefits from fish consumption certainly and strongly exceed risks. We may call 
these actors and experts ‘dioxin placationists’ or ‘fisheries apologists’.  
 
Between the above approaches to fish dioxin risks several varieties of actors and experts exist; 
researchers in particular are expected to ascribe (at least openly) to either one preconception, 
due to their theoretical obligation to objectivity. However, it may be assumed that many if not 
most administrators in the chemicals or even food and health area, as well as researchers in 
dioxins, at least presently tend to emphasize at least slightly their risks in relation to benefits, 
due e.g. to research orientations and traditions; for instance, the notion of counter-veiling risks 
from management is only gradually started to grow among these professional circles. 
Similarly, it may be assumed for the sake of discussion that many researcher and experts in 
the fisheries area, but also in the health area, are inclined to favour facts and arguments 
supporting the notion of great (and even greater) benefits from fish and fisheries than the risks 
posed by dioxins. Some combine features of both, some belong to neither of these groups, at 
least overtly and consistently, and some combine features of both attitudes to risks. 
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9.3.3  Communication about risks from Baltic Sea fish dioxins 
 

As outlined above, several levels of communication in  risk management for Baltic Sea fish 
dioxins can be distinguished, from general EU level policy-making related communication to 
targeted measures to communicate policies and measures to the public, including consumer 
behavior e.g. in the case of diet advisories. All of these levels and areas of communication 
present their particular constraints for management and for associated processes of 
participation, negotiation, planning, decision making, implementation and oversight.  

  
The overall role and significance of risk communication about Baltic Sea fish dioxins is 
increased by the need for broader interaction between disciplines and sectors, countries or 
levels of regime, stakeholder groups, and interested or impacted sectors of society (such as 
particular age groups). There are also historical reasons for increased importance of risk 
communication; an important reason is the present emphasis on broader participation in risk 
management and in overall governance also in EU. This may be seen partly as an effort to 
balance a tradition of a centralized and somewhat secretive, bureaucratic government (in EU 
and in other levels of regime) with more open and transparent styles. It is fundamentally 
related to democracy, right-to-know and social responsibility of researchers, experts, 
regulators and the regulated.  
 
However, some critical analysis may also be in place concerning these factors and aspects of 
communication; it may be confusing, counter-productive and even unnecessary to involve 
everyone in risk communication at all stages. Such a more cautious approach to 
communication may be in place e.g. as reflection of the complexity of the issues involved and 
of the independent roles of some actors. For instance, there may be justified reasons for not 
mixing expert communication too much with communication with the general public, as both 
have their rather different character, context and legitimacy. On the other hand, risk 
communication and associated participation may also have a quality of being practiced as a 
cosmetic only, not meant to lead to actual developments in risk management and governance; 
in this respect even more fundamental openness can be a solution.    

 
The building of trust in risk management is a complex process. This has particular bearing on 
the role of research and scientific assessment in management and governance. The combined 
analyses of Frewer et al. (1996) in determinants of trust in information about food-related 
risks indicated that knowledge in itself does not lead to trust, but trusted sources are seen to be 
characterized by multiple positive attributes. Contrary to previous research, they also found 
that complete freedom did not lead to trust; rather, sources which possessed moderate 
accountability were seen to be the most trusted. In the case of Baltic Sea, the selection of 
information sources would be equally important, moreover, the multiple disciplines and 
sectors and regimes of governance involved present additional challenges for such risk 
communication as can be translated to common views and actions. 
 
The ways to influence and build trust vary according to the case, precluding standard 
solutions. For instance, Griffin and Danwoody (2000), applying the model of innovation 
diffusion to the adoption of preventive health behaviour with potable water contamination, 
found that reliance on health professionals for information was associated with residents' risk 
perceptions, their sense of efficacy in dealing with it, and their adoption of preventive 
behaviors, while mass media and pamphlets mailed directly to residents were relatively 
ineffective, suggesting that interpersonal channels may be the best way to reach individuals 
who live in areas of highest risk in such a case. With Baltic Sea fish dioxins on the other 
hand, a more varied set of approaches including official ones may be appropriate, e.g. as risk 
information is needed among various levels and interest groups.  
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As to fish consumption advisories, little empirical research has been published of their 
efficacy and development needs and opportunities, and factors affecting these. Tilden et al. 
(1997), studying food advisories for consumption of contaminated fish from the Great Lakes, 
found that awareness of the problem and of responses to it was positively associated with 
male sex, white race, college degree and consuming >24 Great Lakes sport fish meals a year, 
while only half of the Great Lakes sport fish consumers reported awareness of a health 
advisory concerning eating such fish. Awareness was especially low among women, 
suggesting the need of targeted risk communication programs for female consumers. Pflugh et 
al. (1999), based on a survey in Newark Bay sport anglers' knowledge of and beliefs in fish 
consumption advisories, concluded that while 60% had heard about advisories, they either did 
not believe or were unconcerned about health effects from eating contaminated fish; 
moreover, the most trusted source was other fisher instead of written materials. In the Baltic 
Sea area, awareness of health risks and also trust in official information may be higher, but 
even here it some people may not care about such information, e.g. because of a desire to 
keep fishing and consuming the traditional produce. Such reactions may not be interpreted 
only as dangerous ignorance, carelessness, skepticism or resistance to information, but also as 
intuitive (although perhaps exaggerated and misguided) attempts to balance risks with 
benefits, including socio-psychological benefits, from fish, fishing and fisheries.   
 
The importance of the perception and comprehension of ethnic fisher groups has been 
stressed in the Great Lakes area but also some other North American contaminated 
watercourses, due to the pronounced presence of native American and other ethnic groups 
among fishers and fish consumers, with partly very different cultural traditions and risk 
comprehension also due to language and reading abilities (Beehler et al. 2003, Connelly and 
Knuth 1998, see also Johnson et al. 1999). Burger et al. (2001) found in an interview survey 
among Savannah River fishers that while there were no ethnic differences in whether the 
fishers had heard about fish consumption advisories, understood their major message, felt 
they could reduce their risk, or felt that it made a difference which agency issued the fact 
sheet, there were significant ethnic differences in the ways people thought the risk from eating 
fish could be reduced, sources of information about the risks from consuming fish, and what 
other information they would like about the risks associated with contaminated fish.  
 
In the case of communicating about and managing Baltic Sea fish dioxins, ethnicity is not 
likely to play such a great role, as most fish consumer communities are ethnically relatively 
homogeneous. However, also in this case cultural differences exist between various groups of 
fishers and fish consumers, such as professional or recreational fishers and fish consumers in 
different countries; linguistic differences are also important. The risk information and 
communication issue in the Baltic Sea area is also intimately linked with perception and 
comprehension among such special groups as children, youth and women planning or 
undergoing pregnancy and breast-feeding, all of them having both particular needs and 
interests but also particular obstacles with regard to communication.   
 
In general, reception of risk information and responding to it depend on the topic and the 
context. Risk communication is also affected by who are engaged in it and by the ways of 
communication. Complexity and uncertainty of the risks present particular challenges for 
communication and information with a topic like dioxins. For instance, the use of 
probabilistic approaches to risk and associated uncertainties may either add to the difficulty of 
perceiving and understanding risks, or facilitate them, both among decision-makers and the 
public, as e.g. the key uncertainties are sorted out from smaller ones, and the level and limits 
of confidence explicated. Thompson et al. (2002) showed that probabilistic risk assessment 
has an impact on both risk management and risk communication.  
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Table 28. Factors and expressed arguments that may increase or decrease dioxin risk perceptions, 
structured as an example dialogue.  
 
Risk stage Arguments and factors increasing R   Arguents and factors decreasing R  
Agents and 
sources  

-many precursors still around  
-new (newly noted) dioxins come up 
-new sources come up   
-accidental etc pulses possible     
-lagged sources (e.g. wastes) cause risks  
- metabolites ignored, may be toxic  

-many key sources already reduced 
 
 
-controls improving with knowledge & will 
-lags can also be utilised to hinder exposures  
-metabolites covered by chronic toxicity testing 

Transport and 
fate  

-assumed sinks may be mobilized 
-many paths forgotten and unknown 
-great areal differences/peaks may exist 

-sinks may be more important than assumed   

Receptors and 
exposures 

-exposure plateaus seem to be reached 
-toxicokinetics may increase critical dose 
-high-exposure groups remain 
-exposure of many species unknown  
-many sp. highly exposed and can't escape 
-esp. dioxin-rich (fat) fish parts are used  

-many key lintake/exposure trends are decreasing 
-kinetics may decrease doses (low sorption, excretion) 
-most sensitive species may be onboard  
 

Effects   -new kinds of effect are likely to be found 
-RAs ignore alarming findings, also human-related 
-more sensitive endpoints are being found 
-subtle effects don't show in populations; 
epidemiological proof gives false optimism   
-possibility of synergism 
-possibility of hormesis 
-humans sensitivity shown to some effects 
-individual sensitivity puts some at risk  
-… UFs are insufficient regarding variations found, 
or are even omitted (SCF) 
-also non-human sp. should be worried about 
-disorders may be triggered or aggravated by dioxins 
-many sp./populations vulnerable in BS  
-paradigm ignores inter-G and early effects … 
-effect findings are inherently tip of iceberg …  

-most sensitive (rprd) effects well-characterised 
-many are of unclear reproducibility and significance 
-adversity of many such responses is unclear 
-population risk estimates drop as excessive multiple 
uncertainty factors are cleared 
-little proof, but plenty for additivity and some antagonism  
-little proof and can't be assumed in practice 
-generally, humans seem less sensitive than animal s 
-uncertainty factors (UF) take care of this variation … 
 
 
-e.g. predatory birds and seals show recovery 
-many (human) diseases are too easily blamed on dioxins 
 
-some adaptation has been shown 
-… also ignores protective effects e.g. from detoxification 
-… but are inherently blown up (publication bias etc) 

Risk 
characterization 

-areal distribution of risks to be accounted 
-dioxin risks have especially severe long-term quality 
-uncertainties in risks emphasize the danger 

-… but doesn't necessarily increase risks 
 
-uncertainties require careful consideration, also with 
regard to counter-veiling risks and benefits (are not an 
asymmetric monopoly of dioxin alarmists) 

Risk 
perception, 
policy and 
social 
dimensions 

-dioxin risks are particularly alarming  
-risks cannot be compared simplistically 
-exposure to also other risks may require stricter 
policy toward 'smaller' risk, not more relaxed 
-risk (and uncertainty) magnitude is given too much 
emphasis instead of possibilities to do something 
-precautionary principle has to be enforced esp. to 
lagged, broad complex uncertain risks from dioxins 
-cautious management may be justified also by 
indirect benefits e.g. through learning … 
-… and by factors such as legislation which are fixed 
-dioxin concerns are justified and insufficiently shared 
-a culture of fear is a natural reaction to risks and a 
step toward their wiser control 

-dioxin risks are basically like many others, as to quality 
-dioxin risks are smaller than many risks less controlled 
-simultaneous benefits (e.g. from fish) outweigh risks 
 
- (valued) risk magnitudes can and must be compared to 
prioritize efforts 
- precautionary principle may easily be driven too far, be a 
blanket justification for any regulation and may also have 
detrimental effects on scientific and decision processes 
 
- also more lenient management may be justified by fixed 
factors, e.g. social agreements of asymmetric risk sharing 
-dioxin risks blown up due e.g. to their symbolic meaning 
- a culture of fear inherently blows up health scares   

Responses and 
control  

-some controls are unavailable, increasing risks …; 
-… some unfeasible e.g. due to funds or organization 
-some easy options exist, justifying rapid response  
-special obstacles and opportunities in BS (tech/soc) 
-controls and doing nothing may cause new risks 
-worst dioxins emitters are to be charged to act  
-herring etc fish market restrictions are required to 
protect consumer health  
-all those at risk can't choose 
-hiatus in herring market is not indispensable, and 
other livelihoods will evolve and thrive 
-herring fdisheries collapse will rob people of cultural 
values and undermine   
 

-innovative and efficient controls are emerging 
 
-beware panic action that is unnecessary, even harmful 
-special obstacles and opportunities in BS (tech/soc) 
-controls may cause new risks 
-no single party can be held liable due to non-intentionality  
-dietary advisories and preventive/emission control 
measures are sufficient 
-people should let choose on advice whether to eat BS fish
-herring market restrictions would end fisheries, with grave 
consequences also to the environment 
-market restrictions are imposed to placate panicking (CE) 
consumers and to ensure homogeneous policy  

 



 

 

261

 

References  
 
Note 1: To be condensed, retaining only publications referred to; on the other hand, some references including http's are to be 
added; some references may be transferred to Annexes; some may also be divided in the various text chapters 
Note 2: First author index with references to pages in the text may be included 
Note 3: In author names, A has been substituted for Ä and Å, and O for Ö, as in most of the original sources) 
 
Aarefjord H, Bjorge AJ, Kinze CC, Lindstedt I. Diet of the harbour porpoise (Phocoena phocoena) in Scandinavian waters. Bjorge A, Donovan GP. (eds.) Biology of 
 the phocoenids. Int Whaling Commission. Report of the IWC Special Issue 16(1995):211-22.  
Abad E, Adrados MA, Caixach J, Rivera J. Dioxin abatement strategies and mass balance at a municipal waste management plant. Environ Sci Technol. 
 36;1(2002):92-9.  
Abad E, Llerena JJ, Saulo J, Caixach J, Rivera J. Comprehensive study on dioxin contents in binder and anti-caking agent feed additives. Chemosphere 46;9-
 10(2002):1417-21. 
Abbott BD, Held GA, Wood CR, Buckalew AR, Brown JG, Schmid J. AhR, ARNT, and CYP1A1 mRNA quantitation in cultured human embryonic palates exposed to 
 TCDD and comparison with mouse palate in vivo and in culture. Toxicol Sci. 47;1(1999):62-75. 
Abbott BD, Birnbaum LS. TCDD exposure of human embryonic palatal shelves in organ culture alters the differentiation of medial epithelial cells. Teratology 
 43;2(1991):119-32. 
Abbott BD, Diliberto JJ, Birnbaum LS. 2,3,7,8-Tetrachlorodibenzo-p-dioxin alters embryonic palatal medial epithelial cell differentiation in vitro. Toxicol Appl 
 Pharmacol. 100;1(1989):119-31. 
Abel J, Li W, Dohr O, Vogel C, Donat S. Dose-response relationship of cytochrome P4501b1 mRNA induction by 2,3,7,8-tetrachlorodibenzo-p-dioxin in livers of 
 C57BL/6J and DBA/2J mice. Arch Toxicol. 70;8(1996):510-3. 
Abnet CC, Tanguay RL, Hahn ME, Heideman W, Peterson RE. Two forms of aryl hydrocarbon receptor type 2 in rainbow trout (Oncorhynchus mykiss). Evidence for 
 differential expression and enhancer specificity. J Biol Chem. 274;21(1999):15159-66.  
Abnet CC, Tanguay RL, Heideman W, Peterson RE. Transactivation activity of human, zebrafish, and rainbow trout aryl hydrocarbon receptors expressed in COS-7 

cells: greater insight into species differences in toxic potency of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners. Toxicol Appl 
Pharmacol. 159;1(1999):41-51. 

Abraham K, Knoll A, Ende M, Papke O, Helge H. Intake, fecal excretion, and body burden of polychlorinated dibenzo-p-dioxins and dibenzofurans in breast-fed and 
 formula-fed infants. Pediatr Res. 40;5(1996):671-9. 
Abraham K, Wiesmuller T, Brunner H, Krowke R, Hagenmaier H, Neubert D. Absorption and tissue distribution of various polychlorinated dibenzo-p-dioxins and 
 dibenzofurans (PCDDs and PCDFs) in the rat. Arch Toxicol. 63;3(1989):193-202.  
Abraham MH, al-Hussaini AJ. Solvation descriptors for the polychloronaphthalenes: estimation of  some physicochemical properties. J Environ Monit. 3;4(2001):377-
 81.  
Abrahams VM, Collins JE, Wira CR, Fanger MW, Yeaman GR. Inhibition of human polymorphonuclear cell oxidative burst by 17-beta-estradiol and 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Am J Reprod Immunol. 50;6(2003):463-72. 
Abramowicz DA. Aerobic and anaerobic PCB biodegradation in the environment. Environ Health Perspect. 103 Suppl 5(1995):97-9. 
Ackerman F. The outer bounds of the possible: economic theory, precaution, and dioxin. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 6, Section 4. 
Addink R, Altwicker ER. Formation of polychlorinated dibenzo-p-dioxins/dibenzofurans from residual carbon on municipal solid waste incinerator fly ash using Na37Cl. 
 Chemosphere 44;6(2001):1361-7.  
Addink,R, Olie K. Mechanisms of formation and destruction of polychlorinated dibenzo-p-dioxins and dibenzofurans in heterogeneous systems. Environ Sci Technol. 
 29;6(1995):1425-35. 
Addison RF, Brodie PF. Transfer of organochlorine residues from blubber through the circulatory system in milk in the lactating grey seal, Halichoerus grypus. Can J 
 Fish Aquat Sci. 44(1987):782-6. 
Adriaens P, Chang PR, Barkovskii AL. Dechlorination of PCDD/F by organic and inorganic electron transfer molecules in reduced environments. Chemosphere 
 32;3(1996):433-41.  
Adriaens P, Fu Q, Grbic-Galic D. Bioavailability and transformation of highly chlorinated dibenzo-p- dioxins and dibenzofurans in anaerobic soils and sediments. 
 Environ Sci Technol. 29;9(1995):2252-60. 
AEA Technology. Compilation of EU dioxin exposure and health data. Summary report, Oct 1999. Report to European Commission, DG Environment, Report No. 
 AEAT/EEQC/0016.8.URL: http://europa.eu.int/comm/environment/dioxin/download.htm.  
AEA Technology, 2003. Inventory of releases of dioxins and dioxin like PCBs from Environment Agency Regulated Processes. Report AEAT/ENV/R/1427.  
Agrell C, Larsson P, Okla L, Agrell J. PCB congeners in precipitation, wash out ratios and depositional fluxes within the Baltic Sea region, Europe. Atmosph Environ. 
 36;2(2002):371-83.  
Agrell C, Larsson P, Okla L, Bremle G, Johansson N, Klavins M, Roots O, Zelechowska A. Atmospheric and river input of PCBs, DDTs and HCHs to the Baltic Sea. 
 Wulff F, Rahm L, Larsson P (eds.) A systems analysis of the Baltic Sea. Ecol Studies 148(2001):149-76. Springer Verlag, Berlin & Heidelberg.  
Agrell C, Okla L, Larsson P, Backe C, Wania F. Evidence of latitudinal fractionation of polychlorinated biphenyl congeners along the Baltic Sea region. Environ Sci 
 Tech. 33;8(1999):1149-56.  
Agren JJ, Hanninen O, Laitinen M, Seppanen K, Bernhardt I, Fogelholm L, Herranen J, Penttila I. Boreal freshwater fish diet modifies the plasma lipids and 
 prostanoids and membrane fatty acids in man. Lipids 23;10(1988):924-9. 
Ahlborg UG. Risk assessment of polychlorinated biphenyls (PCBs). Copenhagen, Nordic Council of Ministers, Stockholm, Nordic Council 1992. 
Ahlborg U, Hakansson H, Wærn F, Hanberg A. Nordisk dioxinriskbedomning. København, Nordiska ministerradet. Miljørapport 1998:7. 129 p + app. 
Ahlborg UG, Becking GC, Birnbaum LS, Brouwer A, Derks HJGM, Feeley M, Golor G, Hanberg A, Larsen JC, Liem AKD, Safe SH, Schlatter C, Waern F, Younes M, 
 Yrjanheikki E. Toxic equivalency factors for dioxin-like PCBs. Report on a WHO-ECEH and IPCS consultation, Dec 1993. Chemosphere 28(1994):1049-67.  
Ahlborg UG, Brouwer A, Fingerhut MA, Jacobson JL, Jacobson SW, Kennedy SW, Kettrup AAF, Koeman JH, Poiger H, Rappe C, Safe SH, Seegal RF, Tuomisto J, 

van den Berg M. Impact of polychlorinated dibenzo-p-dioxins, dibenzofurans, and biphenyls on human and environmental health, with special emphasis on 
application of the toxic equivalency factor concept. Eur J Pharmacol: Environ Toxicol Pharmacol. 228;4(1992):179-99. 

Ahlborg UG, Lipworth L, Titus-Ernstoff L, Hsieh CC, Hanberg A, Baron J, Trichopoulos D, Adami HO. Organochlorine compounds in relation to breast cancer, 
 endometrial cancer, and endometriosis: an assessment of the biological and epidemiological evidence. Crit Rev Toxicol. 25;6(1995):463-531. 
Ahmed FE, Hattis D, Wolke RE, Steinman D. Risk assessment and management of chemical contaminants in fishery products consumed in the USA. J Appl Toxicol. 
 13;6(1993):395-410.  
Aittola J-P, Paasivirta J, Vattulainen A, Sinkkonen S, Koistinen J, Tarhanen J. Formation of chloroaromatics at a metal reclamation plant and efficiency of stack filter in 
 their removal from emission. Chemosphere 32;1(1996):99-108.  
Aittola J-P, Viinikainen S, Roivainen J. Emission of PCDD/PCDF's and related compounds from co-combustion of RDF with peat and wood chips. Chemosphere 19;1-
 6(1989):353-9.  
Akerblom N, Olsson K, Berg AH, Andersson PL, Tysklind M, Forlin L, Norrgren L. Impact of polychlorinated naphthalenes (PCNs) in juvenile Baltic salmon, Salmo 
 salar: evaluation of estrogenic effects, development, and CYP1A induction. Arch Environ Contam Toxicol. 38;2(2000):225-33.  
Alaluusua S, Calderara P, Gerthoux PM, Lukinmaa P-L, Kovero O, Needham L, Patterson DG Jr, Tuomisto J, Mocarelli P. Developmental dental defects after the 
 dioxin accident in Seveso. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 6, Section 2.  



 

 

262

 

Alaluusua S, Calderara P, Gerthoux PM, Lukinmaa PL, Kovero O, Needham L, Patterson DG Jr, Tuomisto J, Mocarelli P. Developmental dental aberrations after the 
 dioxin accident in Seveso. Environ Health Perspect. 112;13(2004):1313-8. 
Alaluusua S, Lukinmaa PL, Koskimies M, Pirinen S, Holtta P, Kallio M, Holttinen T, Salmenpera L. Developmental dental defects associated with long breast feeding. 
 Eur J Oral Sci. 104;5-6(1996):493-7. 
Alaluusua S, Lukinmaa PL, Pohjanvirta R, Unkila M, Tuomisto J. Exposure to 2,3,7,8-tetrachlorodibenzo-para-dioxin leads to defective dentin formation and pulpal 
 perforation in rat incisor tooth. Toxicology 81;1(1993):1-13. 
Alaluusua S, Lukinmaa PL, Torppa J, Tuomisto J, Vartiainen T. Developing teeth as biomarker of dioxin exposure. Lancet 353;9148(1999):206. 
Alaluusua S, Kiviranta H, Leppaniemi A, Holtta P, Lukinmaa PL, Lope L, Jarvenpaa AL, Renlund M, Toppari J, Virtanen H, Kaleva  M, Vartiainen T. Natal and 
 neonatal teeth in relation to environmental toxicants. Pediatr Res. 52;5(2002):652-5.  
Albrecht ID, Barkovskii AL, Adriaens P. Production and dechlorination of 2,3,7,8-tetrachlorodibenzo-p-dioxin in historically-contaminated estuarine sediments. Environ 
 Sci Technol. 33;5(1999):737-44.  
Alcock RE, Behnisch PA, Jones KC, Hagenmaier H. Dioxin-like PCBs in the environment - human exposure and the significance of sources. Chemosphere 
 37;8(1998):1457-72.  
Alcock RE, Boumphrey R, Malcolm HM, Osborn D, Jones KC. Temporal and spatial trends of PCB congeners in UK gannet eggs. Ambio 31;3(2002):202-6 
Alcock RE, Gemmill R, Jones KC. Improvements to the UK PCDD/F and PCB atmospheric emission inventory following an emissions measurement programme. 
 Chemosphere 1999;38(4):759-70. 
Alcock RE, Jones KC. Dioxins in the environment: a review of trend data. Environ Sci Technol. 30(1996):3133-43.  
Alcock RE, Sweetman AJ, Jones KC. A congener-specific PCDD/F emissions inventory for the UK: do current estimates account for the measured atmospheric 
 burden? Chemosphere 2001;43(2):183-94. 
Alcock RE, Sweetman AJ, Juan C-Y, Jones KC. A generic model of human lifetime exposure to persistent organic contaminants: development and application to 
 PCB-101. Environ Pollut. 110;2(2000):253-65.  
Alhéritière D. Marine pollution control regulation - Regional approaches. Mar Pol. 6;3(1982):162-74.  
Allen BC, Kavlock RJ, Kimmel CA, Faustman EM. Dose-response assessment for developmental toxicity. III. Statistical models. Fundam Appl Toxicol. 
 23;4(1994):496-509.  
Allen BC, Kavlock RJ, Kimmel CA, Faustman EM. Dose-response assessment for developmental toxicity. II. Comparison of generic benchmark dose estimates with 
 no observed adverse effect levels. Fundam Appl Toxicol. 23;4(1994):487-95. 
Allsopp M, Stringer R, Thornton J, Costner P. Achieving zero dioxin, an emergency strategy for dioxin elimination. Greenpeace International 1994. 45 p. 
Almkvist L. Survey of baltic grey seal along the Swedish coast. Finn Game Res. 44(1986):19-27. 
Alpoz AR, Tosun N, Eronat C, Delen N, Sen BH. Effects of 2,4-dichlorophenoxy acetic acid dimethyl amine salt on dental hard tissue formation in rats. 
 Environ Int. 26;3(2001):137-42. 
AltwickerER, Konduri R, Lin C, Milligan MS. Formation of precursors to chlorinated dioxins/furans under heterogeneous conditions. Combust Sci Technol. 
 88(1993):349-68.  
Altwicker E, Milligan MS. Dioxin formation from tetrachlorophenol over fly ash under breakthrough conditions. Organohalogen Compds. 11(1993):269–72. 
AMAP. AMAP Assessment Report: Arctic Pollution Issues. Chapter 6: Persistent organic pollutants. Arctic Monitoring Assess Programme (AMAP), Oslo 2000. 
AMAP. Arctic Council Action Plan (ACAP). Multilateral co-operative project on the phase-out of PCB use, and management of PCB-contaminated wastes in the 

Russian Federation. Phase 2: Feasibility study supporting documentation. Technical report for activity 1: Assessment of relevant regulation and requirements. 
Oslo, Arctic Monitoring and Assessment project 2001. AMAP Centre for International Projects. AMAP Report 2002:3. 51 p. 

AMAP. PCBs in the Russian Federation: Inventory and proposals for priority remedial actions. Executive summary. Oslo, Arctic Monitoring and Assessment 
 Programme. AMAP Report 2000:3. 27 p. 
AMAP. AMAP Assessment 2002: Persistent Organic Pollutants in the Arctic. Arctic Monitoring and Assessment Programme, Oslo 2002. xvi + 310 p.  
Amcoff P, Borjeson H, Norrgren L, Pesonen M. Cytochrome P4501A-activity in Rainbow Trout (Oncorhynchus mykiss) hepatocytes after exposure to PCB#126 and 
 astaxanthin: In vitro and In vivo Studies. Mar Environ Res. 46;1-5(1998):1-5.  
Ames BN. Dietary carcinogens and anticarcinogens. Science 221(1983):1256-64.  
Ames BN, Magaw R, Gold LS. Ranking possible carcinogenic hazards. Science 236(1987):271-80.  
Amin S, Moore RW, Peterson RE, Schantz SL. Gestational and lactational exposure to TCDD or coplanar PCBs alters adult expression of saccharin preference 
 behavior in female rats. Neurotoxicol Teratol, 22;5(2000):675-82.  
Andersen ME, Mills JJ, Gargas ML, Kedderis L, Birnbaum LS, Neubert D, Greenlee WF. Modeling receptor-mediated processes with dioxin: implications for 
 pharmacokinetics and risk assessment. Risk Anal. 13;1(1993):25-36.  
Andersen ME, Meek ME, Boorman GA, Brusick DJ, Cohen SM, Dragan YP, Frederick CB, Goodman JI, Hard GC, O'Flaherty EJ, Robinson DE. Lessons learned in 
 applying the U.S. EPA proposed cancer guidelines to specific compounds. Toxicol Sci. 53;2(2000):159-72. 
Anderson C. Agent Orange: veterans sue to force study. Nature 346;6284(1990):498.  
Anderson PN, Hites RA. Environ Sci Technol. 20(1996):1756 
Anderson DR, Fisher R. Sources of dioxins in the United Kingdom: the steel industry and other sources. Chemosphere 2002;46(3):371-81. 
Andersson A, Hajdu S, Haecky P, Kuparinen J, Wikner J. Succession and growth limitation of phytoplankton in the Gulf of Bothnia (Baltic Sea). Mar Biol. 
 126(1996):791-801. 
Andersson L, Nikolaidis E, Brunstrom B, Bergman A, Dencker L. Effects of polychlorinated biphenyls with Ah receptor affinity on lymphoid development in the thymus 
 and the bursa of Fabricius of chick embryos in ovo and in mouse thymus anlagen in vitro. Toxicol Appl Pharmacol. 1991;107(1):183-8. 
Andersson P, Ridderstad A, McGuire J, Pettersson S, Poellinger L, Hanberg A. A constitutively active aryl hydrocarbon receptor causes loss of peritoneal B1 cells. 
 Biochem Biophys Res Commun. 302;2(2003):336-41. 
Andersson O, Blomkvist G. Polybrominated aromatic pollutants found in fish in Sweden. Chemosphere 10 (1981):1051-60.  
Andersson O, Linder C-E, Olsson M, Reutergardh L, Uvermo U-B, Wideqvist U. 1988. Spatial differences and temporal trends of organochlorine compounds in biota 
 from the northwest hemisphere. Arch Environ Contamin Toxicol. 17:755–65. 
Andersson PL, Berg AH, Bjerselius R, Norrgren L, Olsen H, Olsson PE, Orn S, Tysklind M. Bioaccumulation of selected PCBs in zebrafish, three-spined stickleback, 
 and arctic char after three different routes of exposure. Arch Environ Contam Toxicol. 2001;40(4):519-30.  
Andreasen EA, Hahn ME, Heideman W, Peterson RE, Tanguay RL. The zebrafish (Danio rerio) aryl hydrocarbon receptor type 1 is a novel vertebrate receptor. Mol 
 Pharmacol. 2002;62(2):234-49.  
Andrejev O, Myrberg K, Alenius P, Lundberg PA. Mean circulation and water exchange in the Gulf of Finland – a study based on three-dimensional modeling. Boreal 
 Environ Res 9(2004):1-16. 
Andreola F, Fernandez-Salguero PM, Chiantore MV, Petkovich MP, Gonzalez FJ, De Luca LM. Aryl hydrocarbon receptor knockout mice (AHR-/-) exhibit liver retinoid 
 accumulation and reduced retinoic acid metabolism. Cancer Res. 57;14(1997):2835-8.  
Andresen S. Implementation of international environmental commitments: the case of the Northern Seas. Sci Tot Environ. 186;1-2(1996):149-67.  
Andersson S, Kreisz S, Hunsinger H. PCDD/F removal from flue gases in wet scrubbers – a novel technique. Organohalogen Compds. 58(2002):157-60.  
Ankarberg E, Bjerselius R, Aune M, Darnerud PO, Larsson L, Andersson A, Tysklind M, Bergek S, Lundstedt-Enkel K, Karlsson L, Tornkvist A, Glynn A. Study of 
 dioxin and dioxin-like PCB levels in fatty fish from Sweden 2000-2002. Organohalogen Compds. (2004):314-  
Ankley GT, Tillitt DE, Giesy JP, Jones PD, Verbrugge DA. Bioassay-derived 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in PCB-containing extracts from the flesh 
 and eggs of Lake Michigan Chinook salmon (Oncorhynchus tshawytscha) and possible implications for reproduction. Can J Fish Aquat Sci 48 (1991):1685–90. 
Annas A, Brunstrom B, Brittebo EB. CYP1A-dependent activation of xenobiotics in endothelial linings of the chorioallantoic membrane (CAM) in birds. Arch Toxicol. 
 2000;74(6):335-42.  
Anon. Societal risk assessment : how safe is safe enough ? New York, Plenum Press 1980.  



 

 

263

 

Anon. Risk and society: studies of risk generation and reactions to risk. London, Allen & Unwin 1987. 
Anon. Kvantitative og kvalitative kriterier for risikoaccept. København, Miljøministeriet 1989. 144 p. Miljøprojekt 112. 
Anon. Risiko und Gesellschaft : Grundlagen und Ergebnisse interdisziplinärer Risikoforschung. Opladen, Westdeutscher Verlag 1993.  
Anon. Risiko, politik og miljø i det moderne samfund : en antologi om en aktuel kontrovers. Fredriksberg, Forlaget Sociologi 1999.  
Anon. Bæredygtig udvikling. TemaNord 2001:505. 
Anon. Dioxins & PCBs: Environmental Levels and Human Exposure in Candidate Countries. Final report. Reference: ENV.C.2/SER/2002/0085. Consortium: 
 Environmental Levels In Candidate Countries (ELICC) under Supervision of Gunther Umlauf (JRC). European Commission, Brussels, 16.6.2004. 
Aoki Y. Polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins, and polychlorinated dibenzofurans as endocrine disrupters--what we have learned from Yusho 
 disease. Environ Res. 2001;86(1):2-11.  
Aozasa O, Mochizuki A, Ohta S, Nakao T, Miyata H, Nomura T. Optimization of the purification method for dioxin analysis in human serum and temporal changes in 
 background dioxin levels in the general population. Chemosphere 2003;50(9):1157-65.  
ApSimon HM, Warren RF, Kayin S. Addressing uncertainty in environmental modelling: a case study of integrated assessment of strategies to combat long-range 
 transboundary air pollution. Atm Environ. 36;35(2002):5417-26. 
Aranami K, Ma W, Yasuhara A, Morita M. Photodegradation of dioxins in aqueous TiO2 dispersions under sunlight irradiation. CD-ROM, Vol. 4, Section 3. 
Archer DL, Kvenberg JE. 1985. Incidence and cost of foodborne diarrhoeal disease in the United States. J Food Protect. 48:887-94.  
Ascherio A., Rimm EB, Stampfer MJ, Giovannucci EL, Willett WC. Dietary intake of marine n-3 fatty acids, fish intake and the risk of coronary disease among men. 
 New Eng J Med. 332(1995):977-82.  
Arehart E, Giasson G, Walsh MT, Patterson H. Dioxin alters the human low-density and very low-density lipoprotein structure with evidence for specific quenching of 
 Trp-48 in apolipoprotein C-II. Biochemistry 43;26(2004):8503-9. 
Armbruster G, Gall KL, Gutenmann WH, Lisk DJ. Effects of trimming and cooking by several methods on polychlorinated biphenyls (PCB) residues in bluefish. J Food 
 Saf. 9(1989):235-44. 
Armstrong B, Bofetta P. Measurement of exposure and outcome in epidemiological studies used for quantitative estimation and prediction of risk quantitative 

estimation and prediction of human cancer risks. In: Moolgavkar S, Krewski D, Zeise L, Cardis E, Møller H. (Eds), Quantitative Estimation and Prediction of 
Human Cancer Risks, IARC, Lyon 1999, p. 75-102. 

Aro E.  A review of fish migration patterns in the Baltic. Rapp P-v Réun Cons Int Explor Mer. 190(1989):72–96. 
Aro E. The spatial and temporal distribution patterns of cod (Gadus morhua callaris L.) in the Baltic Sea and their dependence on environmental variability – 
 implications for fishery management. PhD Thesis, Univ Helsinki, Finland. Finnish Game Fisheries Res Inst, Helsinki 2000. 
Aro T, Tahvonen R, Mattila T, Nurmi J, Sivonen T, Kallio H.  Effects of season and processing on oil content and fatty acids of baltic herring (Clupea harengus 
 membras). J Agric Food Chem. Dec 2000. 
Arquette M, Cole M, Cook K, LaFrance B, Peters M, Ransom J, Sargent E, Smoke V, Stairs A. Holistic risk-based environmental decision making: a Native 
 perspective. Environ Health Perspect. 2002;110 Suppl 2:259-64.  
Arrhenius F, Hansson S.  Food consumption of larval, young and adult herring and sprat in the Baltic Sea. Mar Ecol Progr Ser. 96;2(1993):125-37. 
Arrhenius F, Hansson S. Growth of baltic sea young-of-the-year herring Clupea harengus is resource limited. Mar Ecol Progr Ser. 191(1999):295-9.  
Arvola L, Räike A, Kortelainen P, Järvinen M. The efects of climate and landuse on TOC concentrations and loads in Finnish rivers. Boreal Environ Res. 
 5;9(2004):381-8. 
Ashida H, Fukuda I, Yamashita T, Kanazawa K. Flavones and flavonols at dietary levels inhibit a transformation of aryl hydrocarbon receptor induced by dioxin. FEBS 
 Lett. 476(2000):213-7.  
Asplund L, Grafstrom A-K, Haglund P, Jansson B, Jarnberg U, Mace D, Strandell M, de Wit C. Analysis of non-ortho polychlorinated biphenyls and polychlorinated 
 naphthalenes in Swedish dioxin survey samples. Chemosphere 20 (1990);1481–8. 
Asplund L, Svensson BG, Nilsson A, Eriksson U, Jansson B, Jensen S, Wideqvist U, Skerfving S. Polychlorinated biphenyls, 1,1,1-trichloro-2,2- bis( 

p-chlorophenyl)ethane (p,p'-DDT) and 1,1-dichloro-2,2-bis(p-chlorophenyl)-ethylene (p,p'-DDE) in human plasma related to fish consumption. Arch Environ 
Health 49;6(1994):477-86.  

Assmuth T. Indicative analysis of relative risks and data gaps of dioxin-like compounds in Baltic Sea fish, based on body burden, biokinetic and bioactivity ratios. 
 Organohalogen Compds. 62(2003):37-40.  
Assmuth TW. Toxicant distributions and impacts models in environmental risk analysis of waste sites. Publ Water Environ Res Inst 20(1995):1-79. Synthesis part of 
 Doctoral thesis, Univ Helsinki Dept Environ Sci Limnol.  
Assmuth T. Hildén M. Dioxin management strtegies and risk views: Theoretical frameworks, document analyses and opinion survey approaches. Organohalogen 
 Compds. 59(2002):163-166. 
Assmuth T, Louekari K. Research for management of environmental risks from endocrine disrupters - contexts, knowledge base, methodologies and strategies. The 
 Finnish Environ. 448(2001):1-219.   
Assmuth T, Vartiainen T. 1994. Concentration patterns of 2,3,7,8-chlorinated dibenzo-p-dioxins and dibenzofurans at landfills and disposal sites for chlorophenolic 
 wood preservative wastes. Chemosphere 28(5):971-9. 
Assmuth TW, Vartiainen T. Analysis of toxicological risks from local contamination by PCDDs and PCDFs: importance of isomer distributions and toxic equivalents. 
 Chemosphere 1995;31(3):2853-61.  
Atkinson R. Atmospheric lifetimes of dibenzo-p-dioxins and dibenzofurans. Sci Total Environ. 104(1991):17-33. 
Atuma S, Bergh A, Hansson L, Wicklund-Glynn A, Johnsson H. Non-ortho PCB levels in various fish species from the east and west coast of Sweden. Chemosphere 
 1998;37(9-12):2451-7.  
Atuma SS, Linder C-E, Andersson O, Bergh A, Hansson L, Wicklund-Glynn A. CB153 as indicator for congener specific determination of PCBS in diverse fish species 
 from Swedish waters. Chemosphere 33;8(1996):1459-64. 
Aulerich R, Ringer R. Current status of PCB toxicity to mink, and after-effects on their reproduction. Arch Environ Contam Toxicol. 6(1977):279-92. 
Aulerich RJ, Bursian SJ, Napolitano AC. Biological effects of epidermal growth factor and 2,3,7,8-tetrachlorodibenzo-p-dioxin on developmental parameters of neo-
 natal mink. Arch Environ Contam Toxicol. 1988;17(1):27-31.  
Aulerich RJ, Yamini B, Bursian SJ. Dietary exposure to 3,3',4,4',5-pentachlorobiphenyl (PCB 126) or 2,3,7,8-tetrachlorodibenzo-p-dixon (TCDD) does not induce 
 proliferation of squamous epithelium or osteolysis in the jaws of weanling rats. Vet Hum Toxicol. 2001;43(3):170-1.   
Aune M, Bjerselius R, Atuma S, Larsson L, Bergh A, Darnerud PO, Andersson A, Arrhenius F, Bergek S, Tysklind M, Glynn A. Large differences in dioxin and pcb 
 levels in herring and salmon depending on tissue analysed. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, Section 4. 
Aylward LL, Hays SM. Temporal trends in human TCDD body burden: decreases over three decades and implications for exposure levels. J Expo Anal Environ 
 Epidemiol. 12;5(2002):319-28. 
Aylward L, Hayes S, Brunet R, Carrier G, Cushing C. Impact of a concentration-dependent elimination rate for TCDD on dose estimates for the NIOSH cohort. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, section 1.  
Axelman J, Broman D, Naf C. 1997. Field measurements of PCB partitioning between water and planktonic organisms: influence of growth, particle size and solute–
 solvent interactions. Environ Sci Technol. 31(1997):665-9. 
Axelman J, Gustafsson O. Global sinks of PCBs: a critical assessment of the vapor-phase hydroxy radical sink emphasizing field diagnostics and model assumptions. 
 Global Biogeochem Cycles 16(2002):1111.  
Axelman J, Naf C, Bandh C, Ishaq R, Pettersen H, Zebuhr Y, Broman D. Dynamics and distribution of hydrophobic organic compounds in the Baltic Sea. Wulff F, 
 Rahm L, Larsson P (eds.) A systems analysis of the Baltic Sea. Ecol Studies 148(2001):257-287. Springer Verlag, Berlin & Heidelberg.  
Axenfeld F, Munch J, Pacyna JM, Duiser JA, Veldt C. Emissionsdatenbasis fur die Spurenelemente As, Cd, Hg, Pb, Zn und fur Spezielle Organische Verbindungen  

- HCH (Lindan), HCB, PCB and PAK (Emission data base for As, Cd, Hg, Pb, Zn and for Specific Organic Compounds -HCH (Lindan), HCB, PCB and PAH). 
UBA Forschungbericht 104 02 588. Dornier 1989. 



 

 

264

 

Axmon A, Rylander L, Stromberg U, Dyremark E, Hagmar L. Polychlorinated biphenyls in blood plasma among Swedish female fish consumers in relation to time to 
 pregnancy. J Toxicol Environ Health A 2001;64(6):485-98. 
Axmon A, Rylander L, Stromberg U, Hagmar L.Time to pregnancy and infertility among women with a high intake of fish contaminated with persistent organochlorine 
 compounds. Scand J Work Environ Health. 2000;26(3):199-206. 
Axmon A, Rylander L, Stromberg U, Hagmar L. Female fertility in relation to the consumption of fish contaminated with persistent organochlorine compounds. Scand J 
 Work Environ Health. 28;2(2002):124-32. 
Axmon A, Rylander L, Stromberg U, Hagmar L. Altered menstrual cycles in women with a high dietary intake of persistent organochlorine compounds. Chemosphere 
 56;8(2004):813-9. 
Axmon A, Rylander L, Stromberg U, Hagmar L. Miscarriages and stillbirths in women with a high intake of fish contaminated with persistent organochlorine 
 compounds. Int Arch Occup Environ Health. 2000 73;3(2000):204-8. 
Axmon A, Rylander L, Stromberg U, Jonsson B, Nilsson-Ehle P, Hagmar L. Polychlorinated biphenyls in serum and time to pregnancy. Environ Res. 96;2(2004):186-
 95. 
Ayotte P, Carrier G, Dewailly E. Health risk assessment for inuit newborns exposed to dioxin-like compounds through breast feeding. Chemosphere 32;3(1996):531-
 42. 
Azar C, Holmberg J, Lindgren K. Socio-ecological indicators for sustainability. Ecol Econ. 18;2(1996):89-112.  
Baars AJ, Bakker MI, Baumann RA, Boon PE, Freijer JI, Hoogenboom LA, Hoogerbrugge R, van Klaveren JD, Liem AK, Traag WA, de Vries J. Dioxins, dioxin-like 
 PCBs and non-dioxin-like PCBs in foodstuffs: occurrence and dietary intake in The Netherlands. Toxicol Lett. 151;1(2004):51-61. 
Babushok VI, Tsang W. Gas phase mechanism for dioxin formation. Chemosphere 51(2003):1023-9. 
Baccarelli A, Mocarelli P, Patterson DG Jr, Bonzini M, Pesatori AC, Caporaso N, Landi MT. Immunologic effects of dioxin: new results from Seveso and comparison 
 with other studies. Environ Health Perspect. 2002;110(12):1169-73.  
Baccarelli A, Pesatori AC, Masten SA, Patterson DG Jr, Needham LL, Mocarelli P, Caporaso NE, Consonni D, Grassman JA, Bertazzi PA, Landi MT. Aryl-
 hydrocarbon receptor-dependent pathway and toxic effects of TCDD in humans: a population-based study in Seveso, Italy. Toxicol Lett. 149;1-3(2004):287-93. 
Backe C, Larsson P, Okla L. Polychlorinated biphenyls in the air of southern Sweden – spatial and temporal variation. Atm Environ. 34;9(2000):1481-6.  
Backlin BM, Bergman A. Histopathology of postpartum placental sites in mink (Mustela vison) exposed to polychlorinated biphenyls or fractions thereof. APMIS 
 103;12(1995):843-54. 
Backlin BM, Bredhult C, Olovsson M. Proliferative effects of estradiol, progesterone, and two CB congeners and their metabolites on gray seal (Halichoerus grypus) 
 uterine myocytes in vitro. Toxicol Sci. 2003;75(1):154-60.   
Backlin BM, Eriksson L, Olovsson M. Histology of uterine leiomyoma and occurrence in relation to reproductive activity in the Baltic gray seal (Halichoerus grypus). 
 Vet Pathol. 2003;40(2):175-80.  
Bagdade JD, Buchanan WE, Levy RA, Subbaiah PV, Ritter MC. Effects of omega-3 fish oils on plasma lipids, lipoprotein composition, and postheparin lipoprotein 
 lipase in women with IDDM. Diabetes 39;4(1990):426-31. 
Bager Y, Hemming H, Flodstrom S, Ahlborg UG, Warngard L. Interaction of 3,4,5,3',4'-pentachlorobiphenyl and 2,4,5,2',4',5'-hexachlorobiphenyl in promotion of 
 altered hepatic foci in rats. Pharmacol Toxicol. 77;2(1995):149-54. 
Bahn A, Bialik O, Oler J, Houten L, Landau E. 1980. Health assessment of occupational exposure to polybrominated biphenyl (PB) and polybrominated  biphenyloxide 
 (PBBO). Report ISS EPA 560/6-80-001, OPTS, US EPA, Washington, D.C. (NTIS no. PB81-159675). 
Bailar JC 3rd, Bailer AJ. Risk assessment--the mother of all uncertainties. Disciplinary perspectives on uncertainty in risk assessment. Ann N Y Acad Sci. 
 1999;895:273-85.  
Bailer AJ. Uncertainty in risk assessment. Current efforts and future hopes. Ann N Y Acad Sci. 1999;895:367-72.  
Bailey PD. IEA: a new methodology for environmental policy? Environ Impact Assess Rev. 17(1997):221-26. 
Baker JI, Hites RA. Is combustion the major source of polychlorinated dibenzo-p-dioxins and dibenzofurans to the environment? A mass balance investigation. 
 Environ Sci Technol. 34;14(2000):2879-86.  
Baker JR, Mihelcic JR, Sabljic A. Reliable QSAR for estimating Koc for persistent organic pollutants: correlation with molecular connectivity indices. Chemosphere 
 2001;45(2):213-21.  
Baker RS, LaChance JC. Performance relative to dioxins of the in-situ thermal destruction (ISTD) soil remediation technology. Organohalogen Compds. 60-65(2003). 
 CD-ROM, Vol. 4, Section 2. 
Bakker DJ, De Vries W. Manual for calculating critical loads of persistent orgaic pollutants for soils and surface waters. Energy Res Process Innovation. TNO Inst 
 Environ Sci. Report R96/509, Delft, The Netherlands 1996. 95 p. 
Balaguer P, Joyeux A, Denison MS, Vincent R, Gillesby BE, Zacharewski T. Assessing the estrogenic and dioxin-like activities of chemicals and complex mixtures 
 using in vitro recombinant receptor-reporter gene assays. Can J Physiol Pharmacol. 1996;74(2):216-22.  
Balci O, Sargent RG. A methodology for cost-risk analysis in the statistical validation of simulation models. Comm ACM 24;4(1981):190-97. 
Ball, DJ. Environmental risk assessment and the intrusion of bias. Environ Int. 28;6(2002):529-44.  
Balzer W, Pluschke P. Secondary formation of PCDD/F during the thermal stabilization of sewage sludge. Chemosphere 1994;29(9-11):1889-902. 
Bandiera S, Safe S, Okey AB. Binding of polychlorinated biphenyls classified as either phenobarbitone-, 3-methylcholanthrene- or mixed-type inducers to cytosolic Ah 
 receptor. Chem Biol Interact. 1982;39(3):259-77. 
Bandiera S, Sawyer TW, Campbell MA, Fujita T, Safe S. Competitive binding to the cytosolic 2,3,7,8-tetrachlorodibenzo-p-dioxin receptor. Effects of structure on the 
 affinities of substituted halogenated biphenyls--a QSAR analysis. Biochem Pharmacol. 32;24(1983):3803-13. 
Bandiera S, Sawyer T, Romkes M, Zmudzka B, Safe L, Mason G, Keys B, Safe S. Polychlorinated dibenzofurans (PCDFs): effects of structure on binding to the 
 2,3,7,8-TCDD cytosolic receptor protein, AHH induction and toxicity. Toxicol. 1984;32(2):131-44. 
Bang HO, Dyerberg J, Nielsen AB. Plasma lipid and lipoprotein pattern in Greenlandic West-coast Eskimos. Lancet  1;7710(1971):1143-5.  
Bannister R, Safe S. Synergistic interactions of 2,3,7,8-TCDD and 2,2’,4,4’,5,5’-hexachlorobiphenyl in C57BL/6J and DBA/2J mice: role of the AhR receptor. Toxicol.. 

44(1987):159-69. 
Barabas N, Goovaerts P, Adriaens P. Geostatistical assessment and validation of uncertainty for three-dimensional dioxin data from sediments in an estuarine river. 
 Environ Sci Technol. 2001;35(16):3294-301.  
Barabas N, Adriaens P, Goovaerts P. Modified polytopic vector analysis to identify and quantify a dioxin dechlorination signature in sediments. 1. Theory. Environ Sci 
 Technol. 38;6(2004)):1813-20. 
Barkovskii AL, Adriaens P. Microbial dechlorination of historically present and freshly spiked chlorinated dioxins and diversity of dioxin-dechlorinating populations. 
 Appl Environ Microbiol. 62;12(1996):4556-62. 
Barkovskii AL, Adriaens P. Impact of humic constituents on microbial dechlorination of polychlorinated dioxins. Environ Toxicol  Chem. 17(1998):1013-20.  
Barnard RC. A new approach to risk assessment integrating scientific evaluation and economic assessment of costs and benefits. Regul Toxicol Pharmacol. 24;2 Pt 
 1(1996):121-5. 
Barnthouse L. (ed.). Ecological risk assessment. Boca Raton, Lewis 1993. 
Barnthouse LW. Issues in ecological risk assessment: the CRAM perspective. Risk Anal. 1994;14(3):251-6.  
Barring H, Bucheli TD, Broman D, Gustafsson O. Soot–water distribution coefficients for polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and 
 polybrominated diphenylethers determined with the soot cosolvency-column method. Chemosphere 49;6(2002):515-23. 
Barron MG, Galbraith H, Beltman D. Comparative reproductive and developmental toxicology of PCBs in birds. Comp Biochem Physiol Part C: PharmacolToxicol 
 Endocrinol. 112;1(1995):1-14.  
Barron MG, Yurk JJ, Crothers DB. Assessment of potential cancer risk from consumption of PCBs bioaccumulated in fish and shellfish. Environ Health Perspect. 
 102;6-7(1994):562-7.  



 

 

265

 

Barrow LL, Wines ME, Romitti PA, Holdener BC, Murray JC. Aryl hydrocarbon receptor nuclear translocator 2 (ARNT2): structure, gene mapping, polymorphisms, and 
 candidate evaluation for human orofacial clefts. Teratology 66;2(2002):85-90. 
Barton HA, Das S. Alternatives for a risk assessment on chronic noncancer effects from oral exposure to trichloroethylene. Regul Toxicol Pharmacol. 24;3(1996):269-
 85. 
Barzi F, Woodward M, Marfisi RM, Tavazzi L, Valagussa F, Marchioli R; GISSI-Prevenzione Investigators. Mediterranean diet and all-causes mortality after 
 myocardial infarction: results from the GISSI-Prevenzione trial. Eur J Clin Nutr. 57;4(2003):604-11. 
Baston DS, Nagy SR, Nantz M, Kurth M, Springsteel M, Denison MS. Identification of novel agonists of the Ah receptor signal transduction pathway. Organohalogen 
 Compds. 60-65(2003) (CD-ROM). 
Baum EJ. Chemical property estimation – Theory and application. Lewis Publishers, Boca Raton et al. 1997. 386 p. 
Baumard P, Budzinski H, Garrigues P, Dizer H, Hansen PD. Polycyclic aromatic hydrocarbons in recent sediments and mussels (Mytilus edulis) from the Western 
 Baltic Sea: occurrence, bioavailability and seasonal variations. Mar Environ Res. 47;1(1999):17-47.  
Baumgart A, Mayser P, Kraemer H-J, Thoma W, Monsees T, Wille G, Polborn K, Steglich W, Schrenk D, Schmitz H-J. Malassezin -  a tryptophan metabolite isolated 
 from the dermal yeast Malassezia furfur act as an agonist of the Ah receptor. Organohalogen Compds. 60-65(2003) (CD-ROM). 
Bayens W, Leermakers M, De Gieter M, Elskens M, Noyen J, Hanot V, Degroodt J-M, Goyens L. PCBs in Northe sea fish: Is there a health risk? Organohalogen 
 Compds. 55(2002):315-8. 
Beans C, Debacker V, Jauniaux T, Massart A-C, Eppe G, Bouquegneau J-M, De Pauw E. Dioxins, furans and dioxin-like PCBs in juvenile harbour porpoises 
 (phocoena phocoena) from the North Sea. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 3, Section 1. 
Beatty PW, Holscher MA, Neal RA. Toxicity of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin in larval and adult forms of Rana catesbeiana. Bull Environ Contam Toxicol. 
 16;5(1976):578-81. 
Becher G, Skaare JU, Polder A, Sletten B, Rossland OJ, Hansen HK, Ptashekas J. PCDDs, PCDFs, and PCBs in human milk from different parts of Norway and 
 Lithuania. J Toxicol Environ Health 1995;46(2):133-48.  
Becher H, Flesch-Janys D, Kauppinen T, Kogevinas M, Steindorf K, Manz A, Wahrendorf J. Cancer mortality in German male workers exposed to phenoxy herbicides 
 and dioxins.  Cancer Causes Control. 1996;7(3):312-21.  
Becher H, Steindorf K, Flesch-Janys D. Quantitative cancer risk assessment for dioxins using an occupational cohort. Environ Health Perspect. 1998;106 Suppl 
 2:663-70. 0 
Bechtler R, Stieglitz L, Zwick G, Will R, Roth W, Hedwig K. Influence of elemental sulfur on the de-novo-synthesis of organochlorine compounds from residual 
 carbon on fly ash. Chemosphere 37;9-12(1998):2261-78.  
Beck H, Eckart K, Mathar W, Wittkowski R. Levels of PCDDs and PCDFs in adipose tissue of occupationally exposed workers. Chemosphere 18(1-6)1989:507-16. 
Beck U. Ecological politics in an age of risk. Cambridge, Polity Press 1995. 
Becker SM. Psychosocial assistance after environmental accidents: a policy perspective. Environ Health Perspect. 1997;105 Suppl 6:1557-63.  
Becker W, Pearson M. Riksmaten 1997-98. Kostvanor och naringsintag I Sverige - Metod- och resultatanalys. (Dietary habits and nutritional intakes in Sweden – 
 Method and result analysis, in Swedish). Uppsala, Livsmedelsverket. http://www.slv.se 
Bedard DL, Van Dort H, Deweerd KA. Brominated biphenyls prime extensive microbial reductive dehalogenation of Aroclor 1260 in Housatonic River sediment. Appl 
 Environ Microbiol. 64;5(1998):1786-95.  
Beehler GP, McGuinness BM, Vena JE. Characterizing Latino anglers' environmental risk perceptions, sport fish consumption, and advisory awareness. Med 
 Anthropol Q. 17;1(2003):99-116. 
Beger RD, Wilkes JG. Models of polychlorinated dibenzodioxins, dibenzofurans, and biphenyls binding affinity to the aryl hydrocarbon receptor developed using (13)c 
 NMR data. J Chem Inf Comput Sci. 41;5(2001):1322-9. 
Behnisch R. Bioanalytical detection metods (BDM) and monitoring. Organohalogen Compds. 45(2000):184-7. 
Behnisch P, Engelhart A, Apfelbach R, Hagenmaier H. Occurrence of non-ortho, mono-ortho and di-ortho substituted PCB congeners in polecats, stone martens and 
 badgers from the state of Baden-Wurttemberg, Germany. Chemosphere 1997;34(11):2293-300. 
Behnisch PA, Hosoe K, Brouwer A, Sakai S. Screening of dioxin-like toxicity equivalents for various matrices with wildtype and recombinant rat hepatoma H4IIE cells. 
 Toxicol Sci. 69;1(2002):125-30.  
Behnisch P, Hosoe K, Sakai S.  Bioanalytical screening methods for dioxins and dioxin-like compounds . a review  of  bioassay/biomarker  technology. Environ Int. 
 27(2001a):413-39.  
Behnisch PA, Hosoe K, Sakai S. Combinatorial bio/chemical analysis of dioxin and dioxin-like compounds in waste recycling, feed/food, humans/wildlife and the 
 environment. Environ Int. 27;6(2001b):495-519.  
Behnisch PA, Hosoe K, Shiozaki K, Ozaki H, Nakamura K, Sakai S. Low-temperature thermal decomposition of dioxin-like compounds in fly ash: combination of 
 chemical analysis with in vitro bioassays (EROD and DR-CALUX). Environ Sci Technol. 2002;36(23):5211-7.  
Beliaeff B, Burgeot T. Integrated biomarker response: a useful tool for ecological risk assessment. Environ Toxicol Chem. 2002;21(6):1316-22.  
Beliveau AF. Concentrations of dioxin-like PCB congeners in unweathered Aroclors by HRGC/HRMS using EPA method 1668A. Organohalogen Compds. 60-
 65(2003). CD-ROM, Vol. 2, Section 3. 
Bellett AJ. Agent Orange controversy. Nature 343;6259(1990):586.  
Bello SM, Franks DG, Stegeman JJ, Hahn ME. Acquired resistance to Ah receptor agonists in a population of Atlantic killifish (Fundulus heteroclitus) inhabiting a 
 marine superfund site: in vivo and in vitro studies on the inducibility of xenobiotic metabolizing enzymes. Toxicol Sci. 2001;60(1):77-91.  
Belpaeme K, Delbeke K, Zhu L, Kirsch-Volders M. Cytogenetic studies of PCB77 on brown trout (Salmo trutta fario) using the micronucleus test and the alkaline 
 comet assay. Mutagenesis 11;5(1996):485-92. 
Bemanian V, Langvik M, Rannug A, Goksǿyr A, Male R. Modulation of Cytochrome P450 1A and Vitellogenin gene expressions in the fish liver by suggested natural 
 ligands for the AryL hydrocaRbon receptor. Organohalogen Compds. 60-65(2003) (CD-ROM). 
Bengtsson B-E, Hill C, Bergman A, Brandt I, Johansson N, Magnhagen C, Sodergren A, Thulin J. Reproductive disturbances in Baltic fish: A synopsis of the FiRe 
 project. Ambio 28;1(1999):2-8.  
Bennett DH, Margni MD, McKone TE, Jolliet O. Intake fraction for multimedia pollutants: a tool for life cycle analysis and comparative risk assessment. Risk Anal. 
 2002;22(5):905-18.  
Bent S, Rachor-Ebbinghaus R, Schmidt C.  [Decontamination of highly polychlorinated biphenyl contaminated indoor areas by complete removal of primary and 
 secondary sources.] Gesundheitswesen 62;2(2000):86-92. 
Benthin A, Slovic P, Moran P, Severson H, Mertz CK, Gerrard M. Adolescent health-threatening and health-enhancing behaviors: a study of word association and 
 imagery. J Adolesc Health 17;3(1995):143-52. 
Berdowski JJM, Baas J, Bloos JPJ, Visschedijk AJH, Zandveld PYJ. The European atmospheric emission inventory for heavy metals and persistent organic 
 pollutants. TNO, Apeldoorn, The Netherlands 1997. UBA Forschungsbericht 104 02 672/03. 
Berg van den M, Birnbaum L, Bosveld ATC, Brunstrom B, Cook P, Feeley M, Giesy JP, Hanberg A, Hasegawa R, Kennedy SW, Kubiak T, Larsen JC, Van Leeuwen 

FXR, Liem AKD, Nolt C, Peterson RE, Poellinger L, Safe S, Schrenk D, Tillitt D, Tysklind M, Younes M, Waern F, Zacharewski T.  et al. Toxic equivalency factors 
(TEFs) for PCBs, PCDDs, PCDFs for humans and wildlife. Environ Health Perspect. 106(1998):775-92.   

Berg van den M, Peterson RE, Schrenk D. Human risk assessment and TEFs. Food Addit Contam. 2000;17(4):347-58.  
Berg van den M, van Wijnen J, Wever H, Seinen W. Selective retention of toxic polychlorinated dibenzo-p-dioxins and dibenzofurans in the liver of the rat after 
 intravenous administration of a mixture. Toxicol 1989;55(1-2):173-82.  
Bergek S, Bergqvist P-A, Hjelt M, Olsson M, Rappe C, Roos A, Zook D. Concentrations of PCDDs and PCDFs in seals from Swedish waters. Ambio 21;8(1992):553-
 6. 
Berggren P,  Wade PR, Carlstrom J, Read AJ. Potential limits to anthropogenic mortality for harbour porpoises in the Baltic region. Biol Conservat. 103;3(2002):313-
 22.  



 

 

266

 

Berggren P, Ishaq R, Zebühr Y, Naf, C, Bandh C, Broman D. Patterns and levels of organochlorines (DDTs, PCBs, non-ortho PCBs and PCDD/Fs) in male harbour 
 porpoises (Phocoena phocoena) from the Baltic Sea, the Kattegat-Skagerrak Seas and the West Coast of Norway. Mar Pollut Bull. 1999;38(12):1070-84. 
Berglund O, Larsson P, Broman D. Organochlorine accumulation and stable isotope ratios in an Atlantic salmon (Salmo salar) population from the Baltic Sea. Sci 
 Total Environ. 281;1-3(2001):141-51.  
Bergqvist P-A, Bandh C, Broman D, Ishaq R, Lundgren K, Naf C, Pettersen H, Rappe C, Rolff C, Strandberg B, Zebühr U, Zook DR. Multi-residue analytical method 
 including planar PCB, dioxins and other organic contaminants for marine samples. Organohalogen Compds. 9 (1992):17-20. 
Bergqvist P-A, Tysklind M, marklund S, Aberg A, Sundqvist K, Naslund M, Rosen I, Tsytsik P, Malmstrom H. Kartläggning av utsläppskällor för oavsiktligt bildade 
 ämnen: PCDD/F, PCB och HCB. Raprortering av uppdrag till naturvårdsverket Kontrakt 505 0302, DNr 235-6086-03Me, 29 Oktober 2004. 227 p. http:   
Berglund O, Larsson P, Ewald G, Okla L. Influence of trophic status on PCB distribution in lake sediments and biota. Environ Pollut. 2001;113(2):199-210.  
Bergman A. Health condition of the Baltic grey seal (Halichoerus grypus) during two decades. Gynaecological health improvement but increased prevalence of colonic 
 ulcers. APMIS 107(1999):270-82. 
Bergman A, Klasson-Wehler E, Kuroki H. Selective retention of hydroxylated PCB metabolites in blood. Environ Health Perspect. 102(1994):464-9. 
Bergman A, Norstrom RJ, Haraguchi K, Kuroki H, Beland P. … Environ Toxicol Chem. 13(1994):121- 
Bergman A, Olsson M. Pathology of Baltic grey seal and ringed seal females with special reference to adrenocortical hyperplasia: Is environmental pollution the cause 
 of a widely distributed disease syndrome? Finn Game Res. 44(1986):47-62. 
Bergman A, Olsson M, Reiland S. Skull-bone lesions in the Baltic grey seal (Halichoerus grypus). Ambio 21;8(1992):517-9. 
Bergstrom S, Alexandersson H, Carlsson B, Josefsson W, Karlsson K-G, Westring G. Vlimate and hydrology of the Baltic basin. Wulff F, Rahm L, Larsson P (eds.) A 
 systems analysis of the Baltic Sea. Ecol Studies 148(2001):75-112. Springer Verlag, Berlin & Heidelberg.  
Bernard A, Broeckaert F, De Poorter G, De Cock A, Hermans C, Saegerman C, Houins G. The Belgian PCB/dioxin incident: analysis of the food chain contamination 
 and health risk evaluation. Environ Res. 2002;88(1):1-18.  
Bertazzi PA, Consonni D, Bachetti S, Rubagotti M, Baccarelli A, Zocchetti C, Pesatori AC. Health effects of dioxin exposure: a 20-year mortality study. Am J 
 Epidemiol. 153;11(2001):1031-44.  
Besselink H, Jonas A, Pijnappels M, Swinkels A, Brouwer B. Comparison of DR-CALUX- and HRGCMS-derived TEQs: Introduction of conversion factors. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol. 1, Section 3. 
Besselink HT, Denison MS, Hahn ME, Karchner SI, Vethaak AD, Koeman JH, Brouwer A. Low inducibility of CYP1A activity by polychlorinated biphenyls (PCBs) in 
 flounder (Platichthys flesus): Characterization of the Ah Receptor and the role of CYP1A inhibition. Toxicol Sciences 43;2(1998):161-71.  
Beurskens JEM, Toussaint M, de Wolf J, van der Steen JMD, Slot PC, Commandeur LCM, Parsons JR. Dehalogenation of chlorinated dioxin by an anaerobic 
 microbial consortium from sediment. Environ Toxicol Chem. 14(1995):939-43. 
Beven KJ. Prophecy, reality and uncertainty in distributed hydrological modelling. Adv Water Resources 16(1993):41-51. 
Beyer J, Sandvik M, Skaare JU, Egas E, Hyllan K, Waagbo R, Goksoyr A. Time- and dose-dependent biomarker responses in flounder (Platichtys flesus L.) exposed 
 to benzo(a)pyrene, 2,3,3',4,4',5-hexachlorobiphenyl (PCB 126) and cadmnium. Biomarkers 2(1997):35-44. 
Bhargava A, Dlugogorski BZ, Kennedy EM. Emission of polyaromatic hydrocarbons, polychlorinated biphenyls and polychlorinated dibenzo-p-dioxins and furans from 
 fires of wood chips. Fire Saf J. 37;7(2002):659-72.  
Biegel L, Harris M, Davis D, Rosengren R, Safe L, Safe S. 2,2',4,4',5,5'-hexachlorobiphenyl as a 2,3,7,8-tetrachlorodibenzo-p-dioxin antagonist in C57BL/6J mice. 
 Toxicol Appl Pharmacol. 97;3(1989):561-71. 
Bier V. Challenges to the acceptance of probabilistic risk analysis. Risk Anal. 19(1999):703-10. 
Bignert A, Litzén K, Odsjo T, Olsson M, Persson W, Reutergardh L. Time-related factors influence the concentrations of sDDT, PCBs and shell parameters in eggs of 
 Baltic guillemot (Uria aalge), 1861-1989. Environ Pollut. 89;1-2(1995):27-36. 
Bignert A, Olsson M. Miljögifter – Dåliga nyheter om östersjöströmming. Östersjo '98, p. 38-41. Stockholms Marina Forskningscentrum, Stockholm 1999. Swedish 
 marine monitoring in the Baltic Proper 1999. 
Bignert A, Olsson M, Asplund L, Eriksson U, Haggberg L. Altered CB congener composition in Baltic herring indicates ongoing pollution. Organohalogen Compds. 
 41(1999):383-6. 
Bignert A, Olsson M, Bergqvist P-A, Bergek S, Rappe C, de Wit C, Jansson B. Polychlorinated dibenzo-p-dioxins (PCDD) and dibenzo-furans (PCDF) in seal blubber. 
 Chemosphere 19;1-6(1989):551-6.   
Bignert A, Olsson M, Persson W, Jensen S, Zakrisson S, Litzén K, Eriksson U, Haggberg L, Alsberg T. Temporal trends of organochlorines in Northern Europe, 1967 
 1995. Relation to global fractionation, leakage from sediments and international measures. Environ Pollut. 99;2(1998):177-98.  
Bignert A, Olsson M, Wit de CA, Bergek S, Rappe C. Temporal trend of some mono-ortho and non-ortho CBs in Baltic Guillemot egg collected in 1969-1992. 
 Organohalogen Compds. 41(1999):361-4. 
Billiard SM, Hahn ME, Franks DG, Peterson RE, Bols NC, Hodson PV. Binding of polycyclic aromatic hydrocarbons (PAHs) to teleost aryl hydrocarbon receptors 
 (AHRs). Comp Biochem Physiol B Biochem Mol Biol. 2002;133(1):55-68.  
Birgelen van AP, Hebert CD, Wenk ML, Grimes LK, Chapin RE, Travlos GS, Mahler J, Bucher JR. Toxicity of 3,3',4,4'-tetrachloroazoxybenzene in rats and mice. 
 Toxicol Appl Pharmacol. 156;3(1999):206-21.  
Birgelen van APJM, Fase KM, Kolk vande J, Poiger H, Brouwer A, Seinen W, Berg van den M. Synergistic effcts of 2,2’,4,4’,5,5’-hexachlorobiphenyl and 2,3,7,8- 

tetrachlorodibenzo-p-dioxin on hepatic porphyrin levels in the rat. Environ Health Perspect. 104;5(1996):550-7. 
Birgelen van AP, Smit EA, Kampen IM, Groeneveld CN, Fase KM, Van der Kolk J, Poiger H, Van den Berg M, Koeman JH, Brouwer A. Subchronic effects of 
 2,3,7,8-TCDD or PCBs on thyroid hormone metabolism: use in risk assessment. Eur J Pharmacol. 293;1(1995):77-85.  
Birgelen van APJM, DeVito MJ, Akins JM, Ross DG, Diliberto JJ, Birnbaum LS. Relative potencies of polychlorinated dibenzo-p-dioxins, dibenzofurans, and  
 biphenyls derived from hepatic porphyrin accumulation in mice. Toxicol Appl Pharmacol. 138;1(1996):98-109.  
Birgelen van APJM, Vanderkolk J, Fase KM, Bol I, Poiger H, Brouwer A, Vandenberg M. Subchronic dose-response study of 2,3,7,8-tetrachlorodibenzo-p-dioxin in 
 female Sprague-Dawley rats. Toxicol Appl Pharmacol. 132;1(1995):1-13.  
Birgelen van APJM, Vanderkolk J, Fase KM, Bol I, Poiger H, Brouwer A, Vandenberg M. Toxic potency of 3,3′,4,4′,5-pentachlorobiphenyl relative to and in 
 combination with 2,3,7,8-tetrachlorodibenzo-p-dioxin in a subchronic feeding study in the rat. Toxicol Appl Pharmacol. 127;2(1994):209-21. 
Birgelen van AP. Hexachlorobenzene as a possible major contributor to the dioxin activity of human milk. Environ Health Perspect. 106;11(1998):683-8.  
Birnbaum LS. The role of structure in the disposition of halogenated aromatic xenobiotics. Environ Health Perspect. 61(1985):11-20. 
Birnbaum LS. Developmental effects of dioxins and related endocrine disrupting chemicals. Toxicol Lett. 1995;82-83:743-50.  
Birnbaum LS. Endocrine effects of prenatal exposure to PCBs, dioxins, and other xenobiotics: implications for policy and future research. Environ Health Perspect. 
 1994;102(8):676-9.  
Birnbaum LS. The mechanism of dioxin toxicity: Relationship to risk assessment. Environ Health Perspect. 102;Suppl 9(1994):157-67.  
Birnbaum LS, Couture LA. Disposition of octachlorodibenzo-p-dioxin (OCDD) in male rats. Toxicol Appl Pharmacol. 1988;93(1):22-30. 
Birnbaum LS, Cummings AM. Dioxins and endometriosis: a plausible hypothesis. Environ Health Perspect. 2002;110(1):15-21.  
Birnbaum LS, Harris MW, Barnhart ER, Morrissey RE. Teratogenicity of three polychlorinated dibenzofurans in C57BL/6N mice. Toxicol Appl Pharmacol. 
 90;2(1987b):206-16. 
Birnbaum LS, Harris MW, Crawford DD, Morrissey RE. Teratogenic effects of polychlorinated dibenzofurans in combination in C57BL/6N mice. Toxicol Appl 
 Pharmacol. 91;2(1987b):246-55.  
Birnbaum LS, Fenton SE. Role of developmental exposure to endocrine disruptors in cancer. Organohalogen Compds. 56(2002):65-8. 
Birnbaum LS, Morrissey RE, Harris MW. Teratogenic effects of 2,3,7,8-tetrabromodibenzo-p-dioxin and three polybrominated dibenzofurans in C57BL/6N mice. 
 Toxicol Appl Pharmacol. 107;1(1991):141-52. 
Birnbaum LS, Staskal DF, Diliberto JJ. Health effects of polybrominated dibenzo-p-dioxins (PBDDs) and dibenzofurans (PBDFs). Environ Int. 29;6(2003):855-60. 
Birnbaum LS, Tuomisto J. Non-carcinogenic effects of TCDD in animals. Food Addit Contam. 2000;17(4):275-88. 



 

 

267

 

Bishop CA, Ng P, Pettit KE, Kennedy SW, Stegeman JJ, Norstrom RJ, Brooks RJ. Environmental contamination and developmental abnormalities in eggs and 
hatchlings of the common snapping turtle (Chelydra serpentina serpentina) from the Great Lakes-St Lawrence River basin (1989-91). Environ Pollut. 
101;1(1998):143-56.  

Bjerke DL, Brown TJ, MacLusky NJ, Hochberg RB, Peterson RE. Partial demasculinization and feminization of sex behavior in male rats by in utero and lactational 
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin is not associated with alterations in estrogen receptor binding or volumes of sexually differentiated brain nuclei.  
Toxicol Appl Pharmacol. 1994;127(2):258-67.  

Bjerke DL, Peterson RE. Reproductive toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male rats: different effects of in utero versus lactational exposure. Toxicol Appl 
 Pharmacol. 127;2(1994):241-9. 
Bjerselius R, Aune M, Darnerud PO, Andersson A, Tysklind M, Bergek S, Lundstedt Enkel K, Kalsson L, Appelberg M, Arrhenius F, Wickstrom H, Glynn A. Study of 
 dioxin levels in fatty fish from Sweden 2001-2002. Part II. Organohalogen Compounds 62(2003):193-6. (CD-ROM Vol. 3, Section 1) 
Bjerselius R. Outcomes of guideline values and advisories for dioxins in Baltic Sea fish. Unpublished paper presented at workshop on Dioxins in Baltic Sea fish - 
 Scientific basis and information needs of assessment and management, SYKE, Helsinki, 12.-13.6.2003. 
Bjork M, Gilek M, Kautsky N, Naf C. In situ determination of  PCB biodeposition by Mytilus edulis in a Baltic coastal ecosystem. Mar Ecol Progr Ser. 194(2000):193-
 201.  
Bjork M, Gilek M. Bioaccumulation kinetics of PCB 31, 49 and 153 in the blue mussel, Mytilus edulis L. as a function of algal food. Aquat Toxicol 38;1-3(1997):101-23. 
Bjork M, Gilek M. Uptake and elimination of 14C-phenanthrene by the blue mussel Mytilus edulis L. at different algal concentrations. Bull Environ Contam Toxicol. 
 1996;56(1):151-8.  
Bjork M,Gilek M. Efficiencies of polychlorinated byphenyl assimilation from water and algal food by the blue mussel (Mytilus edulis). Environ Toxicol Chem 
 18;4(1999):765-71. 
Bjork M. Ecological and physiological aspects of contaminant accumulation and transport by the filter-feeding mussel Mytilus edulis. Doctoral Thesis, Stockholm Univ 
 1998. 
Black DE, Gutjahr-Gobell R, Pruell RJ, Bergen B, McElroy AE. Effects of a mixture of non-ortho- and mono-ortho-polychlorinated biphenyls on reproduction in 
 Fundulus heteroclitus (Linnaeus). Environ Toxicol Chem. 17(1998);7:1396-404.  
Blackburn AB. Review of the effects of Agent Orange: a psychiatric perspective on the controversy. Mil Med. 1983;148(4):333-40.  
Blanck HM, Marcus M, Hertzberg V, Tolbert PE, Rubin C, Henderson AK, Zhang RH. Determinants of polybrominated biphenyl serum decay among women in the 
 Michigan PBB cohort. Environ Health Perspect. 2000;108(2):147-52.  
Blankenship AL, Kannan K, Villalobos SA, Villeneuve DL, Falandysz J, Imagawa T, Jakobsson E, Giesy JP. Relative potencies of individual polychlorinated 
 naphthalenes and halowax mixtures to induce Ah receptor-mediated responses. Environ Sci Technol. 34;15(2000):3153-8.  
Blettner M, Heuer C, Razum O. Critical reading of epidemiological papers. A guide. Eur J Public Health 11;1(2001):97-101. 
Blom S, Forlin L. Effects of PCB on xenobiotic biotransformation enzyme activities in the liver and 21-hydroxylation in the head kidney of juvenile rainbow trout. Aquat 
 Toxicol. 39;3-4(1997):215-30.  
Blomkvist G, Roos A, Jensen S, Bignert A, Olsson M. Concentrations of SDDT and PCB in seals from Swedish and Scottish waters. Ambio 21 (1992):539-45. 
Blomqvist S, Heiskanen A-S. The challenge of sedimentation in the Baltic Sea. Wulff F, Rahm L, Larsson P (eds.) A  systems analysis of the Baltic Sea. Ecol Studies 
 148(2001):211-27. Springer Verlag, Berlin & Heidelberg.  
Blum MD, Kelly EM, Meyer M, Carlson CR, Hodson WL. An assessment of the treatment needs of Vietnam-era veterans. Hosp Community Psychiatry 
 1984;35(7):691-6. 
BMU. Dioxine aus Deutschland – Ed. 4. Bericht der Bund/Länder-Arbeitsgrupp Dioxine. Bumdesministerium fur Umwelt, Reaktorsicherheit und Naturschutz, Bonn 
 2002. 
Boal WL, Friedland J, Schulte PA. Workers' response to risk notification. Am J Ind Med. 1995;27(4):471-83. 
Boden LI, Miyares JR, Ozonoff D. Science and persuasion: environmental disease in U.S. courts. Soc Sci Med. 1988;27(10):1019-29.  
Boehmer-Christiansen S. Marine pollution control in Europe - Regional approaches, 1972–80. Mar Pol. 8;1(1984):44-55.  
Boehmer-Christiansen S. How much 'science' does environmental performance really need? Lykke E (ed.) Achieving environmental goals: The concept and practice 
 of environmental performance review. Belhaven Press, London and Florida, 1992. Pp. 135-157.  
Boenke A. Contribution of European research to risk analysis. Food Addit Contam. 2001;18(12):1135-40.  
Boer de J, Wester PG, Pastor i Rodriquez D, Lewis WE, Boon JP. Polybrominated biphenyls and diphenylethers in sperm whales and other marine mammals - a new 
 threat to ocean life? Organohalogen Compds. 35 (1998):383-6. 
Boer de J. Polychlorinated terphenyls. Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of Environmental Chemistry Vol 3 
 Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 43-60.   
Boer de J, Boer de K, Boon JP. Polybrominated biphenyls and diphenylethers. Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of 
 Environmental Chemistry Vol 3  Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 61-95.   
Boersma DL, Ellenton JA, Yagminas A. Investigation of the hepatic mixed-function oxidase system in herring gull embryos in relation to environmental contaminants. 
 Environ Toxicol Chem 5(1986):309-18.  
Boersma ER, Lanting CI. Environmental exposure to polychlorinated biphenyls (PCBs) and dioxins. Consequences for longterm neurological and cognitive 
 development of the child lactation. Adv Exp Med Biol. 2000;478:271-87.  
Bogaards JJP, Hissink EM, Briggs M, Weaver R, Jochemsen, P, Bertrand M, van Bladeren PJ. Prediction of interindividual variation in drug plasma levels in vivo from 
 individual enzyme kinetic data and physiologically based pharmacokinetic modelling. Eur J Pharmaceut Sci. 12(2000):117-24. 
Bogovski S, Lang T, Mellergaard S. Histopathological examinations of liver nodules in flounder (Platichthys flesus L.) from the Baltic Sea. ICES J Mar Sci. 
 56;2(1999):148-51.  
Bogovski S, Muzyka V, Sergeyev B, Karlova S. Biomarkers of carcinogenic contaminants in Baltic flounder (Platichthys flesus): temporal changes in urban and non-
 urban sites in Tallinn bay. Environ Sci Pollut Res Int. 2002;Spec No 1:15-8.  
Bogovski S, Sergeyev B, Muzyka V, Karlova S. Cytochrome P450 System and Heme Synthesis Enzymes Activity in Flounder Liver as Biomarkers of Marine 
 Environments Pollution. Mar Environ Res. 46;1-5(1998):13-6.  
Bohling P, Hudd R, Lehtonen H, Karas P, Neuman E, Thoresson G. Variations in year-class strength of different perch (Perca fluviatilis) populations in the Baltic Sea 
 with special reference to temperature and pollution. Can J Fisheries Aquat Sci. 48;7(1991):1181-7. 
Bohnenblust H, Slovic P. Integrating technical analysis and public values in risk-based decision making. Rel EngSyst Saf. 59;1(1998):151-59. 
Bols NC, Schirmer K, Joyce EM, Dixon DG, Greenberg BM, Whyte JJ. Ability of Polycyclic Aromatic Hydrocarbons to Induce 7-Ethoxyresorufin-o-deethylase Activity 
 in a Trout Liver Cell Line. Ecotoxicol Environ Saf. 44;1(1999):118-28.  
Bonte JL, Fritsky KJ, Plinke MA, Wilken M. Catalytic destruction of PCDD/F in a fabric filter: experience at a municipal waste. Waste Manage. 22;4(2002):421-6. 
Booker SM. Dioxin in Vietnam: fighting a legacy of war. Environ Health Perspect. 2001;109(3):A116-7. 
Bookstaff RC, Kamel F, Moore RW, Bjerke DL, Peterson RE. Altered regulation of pituitary gonadotropin-releasing hormone (GnRH) receptor number and pituitary 
 responsiveness to GnRH in 2,3,7,8-tetrachlorodibenzo-p-dioxin-treated male rats. Toxicol Appl Pharmacol. 1990;105(1):78-92. 
Bookstaff RC, Moore RW, Peterson RE. 2,3,7,8-tetrachlorodibenzo-p-dioxin increases the potency of androgens and estrogens as feedback inhibitors of luteinizing 
 hormone secretion in male rats. Toxicol Appl Pharmacol. 1990;104(2):212-24. 
Boon JP, Everaarts JM, Hillebrand MT, Eggens ML, Pijnenburg J, Goksoyr A. Changes in levels of hepatic biotransformation enzymes and haemoglobin levels in 

female plaice (Pleuronectes platessa) after oral administration of a technical polychlorinated biphenyl mixture (Clophen A40). Sci Total Environ. 114(1992):113-
33. 

Boon JP, Oostingh I, Van der Meer J, Hillebrand MTJ. A model for the bioaccumulation of chlorinated congeners in marine mammals. Eur J Pharmacol. Environ 
 Toxicol Pharmacol Section 270(1994):237–51. 



 

 

268

 

Boon JP, Reijnders PJH, Dols J, Wensvoort P, Hillebrand MTJ. The kinetics of individual polychlorinated biphenyl congeners in female harbour seals (Phoca vitulina), 
 with evidence for structure-related metabolism. Aq Toxicol. 10(1987):307-24. 
Boon JP, Van der Meer J, Allchin CR, Law RJ, Klungsoyr J, Leonards PEG, Spliid H, Storr-Hansen E, Mckenzie C, Wells DE. Concentration-dependent changes of 
 PCB patterns in fish-eating mammals: Structural evidence for induction of cytochrome P450. Arch Environ Contam Toxicol. 33(1997):298-311. 
Booth DE. Ethics and the limits of environmental economics. Ecol Econ. 9;3(1994):241-52. 
Bortot P, Thomaseth K, Salvan A. Population pharmacokinetic analysis of 2,3,7,8-tetrachlorodibenzo-p-dioxin using Bayesian techniques. Stat Med. 2002;21(4):533-
 47.  
Bosveld AT, Kennedy SW, Seinen W, van den Berg M. Ethoxyresorufin-O-deethylase (EROD) inducing potencies of planar chlorinated aromatic hydrocarbons in 
 primary cultures of hepatocytes from different developmental stages of the chicken. Arch Toxicol. 1997;71(12):746-50. 
Bosveld ATC, Nieboer R, de Bont J, Murk AJ, Feyk LA, Giesy JP, Van den Berg M. Biochemical and developmental effects of dietary exposure to polychlorinated 
 biphenyls 126 and 153 in common tern chicks (Sterna hirundo). Environ Toxicol Chem. 19(2000):719–30. 
Bosveld ATC, de Bie PAF, van den Brink NW, Jongepier H, Klomp AV. In vitro EROD induction equivalency factors for the 10 PAHs generally monitored in risk 
 assessment studies in The Netherlands. Chemosphere 49;1(2002):75-83.  
Bosveld AT, van den Berg M. Reproductive failure and endocrine disruption by organohalogens in fish-eating birds. Toxicology 181-182(2002):155-9. 
Bosveld BATC, van den Berg M, Theelen RMC. Assessment of the EROD inducing potency of eleven 2,3,7,8- substituted PCDD/Fs and three coplanar PCBs in the 
 chick embryo. Chemosphere 25;7-10(1992):911-6. 
Bottelberghs PH. Risk analysis and safety policy developments in the Netherlands. J Hazard Mater. 2000;71(1-3):59-84.  
Bouwman CA, Van Dam E, Fase KM, Koppe JG, Seinen W, Thijssen HH, Vermeer C, Van den Berg M. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin or 2,2',4,4',5,5'-
 hexachlorobiphenyl on vitamin K-dependent blood coagulation in male and female WAG/Rij-rats. Chemosphere 1999;38(3):489-505. 
Bovee TF, Hoogenboom LA, Hamers AR, Traag WA, Zuidema T, Aarts JM, Brouwer A, Kuiper HA. Validation and use of the CALUX-bioassay for the determination of 
 dioxins and PCBs in bovine milk. Food Addit Contam. 1998;15(8):863-75.  
Bowman RE, Schantz SL, Gross ML, Ferguson SA. Behavioral effects in monkeys exposed to 2,3,7,8-TCDD transmitted maternally during gestation and for four 
 months nursing. Chemosphere 18(1989):235-42. 
Bowman RE, Schantz SL, Weerasinghe NCA, Gross ML, Barsotti DL. Chronic dietary intake of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at 5 or 25 parts per trillion 
 in the monkey: TCDD kinetics and dose-effect estimate of reproductive toxicity. Chemosphere 18;1-6(1989):243-52. 
Boyer IJ, Kokoski CJ, Bolger PM. Role of FDA in establishing tolerable levels for dioxin and PCBs in aquatic organisms. J Toxicol Environ Health. 1991;33(1):93-101.  
Bradfield CA, Poland A. A competitive binding assay for 2,3,7,8-tetrachlorodibenzo-p-dioxin and related ligands of the Ah receptor. Mol Pharmacol. 34;5(1988):682-8.  
Bradlaw JA, Casterline JL Jr. Induction of enzyme activity in cell culture: a rapid screen for detection of planar polychlorinated organic compounds. J Assoc Off Anal 
 Chem. 1979;62(4):904-16. 
Braga AM, Krauss T, Reis dos Santos CR, Mesquita de Souza P. PCDD/F-contamination in a hexachlorocyclohexane waste site in Rio de Janeiro, Brazil. 
 Chemosphere 46(2002):1329-33. 
Brambilla G, Cherubini G, Ferretti E, Iacovella N, Menotta S, Ubaldi A, di Domenico A. Polychlorobiphenyll clearance in farmed rainbow trout: Preliminary 
 study results and development of a chemobiokinetic model. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 5, Section 4. 
Brasseur A, Gambin A, Laudet A, Marien J, Pirard JP. Elaboration of new formulations to remove micropollutants in MSWI flue gas. Chemosphere 56;8(2004):745-56. 
Breitholtz M, Hill C, Bengtsson BE. Toxic substances and reproductive disorders in Baltic fish and crustaceans. Ambio 2001;30(4-5):210-6. 
Breivik K, Sweetman A, Pacyna JM, Jones KC. Towards a global historical emission inventory for selected PCB congeners - a mass balance approach. 1. Global 
 production and consumption. Sci Tot Environ. 290;1-3(2002a):181-98.  
Breivik K, Sweetman A, Pacyna JM, Jones K. Towards a global historical emission inventory for selected PCB congeners – a mass balance approach. 2. Emissions. 
 Sci Total Environ. 290(2002b):199-224. 
Breivik K, Wania F. Evaluating a model of the historical behavior of two hexachlorocyclohexanes in the Baltic Sea environment.  Environ Sci Technol. 
 2002;36(5):1014-23. 
Breivik K, Wania F. Mass budgets, pathways, and equilibrium states of two hexachlorocyclohexanes in the Baltic Sea environment. Environ Sci Technol. 
 2002;36(5):1024-32.  
Bremmer HJ, Troost LM, Kuipers G, DeKoning J, Sein AA. Emissions of dioxins in the Netherlands. Natl Inst Public Health and Environ Protect (RIVM) and The 
 Netherlands Organiz Appl Sci Res (TNO). Report No. 770501018. Apeldorn, The Netherlands 1994. 
Brenner KS, Müller K, Sattel P. Nachweis und bestimmung von 2,3,7,8-tetrachlor-dibenzo-p-dioxin in chlorsubstituierten phenoxyalkansauren. J Chromatogr. A 
 64;1(1972):39-48.  
Breslow RA, Ross SA, Weed DL. Quality of reviews in epidemiology. Am J Public Health 88;3(1998):475-7.  
Brewster DW, Birnbaum LS. Disposition and excretion of 2,3,4,7,8-pentachlorodibenzofuran in the rat. Toxicol Appl Pharmacol. 1987;90(2):243-52. 
Brewster DW, Birnbaum LS. Disposition of 1,2,3,7,8-pentachlorodibenzofuran in the rat. Toxicol Appl Pharmacol. 1988;95(3):490-8.  
Brewster DW, Elwell MR, Birnbaum LS. Toxicity and disposition of 2,3,4,7,8-pentachlorodibenzofuran (4PeCDF) in the rhesus monkey (Macaca mulatta). Toxicol Appl 
 Pharmacol. 93;2(1998):231-46. 
Bridges J. Human health and environmental risk assessment: the need for a more harmonised and integrated approach. Chemosphere 2003;52(9):1347-51. 
Brieger G, Hunter RD. Uptake and depuration of PCB 77, PCB 169, and hexachlorobenzene by zebra mussels (Dreissena polymorpha). Ecotoxicol Environ Saf. 
 1993;26(2):153-65.  
Brodsky ES, Kucherenko AV, Jilnikov VG, Klyuev NA, Cheleptchikov AA.  PCB emission in the combustion processes. Organohalogen Compds. 60-65(2003), CD-
 ROM Vol 4, Section 1. 
Broker G, Bruckmann P, Gliwa H. Study of dioxin sources in North Rhine-Westphalia. Chemosphere 38;8(1999):1913-24.  
Broman D, Colmsjo A, Ganning B, Naf C, Zebuhr Y. A multi-sediment-trap study on the temporal and spatial variability of polycyclic aromatic hydrocarbons and lead 
 in an anthropogenic influenced archipelago. Environ Sci Technol. 22;10(1988):1219-28. 
Broman D, Naf C, Axelman J, Bandh C, Pettersen H, Johnstone R, Wallberg P. Significance of bacteria in marine waters for the distribution of hydrophobic organic 
 contaminants. Environ Sci Technol. 30;4(1996):1238-41. 
Broman D, Naf C, Axelman J, Pettersen H. Time trend analysis of PAHs and PCBs in the Northern Baltic proper. Chemosphere 29 (1994):1325-31. 
Broman D, Naf C, Lundbergh I, Zebühr Y. An in situ study on the distribution, biotransformation and flux of polycyclic aromatic hydrocarbons (PAHs) in an aquatic 
 food chain (seston-mytilus edulis l.-Somateria mollissima L.) from the baltic: An ecotoxicological perspective. Environ Toxicol Chem. 9;4(1990):429-42. 
Broman D, Naf C, Rolff C, Zebühr Y. Analysis of polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in soil and digested sewage 
 sludge from Stockholm, Sweden. Chemosphere 21:10-111(1990): 1213-20. 
Broman D, Naf C, Rolff C, Zebühr Y. Occurrence and dynamics of polychlorinated dibenzo-p-dioxins and polycyclic aromatic hydrocarbons in the mixed surface layer 
 of remote coastal and offshore waters of the Baltic. Environ Sci Technol. 25(1991):1850–64. 
Broman D, Naf C, Rolff C, Zebühr Y, Fry B, Hobbie J. Using ratios of stable nitrogen isotopes to estimate bioaccumulation and flux of polychlorinated dibenzo-p-
 dioxins (PCDDs) and dibenzofurans (PCDFs) in two food chains from the northern Baltic. Environ Toxicol Chem. 11;3(1992):331-45.  
Broman D, Naf C, Zebühr Y. Long-term high and low-volume air sampling of polychlorinated dibenzo-p-dioxins and dibenzofurans and polycyclic aromatic 
 hydrocarbons along a transect from urban to remote areas on the Swedish Baltic coast. Environ Sci Technol. 25;11(1991):1841-9. 
Broman D, Naf C, Zebühr Y. Occurrence and dynamics of polychlorinated dibenzo-p-dioxins and dibenzofurans and other combustion related organic pollutants  in 
 the aquatic environment of the Baltic. Chemosphere 25(1992):125-8.  
Broman D, Naf C, Zebühr Y, Bandh C, Ishaq R, Pettersen H. Occurrence, distribution and turnover of some toxic substances in the water mass and the sediments in 
 the baltic sea. BaltNews 4, Swedish Environ Protect Agency, Stockholm 1993. 
Broman D, Naf C, Zebühr Y, Lexen K. The composition, distribution and flux of PCDDs and PCDFs in settling particulate matter (SPM) - A sediment trap study in the 
 northern Baltic. Chemosphere 19(1989): 445-50. 



 

 

269

 

Broman D, Naf C, Zebühr Y. Occurrence and dynamics of polychlorinated dibenzo-p-dioxins and dibenzofurans and other combustion related organic pollutants in the 
 aquatic environment of the Baltic. Chemosphere 25(1992): 125-8.  
Brorstrom-Lunden E, Lindskog A, Mowrer J. Concentrations and fluxes of organic compounds in the atmosphere of the Swedish West Coast.  Atm Environ. 
 28;22(1994):3605-15.  
Brorstrom-Lunden E. Atmospheric deposition of persistent organic compounds to the sea surface. Oceanogr Lit Rev. Dec 1996. 
Brouwer A, Ahlborg UG, Van den Berg M, Birnbaum LS, Boersma ER, Bosveld B, Denison MS, Gray LE, Hagmar L, Holene E, et al. Functional aspects of 
 developmental toxicity of polyhalogenated aromatic hydrocarbons in experimental animals and human infants. Eur J Pharmacol. 1995;293(1):1-40.  
Brouwer A, Ahlborg UG, van Leeuwen FX, Feeley MM. Report of the WHO working group on the assessment of health risks for human infants from exposure to 
 PCDDs, PCDFs and PCBs. Chemosphere 1998;37(9-12):1627-43.  
Brouwer A, Morse DC, Lans MC, Schuur AG, Murk AJ, Klasson-Wehler E, Bergman A, Visser, TJ. Interactions of persistent environmental organohalogens with the 
 thyroid hormone system: mechanisms and possible consequences for animal and human health. Toxicol Ind Health 14;1-2(1998):59-84.  
Brouwer A, Reijnders PJH, Koeman JH. Polychlorinated biphenyl (PCB)-contaminated fish induces vitamin A and thyroid hormone deficiency in the common seal 
 Phoca vitulina. Aq Toxicol. 15 (1989):99-106.  
Brown BS, Munns WR Jr, Paul JF. An approach to integrated ecological assessment of resource condition: the Mid-Atlantic estuaries as a case study. J Environ 
 Manage. 2002;66(4):411-27.  
Brown DJ, Van Beneden RJ, Clark GC. Identification of two binding proteins for halogenated aromatic hydrocarbons in the hard-shell clam, Mercenaria mercenaria. 
 Arch Biochem Biophys. 1995;319(1):217-24.  
Brown DJ, Van Overmeire I, Goeyens L, Denison MS, De Vito MJ, Clark GC.  Analysis of Ah receptor pathway activation by brominated flame retardants. 
 Chemosphere 55;11(2004):1509-18. 
Brown JF, Wagner RE. PCB movement, dechlorination, and detoxification in the Acushnet Estuary. Environ Toxicol Chem. 9(1990):1215-33. 
Brown MM, McCready TL, Bunce NJ. Factors affecting the toxicity of dioxin-like toxicants: a molecular approach to risk assessment of dioxins. Toxicol Lett. 
 1992;61(2-3):141-7.  
Brown SB, Fisk AT, Brown M, Villella M, Muir DC, Evans RE, Lockhart WL, Metner DA, Cooley HM. Dietary accumulation and biochemical responses of juvenile 
 rainbow trout (Oncorhynchus mykiss) to 3,3',4,4',5-pentachlorobiphenyl (PCB 126). Aq Toxicol. 2002;59(3-4):139-52.  
Brown TN, Kulasiri D. Validating models of complex, stochastic, biological systems. Ecol Modell. 86;2-3(1996):129-34.  
Broz J, Grabic R, Kilian J, Lojkasek M, Marklund S, Ocelka T, Pekarek V, Pribyl J, Tydlitat V, Vyska J. The effect of oils on PAH, PCDD, PCDF, and PCB emissions 
 from a spark engine fueled with leaded gasoline. Chemosphere 41;12(2000):1905-11.  
Brubaker WW Jr, Hites RA. Polychlorinated dibenzo-p-dioxins and dibenzofurans: gas phase hydroxyl radical  reactions  and  related  atmospheric removal. Environ 
 Sci Technol. 31(1997):1805-10.  
Bruhn R, Kannan N, Petrick G, Schulz-Bull DE, Duinker JC. CB pattern in the harbour porpoise: bioaccumulation, metabolism and evidence for cytochrome P450 IIB 
 activity. Chemosphere 31;7(1995):3721-32.  
Bruhn R, Kannan N, Petrick G, Schulz-Bull DE, Duinker JC. Persistent chlorinated organic contaminants in harbour porpoises from the North Sea, the Baltic Sea and 
 Arctic waters. Sci Total Environ. 237-238(1999):351-61. 
Bruhn R, McLachlan MS. Seasonal variation of polychlorinated biphenyl concentrations in the southern part of the Baltic Sea. Mar Pollut Bull. 44;2(2002):156-63..  
Brun W. Subjective conceptions of uncertainty and risk. Bergen, Univ Bergen 1995. Dissertation. 
Bruneau L. Pollution from industries in the drainage area of the Baltic. Ambio 9;3-4(1980):145-52. 
Brunstrom B. Sensitivity of embryos from duck, goose, herring gull, and various chicken breeds to 3,3',4,4'-tetrachlorobiphenyl. Poultry Sci. 67(1988):52. 
Brunstrom B. Embryolethality and induction of 7-ethoxyresorufin O-deethylase in chick embryos by polychlorinated biphenyls and polycyclic aromatic hydrocarbons 
 having Ah receptor affinity. Chem Biol Interact. 81;1-2(1992):69-77. 
Brunstrom B. Mono-ortho-chlorinated chlorobiphenyls: toxicity and induction of 7-ethoxyresorufin O-deethylase (EROD) activity in chick embryos. Arch Toxicol. 
 1990;64(3):188-92. 
Brunstrom B, Andersson L. Toxicity and 7-ethoxyresorufin O-deethylase-inducing potency of coplanar polychlorinated biphenyls (PCBs) in chick embryos. Arch 
 Toxicol. 1988;62(4):263-6. 
Brunstrom B, Broman D, Dencker L, Naf C, Vejlens E, Zebühr Y. Extracts from settling particulate matter collected in the Stockholm archipelago waters: 

Embryolethality, immunotoxicity and erod-inducing potency of fractions containing aliphatics/monoaromatics, diaromatics or polyaromatics. Environ Toxicol 
Chem. 11;10(1992):1441-9.  

Brunstrom B, Broman D, Naf C. Embryotoxicity of polycyclic aromatic hydrocarbons (PAHs) in three domestic avian species, and of PAHs and coplanar 
 polychlorinated biphenyls (PCBs) in the common eider. Environ Pollut. 67;2(1990):133-43. 
Brunstrom B, Broman D, Naf C. Toxicity and EROD-inducing potency of 24 polycyclic aromatic hydrocarbons (PAHs) in chick embryos. Arch Toxicol. 1991;65(6):485-
 9. 
Brunstrom B, Darnerud PO. Toxicity and distribution in chick embryos of 3,3',4,4'-tetrachlorobiphenyl injected into the eggs. Toxicology 27;2(1983):103-10. 
Brunstrom B, Halldin K. Ecotoxicological risk assessment of environmental pollutants in the Arctic. Toxicol Lett. 112-113(2000):111-8.  
Brunstrom B, Halldin K. EROD induction by environmental contaminants in avian embryo livers. Comp Biochem Physiol C Pharmacol Toxicol Endocrinol. 1998;121(1-
 3):213-9.  
Brunstrom B, Hakansson H, Lundberg K. Effects of a technical PCB preparation and fractions thereof on ethoxyresorufin O-deethylase activity, vitamin A levels and 
 thymic development in the mink (Mustela vison). Pharmacol Toxicol. 69;6(1991):421-6. 
Brunstrom B, Lund BO, Bergman A, Asplund L, Athanassiadis I, Athanasiadou M, Jensen S, Orberg J. Reproductive toxicity in mink (Mustela vison) chronically 
 exposed to environmentally relevant polychlorinated biphenyl concentrations. Environ Toxicol Chem. 2001;20(10):2318-27.  
Brunstrom B, Lund J. Differences between chick and turkey embryos in sensitivity to 3,3',4,4'-tetrachloro-biphenyl and in concentration/affinity of the hepatic receptor 
 for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Comp Biochem Physiol C. 1988;91(2):507-12. 
Brydsten L. Characterization of transport bottoms in the Gulf of Bothnia - a model approach. Aqua Fennica 23;2(1993):153-64. 
Brzuzy LP, Hites RA. Global mass balance for polychlorinated dibenzo-p-dioxins and dibenzofurans. Environ Sci Technol 30;6(1996):1797-804. 
Buck GM, Mendola P, Vena JE, Sever LE, Kostyniak P, Greizerstein H, Olson J, Stephen FD. Paternal Lake Ontario fish consumption and risk of conception delay, 
 New York State Angler Cohort. Environ Res. 1999;80(2 Pt 2):S13-S18.  
Buck GM, Vena JE, Schisterman EF, Dmochowski J, Mendola P, Sever LE, Fitzgerald E, Kostyniak P, Greizerstein H, Olson J. Parental consumption of contaminated 
 sport fish from Lake Ontario and predicted fecundability. Epidemiology. 2000;11(4):388-93.  
Budiansky S. Dioxin exposure: US Air Force reassures veterans. Nature 308;5955(1984):102.  
Buekens A, Cornelis E, Huang H, Dewettinck T. Fingerprints of dioxin from thermal industrial processes. Chemosphere 2000;40(9-11):1021-4. 
Buekens A, Stieglitz L, Hell K, Huang H, Segers P. Dioxins from thermal and metallurgical processes: recent studies for the iron and steel industry. Chemosphere 
 42;5-7(2001):729-35.  
Buekens, A, Stieglitz L, Huang H, Cornelis E. Free Univ Brussels, Brussels, Belgium. Formation of dioxin in industrial combustors and pyrometallurgical plants. 
 Environ Eng Sci. 15;1(1998):29-36. 
Buffler PA, Kyle AD. Regulatory reform proposals and the public health. Environ Health Perspect. 104;4(1996):356-61. 
Bunge M, Adrian L, Kraus A, Opel M, Lorenz WG, Andreesen JR, Gorisch H, Lechner U. Reductive dehalogenation of chlorinated dioxins by an anaerobic bacterium. 
 Nature 421;6921(2003):357-60.  
Burger J. Gender differences in attitudes about fish safety in a coastal population. J Toxicol Environ Health A. 1998;53(3):181-92. 
Burger J, Sanchez J, Gochfeld M. Fishing, Consumption, and Risk Perception in Fisherfolk along an East Coast Estuary. Environ Res. 77;1(1998):25-35.  
Burger J, Waishwell L. Are we reaching the target audience? Evaluation of a fish fact sheet. Sci Total Environ. 277;1-3(2001):77-86. 



 

 

270

 

Burgess RM, McKinney RA, Brown WA. Enrichment of marine sediment colloids with polychlorinated biphenyls: trends resulting from PCB solubility and chlorination. 
 Environ Sci Tech 30(1996):2556-66. 
Burleson GR, Lebrec H, Yang YG, Ibanes JD, Pennington KN, Birnbaum LS. Effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on influenza virus host resistance in 
 mice. Fundam Appl Toxicol. 1996;29(1):40-7. 
Burmaster DE, Anderson PD. Principles of good practice for the use of Monte Carlo techniques in human health and ecological risk assessments. Risk Anal. 
 14(1994):477-81. 
Burreau S, Zebuhr Y, Broman D, Ishaq R. Biomagnification of polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) studied in pike (Esox 
 lucius), perch (Perca fluviatilis) and roach (Rutilus rutilus) from the Baltic Sea. Chemosphere 55;7(2004):1043-52. 
Buser H-R. Rapid photolytic decomposition of brominated and brominated/chlorinated dibenzodioxins and dibenzofurans. Chemosphere 17;5(1988):889-903. 
Buser H-R, Dolezal IS, Wolfensberger M, Rappe C. Polychlorodibenzothiophenes, the sulfur analogues of the polychlorodibenzofurans in incineration samples. 
 Environ Sci Technol. 25(1991):1637-43. 
Buser H-R, Rappe C, Bergqvist PA. Analysis of polychlorinated dibenzofurans, dioxins and related compounds in environmental samples. Environ Health Perspect. 
 1985;60:293-302. 
Bushnell PJ, Rice DC. Behavioral assessments of learning and attention in rats exposed perinatally to 3,3',4,4',5-pentachlorobiphenyl (PCB 126). Neurotoxicol 
 Teratol. 21;4(1999):381-92. Erratum in: Neurotoxicol Teratol. 21;6(1999):733.  
Butler RA, Kelley ML, Powell WH, Hahn ME, Van Beneden RJ. An aryl hydrocarbon receptor (AHR) homologue from the soft-shell clam, Mya arenaria: evidence that 
 invertebrate AHR homologues lack 2,3,7,8-tetrachlorodibenzo-p-dioxin and beta-naphthoflavone binding. Gene 278;1-2(2001):223-34. 
Buzatu DA, Beger RD, Wilkes JG, Lay JO Jr. Predicting toxic equivalence factors from 13C nuclear magnetic resonance spectra for dioxins, furans, and 
 polychlorinated biphenyls using linear and nonlinear pattern recognition methods. Environ Toxicol Chem. 23;1(2004):24-31. 
Büchert A, Cederberg T, Dyke P, Fiedler H, Furst P, Hanberg A, Hosseinpour J, Hutzinger O, Kuenen JG, Malisch R, Needham LL, Olie K, Papke O, Rivera Aranda J, 

Thanner G, Umlauf G, Vartiainen T, van Holst C. Dioxin contamination in food. Bayreuth, Germany, from September 28 to October 1, 2000. Environ Sci Pollut 
Res Int. 2001;8(2):84-8. 

Byers T. The role of epidemiology in developing nutritional recommendations: past, present, and future. Am J Clin Nutr. 69;6(1999):1304S-1308S. 
Bylund G, Malmstrom C, Wiklund T, Myers MS. Proliferative and neoplastic conditions of flounder (Platichthys flesus) in the northern Baltic Sea in relation to DNA 
 adducts. Mar Environ Res. 50;1-5(2000):434.  
Byrd DM III, Allen DO, Beamer RL, Besch HR Jr, Bylund DB, Doull J, Fleming WW, Fries A, Guengerich FP, Hornbrook R, Lasagna L, Lum BK, Michaelis EK, 
 Morgan ET, Poland A, Rozman KK, Smith JB, Swanson HI, Waddell W, Wilson JD.The dose-response model for dioxin. Risk Anal. 18;1(1998):1-2. 
Byrd DM III, Roegner ML. Endocrine modulation and the federal government. Int. J. Toxicol. 17;2(1998):111-28.  
Calabrese EJ, Baldwin LA. Can the concept of hormesis be generalized to carcinogenesis? Regulat Toxicol Pharmacol. 28;3(1998):230-41. 
Calabrese EJ. Uncertainty factors and interindividual variation. Regul Toxicol Pharmacol. 5(1985):190-6. 
Calvert GM, Willie KK, Sweeney MH, Fingerhut MA, Halperin WE. Evaluation of serum lipid concentrations among U.S. workers exposed to 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Arch Environ Health. 51;2(1996):100-7. 
Calvert GM, Sweeney MH, Deddens J, Wall DK. Evaluation of diabetes mellitus, serum glucose, and thyroid function among United States workers exposed to 
 2,3,7,8-tetrachlorodibenzo-p-dioxin. Occup Environ Med. 1999;56(4):270-6.  
Camacho IA, Nagarkatti M, Nagarkatti PS. Effect of 2,3,7,8-tetrachlorodibenzo- p-dioxin (TCDD) on maternal immune response during pregnancy. Arch Toxicol. 
 78;5(2004):290-300. Epub 2004 Jan 08. 
Campbell CA, Teschke K, Bert J, Quintana PJ, Hertzman C. Pharmacokinetic model of dioxin and furan levels in adipose tissue from sawmill work involving 
 chlorophenate fungicides. Chemosphere 1996;33(12):2373-81.  
Campbell MA, Bandiera S, Robertson L, Parkinson A, Safe S. Hepta-, hexa-, tetra- and dichloronaphthalene congeners as inducers of hepatic microsomal drug-
 metabolizing enzymes. Toxicol 1983;26(3-4):193-205. 
Campbell MA, Bandiera S, Robertson L, Parkinson A, Safe S. Octachloronaphthalene induction of hepatic microsomal aryl hydrocarbon hydroxylase activity in the 
 immature male rat. Toxicol 1981;22(2):123-32. 
Campfens J, Mackay D. Fugacity-based model of PCB bioaccumulation in complex aquatic food webs. Environ Sci Technol. 31;2(1997):577-83.  
Canton RC, Besselink HT, Sanderson JT, Botschuyver S, Brouwer B, van den Berg M. Expression of Cyp1a1 and 1b1 mRNA in blood lymphocytes from two district 

populations in Slovakia compared to total TEQs in blood as measured by the DRE-CALUX® assay. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, 
Section 1.  

Cardinale M, Casini M, Arrhenius F. The influence of biotic and abiotic factors on the growth of sprat (Sprattus sprattus) in the Baltic Sea. Sweden. Aq Living 
 Resources 15;5(2002):273-281.  
Carman R, Cederwall H. Sediments and macrofauna in the Baltic Sea – Characteristics, nutrient contents and distribution. Wulff F, Rahm L, Larsson P (eds.) A 
 systems analysis of the Baltic Sea. Ecol Studies 148(2001):289-327. Springer Verlag, Berlin & Heidelberg.  
Carrer S, Halling-Sørensen B, Bendoricchio G. Modelling the fate of dioxins in a trophic network by coupling an ecotoxicological and an Ecopath model. Ecol Modell. 
 126;2-3(2000):201-23.  
Carrier G, Brunet RC, Brodeur J. Modeling of the toxickinetics of polychlorinated dibenzo-p-dioxins and dibenzofurans in mammalians, including humans. I. 
 Nonlinear distribution of PCDD/PCDF body burden between liver an adipose tissues. Toxicol Appl Pharmacol. 1995;131(2):253-66.  
Carrier G, Brunet RC, Brodeur J. Modeling of the toxicokinetics of polychlorinated dibenzo-p-dioxins and dibenzofurans in mammalians, including humans. II. Kinetics 
 of absorption and disposition of PCDDs/PCDFs. Toxicol Appl Pharmacol 1995;131(2):267-76.  
Carroll WF, Berger TC, Borrelli FE, Garrity PJ, Jacobs RA, Ledvina J, Lewis JW, McCreedy RL, Smith TP, Tuhovak DR, Weston AF. Characterization of emissions of 

dioxins and furans from ethylene dichloride, vinyl chloride monomer and polyvinyl chloride  facilities  in  the  United  States. Consolidated report. Chemosphere 
43(2001):689-700.  

Caserini S, Monguzzi AM. PCDD/Fs emissions inventory in the Lombardy Region: results and uncertainties. Chemosphere 48;8(2002):779-86.  
Casper RF, Quesne M, Rogers IM, Shirota T, Jolivet A, Milgrom E, Savouret JF. Resveratrol has antagonist activity on the aryl hydrocarbon receptor: implications for 
 prevention of dioxin toxicity. Mol Pharmacol. 1999;56(4):784-90.  
Cauchi S, Stucker I, Cenee S, Kremers P, Beaune P, Massaad-Massade L. Structure and polymorphisms of human aryl hydrocarbon receptor repressor (AhRR) gene 
 in a French population: relationship with CYP1A1 inducibility and lung cancer. Pharmacogenetics 13;6(2003):339-47. 
Caudill SP, Pirkle JL, Michalek JE. Effects of measurement error on estimating biological half-life. J Expo Anal Environ Epidemiol. 1992;2(4):463-76.  
CEC. Technical guidance document on development of risk reduction strategies. Luxembourg, Office for Official Publications of the European Communities 199X. 95 
 p. 
CEC. Community strategy for dioxins, furans and polychlorinated biphenyls. Communication from the Commission to the Council, the European Parliament and the 
 Economic and Social Committee. COM(2001)593, Final. Official J Eur Communities 17.11.2001, C322/2-18. http://www.europa.eu.int 
CEC. Council Directive 91/173/EEC. Amending for the ninth time Directive 76/769/EEC on the approximation of the laws, regulations and administrative provisions of 
the member States relating to restrictions on the marketing and use of certain dangerous substances and preparations. Official J L 085, 05/04/1991:34-6. 
CEC. Lessons from the European Commission's Demonstration Programme on Integrated Coastal Zone Management (ICZM). European Commission. Accessed 7 
 May 1999a. Online. Available from http://europa.eu.int/comm/environment/iczm/themanal.htm.  
CEC. Towards a European Integrated Coastal Zone Management (ICZM) Strategy: General Principles and Policy Options--A Reflection Paper. European 
 Commission. Accessed 21 May 1999b. Online. Available from http://europa.eu.int/comm/environment/iczm/themanal.htm.  
CEC. First report on the harmonisation of risk assessment procedures, Part 1. 26-27 Oct 2000. European Commission, Health & Consumer Protection DG, 
 Directorate C - Scientific Opinions, Brussels. (published on the internet 20.12.2000) 
CEC. Technical guidance document in support of commission directive 93/67/EEC on risk assessment for new notified substances and commission regulation (EC) 
 No 1488/94 on risk assessment for existing substances. 2nd ed., European Commission Joint Research Centre 2003. EUR 20418 EN/1-IV. http://www.ecb.jrc.it/  



 

 

271

 

CEC & EU. Submission by the European Community and the member states of the European Union to the sixth session of the Intergovernmental Negotiating 
Committee for an International Legally Binding Instrument for international action on certain Persistent Organic Pollutants (previously 
UNEP/POPS/INC.6/CRP.6): Best Available Techniques (BAT) and Best Environmental Practices (BEP) for reducing and/or eliminating emission of POPS by-
products. Appendix to Report by the Secretariat on preparatory work for the meeting of UNEP Expert Group on Best Available Techniques and Best 
Environmental Practices, Research Triangle Park, 10-14 March 2003. UNEP/POPS/EGB.1/INF/5, 19 Nov 2002. 17 p.  

Cecil HC, Harris SJ, Bitman H. Effects of polychlorinated biphenyls and terphenyls and polybrominated biphenyls on pentobarbital sleeping times of Japanese quail. 
 Arch Environ Contam Toxicol 1975;3(2):183-92. 
Cederberg T, Laier P, Vinggaard AM. Screening of food samples for dioxin levels – comparison of gc/ms determination with the CALUX bioassay. Organohalogen 
 Compds. 58(2002):409-12. CD-ROM. 
Celander M, Stegeman JJ, Forlin L. CYP1A1-, CYP2B- and CYP3A-like proteins in rainbow trout (Oncorynchus mykiss) liver: CYP1A1-specific down-regulation after 
 prolonged exposure to PCB. Mar Environ Res. 42;1-4(1996):283-6.  
Celander M, Stegeman JJ. Isolation of a cytochrome P450 3A cDNA sequence (CYP3A30) from the marine teleost Fundulus heteroclitus and phylogenetic analyses 
 of CYP3A genes. Biochem Biophys Res Commun. 1997;236(2):306-12. 
Celander M, Weisbrod R, Stegeman JJ. Glucocorticoid potentiation of cytochrome P4501A1 induction by 2,3,7,8-tetrachlorodibenzo-p-dioxin in porcine and human 
 endothelial cells in culture. Biochem Biophys Res Commun. 1997;232(3):749-53.  
Cerlesi S, Di Domenico A, Ratti S. 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) persistence in the Seveso (Milan, Italy) soil. Ecotoxicol Environ Saf 1989;18(2):149-64.  
Chaffin CL, Peterson RE, Hutz RJ. In utero and lactational exposure of female Holtzman rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin: Modulation of the estrogen signal. 
 Biol Reprod. 55;1(1996):62-7. 
Chahoud I, Hartmann J, Rune GM, Neubert D. Reproductive toxicity and toxicokinetics of 2,3,7,8-tetrachlorodibenzo-p-dioxin. 3. Effects of single doses on the testis 
 of male rats. Arch Toxicol. 1992;66(8):567-72. 
Chambolle M. Assessment of extreme levels of chronic food intakes. Regul Toxicol Pharmacol. 30(1999):S13-S18.  
Champ MA. A review of organotin regulatory strategies, pending actions, related costs and benefits. Sci Tot Environ. 258;1-2(2000):21-71. 
Chang KJ, Hsieh KH, Tang SY, Tung TC, Lee TP. Immunologic evaluation of patients with polychlorinated biphenyl poisoning: evaluation of delayed-type skin 
 hypersensitive response and its relation to clinical studies. J Toxicol Environ Health. 9;2(1982):217-23. 
Chang KJ, Hsieh KH, Lee TP, Tung TC. Immunologic evaluation of patients with polychlorinated biphenyl poisoning: determination of phagocyte Fc and complement 
 receptors. Environ Res. 28;2(1982):329-34.  
Chang KJ, Hsieh KH, Lee TP, Tang SY, Tung TC. Immunologic evaluation of patients with polychlorinated biphenyl poisoning: determination of lymphocyte 
 subpopulations. Toxicol Appl Pharmacol. 61;1(1981):58-63. 
Chang RR, Jarman WM, Hennings JA. Sample cleanup by solid-phase extraction for the ultratrace determination of polychlorinated dibenzo-p-dioxins and 
 dibenzofurans in biological samples. Anal Chem. 1993;65(18):2420-7.  
Chao WY, Hsu CC, Guo YL. Middle-ear disease in children exposed prenatally to polychlorinated biphenyls and polychlorinated dibenzofurans. Arch Environ Health. 
 1997;52(4):257-62.  
Chapman PM. Integrating toxicology and ecology: putting the "eco" into ecotoxicology. Mar Pollut Bull 44;1(2002):7-15. 
Chen CY, Hamm JT, Hass JR, Birnbaum LS. Disposition of polychlorinated dibenzo-p-dioxins, dibenzofurans, and non-ortho polychlorinated biphenyls in pregnant  
 long evans rats and the transfer to offspring. Toxicol Appl Pharmacol. 2001;173(2):65-88.  
Chen G, Konstantinov AD, Chittim BG, Joyce EM, Bols NC, Bunce NJ. Synthesis of polybrominated diphenyl ethers and their capacity to induce CYP1A by the Ah 
 receptor mediated pathway. Environ Sci Technol. 35;18(2001):3749-56. 
Chen H-L, Lee C-C, Liao P-C, Guo Y-L, Chen C-H, Su H-Y. Associations between dietary intake and serum polychlorinated dibenzo-p-dioxin and dibenzofuran 
 (PCDD/F) levels in Taiwanese. Environ Res. 91;3(2003):172-8.  
Chen JW, Harner T, Schramm K-W, Quan X, Xue XY, Kettrup A. Quantitative relationships between molecular structures, environmental temperatures and octanol–
 air partition coefficients of polychlorinated biphenyls. Comput Biol Chem 27;3(2003):405-21. 
Chen J, Quan X, Peijnenburg WJ, Yang F. Quantitative structure-property relationships (QSPRs) on direct photolysis quantum yields of PCDDs. Chemosphere 
 43;2(2001):235-41. 
Chen J, Quan X, Schramm KW, Kettrup A, Yang F. Quantitative structure-property relationships (QSPRs) on direct photolysis of PCDDs. Chemosphere 
 2001;45(2):151-9.  
Chen J, Quan X, Yazhi Z, Yan Y, Yang F. Quantitative structure-property relationship studies on n-octanol/water partitioning coefficients of PCDD/Fs. Chemosphere 
 44;6(2001):1369-74.  
Chen J, Quan X, Zhao YZ, Yang FL, Schramm KW, Kettrup A. Quantitative structure-property relationships for octanol-air partition coefficients of PCDD/Fs. Bull 
 Environ Contam Toxicol. 2001;66(6):755-61.  
Chen JJ, Chen GS, Bunce NJ. Inhibition of CYP 1A2-dependent MROD activity in rat liver microsomes: an explanation of the hepatic sequestration of a limited subset 
 of halogenated aromatic hydrocarbons. Environ Toxicol. 18;2(2003):115-9. 
Chen JJ, Chen YJ, Rice G, Teuschler LK, Hamernik K, Protzel A, Kodell RL. Using dose addition to estimate cumulative risks from exposures to multiple chemicals. 
 Regul Toxicol Pharmacol. 2001;34(1):35-41.  
Chen YJ, Hsu CC. Effects of prenatal exposure to PCBs on the neurological function of children: a neuropsychological and neurophysiological study. Dev Med Child 
 Neurol. 36;4(1994):312-20. 
Cheng SB, Kuchiiwa S, Nagatomo I, Akasaki Y, Uchida M, Tominaga M, Hashiguchi W, Kuchiiwa T, Nakagawa S. 2,3,7,8-Tetrachlorodibenzo-p-dioxin treatment 
 induces c-Fos expression in the forebrain of the Long-Evans rat. Brain Res. 931;2(2002):176-80. 
Cheung MO, Gilbert EF, Peterson RE. Cardiovascular teratogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the chick embryo. Toxicol Appl Pharmacol. 
 1981;61(2):197-204.  
Cheung YL, Puddicombe SM, Gray TJ, Ioannides C. Mutagenicity and CYP1A induction by azobenzenes correlates with their carcinogenicity. Carcinogenesis 
 15;6(1994):1257-63. 
Cho CH, Ihm SK. Development of new vanadium-based oxide catalysts for decomposition of chlorinated aromatic pollutants. Environ Sci Technol. 2002;36(7):1600-6.  
Choi HC, Park CG, Seung, HJ, Oh TY. Catalytic destruction of PCDD/DFs by the SCR units. Organohalogen Compds. 45(2000):387-390. 
Choi J-W, Fujimaki S, Kitamura K, Hashimoto S, Ito H, Sakurai T, Suzuki N, Nagasaka H, Tanabe K, Sakai S, Morita M. Historical trends of PBDD/Fs, PBDEs, 
 PCDD/Fs and dioxin-like PCBs in sediment cores from Tokyo Bay. Organohalogen Compds. 60-65(2003), Vol. 2, Section 1 (CD-ROM). 
Choi JW, Fujimaki TS, Kitamura K, Hashimoto S, Ito H, Suzuki N, Sakai S, Morita M. Polybrominated dibenzo-p-dioxins, dibenzofurans, and diphenyl ethers in 
 Japanese human adipose tissue. Environ Sci Technol. 37;5(2003):817-21. 
Chou CC, Chen YN, Li CS. Congener-Specific Polychlorinated Biphenyls in Cetaceans from Taiwan Waters. Arch Environ Contam Toxicol. 47;4(2004):551-560. 
Choudhry GG, Webster GRB. Photochemical quantum yields and sunlight half-lives of polychlorinated dibenzo-p-dioxins in aquatic systems. Chemosphere 
 15(1986):1935-40. 
Christiansen C, Edelvang K, Emeis KC, Graf G, Jahmlich S, Kozuch J, Laima M, Leipe T, Loffler A, Lund-Hansen LC, Miltner A, Pazdro K, Pempkowiak J, Shimmield 

G, Shimmield T, Smith J, Voß M, Witt G. Material transport from the nearshore to the basinal environment in the Southern Baltic Sea: I. Processes and mass 
estimates. J Mar Syst. (2001) (in press). 

Christmann W, Kasiske D, Kloppel KD, Partscht H, Rotard W. Combustion of polyvinylchloride - an important source for the formation of PCDD/PCDF. Chemosphere 
 19(1988):387–92. 
Chu I, Villeneuve DC, Yagminas A, Lecavalier P, Hakansson H, Ahlborg UG, Valli VE, Kennedy SW, Bergman A, Seegal RF, et al. Toxicity of PCB 77 (3,3',4,4'-
 tetrachlorobiphenyl) and PCB 118 (2,3',4,4'5-pentachlorobiphenyl) in the rat following subchronic dietary exposure. Fundam Appl Toxicol. 1995;26(2):282-92. 
Cirone PA, Duncan BP. Integrating human health and ecological concerns in risk assessments. J Haz Mater. 2000;78(1-3):1-17. 
Cleemann M, Riget F, Paulsen GB, de Boer J, Dietz R. Organochlorines in Greenland ringed seals (Phoca hispida). Sci Total Environ. 245;1-3(2000):103-16. 



 

 

272

 

Clemons JH, Allan LM, Marvin CH, Wu Z, McCarry BE, Bryant DW, Zacharewski TR. Evidence of estrogen- and TCDD-like activities in crude and fractionated 
 extracts of PM sub(10) air particulate material using in vitro gene expression assays. Environ Sci Technol. 32;12(1998):1853-60.  
Clemons JH, Dixon DG, Bols NC. Derivation of 2,3,7,8-TCDD toxic equivalent factors (TEFs) for selected dioxins, furans and PCBs with rainbow trout and rat liver cell 
 lines and the influence of exposure time. Chemosphere 34;5-7(1997):1105-19.  
Clemons JH, van den Heuvel MR, Stegeman JJ, Dixon DG, Bols NC. Comparison of toxic equivalent factors for selected dioxin and furan congeners derived using 
 fish and mammalian liver cell lines. Can J Fisheries Aquat Sci. 51;7(1994):1577-84. 
Clench-Aas J, Bartonova A, Oehme M, Lindstrom G. PCDD and PCDF in human milk from Scandinavia, with special emphasis on Norway. J Toxicol Environ Health. 
 1992;37(1):73-83.  
Cockerline R, Shilling M, Safe S. Polychlorinated naphthalenes as hepatic microsomal enzyme inducers in the immature male rat. Gen Pharmacol. 1981;12(2):83-7.  
Cohen GM, Bracken WM, Iyer RP, Berry DL, Selkirk JK, Slaga TJ. Anticarcinogenic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on benzo(a)pyrene and 7,12- 
 dimethylbenz(a)anthracene tumor initiation and its relationship to DNA binding. Cancer Res. 1979;39(10):4027-33.  
Collins A, Stapleton M, Whitmarsh D. Fishery-pollution Interactions: A Modelling Approach to Explore the Nature and Incidence of Economic Damages. Mar Pollut 
 Bull. 36;3(1998):211-21.  
Collins JJ, Conner PR. Communication to workers of epidemiology study results: an industry approach. J Occup Med. 1994;36(2):169-73. 
Collins JJ, Strauss ME, Levinskas GJ, Conner PR. The mortality experience of workers exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin in a trichlorophenol process 
 accident.  Epidemiology 4;1(1993):7-13. 
Comber SDW, Davis L-J, Rule KL, Hope S-J, Cole SC, Crane M, Sweetman AJ, Whitehouse P. Development of aquatic quality standards (QSs) for dioxins. Final 
 Report to the Department for Environment, Food and Rural Affairs. Report No: DEFRA 6297, July 2003. 
Concejero MA. Ahr-mediated signal transduction pathway. A review. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 6, Section 1. 
Concejero MA, Galve R, Herradon B, Gonzalez MJ, de Frutos M. Feasibility of high-performance immunochromatography as an isolation method for PCBs and other 
 dioxin-like compounds.  Anal Chem. 2001;73(13):3119-25.  
Connelly NA, Knuth BA. Evaluating risk communication: examining target audience perceptions about four presentation formats for fish consumption health advisory 
 information. Risk Anal. 18;5(1998):649-59. 
Connelly NA, Knuth BA, Kay DL. Public support for ecosystem restoration in the Hudson River Valley, USA. Environ Manage. 29;4(2002):467-76. 
Connolly JP. Application of a food chain model to polychlorinated biphenyl contamination of the lobster and winter flounder food chains in New Bedford Harbor. 
 Environ Sci Technol. 25;4(1991):760-70. 
Cook PM, Robbins JA, Endicott DD, Lodge KB, Guiney PD, Walker MK, Zabel EW, Peterson RE. Effects of aryl hydrocarbon receptor-mediated early life stage 
 toxicity on lake trout populations in Lake Ontario during the 20th century. Environ Sci Technol. 37;17(2003):3864-77. 
Coombs J. The interface of law and science: the work of the Agent Orange Royal Commission. Med Law 1987;6(1):1-12.  
Copeland TL, Holbrow AM, Otani JM, Connor KT, Paustenbach DJ. Use of probabilistic methods to understand the conservatism in California's approach to assessing 
 health risks posed by air contaminants. Air Waste 1994;44(12):1399-413. 
Copeland TL, Paustenbach DJ, Harris MA, Otani J. Comparing the results of a Monte Carlo analysis with EPA's reasonable maximum exposed individual (RMEI): a 
 case study of a former wood treatment site. Regul Toxicol Pharmacol. 1993;18(2):275-312.  
Cordle F, Locke R, Springer J. Risk assessment in a federal regulatory agency: an assessment of risk associated with the human consumption of some species of 
 fish contaminated with polychlorinated biphenyls (PCBs). Environ Health Perspect. 1982;45:171-82.  
Corrigan FM, Murray L, Wyatt CL, Shore RF. Diorthosubstituted polychlorinated biphenyls in caudate nucleus in Parkinson's disease. Exp Neurol. 1998;150(2):339-
 42.  
Corten A. The widening gap between fisheries biology and fisheries management in the European Union. Fish. Res. 27(1996):1-15. 
Costanza R, Patten BC. Defining and predicting sustainability. Ecol Econ. 15(1995):193-96. 
Coteur G, Danis B, Fowler SW, Teyssie JL, Dubois P, Warnau M. Effects of PCBs on reactive oxygen species (ROS) production by the immune cells of Paracentrotus 
 lividus (Echinodermata). Mar Pollut Bull. 42;8(2001):667-72.  
Courval JM, DeHoog JV, Stein AD, Tay EM, He J,  Humphrey HEB, Paneth N. Sport-Caught Fish Consumption and Conception Delay in Licensed Michigan Anglers. 
 Environ Res. 80;2(1999):S183-8.  
Covaci A, Koppen G, Van Cleuvenbergen R, Schepens P, Winneke G, van Larebeke N, Nelen V, Vlietinck R, Schoeters G. Persistent organochlorine pollutants in 

human serum of 50-65 years old women in the Flanders Environmental and Health Study (FLEHS). Part 2: Correlations among PCBs, PCDD/PCDFs and the 
use of predictive markers. Chemosphere 48;8(2002):827-32.  

Craft ES, DeVito MJ, Crofton KM. Comparative responsiveness of hypothyroxinemia and hepatic enzyme induction in Long-Evans rats versus C57BL/6J mice 
 exposed to TCDD-like and phenobarbital-like polychlorinated biphenyl congeners. Toxicol Sci. 2002;68(2):372-80.  
Cranmer M, Louie S, Kennedy RH, Kern PA, Fonseca VA. Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is associated with hyperinsulinemia and insulin 
 resistance. Toxicol Sci. 56;2(2000):431-6. 
Crawford M, Wilson R. Low dose linearity: The rule or the exception? J Hum Ecol Risk Assess. 2(1996):305-30. 
Crettaz P, Pennington D, Rhomberg L, Brand K, Jolliet O. Assessing human health response in life cycle assessment using ED10s and DALYs: part 1--Cancer 
 effects. Risk Anal. 2002;22(5):931-46. 
Crouch EA C. Risk/benefit analysis. Cambridge, MA, Ballinger 1982. 
Crump KW. A new method for determining allowable daily intakes. Fundam. Appl. Toxicol. 4(1984):854-71. 
Crump KS, Canady R, Kogevinas M. 2003. Meta-analysis of dioxin cancer dose-response for three occupational cohorts. Environ Health Perspect. 111(2003):681-7. 
Crump KS, Hoel DG, Langley GH, Peto R. Fundamental carcinogenic processes and their implications for low dose risk assessment. Cancer Res, 36(1976):2973-9. 
Cudahy JJ, Rigo HG. National annual dioxin emissions estimate for hazardous waste incinerators. J Air Waste Manage Assoc. 1998;48(11):1107-11. 
Cullen AC, Frey HC. Probabilistic Techniques in Exposure Assessment. A Handbook for Dealing with Variability and Uncertainty in Models and Inputs. Plenum Press, 
 New York 1999. 
Cullen AC. The sensitivity of probabilistic risk assessment results to alternative model structures: a case study of municipal waste incineration. J Air Waste Manag 
 Assoc. 45;7(1995):538-46.  
Cummings AM, Hedge JM, Birnbaum LS. Effect of prenatal exposure to TCDD on the promotion of endometriotic lesion growth by TCDD in adult female rats and 
 mice. Toxicol Sci 1999;52(1):45-9.  
Cummings AM, Metcalf JL, Birnbaum L. Promotion of endometriosis by 2,3,7,8-tetrachlorodibenzo-p-dioxin in rats and mice: time-dose dependence and species 
 comparison. Toxicol Appl Pharmacol. 1996;138(1):131-9. 
Dagnelie PC, van Staveren WA, Roos AH, Tuinstra LG, Burema J. Nutrients and contaminants in human milk from mothers on macrobiotic and omnivorous diets. Eur 
 J Clin Nutr. 46;5(1992):355-66. 
Dahl P, Lindstrom G, Wiberg K, Rappe C. Absorption of polychlorinated biphenyls, dibenzo-p-dioxins and dibenzofurans by breast-fed infants. Chemosphere 
 30;12(1995):2297-306.  
Daniel V, Huber W, Bauer K, Suesal C, Conradt C, Opelz G. Associations of blood levels of PCB, HCHS, and HCB with numbers of lymphocyte subpopulations, in 
 vitro lymphocyte response, plasma cytokine levels, and immunoglobulin autoantibodies. Environ Health Perspect. 109;2(2001):173-8. 
Dannenberger D, Andersson R, Rappe C. Levels and Patterns of Polychlorinated Dibenzo-p-dioxins, Dibenzofurans and Biphenyls in Surface Sediments from the 
 Western Baltic Sea (Arkona Basin) and the Oder River Estuarine System. Mar Pollut Bull. 34;12(1997):1016-24.  
Dannenberger D, Lertz A. Occurrence and transport of organic micro-contaminants in sediments of the Odra River estuarine system. Acta Hydrochim Hydrobiol. 
 5(1999):303-7. 
Dannenberger D, Lertz A. Polychlorinated biphenyls and organochlorinepesticides in surface sediments and cores of the Baltic Sea and coastal waters of 
 Mecklemburg-Vorpommen (Germany). D HydrZ (Germ J Hydrogr) 48(1996):5-26. 



 

 

273

 

Dannenberger D, Witt G, Lerz A, Trost E. Assessment of organic contaminants in sediments of the western Oder Estuary and rivers of West Pomerania. Oceanogr Lit 
 Rev. Mar 1998. 
Dannenberger D. Chlorinated Microcontaminants in Surface Sediments of the Baltic Sea--Investigations in the Belt Sea, the Arkona Sea and the Pomeranian Bight. 
 Mar Pollut Bull, 32;11(1996):772-81. 
Dannenberger D. The distribution of PCBs and organochlorine pesticides in the Baltic Sea. Oceanogr Lit Rev. Sep 1998. 
d'Argy R, Bergman J, Dencker L. Effects of immunosuppressive chemicals on lymphoid development in foetal thymus organ cultures. Pharmacol Toxicol. 
 1989;64(1):33-8. 
d'Argy R, Dencker L, Klasson-Wehler E, Bergman A, Darnerud P-O, Brandt I. 3,3'4,4'-Tetrachlorobiphenyl in pregnant mice: embryotoxicity, teratogenicity, and toxic 
 effects on the cultured embryonic thymus. Pharmacol Toxicol. 1987;61(1):53-7. 
Darnerud PO. Assessment of human intakes of dioxins from Baltic seafood. Unpublished paper presented at workshop on Dioxins in Baltic Sea fish - Scientific basis 
 and information needs of assessment and management, SYKE, Helsinki, 12.-13.6.2003. 
Darnerud PO, Aune M, Becker W, Bjerselius R, Glynn A. Swedish consumption of fatty Baltic Sea fish in relation to the total dioxin intake and the recommended TDI. 
 Organohalogen Compounds 62(2003):183-186. 
Darnerud PO, Brandt I, Klasson-Wehler E, Bergman A, D'Argy R, Dencker L, Sperber GO. 3,3',4,4'-tetrachloro[14C]biphenyl in pregnant mice: enrichment of phenol 
 and methyl sulphone metabolites in late gestational fetuses. Xenobiotica 16;4(1986):295-306. 
Darnerud PO, Morse D, Klasson-Wehler E, Brouwer A. Binding of a 3,3', 4,4'-tetrachlorobiphenyl (CB 77) metabolite to fetal transthyretin and effects on fetal thyroid 
 hormone levels in mice. Toxicology. 106;1-3(1996):105-14. 
Darnerud PO, Sinjari T, Jonsson CJ. Foetal uptake of coplanar polychlorinated biphenyl (PCB) congeners in mice. Pharmacol Toxicol. 78;3(1996):187-92. 
David J. Dioxin, an emotive word. Nature 284;5751(1980):10.  
David P. Agent Orange: veterans' case come to court. Nature 1984;309(5963):5.  
Davies JC. (Ed.) Comparing environmental risks: Tools for setting government priorities. Resources for the Future, Centre for Risk Management, Washington D.C. 
 1996. 
Davis D, Safe S. Halogenated aryl hydrocarbon-induced suppression of the in vitro plaque-forming cell response to sheep red blood cells is not dependent on the Ah 
 receptor. Immunopharmacology. 21;3(1991):183-90. 
Davis D, Safe S. Immunosuppressive activities of polychlorinated dibenzofuran congeners: quantitative structure-activity relationships and interactive effects. Toxicol 
 Appl Pharmacol. 1988;94(1):141-9. 
Davis D, Safe SH. Dose-response immunotoxicities of commercial polychlorinated biphenyls (PCBs) and their interaction with 2,3,7,8-tetrachlorodibenzo-p-dioxin. 
 Toxicol Lett. 48(1989):35-43. 
De Felip E, Porpora MG, di Domenico A, Ingelido AM, Cardelli M, Cosmi EV, Donnez J. Dioxin-like compounds and endometriosis: a study on Italian and Belgian 
 women of reproductive age. Toxicol Lett. 150;2(2004):203-9. 
De Fre R, Rymen T. PCDD and PCDF formation from hydrocarbon combustion in the presence of hydrogen chloride. Chemosphere 19;1-6(1989):331-6. 
De Fre R, Van Clevenhagen R. Decay of 2,3,7,8-congeners in deposition samples. Organohalogen Comds. 45(2000):464-7. 
De Fré R, Wevers M, Vanermen G. Dioxin and PAH in chimney soot from domestic heating appliances with solid fuels. Organohalogen Compds. 60-65(2003), CD-
 ROM Vol. 4, Section 1. 
De Haan LH, Simons JW, Bos AT, Aarts JM, Denison MS, Brouwer A. Inhibition of intercellular communication by 2,3,7,8-tetrachlorodibenzo-p-dioxin and dioxin-like 
 PCBs in mouse hepatoma cells (Hepa1c1c7): involvement of the Ah receptor. Toxicol Appl Pharmacol. 129;2(1994):283-93. 
de Jong APJM, van der Heeft E, Marsman JA, Liem AKD. Investigation on the occurrence of polyhalogenated (Br/Cl) dibenzodioxins and dibenzofurans in cow's milk 
 and fish tissue. Chemosphere 25;7-10(1992):1551-7. 
De Jongh J, Nieboer R, Schroders I, Seinen W, Van den Berg M. Toxicokinetic mixture interactions between chlorinated aromatic hydrocarbons in the liver of the 
 C57BL/6J mouse: 2. Polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs) and biphenyls (PCBs). Arch Toxicol. 1993;67(9):598-604.  
De Jongh J, DeVito M, Nieboer R, Birnbaum L, Van den Berg M. Induction of cytochrome P450 isoenzymes after toxicokinetic interactions between 2,3,7,8-t
 tetrachlorodibenzo-p-dioxin and 2,2',4,4',5,5'-hexachlorobiphenyl in the liver of the mouse. Fundam Appl Toxicol. 25;2(1995):264-70. 
De Krey GK, Kerkvliet NI. Suppression of cytotoxic T lymphocyte activity by 2,3,7,8-tetrachlorodibenzo-p-dioxin occurs in vivo, but not in vitro, and is independent of 
 corticosterone elevation. Toxicol. 97;1-3(1995):105-12.  
De Meulenaer B, Maes J, Van Heerswynghels P, De Geryt W, Goyens L, Windal I, Eppe G, De Pauw E, Huyghebaert A. Selective adsorption of dioxins and PCB's 
 from marine oils onm activated carbon. Organohalogen Compds. 60-65(2003) (CD-ROM), Vol. 1, Section 1. 
De Rosa CT, Brown D, Dhara R, Garrett W, Hansen H, Holler J, Jones D, Jordan-Izaguirre D, O'Conner R, Pohl H, Xintaras C. Dioxin and dioxin-like compounds in 
 soil, Part I: ATSDR policy guideline. Toxicol Ind Health. 1999;15(6):552-7.  
De Rosa CT, Brown D, Dhara R, Garrett W, Hansen H, Holler J, Jones D, Jordan-Izaguirre D, O'Conner R, Pohl H, Xintaras C. Dioxin and dioxin-like compounds in 
 soil, Part II: technical support document for ATSDR policy guideline. Toxicol Ind Health. 1999;15(6):558-76.  
De Rosa CT, Pohl HR, Hansen H, Leonard RC, Holler J, Jones D. Reducing uncertainty in the derivation and application of health guidance values in public health 
 practice. Dioxin as a case study. Ann N Y Acad Sci. 895(1999):348-64.  
De Swart RL, Ross PS, Timmerman HH, Vos HW, Reijnders PJ, Vos JG, Osterhaus AD. Impaired cellular immune response in harbour seals (Phoca vitulina) 
 feeding on environmentally contaminated herring. Clin Exp Immunol. 1995;101;3(1995):480-6. 
De Vito MJ, Maier WE, Diliberto JJ, Birnbaum LS. Comparative ability of various PCBs, PCDFs, and TCDD to induce cytochrome P450 1A1 and 1A2 activity following 
 4 weeks of treatment. Fundam Appl Toxicol. 1993;20(1):125-30.  
Dean CE Jr, Benjamin SA, Chubb LS, Tessari JD, Keefe TJ. Nonadditive hepatic tumor promoting effects by a mixture of two structurally different polychlorinated 
 biphenyls in female rat livers. Toxicol Sci. 66;1(2002):54-61. 
Debacker V, Eppe G, Massart A-C, Xhrouet C, Jauniaux T, Huart P, Hauteclair P, Bouquegneau J-M, De Pauw E. Polychlorinated dibenzo-p-dioxins and 

dibenzofurans in livers of an Atlantic seabird, the common guillemot Uria aalge : influence of the general body condition. Organohalogen Compds. 60-65(2003). 
CD-ROM, Vol. 5, Section 4. 

Decken von der A, Olin T, Bergqvist PA. Physiological properties of liver, gonads and muscle during maturation of female Atlantic salmon, Salmo salar. Comparison 
 between a control and xenobiotics containing fish feed. Comp Biochem Physiol C. 101;3(1992):525-9.  
Deckere de EA. Possible beneficial effect of fish and fish n-3 polyunsaturated fatty acids in breast and colorectal cancer. Eur J Cancer Prev. 1999;8(3):213-21. 
Dekkers S, de Heer C, Rennen MAJ. Critical effect sizes in toxicological risk assessment: a comprehensive and critical evaluation. Environ Toxicol Pharmacol. 10;1-
 2(2001):33-52. 
Del Vento S, Dachs J. Prediction of uptake dynamics of persistent organic pollutants by bacteria and phytoplankton.  Environ Toxicol Chem. 21;10(2002):2099-107.  
Dellinger JA. Exposure assessment and initial intervention regarding fish consumption of tribal members of the Upper Great Lakes Region in the United States. 
 Environ Res. 95;3(2004):325-40. 
Demers A, Ayotte P, Brisson J, Dodin S, Robert J, Dewailly E. Plasma concentrations of polychlorinated biphenyls and the risk of breast cancer: a congener-specific 
 analysis. Am J Epidemiol. 155;7(2002):629-35.  
Demmke C. Implementation and enforcement in the Member States: Internal management of European environmental policy. Demmke C. (ed.) Managing European 
 environmental policy. The role of the member states in the policy process. Pp. 41-79. European Institute of Public Administration, Maastricht 1997.   
Den Hond E, Roels HA, Hoppenbrouwers K, Nawrot T, Thijs L, Vandermeulen C, Winneke G, Vanderschueren D,  Staessen JA. Sexual maturation in relation to 
 polychlorinated aromatic hydrocarbons: Sharpe and Skakkebaek's hypothesis revisited. Environ Health Perspect 110(2002):771-6. 
Dencker L, Hassoun E, d'Argy R, Alm G. Fetal thymus organ culture as an in vitro model for the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin and its congeners. Mol 
 Pharmacol. 1985;27(1):133-40. 
Denison MS, Nagy SR. Activation of the aryl hydrocarbon receptor by structurally diverse exogenous and endogenous chemicals. Annu Rev Pharmacol Toxicol 
 2003;43:309-34.  



 

 

274

 

Denomme MA, Homonko K, Fujita T, Sawyer T, Safe S. Substituted polychlorinated dibenzofuran receptor binding affinities and aryl hydrocarbon hydroxylase 
 induction potencies--a QSAR analysis. Chem Biol Interact. 1986;57(2):175-87. 
desRosiers PE. Chemical detoxification of dioxin-contaminated wastes using potassium polyethylene glycolate. Chemosphere 18;1-6(1989):343-53. 
desRosiers PE, Skinner JH. Advances in dioxin risk management control technologies. Chemosphere 18;1-6(1989):41-55. 
Detzel A, Patyk A, Fehrenbach H, Franke B, Gingrich J, Lell M, Vogt R. Investigation of emissions and abatement measures for persistent organic pollutants in the 

Federal Republic of Germany. Umweltbundesamt, Berlin 1998. Texte 75/98. Res Report 295 44 365, UBA-FB 98-115/e. IFEU – Institut fur Energie- und 
Umweltforschung Heidelberg GmbH. 291 p.  

DeVito MJ, Birnbaum LS, Farland WH, Gasiewicz TA. Comparisons of estimated human body burdens of dioxinlike chemicals and TCDD body burdens in 
 experimentally exposed animals. Environ Health Perspect. 103;9(1995):820-31.  
DeVito MJ, Diliberto JJ, Ross DG, Menache MG, Birnbaum LS. Dose-response relationships for polyhalogenated dioxins and dibenzofurans following subchronic 
 treatment in mice. I. CYP1A1 and CYP1A2 enzyme activity in liver, lung, and skin. Toxicol Appl Pharmacol. 1997;147(2):267-80.  
DeVito MJ, Ross DG, Dupuy AE Jr, Ferrario J, McDaniel D, Birnbaum LS. Dose-response relationships for disposition and hepatic sequestration of polyhalogenated 
 dibenzo-p-dioxins, dibenzofurans, and biphenyls following subchronic treatment in mice. Toxicol Sci. 46;2(1998):223-34.  
Dewailly E, Ayotte P, Blanchet C, Grondin J, Bruneau S, Holub B, Carrier G. Weighing contaminant risks and nutrient benefits of country food in Nunavik. Arctic Med 
 Res. 1996;55 Suppl 1:13-9. 
Dewailly E, Ayotte P, Bruneau S, Gingras S, Belles-Isles M, Roy R. Susceptibility to infections and immune status in Inuit infants exposed to organochlorines. Environ 
 Health Perspect. 108;3(2000):205-11. 
Deweerd KA, Bedard DL. Use of halogenated benzoates and other halogenated aromatic compounds to stimulate the microbial dechlorination of PCBs. Environ Sci 
 Technol. 33;12(1999):2057-63.  
Di Muccio A, Camoni I, Dommarco R. 3,3',4,4'-Tetrachloroazobenzene and 3,3',4,4'-tetrachloroazoxybenzene in technical grade herbicides: propanil, diuron, linuron, 
 and neburon. Ecotoxicol Environ Saf 8;6(1984):511-5. 
Dibartolomeis MJ, Christou M, Jefcoate CR. Regulation of rat and bovine adrenal metabolism of polycyclic aromatic hydrocarbons by adrenocorticotropin and 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Arch Biochem Biophys. 1986;246(1):428-38. 
Dickerson R, Howie L, Davis D, Safe S. The structure-dependent effects of heptachlorodibenzofuran isomers in male C57BL/6 mice: immunotoxicity and mono-
 oxygenase enzyme induction. Fundam Appl Toxicol. 1990;15(2):298-307. 
Diliberto JJ, DeVito MJ, Birnbaum LS. Using tissue dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) as a predictive response for reversible biochemical changes. 
 Organohalogen Compds. 55(2002):171-4. 
Din JN, Newby DE, Flapan AD. Omega 3 fatty acids and cardiovascular disease--fishing for a natural treatment. BMJ 328;7430(2004):30-5. 
Dippner JW, Kornilovs G, Sidrevics L. Long-term variability of mesozooplankton in the Central Baltic Sea. J Mar Systems 25;1(2000):23-31.  
Domingo JL, Schuhmacher M, Llobet JM, Muller L, Rivera J. PCDD/F concentrations in soil and vegetation in the vicinity of a municipal waste incinerator after a 
 pronounced  decrease in the emissions of PCDD/Fs from the facility. Chemosphere 2001;43(2):217-26.  
Dorgan JF, Brock JW, Rothman N, Needham LL, Miller R, Stephenson HE Jr, Schussler N, Taylor PR. Serum organochlorine pesticides and PCBs and breast 
 cancer risk: results from a prospective analysis (USA). Cancer Causes Control. 10;1(1999):1-11. 
Dosman DM, Adamowicz WL, Hrudey SE.  Socioeconomic determinants of health- and food safety-related risk perceptions. Risk Anal. 2001;21(2):307-17. 
Doucette WJ, Andren AW. Aqueous solubility of selected biphenyl, furan, and dioxin congeners. Chemosphere 17;2(1988):243-52. 
Douglas M. Risk acceptability according to the social sciences. New York, Russell Sage Foundation 1985. 
Douglas M. Risk and blame – Essays in cultural theory. Routledge, London1996. 323 p. Reprint, first published 1992.   
Doull J, Rozman KK, Lowe MC. Hazard evaluation in risk assessment: whatever happened to sound scientific judgment and weight of evidence? Drug Metab Rev. 
 28;1-2(1996):285-99. 
Dourson ML, Lu FC. Safety/risk assessment of chemicals compared for different expert groups. Biomed. Environ. Sci. 8(1995):1-13. 
Drenth H-J, Bouwman CA, Seinen W, Van den Berg M. Effects of some persistent halogenated environmental contaminants on aromatase (CYP19) activity in the 
 human choriocarcinoma cell line JEG-3. Toxicol Appl Pharmacol. 148;1(1998):50-5.  
Driver, JH, Ginevan ME, Whitmyre GK. Estimation of dietary exposure to chemicals: a case study illustrating methods of distributional analyses for food consumption 
 data. Risk Anal. 16(1996):763-71. 
Drouillard KG, Fernie KJ, Smits JE, Bortolotti GR, Bird DM, Norstrom RJ. Bioaccumulation and toxicokinetics of 42 polychlorinated biphenyl congeners in American 
 kestrels (Falco sparverius). Environ Toxicol Chem 2001;20(11):2514-22.  
DSIE. Vilnius recommendations: Transboundary water management. Experience in the Baltic Sea Region. International Round Table 6-9 June 1999, Vilnius, 

Lithuania. Deutsche Stiftung fuer internationale Entwicklung - German Foundation for International Development, Entwicklungspolitisches Forum – Development 
Policy Forum. Berlin 2000. 39 p. DOK 1893a, IT 04-11-99, ISBN 3-934068-15-4 

Du X, Zhu N, Xia X, Bao Z, Xu X. [Microbial degradation of polychlorinated dibenzo-p-dioxins] Huan Jing Ke Xue 2001;22(3):97-9. Chinese. 
Duarte-Davidson R, Sewart A, Alcock RE, Cousins IT, Jones KC. Exploring the balance between sources, deposition, and the environmental burden of PCDD/Fs in 
 the U.K. terrestrial environment: an aid to identifying uncertainties and research needs. Environ Sci Technol. 31(1997):1-11. 
Dubé MG, Munkittrick KR. Integration of effects-based and stressor-based approaches into a holistic framework for cumulative effects assessment in aquatic 
 ecosystems. Hum Ecol Risk Assess. 7;2(2001): 247-258. 
Dudewicz EJ, Mishra SN. Modern mathematical statistics. John Wiley & Sons, New York et al. 1988. 838 pp.  
Dudhuis ABJ, Tromp PJJ, Olie K, Moulijn JA. Formation of PCDDs and PCDFs during low-temperature pyrolysis of PVC in an inert and oxidative atmosphere. 
 Organohalogen Compds. 3(1990):303–6. 
Duffy JE, Carlson E, Li Y, Prophete C, Zelikoff JT. Impact of polychlorinated biphenyls (PCBs) on the immune function of fish: age as a variable in determining 
 adverse outcome. Mar Environ Res. 54;3-5(2002):559-63.  
Duffy JE, Carlson EA, Li Y, Prophete C, Zelikofft JT. Age-related differences in the sensitivity of the fish immune response to a coplanar PCB. Ecotoxicol. 12;1-
 4(2003):251-9.  
Dunn JR, Taylor SM, Elliott SJ, Walter SD. Psychosocial effects of PCB contamination and remediation: the case of Smithville, Ontario. Soc Sci Med. 
 1994;39(8):1093-104.  
Dunnivant FM, Elzerman AW. Aqueous solubility and Henry's law constant data for PCB congeners for evaluation of quantitative structure-property relationships 
 (QSPRs). Chemosphere 17;3(1988):525-41. 
Dybing E, Doe J, Groten J, Kleiner J, O'Brien J, Renwick AG, Schlatter J, Steinberg P, Tritscher A, Walker R, Younes M. Hazard characterisation of chemicals in food 
 and diet: dose-response, mechanisms, and extrapolation issues. Food Chem Toxicol. 40(2002):237-82.  
Dyerberg J, Bang HO, Nielsen JA. Plasma lipids and lipoproteins in patients with myocardial infarction and in a control material. Acta Med Scand. 187;5(1970):353-
 63.  
Dyerberg J, Bang HO, Stofferson E. 1975. Eicosopentaenoic acid and prevention of thrombosis and atherosclerosis. Lancet 2:117-9.  
Dyke P, Coleman P, James R. Dioxins in ambient air, bonfire night 1994. Chemosphere 34;5-7(1997):1191–202. 
Dyke PH, Foan C, Wenborn M, Coleman PJ. A review of dioxin releases to land and water in the UK. Sci Total Environ. 1997;207(2-3):119-31.  
Dyke PH, Stratford J. Changes to the TEF schemes can have significant impacts on regulation and management of PCDD/F and PCB. Chemosphere 2002;47(2):103-
 16. 
Easton MDL, Luszniak D, Von der Geest E. Preliminary examination of contaminant loadings in farmed salmon, wild salmon and commercial salmon feed. 
 Chemosphere 46;7(2002):1053-74.  
ECETOC. Assessment factors in human health risk assessment. Brussels, ECETOC 1995. ECETOC Publ. 68. 57 p. 
ECETOC. Environmental hazard assessment of substances. Brussels, European Centre Ecotoxicol Toxicol of Chemicals 1993. 92 s. ECETOC Technical report 51. 



 

 

275

 

ECETOC. The role of bioaccumulation in environmental risk assessment: the aquatic environment and related food webs. Brussels, ECETOC 1995. ECETOC Publ. 
 67. 
ECETOC. Risk Assessment for Carcinogens. Monograph n°24, European Center for Ecotoxicology and Toxicology of Chemicals, Brussels 1996. 
Echeverria J. Science, technology, and values: towards an axiological analysis of techno-scientific activity. Technol in Society 25;2(2003):205-15. 
Eckhell J, Jonsson P, Meili M, Carman R. Storm influece on the accumulation and lamination of sediments in deep areas of the northwestern Baltic Proper. Ambio 
 29(2000):238-45. 
Edler L. Uncertainty in biomonitoring and kinetic modeling. Ann N Y Acad Sci. 895(1999):80-100. 
Edler L, Heinzl H. Exploring the relationships between exposure to PCDD/Fs and neurological health effects in humans. Organohalogen Compds. 57(2002):415-8.  
Eduljee G. Secondary exposure to dioxins through exposure to PCP and its derivatives. Sci Total Environ. 232;3(1999):193-214.  
Eduljee GH. Trends in risk assessment and risk management. Sci Total Environ. 249;1-3(2000):13-23. 
Eduljee GH, Dyke P. An updated inventory of potential PCDD and PCDF emission sources in the UK. Sci Total Environ. 177;1-3(1996):303-21.  
Eduljee GH, Dyke P, Cains PW. The effect of changing waste management practices on PCDD/PCDF releases from household waste recycling and disposal 
 processes. Chemosphere 34;5-7(1997):1615-22. 
Eduljee GH, Gair AJ. Validation of a methodology for modelling PCDD and PCDF intake via the foodchain. Sci Total Environ. 187;3(1996):211-29.  
Egeland GM, Middaugh J.P. Balancing fish consumption benefits with mercury exposure. Science 278;5345(1997):1904-5. 
Egeland GM, Sweeney MH, Fingerhut MA, Wille KK, Schnorr TM, Halperin WE. Total serum testosterone and gonadotropins in workers exposed to dioxin. Am J 
 Epidemiol. 1994;139(3):272-81.  
Ehrhardt M, Heinemann J. Hydrocarbons in blue mussels from the Kiel Bight. Environ Pollut. 9;4(1975):263-82. 
Eljarrat E, Barcelo D. Congener-specific determination of dioxins and related compounds by gas chromatography coupled to LRMS, HRMS, MS/MS and TOFMS. J 
 Mass Spectrom. 2002;37(11):1105-17.  
Elliott JE, Harris ML, Wilson LK, Whitehead PE, Norstrom RJ. Monitoring temporal and spatial trends in polychlorinated dibenzo-p-dioxins (PCDDs) and 
 dibenzofurans (PCDFs) in eggs of great blue heron (Ardea herodias) on the coast of British Columbia, Canada, 1983-1998. Ambio 30;7(2001):416-28. 
Elliott JE, Norstrom RJ, Lorenzen A, Hart LE, Philibert H, Kennedy SW, Stegeman JJ, Bellward GD, Cheng KM, Biological effects of polychlorinated dibenzo-p-
 dioxins, dibenzofurans and biphenyls in bald eagle (Haliaeetus leucocephalus) chicks. Environ Toxicol Chem. 15(1996):782–93. 
Elliott JE, Kennedy SW, Lorenzen A. Comparative toxicity of polychlorinated biphenyls to Japanese quail (Coturnix c. japonica) and American kestrels (Falco 
 sparverius). J Toxicol Environ Health. 1997;51(1):57-75.  
Elliott JE, Wilson LK, Henny CJ, Trudeau SF, Leighton FA, Kennedy SW, Cheng KM. Assessment of biological effects of chlorinated hydrocarbons in osprey chicks. 
 Environ Toxicol Chem. 2001;20(4):866-79.  
Elmgren R. Understanding human impact on the Baltic ecosystem: Changing views in recent decades. Ambio 39;4-5(2001):222-31. 
Elonen GE, Spehar RL, Holcombe GW, Johnson RD, Fernandez JD, Erickson RJ, Tietge JE, Cook PM. Comparative toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin to 
 seven freshwater fish species during early life-stage development. Environ Toxicol Chem. 17;3(1998):472-83.  
Emond C, Birnbaum LS, DeVito MJ. Application of a physiologocially based pharmacokinetic (pbpk) model to aid in understanding relative potency factors for 
 dioxinlike chemicals. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 6, Section 1. 
Enan E, Matsumura F. Evidence for a second pathway in the action mechanism of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Significance of AhReceptor mediated 
 activation of protein kinase under cell-free conditions. Biochem Pharmacol. 49;2(1995):249-61.  
Enan E, Matsumura F. Identification of c-Src as the integral component of the cytosolic Ah receptor complex, transducing the signal of  2,3,7,8-tetrachlorodibenzo-p-
 dioxin (TCDD) through the protein phosphorylation pathway. Biochem Pharmacol. 1996;52(10):1599-612.  
Endo F, Monsees TK, Akaza H, Schill WB, Pflieger-Bruss S. Effects of single non-ortho, mono-ortho, and di-ortho chlorinated biphenyls on cell functions and 
 proliferation of the human prostatic carcinoma cell line, LNCaP. Reprod Toxicol. 2003;17(2):229-36.  
Engelhart A, Behnisch P, Hagenmaier H, Apfelbach R. PCBs and their putative effects on polecat (Mustela putorius) populations in Central Europe. Ecotoxicol 
 Environ Saf. 2001;48(2):178-82. 
Engwall M, Broman D, Dencker L, Naf C, Zebühr Y, Brunstrom B. Toxic potencies oif extracts of sediment and settling particulate matter collected in the recipient of a 
 bleached pulp mill effluent before and after abandoning chlorine bleaching. Environ Toxicol. Chem. 16(1997):1187-94. 
Engwall M, Broman D, Ishaq R, Naf C, Zebühr Y, Brunstrom B. Toxic potencies of lipophilic extracts from sediments and settling particulate matter (SPM) collected in 
 a PCB-contaminated river systems. Environ Toxicol. Chem. 15(1996):213-22. 
Engwall M, Broman D, Naf C, Zebühr Y, Brunstrom B. Dioxin-like Compounds in HPLC-fractionated Extracts of Marine Samples from the East and West Coast of 
 Sweden: Bioassay- and Instrumentally-derived TCDD Equivalents. Mar Poll Bull. 34;12(1997):1032-40.  
Engwall M, Brunstrom B, Brewer A, Norrgren L. Cytochrome P4501A induction by a coplanar PCB, a PAH mixture, and PCB-contaminated sediment extracts 
 following microinjection of rainbow trout sac-fry. Aq Toxicol. 30(1994):311-24. 
Engwall M, Brunstrom B, Jakobsson E. Ethoxyresorufin O-deethylase (EROD) and aryl hydrocarbon hydroxylase (AHH)-inducing potency and lethality of chlorinated 
 naphthalenes in chicken (Gallus domesticus) and eider duck (Somateria mollissima) embryos. Arch Toxicol. 1994;68(1):37-42.  
Engwall M, Brunstrom B, Naf C, Hjelm K. Levels of dioxin-like compounds in sewage sludge determined with a bioassay based on EROD induction in chicken embryo 
 liver cultures. Chemosphere 1999;38(10):2327-43.  
Engwall M, Lindstrom G, van Bavel B. Experiences from an international intercalibration of dioxin-like compounds in cod liver using bioassays. Organohalogen 
 Compds. 60-65(2003). CD-ROM, Vol 1, Section 4. 
ENTEC. Development of UK cost curves for abatement of dioxin emissions to air. Report prepared for Defra, 2003. 
EPET. Preparatory actions in the field of dioxin and PCBs. Report on behalf of the European Commission, Brussels 2002. 
Eppe G, Maghuin-Rogister G, De Pauw E. Comparison of different approaches for LOD/LOQ: The case of dioxins and furans congeners in animal feed sample. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol 1, Section 2. 
Eppe G, de Pauw E. ISO 17025 requirements: How to evaluate uncertainty for dioxin analysis in food and feed from validation data? Organohalogen Compds. 
 59(2002a)403-6. 
Eppe G, de Pauw E. Are target dioxin levels in animal feedingstuffs achievable for laboratories in terms of analytical requirements? results of an interlaboratory study. 
 Organohalogen Compds. 59(2002b):407-10. 
Erickson B. Voluntary strategies  recommended to reduce dioxin exposure. Environ Sci Technol. 37(2003):316A-317A.  
Ericson G, Akerman G, Liewenborg B, Balk L. Comparison of DNA damage in the early life stages of cod, Gadus morhua, originating from the Barents Sea and Baltic 
 Sea. Mar Environ Res. 42;1-4(1996):119-23. 
Ericson G, Noaksson E, Balk L. DNA adducts in northern pike (Esox lucius) exposed to benzo[a]pyrene, benzo[k]flouranthene and 7H-dibenzo[c,g]carbazole. Mar 
 Environ Res. 50;1-5(2000);591-2. 
Ericson G, Noaksson E, Balk L. DNA adduct formation and persistence in liver and extrahepatic tissues of northern pike (Esox lucius) following oral exposure to 
 benzo[a]pyrene, benzo[k]fluoranthene and 7H-dibenzo[c,g]carbazole. Mutat Res/Fundam Mol Mechan Mutagen. 427;2(1999):135-45.  
Eriksson P, Fredriksson A. Neurotoxic effects in adult mice neonatally exposed to 3,3',4,4',5-pentachlorinated biphenyl or 2,3,3',4,4'-pentachlorinated biphenyl. 
 Changes in brain nicotinic receptors and behaviour. Environ Toxicol Pharmacol. 5 (1998):17-27.  
Eriksson P, Lundkvist U, Fredriksson A. Neonatal exposure to 3,3',4,4'-tetrachlorinated biphenyl: changes in spontaneous behaviour and cholinergic muscarinic 
 receptors in the adult mouse. Toxicol 69(1991):27-34.  
Erkkila AT, Lehto S, Pyorala K, Uusitupa MI. n-3 Fatty acids and 5-y risks of death and cardiovascular disease events in patients with coronary artery disease. Am J 
 Clin Nutr. 78;1(2003):65-71. 
Eskenazi B, Mocarelli P, Warner M, Samuels S, Vercellini P, Olive D, Needham LL, Patterson DG Jr, Brambilla P, Gavoni N, Casalini S, Panazza S, Turner W, 
 Gerthoux PM. Serum dioxin concentrations and endometriosis: a cohort study in Seveso, Italy. Environ Health Perspect. 110;7(2002):629-34. 



 

 

276

 

Eskenazi B, Warner M, Mocarelli P, Samuels S, Needham LL, Patterson DG Jr, Lippman S, Vercellini P, Gerthoux PM, Brambilla P, Olive D. Serum dioxin 
 concentrations and menstrual cycle characteristics. Am J Epidemiol. 156;4(2002):383-92. 
Espandiari P, Glauert HP, Lehmler HJ, Lee EY, Srinivasan C, Robertson LW. Polychlorinated biphenyls as initiators in liver carcinogenesis: resistant hepatocyte 
 model. Toxicol Appl Pharmacol. 2003;186(1):55-62.  
Etelamaki L, Silvo K, Vuoristo H, Hokka V, Hamalainen M-L, Pylkko T, Raassina S, Santala E. Implementation of HELCOM recommendations and EU water directives 
 in Finland 2001. Mimeographs of Finnish Environ Inst 292(2003):1-129. 
EUSSC. Harmonisation of Risk Assessment Procedures, 1st Report. European Union Scientific Steering Committee. CEC, Brussels 2000.
 http://europa.eu.int/comm/food/fs/sc/index_en.htm 
EUSSC. Harmonisation of Risk Assessment Procedures, 2nd Report. European Union Scientific Steering Committee. CEC, Brussels 2002. 
Evans BS, Dudley CA, Klasson KT. Sequential anaerobic-aerobic biodegradation of PCBs in soil slurry microcosms. Appl Biochem Biotechnol. 57-58(1996):885-94. 
Evans JS, Wolff SK, Phonboon K, Levy JI, Smith KR. Exposure efficiency: an idea whose time has come? Chemosphere 2002;49(9):1075-91.  
Ewald G, Bremle G, Karlsson A. Differences between Bligh and Dyer and Soxhlet Extractions of PCBs and Lipids from Fat and Lean Fish Muscle: Implications for 
 Data Evaluation. Mar Pollut Bull. 36;3(1998):222-30.  
Ezzati M, Hoorn SV, Rodgers A, Lopez AD, Mathers CD, Murray CJ; Comparative Risk Assessment Collaborating Group. Estimates of global and regional potential 
 health gains from reducing multiple major risk factors. Lancet. 2003;362(9380):271-80. 
Fabrellas B, Ruiz ML, Martinez MA, Rivera J, Abad E, Sanz P. PCDD/F emissions in hot-dip galvanising facilities. Evaluation in the frame of Spanish dioxin inventory. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol. 4, Section 1. 
Fairman R, Mead CD, Williams P. Environmental risk assessment : approaches, experiences and information sources. Copenhagen, EEA 1998. 252 p. Environ 
 Issues Ser. 4. 
Falandysz J. Organochlorine pesticides and polychlorinated biphenyls in sprats from the southern Baltic, 1981. Z Lebensm Unters Forsch. 1984;178(6):461-4. 
Falandysz J. Polychlorinated biphenyl concentrations in cod-liver oil: evidence of a steady-state condition of these compounds in the Baltic area oils and levels noted 
 in Atlantic oils. Arch Environ Contam Toxicol. 1994;27(2):266-71. 
Falandysz J. Polychlorinated naphthalenes: an environmental update. Environ. Pollut. 101;1(1998):77-90.  
Falandysz J, Brudnowska B, Iwata H, Tanabe S. [Organochlorine pesticides and polychlorinated biphenyls in ambient air in the city of Gdansk.] Rocz Panstw Zakl 
 Hig. 1999;50(1):39-47. In Polish. 
Falandysz J, Brudnowska B, Iwata H, Tanabe S. [Organochlorine pesticides and polychlorinated biphenyls in the Vistula river water.] Rocz Panstw Zakl Hig. 
 1999;50(2):123-30. In Polish. 
Falandysz J, Florek A, Kulp SE, Bergqvist PA, Strandberg L, Strandberg B, Rappe C. [Dioxins and furans in edible species of fish from the Gulf of Gdansk] Rocz 
 Panstw Zakl Hig. 1996;47(2):197-204. In Polish. 
Falandysz J, Kannan K, Kawano M, Rappe C. Relative contribution of chlorinated naphthalenes, -biphenyls, -dibenzofurans and –dibenzo-p-dioxins to toxic 
 equivalents in biota from the South coast of the Baltic Sea. Organohalogen Compds. 47(2000):9-12. 
Falandysz J, Kannan K, Tanabe S, Tatsukawa R. Concentrations and 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic equivalents of non-ortho coplanar PCBs in adipose fat 
 of Poles. Bull Environ Contam Toxicol. 1994;53(2):267-73.  
Falandysz J, Kannan K, Tanabe S, Tatsukawa R. Concentrations, clearance rates and toxic potential of non-ortho coplanar PCBs in cod liver oil from the southern 
 Baltic Sea from 1971 to 1989. Mar Pollut Bull 28(1994):259-62. 
Falandysz J, Kannan K, Tanabe S, Tatsukawa R. Organochlorine pesticides and polychlorinated biphenyls in cod liver oils: North Atlantic, Norwegian Sea, North Sea 
 and Baltic Sea. Ambio 23(1994):288-93. 
Falandysz J, Kannan K, Tanabe S, Tatsukawa R. Persistent organochlorine residues in canned cod-livers of the southern Baltic origin. Bull Environ Contam Toxicol. 
 1993;50(6):929-34.  
Falandysz J, Rappe C. Spatial distribution in plankton and bioaccumulation features of polychlorinated naphthalenes in a pelagic food chain in Southern part of the 
 Baltic Sea. Environ Sci Technol. 30(1996):3362-70. 
Falandysz J, Rappe C. Specific pattern of tetrachloronaphthalenes in black cormorant. Chemosphere 35;8(1997):1737-46. 
Falandysz J, Strandberg L, Bergqvist P-A, Kulp S-E, Strandberg B, Rappe C. Polychlorinated naphthalenes in sediment and biota from the Gdansk basin, Baltic Sea. 
 Environ Sci Technol. 30(1996):3266–74. 
Falandysz J, Strandberg L, Bergqvist PA, Strandberg B, Rappe C. Spatial distribution and bioaccumulation of polychlorinated naphthalenes (PCNs) in mussel and fish 
 from the Gulf of Gdansk, Baltic Sea. Sci Tot Environ. 203;2(1997):93-104.  
Falandysz J, Strandberg L, Kulp SE, Strandberg B, Bergqvist P-A, Rappe C. Congener-specific analysis of chloronaphthalenes in white-tailed sea eagles Haliaeetus 
 albicilla breeding in Poland. Chemosphere 33;1(1996):51-69.  
Falandysz J, Strandberg B, Strandberg L, Bergqvist P-A, Rappe C. Concentrations and biomagnification of polychlorinated naphthalenes in black cormorants 
 Phalacrocorax carbo sinensis from the Gulf of Gdask, Baltic Sea. Sci Total Environ. 204;1(1997):97-106. 
Falandysz J, Strandberg L, Strandberg B, Bergqvist PA, Rappe C. Spatial distribution and bioaccumulation of polychlorinated naphthalenes (PCNs) in mussel and fish 
 from the Gulf of Gdansk. Sci Total Environ. 203(1997):93–104.  
Falandysz J, Strandberg L, Strandberg B, Rappe C. Polychlorinated naphthalenes in three-spined stickleback gasterosteus aculeatus from the Gulf of Gdansk. 
 Chemosphere 37;9-12(1998):2473-87.  
Falandysz J, Szymanowska B, Puzyn T, Jozwiak L, Swieckowski A, Blazejowski J. Polychlorinated fluorenes (PCFLs): A class of possible dioxin analogues – 
 evaluation of some physico-chemical properties. Organohalogen Compds. 45(2000):312-5. 
Falandysz J, Tanabe S, Tatsukawa R. Most toxic and highly bioaccumulative PCB congeners in cod-liver oil of Baltic origin processed in Poland during the 1970s and 
 1980s, their TEQ-values and possible intake. Sci Total Environ. 1994;145(3):207-12. 
Falandysz J, Wyrzykowska B, Puzyn T, Strandberg L, Rappe C. Polychlorinated biphenyls (PCBs) and their congener-specific accumulation in edible fish from the 
 Gulf of Gdansk, Baltic Sea. Food Addit Contam. 2002;19(8):779-95. 
Falandysz J, Wyrzykowska B, Strandberg L, Puzyn T, Strandberg B, Rappe C. Multivariate analysis of the bioaccumulation of polychlorinated biphenyls (PCBs) in the 
 marine pelagic food web from the southern part of the Baltic Sea, Poland. J Environ Monit. 2002;4(6):929-41.  
Falandysz J, Yamashita N, Tanabe S, Tatsukawa R. Congener-specific data of polychlorinated biphenyl residues in human adipose tissue in Poland. Sci Total 
 Environ 1994;149(1-2):113-9. 
Falandysz J, Yamashita N, Tanabe S, Tatsukawa R. Isomer-specific analysis of PCBs including toxic coplanar isomers in canned cod livers commercially processed 
 in Poland. Z Lebensm Unters Forsch 1992;194(2):120-3.  
Falandysz J, Yamashita N, Tanabe S, Tatsukawa R, Rucinska L, Mizera T, Jakuczun B. Congener-specific analysis of polychlorinated biphenyls in white-tailed sea 
 eagles Haliaeetus albicilla collected in Poland. Arch Environ Contam Toxicol. 26;1(1994):13-22. 
Falandysz J, Yamashita N, Tanabe S, Tatsukawa R, Rucinska L, Skora K. Congener-specific data on polychlorinated biphenyls in tissues of common porpoise from 
 Puck Bay, Baltic Sea. Arch Environ Contam Toxicol 26;3(1994):267-72.  
Falk C, Hanrahan L, Anderson HA, Kanarek MS, Draheim L, Needham L, Patterson D Jr. Body burden levels of dioxin, furans, and PCBs among frequent consumers 
 of Great Lakes sport fish. The Great Lakes Consortium. Environ Res. 80;2 Pt 2(1999):S19-S25. 
Fan F, Wierda D, Rozman KK. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on humoral and cell-mediated immunity in Sprague-Dawlay rats. Toxicology 
 106(1996):221–8. 
FAO & WHO. Application of risk analysis to food standards issues : report of the joint FAO/WHO expert consultation, Geneva, Switzerland 13-17 March 1995. Rome, 
 FAO 1995. 
FAO & WHO. Food Consumption and Exposure Assessment of Chemicals. Report of FAO/WHO Consultation (Report No.: WHO/FSF/FOS/97.5). World Health 
 Organization, Geneva 1997. 



 

 

277

 

FAO & WHO. Risk management and food safety : report of a joint FAO/WHO consultation, Rome, Italy, 27 to 31 January 1997. Rome, FAO 1997. FAO Food and 
 Nutrition Paper 65. 
FAO & WHO. Evaluation of certain food additives and contaminants. Fifty-seventh report of the Joint FAO/WHO Expert Committee on Food Additives. WHO 
 Technical Report Series 909:1-181. World Health Organization, Geneva 2002. 
FAO & WHO. Plan for the project to update the principles and methods for the assessment of chemicals in food. FAO, WHO, Rome and Geneva 9.4.2002. 
 http://www.who.int/ipcs/food/principles/en/ 
Faqi AS, Dalsenter PR, Merker HJ, Chahoud I. Reproductive toxicity and tissue concentrations of low doses of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male offspring of 
 rats exposed throughout pregnancy and lactation. Toxicol Appl Pharmacol. 1998;150(2):383-92.  
Farrell A, VanDeveer SD, Jager J. Environmental assessments: four under-appreciated elements of design. Global Environ Change 11;4(2001):311-33. 
Fattore E, Chu I, Sand S, Fanelli R, Falk-Philipsson A, Hakansson H. Dose-response assessment using benchmark dose approach of changes in hepatic EROD 
 activity for individual polychlorinated biphenyl congeners. Organohalogen Compds. 66(2004):3402-07. 
Fattore E, Trossvik C, Hakansson H. Relative potency values derived from hepatic vitamin A reduction in male and female Sprague-Dawley rats following subchronic 
 dietary exposure to individual polychlorinated dibenzo-p-dioxin and dibenzofuran congeners and a mixture thereof. Toxicol Appl Pharmacol. 165;3(2000):184-94.  
Faust HS, Brilliant LB. Is the diagnosis of "mass hysteria" an excuse for incomplete investigation of low-level environmental contamination? J Occup Med. 
 1981;23(1):22-6. 
Fayerweather WE, Collins JJ, Schnatter AR, Hearne FT, Menning RA, Reyner DP. Quantifying uncertainty in a risk assessment using human data. Risk Anal. 
 1999;19(6):1077-90.  
Feeley MM, Grant DL. Approach to risk assessment of PCDDs and PCDFs in Canada. Regul Toxicol Pharmacol. 1993;18(3):428-37. 
Feeley MM, Jordan SA. Dietary and tissue residue analysis and contaminant intake estimations in rats consuming diets composed of Great Lakes salmon: a 
 multigeneration study. Regul Toxicol Pharmacol. 1998;27(1 Pt 2):S8-S17.  
Feeley MM. Workshop on perinatal exposure to dioxin-like compounds. III. Endocrine effects. Environ Health Perspect. 1995;103 Suppl 2:147-50.  
Fein GG, Jacobson JL, Jacobson SW, Schwartz PM, Dowler JK. Prenatal exposure to polychlorinated biphenyls: effects on birth size and gestational age. J Pediatr. 
 105;2(1984):315-20. 
Fenner K, Kooijman C, Scheringer M, Hungerbuhler K. Including transformation products into the risk assessment for chemicals: the case of nonylphenol ethoxylate 
 usage in Switzerland. Environ Sci Technol. 2002;36(6):1147-54.  
Fent K, Batscher R. Cytochrome P4501a induction potencies of polycyclic aromatic hydrocarbons in a fish hepatoma cell line: Demonstration of additive interactions. 
 Environ Toxicol Chem. 19;8(2000):2047-58.  
Fernandes AR, Vaughan C, Greaves A, Gem de MMG, Rose M, White S. PCDD/Fs and PCBs in fish oil dietary supplements. Organohalogen Compds. 60-65(2003) 
 (CD-ROM). 
Fernlof G, Gadhasson I, Podra K, Darnerud P-O, Thuvander A. Lack of effects of some individual polybrominated diphenyl ether (PBDE) and polychlorinated biphenyl 
 (PCB) congeners on human lymphocyte functions in vitro. Toxicol Lett. 90;2-3(1997):189-97. 
Feron VJ, Cassee FR, Groten JP, Van Vliet PW, Van Zorge JA. International issues on human health effects of exposure to chemical mixtures. Environ Health 
 Perspect. 110 Suppl 6(2002):893-9. 
Ferrario J, Byrne C, McDaniel D, Dupuy A Jr, Harless R. Determination of 2,3,7,8-chlorine-substituted dibenzo-p-dioxins and -furans at the part per trillion level in 
 United States beef fat using high-resolution gas chromatography/high-resolution mass spectrometry. Anal Chem. 68;4(1996):647-52.  
Fiddler W, Pensabene JW, Shadwell RJ, Lehotay SJ. Potential artifact formation of dioxins in ball clay during supercritical fluid extraction. J Chromatogr A. 
 2000;902(2):427-32.  
Fiedler H. Dioxin and furan inventories. National, Regional Emissions of PCDD/PCDF. UNEP Chemicals, Geneva 1999. 
Fiedler H. Sources of PCDD/PCDF and impact on the environment. Chemosphere 32;1(1996):55-64.  
Fiedler H. Thermal formation of PCDD/PCDF: A survey. Environ Eng Sci. 15;1(1998):49-58.  
Fiedler H. First results of release inventories of PCDD/PCDF under the Stockholm convention. Organohalogen Compds. 63(2003):1-4. 
Fiedler H, Schramm K-W. QSAR generated octanol-water partition coefficients of selected mixed halogenated dibenzodioxins and dibenzofurans. Chemosphere 
 20;10-12(1990):1597-602.  
Fierens S, Mairesse H, Heilier J-F, Eppe G, Focant J-F, De Pauw E, Bernard A. Increased dioxin/PCB body burden in diabetics: findings in a population-based study 
 in Belgium. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 4, Section 4. 
Fife-Schaw C, Rowe G. Public perceptions of everyday food hazards: a psychometric study. Risk Anal. 1996;16(4):487-500.  
Fingerhut MA, Halperin WE, Marlow DA, Piacitelli LA, Honchar PA, Sweeney MH, Greife AL, Dill PA, Steenland K, Suruda AJ. Cancer mortality in workers exposed to 
 2,3,7,8-tetrachlorodibenzo-p-dioxin. N Engl J Med. 324;4(1991):212-8. 
Finizio A, Mackay D, Bidleman T, Harner T. Octanol-air partition coefficient as a predictor of partitioning of semi-volatile organic chemicals to aerosols. Atm Environ. 
 31(1997):2289-96. 
Finkel AM. Comparing risks thoughtfully. Risk - Health Saf Environ. 7(1996):325-46. 
Finley B, Paustenbach D. The benefits of probabilistic exposure assessment: three case studies involving contaminated air, water, and soil. Risk Anal. 1994;14(1):53-
 73.  
Finley B, Proctor D, Scott P, Harrington N, Paustenbach D, Price P. Recommended distributions for exposure factors frequently used in health risk assessment. Risk 
 Anal. 14(1994):533-53. 
Finley BL, Trowbridge KR, Burton S, Proctor DM, Panko JM, Paustenbach DJ. Preliminary assessment of PCB risks to human and ecological health in the lower 
 Passaic River. J Toxicol Environ Health 52;2(1997):95-118. 
Fisk AT, Yarechewski AL, Metner DA, Evans RE, Lockhart WL, Muir DCG. Accumulation, depuration and hepatic mixed-function oxidase enzyme induction in juvenile 
 rainbow trout and lake whitefish exposed to dietary 2,3,7,8-tetrachlorodibenzo-p-dioxin. Aq Toxicol. 37;2-3(1997):201-20.  
Fitzgerald EF, Weinstein AL, Youngblood LG, Standfast SJ, Melius JM. Health effects three years after potential exposure to the toxic contaminants of an electrical 
 transformer fire. Arch Environ Health. 1989;44(4):214-21. 
Fitzsimmons PN, Fernandez JD, Hoffman AD, Butterworth BC, Nichols JW. Branchial elimination of superhydrophobic organic compounds by rainbow trout 
 (Oncorhynchus mykiss). Aq Toxicol. 2001;55(1-2):23-34.  
Fleischer O, Wichmann H, Lorenz W. Release of polychlorinated dibenzo-p-dioxins and dibenzofurans by setting off fireworks. Chemosphere 39;6(1999):925-32. 
Flesch-Janys D, Becher H, Gurn P, Jung D, Konietzko J, Manz A, Papke O. Elimination of polychlorinated dibenzo-p-dioxins and dibenzofurans in occupationally 
 exposed persons. J Toxicol Environ Health 1996;47(4):363-78.  
Flesch-Janys D, Steindorf K, Gurn P, Becher H. Estimation of the cumulated exposure to polychlorinated dibenzo-p-dioxins/furans and standardized mortality ratio  
 analysis of cancer mortality by dose in an occupationally exposed cohort.  Environ Health Perspect. 1998;106 Suppl 2:655-62.  
Fletcher CL, McKay WA. Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) in the aquatic environment - a literature review. Chemosphere 
 26(1993):1041-69.  
Flinkman J, Aro E, Vuorinen I, Viitasalo M. Changes in northern baltic zooplankton and herring nutrition from 1980s to 1990s: Top-down and bottom-up processes at 
 work. Mar Ecol Progr Ser. 165(1998):127-36.  
Floderus S, Pihl L. Resuspension in the Kattegat: impact of variation of wind climate and fishery. Estuarine Coastal Shelf Sci. 31;4(1990):487-98. 
Floret N, Mauny F, Challier B, Cahn JY, Tourneux F, Viel JF. [Dioxin emissions and soft-tissue sarcoma: results of a population-based case-control study] Rev 
 Epidemiol Sante Publique 52;3(2004):213-20. 
Focant JF, Eppe G, Pirard C, Massart AC, Andre JE, De Pauw E. Levels and congener distributions of PCDDs, PCDFs and non-ortho PCBs in Belgian foodstuffs- 
 assessment of dietary intake. Chemosphere 2002;48(2):167-79. 
Fødevaredirektoratet. 3.9.1999. Indhold af dioxiner og dioxinlignende PCB i fisk og sundhedsmæssig vurdering i forhold til de kostrad Fødevaredirektoratet giver den 
 danske befolkning. http://www.vfd.dk/diverse/dioxin_1/dioxin_b1.htm 



 

 

278

 

Folke C, Carpenter S, Elmqvist T, Gunderson L, Holling CS, Walker B. Resilience and sustainable development: building adaptive capacity in a world of 
 transformations. Ambio 31;5(2002):437-40.  
Forbes VE, Calow P, Sibly RM. Are current species extrapolation models a good basis for ecological risk assessment? Environ Toxicol Chem. 2001;20(2):442-7.  
Forlin L, Balk L, Celander M, Bergek S, Hjelt M, Rappe C, de Wit C, Jansson B. Biotransformation enzyme activities and PCDD/PCDF levels in fish caught in a 
 Swedish lake. Mar Environ Res. 34(1992):169-73. 
Forlin L, Pihl Baden S, Eriksson S, Granmo A, Lindesjoo E, Magnusson K, Ekelund R, Esselin A, Sturve J. Effects of contaminants in roundnose grenadier 

(coryphaenoides rupestris) and Norway lobster (nephrops norvegicus) and contaminant levels in mussels (mytilus edulis) in the skagerrak and Kattegat 
compared to the faroe islands. J Sea Res. 35;1-3(1996:209-22).  

Fowles JR, Fairbrother A, Trust KA, Kerkvliet NI. Effects of Aroclor 1254 on the thyroid gland, immune function, and hepatic cytochrome P450 activity in mallards. 
 Environ Res. 1997;75(2):119-29.  
Fox GA. Practical causal inference for ecoepidemiologists. J Toxicol Environ Health 33;4(1991):359-73. 
Fox GA. Wildlife as sentinels of human health effects in the Great Lakes--St. Lawrence basin. Environ Health Perspect. 109 Suppl 6(2001):853-61.  
Fox LL, Grasman KA. Effects of PCB 126 on primary immune organ development in chicken embryos. J Toxicol Environ Health A. 1999;58(4):233-44.  
Francis RICC, Shotton R. Risk in fisheries management: a review. Can J Fish Aquat Sci. 54(1997):1699-715. 
Francois F, Bernaert P, Baert R. Reduction of the PCDD/PCDF emission in the Flemish Region (Belgium). Organohalogen Compds. 45(2000):352-5. 
Frankenhaeuer M, Manninen H, Kojo I, Ruuskanen J, Vartiainen T, Veaterinen R, Virkki J. Organic emissions from co-combustion of mixed plastics with coal in a 
 bubbling fluidized-bed boiler. Chemosphere 27(1992):309–16. 
Franzosi MG, Brunetti M, Marchioli R, Marfisi RM, Tognoni G, Valagussa F; GISSI-Prevenzione Investigators. Cost-effectiveness analysis of n-3 polyunsaturated fatty 

acids (PUFA) after myocardial infarction: results from Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto (GISSI)-Prevenzione Trial. 
Pharmacoeconomics 2001;19(4):411-20. 

Freeman AM III. Methods for assessing the benefits of environmental programs. In: Kneese AV, Sweeny JL. (eds.) Handbook of Natural Resource and Energy 
 Economics, North-Holland, Amsterdam 1995. p. 223-70. 
Freeman MC, O'Dowd WJ, Brown TD, HargisJr RA, James RA, Plasynski SI, Walbert GF, Lowe AF, BattistaJr JJ. Pilot-scale air toxics R&D assessment of creosote-
 treated and PCP-treated wood cofiring for pulverized coal utility boiler applications. Biomass Bioenergy 19;6(2000):447-56.  
Frewer LJ, Howard C, Hedderley D, Shepherd R. Methodological approaches to assessing risk perceptions associated with food-related hazards. Risk Anal. 
 1998;18(1):95-102. 
Frewer LJ, Howard C, Hedderley D, Shepherd R. The elaboration likelihood model and communication about food risks. Risk Anal. 1997;17(6):759-70.  
Frewer LJ, Howard C, Hedderley D, Shepherd R. What determines trust in information about food-related risks? Underlying psychological constructs. Risk Anal. 
 1996;16(4):473-86.  
Fries GF, Paustenbach DJ, Luksemburg WJ. Complete mass balance of dietary polychlorinated dibenzo-p-dioxins and dibenzofurans in dairy cattle and 
 characterization of the apparent synthesis of hepta- and octachlorodioxins. J Agric Food Chem. 2002;50(15):4226-31.  
Fries GF, Vorhees DJ. A method for estimating diet to milk transfer coefficients of polychlorinated biphenyl congeners. Organohalogen Compds. 60-65(2003). CD-
 ROM, Vol. 4, Section 4. 
Friesen KJ, Foga MM, Loewen MD. Aquatic photodegradation of polychlorinated dibenzofurans: rates and photoproduct analysis. Environ Sci Technol. 
 30(1996):2504-10. 
Friesen KJ, Vilk J, Muir DCG. Aqueous solubilities of selected 2,3,7,8-substituted polychlorinated dibenzofurans (PCDFs). Chemosphere 20;1-2(1990):27-32. 
Friesen KJ, Webster GRB. Temperature dependence of the aqueous solubilities of highly chlorinated dibenzo-p-dioxins. Environ Sci Technol. 24;1(1990):97-101.   
Frignani M, Bellucci LG, Carraro C, Favotto M. Accumulation of Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans in Sediments of the Venice Lagoon and the 
 Industrial Area of Porto Marghera. Mar Pollut Bull. 42;7(2001):544-53.  
Fry DM. Vulnerability of avian populations to environmental pollutants. Comm Toxicol. 5;4-5(1996):401-14.  
Fu QS, Barkovskii AL, Adriaens P. Reductive transformation of dioxins: an assessment of the contribution of dissolved organic matter to dechlorination reactions. 
 Environ Sci Technol. 33;21(1999):3837-42.  
Fujii Y, Matsui T, Imai T, Tanaka S, Kagawa H. Verification test on suppression effect of dioxin formation at combustion of refuse bags mixed with iron oxide catalyst. 
 Organohalogen Compds 56(2002):383-6. 
Fujita H, Kosaki R, Yoshihashi H, Ogata T, Tomita M, Hasegawa T, Takahashi T, Matsuo N, Kosaki K. Characterization of the aryl hydrocarbon receptor repressor 
 gene and association of its Pro185Ala polymorphism with micropenis. Teratology 65;1(2002):10-8. 
Fujita S, Suzuki K.  Combustion of dioxin precursers on a new zeolite like material occluded radical oxygen. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 4, 
 Section 2. 
Fukuzawa NH, Ohsako S, Nagano R, Sakaue M, Baba T, Aoki Y, Tohyama C. Effects of 3,3',4,4',5-pentachlorobiphenyl, a coplanar polychlorinated biphenyl 
 congener, on cultured neonatal mouse testis. Toxicol In Vitro. 2003;17(3):259-69.  
Fung-Chi K, Baker JE. Partitioning of hydrophobic organic contaminants to resuspended sediments and plankton in the mesohaline Chesapeake Bay. Mar Chem. 
 49;2-3(1995):171-88.  
Furberg AS, Sandanger T, Thune I, Burkow IC, Lun E. Fish consumption and plasma levels of organochlorines in a female population in Northern Norway. J Environ 
 Monit. 4;1(2002):175-81. 
Fuster G, Schuhmacher M, Domingo JL. Human exposure to dioxins and furans: application of the substance flow analysis to health risk assessment. Environ Sci 
 Pollut Res Int. 2002;9(4):241-9.  
Gagnon MM, Dodson JJ, Comba ME, Kaiser KL. Congener-specific analysis of the accumulation of polychlorinated biphenyls (PCBs) by aquatic organisms in the 
 maximum turbidity zone of the St. Lawrence estuary, Quebec, Canada. Sci Total Environ. 1990;97-98:739-59. 
GES LLC. The Dow Chemical Company’s review of the Tittabawassee river aquatic ecological risk assessment: Polychlorinated dibenzo-p-dioxins, polychlorinated 
 dibenzofurans. Galbraith Environmental Services, LLC, Dec 19, 2003. 40 p. http://www.deq.state.mi.us/documents/deq-whm-hwrp-dowc... 
Galceran MT, Santos FJ, Caixach J, Ventura F, Rivera J. Environmental analysis of polychlorinated terphenyls: distribution in shellfish from the Ebro Delta 
 (Mediterranean). J Chromatogr 1993;643(1-2):399-408.  
Gallagher K, Hale RC, Greaves J, Bush EO, Stilwell DA.. Accumulation of polychlorinated terphenyls in aquatic biota of an estuarine creek. Ecotoxicol Environ Saf 
 1993;26(3):302-12.  
Gallant TL, Singh A, Chu I. PCB 118 induces ultrastructural alterations in the rat liver. Toxicology 145;2-3(2000):127-34. 
Gallo MA, Scheuplein RJ, van der Heijden KA (eds.) Biological basis for risk assessment of dioxins and related compounds. Banbury report 35, Cold Spring Harbour 
 Laboratory Press, New York, 1991. 
Gannon M, Gilday D, Rifkind AB. TCDD induces CYP1A4 and CYP1A5 in chick liver and kidney and only CYP1A4, an enzyme lacking arachidonic acid epoxygenase 
 activity, in myocardium  and vascular endothelium. Toxicol Appl Pharmacol. 2000 1;164(1):24-37. 
Gao Y, Sahlberg C, Kiukkonen A, Alaluusua S, Pohjanvirta R, Tuomisto J, Lukinmaa PL. Lactational exposure of Han/Wistar rats to 2,3,7,8-Tetrachlorodibenzo-p-
 dioxin interferes with enamel maturation and retards dentin mineralization. J Dent Res. 83;2(2004):139-44. 
Gao X, Terranova PF, Rozman KK. Effects of polychlorinated dibenzofurans, biphenyls, and their mixture with dibenzo-p-dioxins on ovulation in the gonadotropin-
 primed immature rat: support for the toxic equivalency concept. Toxicol Appl Pharmacol. 163;2(2001):115-24.  
Garcia SM, Staples DJ, Chesson J. The FAO guidelines for the development and use of indicators for sustainable development of marine capture fisheries and an 
 Australian example of their application Ocean Coastal Manage. 43;7(2000):537-56.  
Garrod B, Whitmarsh D. The economics of marine pollution control. Oceanogr Lit Rev. Dec 1995. 
Gasiewicz TA, Kende AS, Rucci G, Whitney B, Willey JJ. Analysis of Structural Requirements for Ah Receptor Antagonist Activity: Ellipticines, Flavones, and Related 
 Compounds. Biochem Pharmacol. 52;11(1996):1787-803.  
Gasiewicz TA. Dioxins and the Ah receptor: Probes to uncover processes in neuroendocrine development. Neurotoxicol. 18;2(1997):393-414.  



 

 

279

 

Gastel JA, Sutter TR. Biologically bounded risk assessment for receptor-mediated nongenotoxic carcinogens. Regul Toxicol Pharmacol. 1995;22(3):273-82.  
Gastel JA. Early indicators of response in biologically based risk assessment for nongenotoxic carcionogens. Regul Toxicol Pharmacol. 2001;33(3):393-8. 
Gaus C, Papke O, Dennison N, Haynes D, Shaw GR, Connell DW, Muller JF. Evidence for the presence of a widespread PCDD source in coastal sediments and soils 
 from Queensland, Australia. Chemosphere 2001;43(4-7):549-58. 
Gaylor DW, Kodella RL, Chen JJ, Krewski D. A Unified approach to risk assessment for cancer and noncancer endpoints based on benchmark doses and 
 uncertainty/safety factors. Regulat Toxicol Pharmacol. 29;2(1999):151-7. 
Gebert W, Nagl W, Gara S. PCDD/F pollution prevention strategy for iron ore sinter plants. Organohalogen Compds. 23(1995):447. 
Gehrs BC, Riddle MM, Williams WC, Smialowicz RJ. Alterations in the developing immune system of the F344 rat after perinatal exposure to 2,3,7,8-
 tetrachlorodibenzo-p-dioxin: II. Effects on the pup and the adult. Toxicol 1997;122(3):229-40. Erratum in: Toxicol 1998;130(1):71.  
Gehrs BC, Smialowicz RJ. Persistent suppression of delayed-type hypersensitivity in adult F344 rats after perinatal exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 
 Toxicol 134;1(1999):79-88. 
Geller AM, Bushnell PJ, Rice DC. Behavioral and electrophysiological estimates of visual thresholds in awake rats treated with 3,3',4,4',5-pentachlorobiphenyl (PCB 
 126). Neurotoxicol Teratol. 2000;22(4):521-31.  
Gerstenberger SL, Dellinger JA. PCBs, mercury, and organochlorine concentrations in lake trout, walleye, and whitefish from selected tribal fisheries in the Upper 
 Great Lakes region. Environ Toxicol. 17;6(2002):513-9. 
Gerstenberger SL, Heimler I, Smies R, Hutz RJ, Dasmahapatra AK, Tripoli V, Dellinger JA. Minimal endocrine alterations in rodents after consumption of lake trout 
 (Salvelinus namaycush). Arch Environ Contam Toxicol. 38;3(2000):371-76.  
Gertler A, Sagebiel C, Dippel W, Faring R. Measurement of dioxin and furan emissions factors from heavy duty diesel vehicles. J Air Waste Manage Assoc. 
 48(1998):276-8.   
Geueke KJ, Gessner A, Quass U, Broker G, Hiester E. PCDD/F emissions from heavy duty vehicle diesel engines. Chemosphere 38;12(1999):2791-806. 
Geusau A, Tschachler E, Meixner M, Sandermann S, Papke O, Wolf C, Valic E, Stingl G, McLachlan M. Olestra increases faecal excretion of 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Lancet 354;9186(1999):1266-7.  
Geyer HJ, Schramm KW, Feicht EA, Behechti A, Steinberg C, Bruggemann R, Poiger H, Henkelmann B, Kettrup A. Half-lives of tetra-, penta-, hexa-, hepta-, and 
 octachlorodibenzo-p-dioxin in rats, monkeys, and humans--a critical review. Chemosphere 2002;48(6):631-44.  
Geyer HJ, Schramm KW, Scheunert I, Schughart K, Buters J, Wurst W, Greim H, Kluge R, Steinberg CE, Kettrup A, Madhukar B, Olson JR, Gallo MA. Considerations 

on genetic and environmental factors that contribute to resistance or sensitivity  of mammals including humans to toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) and related compounds. Part 1: Genetic factors affecting the toxicity of TCDD. Ecotoxicol Environ Saf. 1997;36(3):213-30.  

Gibson RB. Respecting ignorance and uncertainty. Lykke E (ed.) Achieving environmental goals: The concept and practice of environmental performance review. 
 Belhaven Press, London and Florida, 1992. Pp. 158-78.  
Gierthy JF, Bennett JA, Bradley LM, Cutler DS. Correlation of in vitro and in vivo growth suppression of MCF-7 human breast cancer by  2,3,7,8-tetrachlorodibenzo-
 p-dioxin. Cancer Res. 53;13(1993):3149-53. 
Giesy JP, Bowerman WW, Mora MA, Verbrugge DA, Othoudt RA, Newsted JL, Summer CL, Aulerich RJ, Bursian SJ, Ludwig JP, et al. Contaminants of fishes from 

Great Lakes-influenced sections and above dams of three Michigan rivers: III. Implications for health of bald eagles. Arch Environ Contam Toxicol. 
1995;29(3):309-21.  

Giesy JP, Jones PD, Kannan K, Newsted JL, Tillitt DE, Williams LL. Effects of chronic dietary exposure to environmentally relevant concentrations to 2,3,7,8- 
tetrachlorodibenzo-p-dioxin on survival, growth, reproduction and biochemical responses of female rainbow trout (Oncorhynchus mykiss). Aq Toxicol. 59;1-
2(2002):35-53.  

Giesy JP, Kannan K, Blankenship AL, Jones PD, Hilscherova K. Dioxin-like and non-dioxin-like toxic effects of polychlorinated biphenyls (PCBs): implications for risk 
 assessment. Cent Eur J Public Health 8 Suppl(2000):43-5. 
Giesy JP, Verbrugge DA, Othout RA, Bowerman WW, Mora MA, Jones PD, Newsted JL, Vandervoort C, Heaton SN, Aulerich RJ, et al. Contaminants in fishes from 
 Great Lakes-influenced sections and above dams of three Michigan rivers. II: Implications for health of mink. Arch Environ Contam Toxicol. 1994;27(2):213-23. 
Gilbert P, Saint-Ruf G, Poncelet F, Mercier M. Genetic effects of chlorinated anilines and azobenzenes on Salmonella typhimurium. Arch Environ Contam Toxicol 
 9;5(1980):533-41. 
Gilbertson M, Kubiak T, Ludwig J, Fox G. Great Lakes embryo mortality, edema, and deformities syndrome (GLEMEDS) in colonial fish-eating birds: similarity to 
 chick-edema disease. J Toxicol Environ Health. 1991;33(4):455-520.  
Gilday D, Bellward GD, Sanderson JT, Janz DM, Rifkind AB. 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) induces hepatic cytochrome P450-dependent arachidonic 

acid epoxygenation in diverse avian orders: regioisomer selectivity and immunochemical comparison of the TCDD-induced P450s to CYP1A4 and 1A5. Toxicol 
Appl Pharmacol. 1998;150(1):106-16.  

Gilek M, Bjork M, Broman D, Kausky N, Kautsky U, Naf N. The role of the blue mussel, Mytilus edulis, in the cycling of hydrophobic organic contaminants in the Baltic 
 Proper. Ambio 26(1997):202-9.  
Gillner M, Bergman J, Cambillau C, Alexandersson M, Fernstrom B, Gustafsson JA. Interactions of indolo[3,2-b]carbazoles and related polycyclic aromatic 
 hydrocarbons with specific binding sites for 2,3,7,8-tetrachlorodibenzo-p-dioxin in rat liver. Mol Pharmacol. 44;2(1993):336-45. 
Ginzburg HM. Use and misuse of epidemiologic data in the courtroom: defining the limits of inferential and particularistic evidence in mass tort litigation. Am J Law 
 Med. 1986;12(3-4):423-39.  
Giri BS, Karimi IA, Ray MB. Modeling and Monte Carlo simulation of TCDD transport in a river. Water Res. 2001;35(5):1263-79.  
Gladen BC, Rogan WJ, Hardy P, Thullen J, Tingelstad J, Tully M. Development after exposure to polychlorinated biphenyls and dichlorodiphenyl dichloroethene 
 transplacentally and through human milk. J Pediatr. 113;6(1988):991-5. 
GLSFATF. [1993]. Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory, Sep 1993 Draft. Great Lakes Sport Fish Advisory Task Force, Council of 
 Great Lakes Governors, Chicago, Illinois. 81p.  
GLSFC. 1993. Great Lakes Sport Fishing Council Response to Protocol for a Uniform Great Lakes Sport Fish Consumption Advisory, October 1993. Great Lakes 
 Sport Fishing Council, Elmhurst, Illinois. 16p.  
Glynn AW, Atuma S, Aune M, Darnerud P-O, Cnattingius S. Polychlorinated biphenyl congeners as markers of toxic equivalents of polychlorinated biphenyls, 
 dibenzo-p-dioxins and dibenzofurans in breast milk. Environ Res 2001;86(3):217-28.  
Glynn AW, Darnerud PO, Aune M, Bjerselius R, Baumann B, Cnattingius S. PCBs and dioxins in breast milk - levels and trends in Sweden 1996-2001. 
 Organohalogen Compds. 60-65(2003), CD-Rom Vol. 5, Section 1.  
Glynn AW, Michaelsson K, Lind PM, Wolk A, Aune M, Atuma S, Darnerud P-O, Mallmin H. Organochlorines and bone mineral density in Swedish men from the 
 general population. Osteoporos Int 2000;11(12):1036-42.  
Glynn AW, Wolk A, Aune M, Atuma S, Zettermark S, Mæhle-Schmid M, Darnerud P-O, Becker W, Vessby B, Adami H-O. Serum concentrations of organochlorines in 
 men: a search for markers of exposure. Sci Total Environ. 263;1-3(2000):197-208.  
Gobas FAPC, Muir DCG, Mackay D. Dynamics of dietary bioaccumulation and faecal elimination of hydrophobic organic chemicals in fish. Chemosphere 
 17;5(1988):943-62.  
Goemans M, Clarysse P, Joannès J, De Clercq P, Lenaerts S, Matthys K, Boels K. Catalytic NOx reduction with simultaneous dioxin and furan oxidation. 
 Chemosphere 50;4(2003):489-97.  
Goemans M, Clarysse P, Joannes J, De Clercq P, Lenaerts S, Matthys K, Boels K. Catalytic NOx reduction with simultaneous dioxin and furan oxidation. 
 Chemosphere 54;9(2004):1357-65. 
Goerke H, Weber K. Species-specific elimination of polychlorinated biphenyls in estuarine animals and its impact on residue patterns. Mar Environ Res. 
 2001;51(2):131-49.  
Goksoyr A, Beyer J, Husoy AM, Larsen HE, Westrheim K, Wilhelmsen S, Klungsoyr J. Accumulation and effects of aromatic and chlorinated hydrocarbons in juvenile 
 Atlantic cod (Gadus morhua) caged in a polluted fjord (Sorfjorden, Norway). Aq Toxicol. 29(1994)21-35. 



 

 

280

 

Golka K, Kiesswetter E, Kieper H, Blaszkewicz M, Hallier E, Thier R, Sietmann B, Bolt HM, Seeber A. Psychological effects upon exposure to polyhalogenated 
 dibenzodioxins and dibenzofurans. Chemosphere 2000;40(9-11):1271-5.  
Golden R, Doull J, Waddell W, Mandel J. Potential human cancer risks from exposure to PCBs: a tale of two evaluations. Crit Rev Toxicol. 2003;33(5):543-80. 
Goodman DG, Sauer RM. Hepatotoxicity and carcinogenicity in female Sprague-Dawley rats treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD): a pathology 
 working group reevaluation. Regul Toxicol Pharmacol. 15;3(1992):245-52. 
Goodman JI. 1994. A rational approach to risk assessment requires use of biological information: an analysis of the National Toxicology Program (NTP), final report of 
 the advisory review by the NTP board of scientific counselors. Regulat Toxicol Pharmacol. 19:51-9.  
Gooch JW, Elskus AA, Klopper-Sams PJ, Hahn ME, Stegeman JJ. Effects of ortho- and non-ortho-substituted polychlorinated biphenyl congeners on the hepatic 
 monooxygenase system in scup (Stenotomus chrysops). Toxicol. Appl. Pharmacol. 98(1989):422-33.  
Gordon CJ, Gray LE Jr, Monteiro-Riviere NA, Miller DB. Temperature regulation and metabolism in rats exposed perinatally to dioxin: permanent change in regulated 
 body temperature? Toxicol Appl Pharmacol. 133;1(1995):172-6.  
Gordon HS. The economic theory of a common-property resource: the fishery. J Polit Econ. 62(1954):124-42. 
Gorman N, Ross KL, Walton HS, Bement WJ, Szakacs JG, Gerhard GS, Dalton TP, Nebert DW, Eisenstein RS, Sinclair JF, Sinclair PR. Uroporphyria in mice: 
 thresholds for hepatic CYP1A2 and iron. Hepatology. 2002;35(4):912-21.  
Gorokhova E. Exploring and modeling the growth dynamics of Mysis mixta. Ecol Modell. 110;1(1998):45-54.  
Gotmark F. Food and foraging in five European Larus gulls in the breeding season: a comparative review. Ornis Fennica 61(1984):9-18. 
Gough M. Human exposures from dioxin in soil--a meeting report. J Toxicol Environ Health. 1991;32(2):205-35.  
Gough M. Science policy choices and the estimation of cancer risk associated with exposure to TCDD. Risk Anal. 1988;8(3):337-42.  
Gough M. Agent Orange: exposure and policy. Am J Public Health. 1991;81(3):289-90.  
Gough M. The limits of science: dioxin. Regulat Toxicol Pharmacol. 37(2003):170-1. 
Govers HAJ, Krop HP. Partition constants of chlorinated dibenzofurans and dibenzo-p-dioxins. Chemopshere 37;9-12(1998):2139-52. 
Graham LP. Modeling runoff to the Baltic Sea. Ambio 28;4(1999):328-34.  
Granby K, Spliid NH. Hydrocarbons and organochlorines in common mussels from the Kattegat and the Belts and their relation to condition indices. Mar Pollut Bull. 
 30;1(1995):74-82.  
Grandjean P. Implications of the Precautionary Principle for public health practice and research. Int J Occup Med Environ Health 17;1(2004):5-7. 
Grandjean P, Budtz-Jorgensen E, Keiding N, Weihe P. Underestimation of risk due to exposure misclassification. Int J Occup Med Environ Health 17;1(2004):131-6. 
Grandjean P, Weihe P, Burse VW, Needham LL, Storr-Hansen E, Heinzow B, Debes F, Murata K, Simonsen H, Ellefsen P, Budtz-Jørgensen E, Keiding N, White RF. 
 Neurobehavioral deficits associated with PCB in 7-year-old children prenatally exposed to seafood neurotoxicants. Neurotoxicol Teratol 23;4(2001):305-17.  
Granier LK, Chevreuil M. Behaviour and spatial and temporal variations of polychlorinated biphenyls and lindane in the urban atmosphere of the Paris area, France. 
 Atm Environ. 31;22(1997):3787-802.  
Grasman KA, Fox GA. Associations between altered immune function and organochlorine contamination in young Caspian terns (Sterna caspia) from Lake Huron, 
 1997-1999. Ecotoxicology 10;2(2001):101-14. 
Grasman KA, Fox GA, Scanlon PF, Ludwig JP. Organochlorine-associated immunosuppression in prefledgling Caspian Terns and Herring gulls from the Great Lakes: 
 An ecoepidemiological study. Environ.Health Perspect.Suppl. 104(1996):829-42. 
Grasman KA, Whitacre LL. Effects of PCB 126 on thymocyte surface marker expression and immune organ development in chicken embryos. J Toxicol Environ 
 Health A. 2001;62(3):191-206.  
Grassman JA, Masten SA, Walker NJ, Lucier GW. Animal models of human response to dioxins. Environ Health Perspect. 106 Suppl 2(1998):761-75. 
Gray JS, Bewers JM. Towards a Scientific Definition of the Precautionary Principle. Mar Pollut Bull. 32(1996):11:768-71. 
Gray KA, Hilarides RJ. Radiolytic treatment of dioxin contaminated soils. Rad Phys Chem. 46;46(1995):1081-4. 
Gray LE Jr, Ostby J, Marshall R, Andrews J. Reproductive and Thyroid Effects of Low-Level Polychlorinated Biphenyl (Aroclor 1254) Exposure. Fundam Appl Toxicol. 
 20;288-94. 
Gray LE Jr, Ostby J, Wolf C, Lambright C, Kelce W. The value of mechanistic studies in laboratory animals for the prediction of reproductive effects in wildlife: 
 Endocrine effects on mammal ian sexual differentiation. Environ Toxicol Chem. 17;1(1998):109-18.  
Gray LE, Ostby JS, Kelce WR. A  dose-response analysis of the reproductive effects of a single gestational dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male Long 
 Evans Hooded rat offspring. Toxicol Appl Pharmacol 146;1(1997):11-20. 
Green E, Short SD, Stutt E, Harrison PT. Protecting environmental quality and human health: strategies for harmonisation. Sci Total Environ. 256;2-3(2000):205- 13.  
Green NJL, Jones JJ, Jones KC. PCDD/F deposition time trend to Esthwaite Water, U.K., its relevance to sources. Environ Sci Technol. 35(2001):2882-8. 
Green NJL, Alcock RE, Johsnton AE, Jones KC. Are there natural dioxins? Evidence from deep soil samples. Organohalogen Compds. 46(2000):12-5. 
Greene JF, Hays S, Paustenbach D. Basis for a proposed reference dose (RfD) for dioxin of 1-10 pg/kg-day: a weight of evidence evaluation of the human and animal 
 studies. J Toxicol Environ Health B Crit Rev. 2003;6(2):115-59.  
Greenlee WE, Hushka LJ, Hushka DR. Molecular basis of dioxin actions: evidence supporting chemoprotection. Toxicol Pathol. 2001;29(1):6-7.  
Greenlee WF, Dold KM, Irons RD, Osborne R. Evidence for direct action of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on thymic epithelium. Toxicol Appl Pharmacol. 
 1985;79(1):112-20. 
Gregoraszczuk EL, Grochowalski A, Chrzaszcz R, Wegiel M. Congener-specific accumulation of polychlorinated biphenyls in ovarian follicular wall follows repeated 
 exposure to PCB 126 and PCB 153. Comparison of tissue levels of PCB and biological changes. Chemosphere 50;4(2003):481-8. 
Gregoraszczuk EL, Sowa M, Kajta M, Ptak A, Wojtowicz A. Effect of PCB 126 and PCB 153 on incidence of apoptosis in cultured theca and granulosa cells collected 
 from small, medium and large preovulatory follicles. Reprod Toxicol. 2003;17(4):465-71. 
Gregoraszczuk EL. Dioxin exposure and porcine reproductive hormonal activity. Cad Saude Publica. 2002;18(2):453-62.  
Griffin RJ, Dunwoody S, Gehrmann C. The effects of community pluralism on press coverage of health risks from local environmental contamination. Risk Anal. 
 1995;15(4):449-58.  
Griffin RJ, Dunwoody S. The relation of communication to risk judgment and preventive behavior related to lead in tap water. Health Commun. 2000;12(1):81-107. 
Grimvall E, Rylander L, Nilsson-Ehle P, Nilsson U, Stromberg U, Hagmar L, Ostman C. Monitoring of polychlorinated biphenyls in human blood plasma: 
 methodological developments and influence of age, lactation, and fish consumption. Arch Environ Contam Toxicol. 1997;32(3):329-36.  
Grinwis GC, Besselink HT, van den Brandhof EJ, Bulder AS, Engelsma MY, Kuiper RV, Wester PW, Vaal MA, Vethaak AD, Vos JG. Toxicity of TCDD in European 
 flounder (Platichthys flesus) with emphasis on histopathology and cytochrome P450 1A induction in several organ systems. Aq Toxicol. 2000;50(4):387-401.  
Grinwis GC, van den Brandhof EJ, Engelsma MY, Kuiper RV, Vaal MA, Vethaak AD, Wester PW, Vos JG. Toxicity of PCB 126 in European flounder (Platichthys 
 flesus) with emphasis on histopathology and cytochrome P4501A induction in several organ systems. Arch Toxicol. 2001;75(2):80-7. 
Grinwis GC, Vethaak AD, Wester PW, Vos JG. Toxicology of environmental chemicals in the flounder (Platichthys flesus) with emphasis on the immune system: field, 
 semi-field (mesocosm) and laboratory studies. Toxicol Lett. 2000;112-113:289-301. ´ 
Grochowalski A, Chrzaszcz R, Pieklo R, Gregoraszczuk EL. Estrogenic and antiestrogenic effect of in vitro treatment of follicular cells with 2,3,7,8-tetrachlorodibenzo-
 p-dioxin. Chemosphere 43;4-7(2001):823-7.  
Grochowalski A. PCDDs and PCDFs concentration in combustion gases and bottom ash from incineration of hospital wastes in Poland. Chemosphere 37;9-
 12(1998):2279-91.  
Grommen R, Verstraete W. Environmental biotechnology: the ongoing quest. J Biotechnol. 98;1(2002):113-23. 
Guidotti TL. Apportionment in asbestos-related disease for purposes of compensation. Ind Health. 2002;40(4):295-311.  
Guiney PD, Lech JJ, Peterson RE. Distribution and elimination of a polychlorinated biphenyl during early life stages of rainbow trout (Salmo gairdneri). Toxicol Appl 
 Pharmacol. 1980;53(3):521-9.  
Guiney PD, Melancon MJ Jr, Lech JJ, Peterson RE. Effects of egg and sperm maturation and spawning on the distribution and elimination of a polychlorinated biphnyl 
 in rainbow trout (Salmo gairdneri). Toxicol Appl Pharmacol. 1979;47(2):261-72.  



 

 

281

 

Guiney PD, Peterson RE, Melancon MJ Jr, Lech JJ. The distribution and elimination of 2,5,2',5'-[14C]tetrachlorobiphenyl in rainbow trout (Salmo gairdneri). Toxicol 
 Appl Pharmacol. 1977;39(2):329-38.  
Guiney PD, Peterson RE. Distribution and elimination of a polychlorinated biphenyl after acute dietary exposure in yellow perch and rainbow trout. Arch Environ 
 Contam Toxicol. 1980;9(6):667-74. 
Guiney PD, Smolowitz RM, Peterson RE, Stegeman JJ. Correlation of 2,3,7,8-tetrachlorodibenzo-p-dioxin induction of cytochrome P4501A in vascular endothelium 
 with toxicity in early life stages of lake trout. Toxicol Appl Pharmacol. 1997;143(2):256-73. 
Guiney PD, Walker MK, Spitsbergen JM, Peterson RE. Hemodynamic dysfunction and cytochrome P4501A mRNA expression induced by 2,3,7,8-tetrachlorodibenzo- 
 p-dioxin during embryonic stages of lake trout development. Toxicol Appl Pharmacol. 2000;168(1):1-14.  
Gullett BK, Bruce KR, Beach LO. Effect of sulfur dioxide on the formation mechanism of polychlorinated dibenzodioxin and dibenzofuran in municipal waste 
 combustors. Environ Sci Technol. 26;10(1992):1938-43.  
Gullett BK, Dunn JE, Bae SK, Raghunathan K. Effects of combustion parameters on polychlorinated dibenzodioxin and dibenzofuran homologue profiles from 
 municipal waste and coal co-combustion. Waste Manage. 18(1998):473-83.  
Gullett BK, Lemieux PM, Lutes CC, Winterrowd CK, Winters DL. Emissions of PCDD/F from uncontrolled domestic waste burning. Chemosphere 43(2001):721-5.  
Gullett BK, Raghunathan K, Dunn JE. The effect of cofiring high-sulfur coal  with  municipal  waste  on  formation of polychlorinated dibenzodioxin and polychlorinated 
 dibenzofuran. Environ Eng Sci. 15(1998):59-70.  
Gullett BK, Ryan JV. On-road emissions of PCDDs and PCDFs from heavy duty diesel vehicles. Environ Sci Technol. 36(2002):3036-40.  
Gullett BK, Sarofim AF, Smith KA, Procaccini C. The role of chlorine in dioxin formation. Process Saf Environ Protect. 78(2000):47-52.  
Gullett BK, Touati A. PCDD/F  emissions  from  forest  fire  simulations Atmos Environ. 37(2003):803-13.  
Gullett BK, Touati A, Hays MD. PCDD/F, PCB, HxCBz, PAH, and PM emission factors for fireplace and woodstive combustion in the San Francisco Bay region. 
 Environ Sci Technol. (2003):  
Gunby P. Light at end of tunnel in Orange controversy. JAMA 247;10(1982):1382.  
Gunnarsson JS, Rosenberg R. Eutrophication increases the association of PCB to dissolved organic matter in marine microcosms. Mar Poll Bull. 33(1996):100-11. 
Guo SW. The link between exposure to dioxin and endometriosis: a critical reappraisal of primate data. Gynecol Obstet Invest. 2004;57(3):157-73. Epub 2004 Jan 22. 
Gustafsson E, Brunstrom B, Nilsson U. Lethality and EROD-inducing potency of chlorinated chrysene in chick embryos. Chemosphere 29;9-11(1994):2301-8. 
Gustafsson O, Bucheli T, Barring H, Cornelissen G, Persson J. Halogenated and aromatic contaminants in sediments: Kd matters. Organohalogen Compds.  
 60-65(2003a) (CD-ROM). 
Gustafsson O, Buesseler KO, Geyer WR, Moran SB, Gschwend PM. An assessment of the relative importance of horizontal and vertical transport of particle-reactive 
 chemicals in the coastal ocean. Contin Shelf Res. 18;7(1998):805-29.  
Gustafsson O, Gschwend PM. Hydrophobic organic compound partitioning from bulk water to the water/air interface. Atm Environ. 33;1(1998):163-7. 
Gustafsson O, Jonsson A, Axelman J. Accounting for PCBs in the continental shelf sediments as part of a global budget for PCBs: toward predictions of global 
 environmental longevities. Organohalogen Compds. 60-65(2003b). CD-ROM, Vol. 2, Section 4. 
Gustavson K, Jonsson P. Some Halogenated Organic Compounds in Sediments and Blue Mussel (Mytilus edulis) in Nordic Seas. Mar Pollut Bull. 38;8(1999):723-36.  
Gutleb AC, Appelman J, Bronkhorst M, van den Berg JHJ, Murk AJ. Effects of oral exposure to polychlorinated biphenyls (PCBs) on the development and 
 metamophosis of two amphibian species (Xenopus laevis and Rana temporaria). Sci Total Environ. 262;1-2(2000):147-57.  
Gutleb AC, Kranz A.  Estimation of polychlorinated biphenyl (PCB) levels in livers of the otter (Lutra lutra) from concentrations in scats and fish. Water Air Soil Pollut. 
 106;3-4(1998):481-91.  
Gutteling JM. Exploring risk communication. Dordrecht, Kluwer 1996. 
Guttes S, Failing K, Neumann K, Kleinstein J, Georgii S, Brunn H. Chlororganic pesticides and polychlorinated biphenyls in breast tissue of women with benign and 
 malignant breast disease. Arch Environ Contam Toxicol. 35;1(1998):140-7. 
Guvenius DM, Aronsson A, Ekman-Ordeberg G, Bergman A, Noren K. Human prenatal and postnatal exposure to polybrominated diphenyl ethers, polychlorinated 
 biphenyls, polychlorobiphenylols, and pentachlorophenol. Environ Health Perspect. 111;9(2003):1235-41. 
Ha DTC, Tuan MA, Viet NQ, Papke O, Sanh NT. Biodegradation of 2,3,7,8 TCDD by anaeorobic and aerobic microcosms rom bioremediation treatments for cleaning 
 up dioxin contaminated soils.  Organohalogen Compds. 66(2004):3695-701. 
Haag D, Kaupenjohann M.  Parameters, prediction, post-normal science and the precautionary principle - a roadmap for modelling for decision-making. Ecol Modell. 
 144;1(2001):45-60.  
Haag D, Kaupenjohann M. Biogeochemical models in the environmental sciences: the dynamical system paradigm and the role of simulation modeling. Hyle-Int J for 
 the Phil Chem 6(2000):117-42. 
Haag-Gronlund M, Conolly R, Scheu G, Warngard L, Fransson-Steen R. Analysis of rat liver foci growth with a quantitative two-cell model after treatment with 
 2,4,5,3',4'-pentachlorobiphenyl. Toxicol Sci. 57;1(2000):32-42. 
Haag-Gronlund M, Johansson N, Fransson-Steen R, Hakansson H, Scheu G, Warngard L. Interactive effects of three structurally different polychlorinated biphenyls in 
 a rat liver tumor promotion bioassay. Toxicol Appl Pharmacol. 1998;152(1):153-65.  
Haag-Gronlund M, Warngard L, Flodstrom S, Scheu G, Kronevi T, Ahlborg UG, Fransson-Steen R. Promotion of altered hepatic foci by 2,3',4,4',5-
 pentachlorobiphenyl in Sprague-Dawley female rats. Fundam Appl Toxicol. 35;1(1997):120-30. 
Haahti H, Perttila M. Levels and trends of organochlorines in cod and herring in the northern Baltic. Mar Pollut Bull. 19;1(1988):29-32. 
Haapala J, Lepparanta M. The Baltic Sea ice season in cnahging climate. Boreal Environ Res. 2;1(1997):93-108.  
Haavisto T, Nurmela K, Pohjanvirta R, Huuskonen H, El-Gehani F, Paranko J. Prenatal testosterone and luteinizing hormone levels in male rats exposed during 
 pregnancy to 2,3,7,8-tetrachlorodibenzo-p-dioxin and diethylstilbestrol. Mol Cell Endocrinol. 178;1-2(2001):169-79. 
Habe H, Ide K, Yotsumoto M, Tsuji H, Hirano H, Widada J, Yoshida T, Nojiri H, Omori T. Preliminary examinations for applying a carbazole-degrader, Pseudomonas 
 sp. strain CA10, to dioxin-contaminated soil remediation. Appl Microbiol Biotechnol. 2001;56(5-6):788-95. 
Habe H, Ide K, Yotsumoto M, Tsuji H, Yoshida T, Nojiri H, Omori T. Degradation characteristics of a dibenzofuran-degrader Terrabacter sp. strain DBF63 toward 
 chlorinated dioxins in soil. Chemosphere 48;2(2002):201-7.  
Haber LT, Maier A, Gentry PR, Clewell HJ, Dourson ML. Genetic polymorphisms in assessing interindividual variability in delivered dose. Regul Toxicol Pharmacol. 
 2002;35(2 Pt 1):177-97.   
Hagen ME, Colodey AG, Knapp WD, Samis SC. Environmental response to decreased dioxin and furan loadings from British Columbia coastal pulp mills. 
 Chemosphere 34;5-7(1997):1221-29.  
Hagenah E. A regulatory view on science and predictive models. Environ Pollut. 100;1-3(1999):13-8.  
Hagenmaier H, Lindig C, She J. Correlation of environmental occurrence of polychlorinated dibenzo-p-dioxins and dibenzofurans with possible sources. 
 Chemosphere 29(1994):2163-74. 
Hagenmaier H, Wiesmuller T, Golor G, Krowke R, Helge H, Neubert D. Transfer of various polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs and PCDFs) 
 via placenta and through milk in a marmoset monkey. Arch Toxicol. 1990;64(8):601-15.  
Haglund P, Jakobsson E, Asplund L, Athanasiadou M, Bergman A. Determination of polychlorinated naphthalenes in polychlorinated biphenyl products via capillary 
 gas chromatography-mass spectrometry after separation by gel permeation chromatography. J Chromatogr. 634(1993):79–86. 
Haglund P, Bergek S, Olsson M, de Wit C. Validation of an LC-LC-GC method for environmental monitoring of planar PCBs and dioxins. Organohalogen Compds. 
 45(2000):5-8. 
Hagmar L, Becher G, Heikkila A, Frankman O, Dyremark E, Schutz A, Ahlborg UG, Dybing E. Consumption of fatty fish from the Baltic Sea and PCB in whole venous 
 blood, plasma and cord blood from delivering women in the Aland/Turku archipelago. J Toxicol Environ Health A. 53;8(1998):581-91. 
Hagmar L, Hallberg T, Leja M, Nilsson A, Schutz A. High consumption of fatty fish from the Baltic Sea is associated with changes in human lymphocyte subset levels. 
 Toxicol Lett. 77;1-3(1995):335-42.  



 

 

282

 

Hagmar L, Rylander L, Dyremark E, Klasson-Wehler E, Erfurth EM. Plasma concentrations of persistent organochlorines in relation to thyrotropin and thyroid 
 hormone levels in women. Int Arch Occup Environ Health. 2001;74(3):184-8.  
Hagmar L, Bjork J, Sjodin A, Bergman A, Erfurth EM. Plasma levels of persistent organohalogens and hormone levels in adult male humans. Arch Environ Health 
 56;2(2001):138-43. 
Hagstrom A, Azam F, Kuparinen J, Zweifel L. Pelagic plankton growth and resource limitations in the Baltic Sea. Wulff F, Rahm L, Larsson P (eds.) A systems 
 analysis of the Baltic Sea. Ecol Studies 148(2001):177-210. Springer Verlag, Berlin & Heidelberg.  
Hahn ME. Biomarkers and bioassays for detecting dioxin-like compounds in the marine environment. Sci Total Environ. 289;1-3(2002):49-69.  
Hahn ME. The aryl hydrocarbon receptor: a comparative perspective. Comp Biochem  Physiol C - Pharmacol Toxicol Endocrinol. 121(1998):23–53. 
Hahn ME, Chandran K. Uroporphyrin accumulation associated with cytochrome P4501A induction in fish hepatoma cells exposed to aryl hydrocarbon receptor 
 agonists, including 2,3,7,8-tetrachlorodibenzo-p-dioxin and planar chlorobiphenyls. Arch Biochem Biophys. 1996;329(2):163-74. 
Hahn ME, BA Jensen,Kim E-Y, Karchner SI, DG Franks, Lapseritis JM, Whalen KE, Carvan MJ. Molecular and cellular approaches to understanding the sensitivity of 
 marine mammals to persistent organic pollutants. Organohalogen Compds. 60-65(2003b). CD-ROM, Vol. 3, Section 1. 
Hahn ME, Karchner SI, Shapiro MA, Perera SA. Molecular evolution of two vertebrate aryl hydrocarbon (dioxin) receptors (AHR1 and AHR2) and the PAS family. 
 Proc Natl Acad Sci USA. 94;25(1997):13743-8. 
Hahn ME, Karchner SI, Franks DG. The Ah receptor and its ligands: a comparative perspective. Organohalogen Compds. 60-65(2003a) (CD-ROM). 
Haimes YY. Risk modeling, assessment, and management. New York, Wiley & Sons 1998. 
Hakansson H, Manzoor E, Ahlborg UG. Effects of technical PCB preparations and fractions thereof on vitamin A levels in the mink (Mustela vison). Ambio 
 21(1992):588-90.  
Hakansson H, Manzoor E, Trossvik C, Ahlborg UG, Chu I, Villenueve D. Effect on tissue vitamin A levels in the rat following subchronic exposure to four individual 
 PCB congeners (IUPAC 77, 118, 126, and 153). Chemosphere 29;9-11(1994):2309-13. 
Hakansson H, Sundin P, Andersson T, Brunstrom B, Dencker L, Engwall M, Ewald G, Gilek M, Holm G, Honkasalo S, et al. In vivo and in vitro toxicity of fractionated 
 fish lipids, with particular regard to their content of chlorinated organic compounds. Pharmacol Toxicol. 69;6(1991):459-71. 
Hakansson H, Waern F, Ahlborg UG. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the lactating rat on maternal and neonatal vitamin A status. J Nutr. 
 117;3(1987):580-6. 
Hale RC, Enos C, Gallagher K. Sources and Distribution of Polychlorinated Terphenyls at a Major US Aeronautics Research Facility. Environ Manage 
 1998;22(6):937-45. 
Halfon E, Allan RJ. Modelling the fate of PCBS and Mirex in aquatic ecosystems using the TOXFATE model. Environ Int. 21;5(1995):557-69.  
Hall W, MacPhee D. Do Vietnam veterans suffer from toxic neurasthenia? Aust N Z J Psychiatry. 1985;19(1):19-29. 
Hall W. The logic of a controversy: the case of Agent Orange in Australia. Soc Sci Med. 1989;29(4):537-44.  
Hallgren CG, Hallmans G, Jansson JH, Marklund SL, Huhtasaari F, Schutz A, Stromberg U, Vessby B, Skerfving S. Markers of high fish intake are associated with 
 decreased risk of a first myocardial infarction. Br J Nutr. 2001;86(3):397-404.  
Hallgren S, Darnerud P-O. Polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs) and chlorinated paraffins (CPs) in rats - testing interactions 
 and mechanisms for thyroid hormone effects. Toxicol 2002;177(2-3):227-43. 
Hallgren S, Sinjari T, Hakansson H, Darnerud P-O. Effects of polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) on thyroid hormone and 
 vitamin A levels in rats and mice. Arch Toxicol. 75;4(2001):200-8.  
Hallikainen A, Kiviranta H, Isosaari P, Vartiainen T, Parmanne R, Vuorinen PJ. Kotimaisen jarvi- ja merikalan dioksiinien, furaanien, dioksiinien kaltaisten PCB- 

yhdisteiden ja polybromattujen difenyylieettereiden pitoisuudet. (Concentrations of dioxins, furans, dioxinlike PCBs and polybrominated difenyl ethers in Finnish 
lake and sea fish, in Finnish). EU-KALAT. Elintarvikeviraston julkaisuja 1/2004 (Publ Natl Food Admin). Edita Express, Helsinki, Finland. (Abstract in English).  

Hallikainen A, Vartiainen T. Food control surveys of polychlorinated dibenzo-p-dioxins and dibenzofurans and intake estimates. Food Addit Contam. 1997;14(4):355-
 66.  
Halsall CJ , Gevao B, Howsam M, Lee RGM, Ockenden WA, Jones KC. Temperature dependence of PCBs in the UK atmosphere. Atm Environ. 33;4(1999):541-52. 
Hamm JT, Chen CY, Birnbaum LS. A mixture of dioxins, furans, and non-ortho PCBs based upon consensus toxic equivalency factors produces dioxin-like 
 reproductive effects. Toxicol Sci. 2003;74(1):182-91.  
Hamm S, Strikkeling M, Ranken PF, Rothenbacher KP. Determination of polybrominated diphenyl ethers and PBDD/Fs during the recycling of high impact 
 polystyrene containing decabromodiphenyl ether and antimony oxide. Chemosphere 44;6(2001):1353-60. 
Hammer E, Krowas D, Schafer A, Specht M, Francke W, Schauer F. Isolation and characterization of a dibenzofuran-degrading yeast: identification of oxidation and 
 ring cleavage products. Appl Environ Microbiol. 1998;64(6):2215-9.  
Hammitt JK. Economic implications of hormesis. Hum Exp Toxicol. 23;6(2004) and BELLE Newsletter 12;1(2004). 
Hammitt JK, Liu J-T. Is there a "cancer premium" ? Risk in Perspective 12;2(2004). Harvard center for Risk Anal. http://www.hcra.harvard.edu 
Hammond PS, Benke H, Berggren P, Borcher DL, Buckland ST, Collet A, Heide-Jorgensen MP, Heimlich-Boran S, Hiby AR, Leopold MF, Oien N. Life 92-2/UK/027 
 Final Report, 1995. 240 pp. Ref. Beans et al. 2003. 
Han D-H, Zhao B, Baston DS, Springsteel M, Kurth M, Nantz MH, Denison MS. Identification and characterization of novel flavone agonists of the Ah receptor. 
 Organohalogen Compds. 60-65(2003) (CD-ROM). 
Han S-L, Stone D. Effects overview of persistent organic pollutants in the context of effects-based approaches to management. Background document for: The 

Workshop on critical limits and effects based approaches for heavy metals and persistent organic pollutants, Bad Harzburg, Germany, Nov 3-7 1997, UN-ECE 
Convention on Long-range Transboundary Air Pollution, Task Force on Mapping. 

Hanberg A, Hakansson H, Ahlborg UG.  "ED50" values for TCDD-induced reduction of body weight gain, liver enlargement, and thymic atrophy in Hartley guinea pigs, 
 Sprague-Dawley rats, C57BL/6 mice, and golden Syrian hamsters. Chemosphere 19;1-6(1989):813-6. 
Hanberg A, Hakansson H, Johansson L, Manzoor E, Ahlborg UG. "ED50" values for TCDD-induced effects on vitamin A in hartley guinea pigs, Sprague-Dawley rats, 
 C57B1/6 mice and golden Syrian hamsters. Chemosphere 20;7-9(1990):1151-3. 
Hanberg A, Stahlberg M, Georgellis A, Wit de C, Ahlborg UG. Swedish dioxin survey: evaluation of the H-4-II E bioassay for screening environmental samples for 
 dioxin-like activity. Pharmacol Toxicol. 69(1991):442-9.  
Hanberg A, Wærn F, Asplund L, Haglund E, Safe S. Swedish dioxin survey: Determination of 2,3,7,8-TCDD toxic equivalent factors for some polychlorinated 
 biphenyls and naphthalenes using biological tests. Chemosphere 20;7-9(1990):1161-4. 
Hansen E, Hansen CL. Substance flow analysis for dioxin 2002. Ministry of Environment, Danish Environmental Protection Agency, Copenhagen. Report by Cowi 
 A/S. Environmental project nr. 811 (2003). ISBN – electronic 87-7972-675-5. http://www.mst.dk 
Hansen JC. Human exposure to persistent organic pollutants in the Arctic. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 2, Section 2. 
Hansen P-D, von Westernhagen H, Rosenthal H. Chlorinated hydrocarbons and hatching success in Baltic herring spring spawners. Mar Environ Res. 15;1(1985):59-
 76. 
Hansson MC,Wittzell H, Persson K, von Schantz T. Characterization of two distinct aryl hydrocarbon receptor (AhR2) genes in Atlantic salmon (Salmo salar) and 
 evidence for multiple AhR2 gene lineages in salmonid fish. Gene 303(2003):197-206.  
Hansson MC, Wittzell H, Persson K, von Schantz T. Unprecedented genomic diversity of AhR1 and AhR2 genes in Atlantic salmon (Salmo salar L.). Aq Toxicol. 
 68(2004):219-32. 
Hansson S. Fisheries and the cycling of dioxin-like compounds in the Baltic. Unpublished paper presented at workshop on Dioxins in Baltic Sea fish - Scientific 
 basis and information needs of assessment and management, SYKE, Helsinki, 12.-13.6.2003. 
Hansson S, Arrhenius F, Nellbring S. Diet and growth of pikeperch (Stizostedion lucioperca L.) in a Baltic Sea area. Fisher Res. 31;1-2(1997):163-7. 
Hansson S, Arrhenius F, Nellbring S. Food web interactions in a Baltic Sea coastal area. In Forage fishes in marine ecosystems. Proc Int Symp Role of Forage Fishes 
 Mar Ecosystems, pp. 281-91. Alaska Sea Grant College Program Rep No 97-01. Univ Alaska Fairbanks, 1997. 



 

 

283

 

Hansson S, Hobbie JE, Elmgren R, Larsson U, Fry B, Johansson S. The stable nitrogen isotope ratio as a marker of food-web interactions and fish migration. Ecol. 
 78;7(1997):2249-57.  
Hansson S, Karlsson L, Ikonen E, Christensen O, Mitans A, Uzars D, Petersson E, Ragnarsson B. Stomach analyses of Baltic salmon from 1959–1962 and 1994- 
 1997: possible relations between diet and yolk-sac-fry mortality (M74). J Fish Biol. 58;6(2001):1730-45. 
Hansson S, Larsson U, Johansson S. Selective predation by herring and mysids, and zooplankton community structure in a Baltic Sea coastal area. J Plankton Res. 
 12;5(1990):1099-116. 
Haraguchi K, Athanasiadou M, Bergman A, Hovander L, Jensen S. Ambio 21(1992):546. 
Haraguchi K, Bergman A, Athanasiadou M, Jakobsson E, Olsson M, Masuda Y. Organohalogen Compds. 1(1990):415. 
Haraguchi K, Bergman A, Jakobsson E, Masuda Y. Fresenius J Anal Chm. 347(1993):441. 
Hardell L. From phenoxyacetic acids to cellular telephones: is there historical evidence for the precautionary principle in cancer prevention? Int J Health Serv. 
 2004;34(1):25-37. 
Hardell L, Eriksson M, Axelson O. Agent Orange in war medicine: an aftermath myth. Int J Health Serv 1998;28(4):715-24.  
Hardell L, Fredrikson M, Eriksson M, Hansson M, Rappe C. Adipose tissue concentrations of dioxins and dibenzofurans in patients with malignant lymphoproliferative 
 diseases and in patients without a malignant disease. Eur J Cancer Prev. 1995;4(3):225-9.  
Hardell L, Lindstrom G, Liljegren G, Dahl P, Magnuson A. Increased concentrations of octachlorodibenzo-p-dioxin in cases with breast cancer--results from a case-
 control study. Eur J Cancer Prev. 1996;5(5):351-7. 
Hardell L, Lindstrom G, van Bavel B, Hardell K, Linde A, Carlberg M, Liljegren G. Adipose tissue concentrations of dioxins and dibenzofurans, titers of antibodies to 
 Epstein-Barr virus early antigen and the risk for non-Hodgkin lymphoma. Environ Res. 2001;87(2):99-107.  
Harding GC, LeBlanc RJ, Vass WP, Addison RF, Hargrave BT, Pearre S Jr, Dupuis A, Brodie PF. Bioaccumulation of polychlorinated biphenyls (PCBs) in the marine 
 pelagic food web, based on a seasonal study in the southern Gulf of St. Lawrence, 1976-1977. Mar Chem. 56;3-4(1997):145-79.  
Hario M, Himberg K, Hollmen T, Rudback E. Polychlorinated biphenyls in diseased lesser black-backed gull (Larus fuscus fuscus) chicks from the Gulf of Finland. 
 Environ Pollut. 2000;107(1):53-60. 
Hario M, Hirvi J-P, Hollmén T, Rudback E. Organochlorine concentrations in diseased vs. healthy gull chicks from the northern Baltic. Emnviron Pollut. 
 127;3(2004):411-23. 
Hario M, Rudback E. High frequency of chick diseases in nominate lesser black-backed gulls from the Gulf of Finland. Ornis Fennica 73(1996):69-77. 
Harju M, Andersson PL, Haglund P, Tysklind M. Multivariate physicochemical characterisation and quantitative structure–property relationship modelling of 
 polybrominated diphenyl ethers. Chemosphere 47;4(2002):375-84. 
Harju M, Bergman A, Olsson M, Roos A, Haglund P. Determination of atropisomeric and planar polychlorinated biphenyls, their enantiomeric fractions and tissue 
 distribution in grey seals using comprehensive 2D gas chromatography. J Chromatogr. A 1019;1-2(2003):127-42. 
Harju M, Danielsson C, Haglund P. Comprehensive two-dimensional gas chromatography of the 209 polychlorinated biphenyls. J Chromatogr. A 1019;1-2(2003):111-
 26. 
Harner T, Green N, Jones KC. Measurements of octanol:air partition coefficients  for  PCDD/Fs:  a  tool  in  assessing air-soil equilibrium status. Environ Sci Technol. 
 34(2000):3109-14.  
Hamey PY. A practical application of probabilistic modelling in assessment of dietary exposure of fruit consumers to pesticide residues. Food Addit Contamin. 
 17(2000):601-10. 
Harper CR, Jacobson TA. Beyond the Mediterranean diet: the role of omega-3 Fatty acids in the prevention of coronary heart disease. Prev Cardiol. 6;3(2003):136-
 46. 
Harper CR, Jacobson TA. The fats of life: the role of omega-3 fatty acids in the prevention of coronary heart disease. Arch Intern Med. 161;18(2001):2185-92. 
Harper N, Connor K, Safe S. Immunotoxic potencies of polychlorinated biphenyl (PCB), dibenzofuran (PCDF) and dibenzo-p-dioxin (PCDD) congeners in C57BL/6 
 and DBA/2 mice. Toxicol 1993;80(2-3):217-27. 
Harper N, Connor K, Steinberg M, Safe S.  Immunosuppressive activity of polychlorinated biphenyl mixtures and congeners: nonadditive (antagonistic) interactions. 
 Fundam Appl Toxicol. 1995;27(1):131-9.  
Harper N, Steinberg M, Thomsen J, Safe S. Halogenated aromatic hydrocarbon-induced suppression of the plaque-forming cell response in B6C3F1 splenocytes 
 cultured with allogenic mouse serum: Ah receptor structure activity relationships. Toxicology. 1995;99(3):199-206.  
Harper PA, Wong JY, Lam MS, Okey AB. Polymorphisms in the human AH receptor. Chem Biol Interact. 141;1-2(2002):161-87. 
Harrad SJ, Fernandes AR, Creaser CS, Cox EA. Domestic coal combustion as a source of PCDDs and PCDFs in the British environment. Chemosphere 
 23;3(1991):255-61.  
Harremoёs P. Ethical aspects of scientific incertitude in environmental analysis and decision making. J Cleaner Production 11;7(2003):705-12. 
Harremoës P, Gee D, MacGarvin M, Stirling A, Keys J, Wynne B, Guedes Vaz S (eds.). Late lessons from early warnings: the precautionary principle 1896–2000. 
 Copenhagen, European Environment Agency. Environmental issue report No 22(2002). 
Harris M, Zacharewski T, Piskorska-Pliszczynska J, Rosengren R, Safe S. Structure-dependent induction of aryl hydrocarbon hydroxylase activity in C57BL/6 mice by 
 2,3,7,8-tetrachlorodibenzo-p-dioxin and related congeners: mechanistic studies. Toxicol Appl Pharmacol. 1990;105(2):243-53. 
Harris M, Zacharewski T, Safe S. Comparative potencies of Aroclors 1232, 1242, 1248, 1254, and 1260 in male Wistar rats--assessment of the toxic equivalency 
 factor (TEF) approach for polychlorinated biphenyls (PCBs). Fundam Appl Toxicol. 1993;20(4):456-63.  
Harris WS, Isley WL. Clinical trial evidence for the cardioprotective effects of omega-3 fatty acids. Curr Atheroscler Rep. 3;2(2001):174-9. 
Harrison and Hoberg 1991 
Hart CA, Hahn ME, Nisbet ICT, Moore MJ, Kennedy SW, Fry DM. Feminization in common terns (Sterna hirundo): Relationship to dioxin equivalents and estrogenic 
 compounds. Mar Environ Res. 46;1-5(1998):174-5.  
Hart A, Holmes M, Smith G, Rose M, Macarthur R, White S. Accounting for uncertainty in risk analysis of dioxins in seafood. Presentation at Central Sci Lab, UK. 
 http:// 
Hartonen K, Bowadt S, Hawthorne SB, Riekkola M-L. Supercritical fluid extraction with solid-phase trapping of chlorinated and brominated pollutants from sediment 
 samples. J Chromatogr A 774;1-2(1997):229-42.  
Harvey T, Mahaffey KR, Velazquez S, Dourson M. Holistic risk assessment: An emerging process for environmental decisions. Regulat Toxicol Pharmacol. 
 22;2(1995):110-7. 
Harvey CJ, Cox SP, Essington TE, Hansson S, Kitchell JF. An ecosystem model of food web and fisheries interactions in the Baltic Sea. ICES J Mar Sci 
 60;5(2003):939-50.   
Harwell MA, Cooper W, Flaak R. Prioritizing ecological and human welfare risks from environmental stresses. Environ Manage. 16;4(1992):451-64. 
Hashimoto S, Wakimoto T, Tatsukawa R. PCDDs in the sediments accumulated about 8120 years ago from Japanese coastal areas. Chemosphere 21(1990):825-35. 
Hashimoto S, Wakimoto T, Tatsukawa R. Possible natural formation of polychlorinated dibenzo-p-dioxins as evidenced  by  sediment  analysis  from  the Yellow Sea, 
 the East China Sea and the Pacific Ocean. Marine Poll. Bull. 30(1995):341-6.   
Hashimoto S, Watanabe K, Nose K, Morita M. Remediation of soil contaminated with dioxins by subcritical water extraction. Chemosphere. 54;1(2004):89-96. 
Hasselriis F. Optimization of combustion conditions to minimize dioxin emissions. Waste Manage Res. 5(1987):311–26. 
Hassoun E, d'Argy R, Dencker L. Teratogenicity of 2,3,7,8-tetrachlorodibenzofuran in the mouse. J Toxicol Environ Health. 1984;14(2-3):337-51. 
Hassoun EA, Li F, Abushaban A, Stohs SJ. Production of superoxide anion, lipid peroxidation and DNA damage in the hepatic and brain tissues of rats after 
 subchronic exposure to mixtures of TCDD and its congeners. J Appl Toxicol. 2001;21(3):211-9.  
Hassoun EA, Li F, Abushaban A, Stohs SJ. The relative abilities of TCDD and its congeners to induce oxidative stress in the hepatic and brain tissues of rats after 
 subchronic exposure. Toxicology. 2000;145(2-3):103-13. 
Hassoun EA, Wang H, Abushaban A, Stohs SJ. Induction of oxidative stress in the tissues of rats after chronic exposure to TCDD, 2,3,4,7,8-pentachlorodibenzofuran, 
 and 3,3',4,4',5-pentachlorobiphenyl. J Toxicol Environ Health A. 2002;65(12):825-42.  



 

 

284

 

Hatanaka T, Imagawa T, Takeuchi M. Effects of  copper chloride on formation of PCDDs in model waste incineration. Chemosphere 51(2003):1041-6.  
Hatanaka T, Kitajima A, Takeuchi M. Effect of poly(vinyl chloride) and hydrogen chloride as a chlorine source on the formation of PCDDs and PCDFs in model waste 
 incineration. Organohalogen Compds. 66(2004):1085-9. 
Hatch MC, Stein ZA. Agent Orange and risks to reproduction: the limits of epidemiology. Teratog Carcinog Mutagen. 7;4(1987):423-4. 
Hatcher SL. The psychological experience of nursing mothers upon learning of a toxic substance in their breast milk. Psychiatry 1982;45(2):172-81. 
Hauhs M, Lange H. Ecosystem dynamics viewed from an endoperspective. Sci Tot Environ. 183;1-2(1996):125-36.  
Havelaar AH. et al. Balancing the risks and benefits of drinking water disinfection: Disability Adjusted Life Years on the scale. Environ Health Perspect. 
 108;4(2000):315-21. 
Hawker DW, Connell DW. Octanol-water partition coefficients of polychlorinated biphenyl congeners. Environ. Sci. Technol. 22(1988a):382-7. 
Hawker DW, Connell DW. Influence of partition coefficient of lipophilic compounds on bioconcentration kinetics with fish. Water Res. 2;6(1988b):701-7. 
Hay A. Disposing of dioxins by oxidation. Nature 290;5804(1981):294.  
Hayakawa K, Takatsuki H, Watanabe I, Sakai S. Polybrominated diphenyl ethers (PBDEs), polybrominated dibenzo-p-dioxins/dibenzofurans (PBDD/Fs) and 

monobromo-polychlorinated dibenzo-p-dioxins/dibenzofurans (MoBPXDD/Fs) in the atmosphere and bulk deposition in Kyoto, Japan. Chemosphere. 
57;5(2004):343-56. 

Hayashi S, Watanabe J, Nakachi K, Eguchi H, Gotoh O, Kawajiri K. Interindividual difference in expression of human Ah receptor and related P450 genes. 
 Carcinogenesis 1994;15(5):801-6.  
Hays SM, Aylward LL, Karch NJ, Paustenbach DJ. The relative susceptibility of animals and humans to the carcinogenic hazard posed by exposure to 2,3,7,8-TCDD: 
 an analysis using standard and internal measures of dose. Chemosphere 1997;34(5-7):1507-22.  
Hays LE, Carpenter CD, Petersen SL. Evidence that GABAergic neurons in the preoptic area of the rat brain are targets of 2,3,7,8-tetrachlorodibenzo-p-dioxin during 
 development. Environ Health Perspect. 110 Suppl 3(2002):369-76. 
Hayward DG, Hooper K, Andrzejewski D. Tandem-in-time mass spectrometry method for the sub-parts-per-trillion determination of 2,3,7,8-chlorine-substituted 
 dibenzo-p-dioxins and -furans in high-fat foods. Anal Chem. 1999;71(1):212-20. 
HCN. Not all risks are equal: a commentary on 'Premises for environmental risk management'. The Hague, Health Council of the Netherlands 1995. Gesondheidsraad 
 E 1995 06. 112 p. 
HCN. Dioxins. Advisory report no. 1996/10E. Rijswijk 6.8.1996a, Health Council of The Netherlands. 
HCN. Risk is more than just a number: reflections on the development of the environmental risk management approach. The Hague, Health Council of the 
 Netherlands 1996b. 120 p. Gesondheidsraad E 1996. 
He K, Rimm EB, Merchant A, Rosner BA, Stampfer MJ, Willett WC, Ascherio A. Fish consumption and risk of stroke in men. JAMA. 2002;288(24):3130-6. 
Head JA, Trudeau VL, Kennedy SW. Variation in Cytochrome P4501A mRNA indicibility among individual chickens and herring gulls. Organohalogen Compds. 60-
 65(2003), CD-ROM Vol. 5, Section 4.  
Heaton SN, Bursian SJ, Giesy JP, Tillitt DE, Render JA, Jones PD, Verbrugge DA, Kubiak TJ, Aulerich RJ. Dietary exposure of mink to carp from Saginaw Bay, 
 Michigan. 1. Effects on reproduction and survival, and the potential risks to wild mink populations. Arch Environ Contam Toxicol. 1995;28(3):334-43.  
Heer de C, Schuurman HJ, Liem AK, Penninks AH, Vos JG, van Loveren H. Toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) to the human thymus after 
 implantation in SCID mice. Toxicol Appl Pharmacol. 134;2(1995):296-304. 
Heid SE, Walker MK, Swanson HI. Correlation of cardiotoxicity mediated by halogenated aromatic hydrocarbons to aryl hydrocarbon receptor activation. Toxicol Sci. 
 2001;61(1):187-96.  
Heilmann C, Grandjean P, Weihe P. Decreased childhood vaccine response in children exposed to PCBs from maternal seafood diet. Organohalogen Compds. 60-
 65(2003). CD-ROM, Vol. 4, Section 4. 
Heininger P, Claus E, Neugebauer F, Müller L. Correlation between the flood level of the river Elbe (Germany) and the PCD/F concentration of the transported solid 
 matter. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 2, Section 4. 
Helander B, Olsson A, Bignert A, Asplund L, Litzen K. The role of DDE, PCB, coplanar PCB and eggshell parameters for reproduction in the white-tailed sea eagle 
 (Haliaeetus albicilla) in Sweden. Ambio. 2002;31(5):386-403.  
HELCOM. Environment and the Baltic Sea area 1994-1998 (Fourth periodic assessment of the state of the marine environment in the Baltic Sea area, 1994-1998). 
 Baltic Sea Environ Proc. No. 82B. Helsinki, Helsinki Commission, 2002. 215 p.  
HELCOM. Second periodic assessment of the state of the marine environment of the Baltic Sea area 1984-88. Baltic Sea Environ Proc. No. 35B. Helsinki, Helsinki 
 Commission, 1990. 
HELCOM. The Baltic Sea Joint Comprehensive Environmental Action Programme. Helsinki, Helsinki Commission, 1993. Baltic Sea Environ Proc. No 48. 
 http://www.helcom.fi 
HELCOM. Third periodic assessment of the state of the marine environment of the Baltic Sea area 1989-93. Baltic Sea Environ Proc. No. 64B. Helsinki, Helsinki 
 Commission, 1996. Available at www.baltic.vtt.fi/balticinfo/text files/ 
HELCOM. Red list of marine and coastal biotopes and biotope complexes of the Baltic Sea, Belt Sea and Kattegat; Including a comprehensive description and 
 classification system for all Baltic marine and coastal biotopes. Baltlic Sea Environ Proc. No. 75(1998):1-115. 
HELCOM. Marine sediment extraction in the Baltic Sea. Helsinki, Helsinki Commission. Baltic Sea Environ Proc. No. 76(1999):1-31. 
HELCOM. Background document for the Baltic Sea environmental declaration, 1992. Agenda item 5/2, 15 p. 
HELCOM & Stockholm Environ Institute. Current state of the Baltic Sea. Ambio special report 7(1990). 
Helder T. Effects of 2,3,7,8-tetrachlorodibenzo-dioxin (TCDD) on early life stages of rainbow trout (Salmo gairdneri, Richardson). Toxicology 19;2(1981):101-12. 
Helder T. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on early life stages of the pike (Esox lucius L.). Sci Total Environ. 14;3(1980):255-64. 
Hell K, Stieglitz L, Altwicker ER, Addink R, Will R. Reactions of 2,4,6-trichlorophenol on model fly ash: oxidation to CO and CO2, condensation to PCDD/F and 
 conversion into related compounds. Chemosphere 2001;42(5-7):697-702. 
Helle E, Olsson M, Jensen S. DDT and PCB levels and reproduction in ringed seal from the Bothnian Bay. Ambio 5;4(1976):188-9.   
Helle E. PCB Levels correlated with pathological changes in seal uteri. Ambio 5;5-6(1976):261-3.  
Helle E. The decrease in the ringed seal population of the Gulf of Bothnia in 1975-84. Finn Game Res. 44(1986):28-32. 
Helm PA, Bidleman TF. Current combustion-related sources contribute to polychlorinated naphthalene and dioxin-like polychlorinated biphenyl levels and profiles in 
 air in Toronto, Canada. Environ Sci Technol. 37;6(2003):1075-82. 
Helm PA, Bidleman TF, Stern GA, Koczanski K. Polychlorinated naphthalenes and coplanar polychlorinated biphenyls in beluga whale (Delphinapterus leucas) and 
 ringed seal (Phoca hispida) from the eastern Canadian Arctic. Environ Pollut. 119;1(2002):69-78.  
Helsel DR. Less than obvious: Statistical treatment of data below the detection limit. Environ Sci Technol. 24;12(1990):1766-74. 
Hemming H, Bager Y, Flodstrom S, Nordgren I, Kronevi T, Ahlborg UG, Warngard L. Liver tumour promoting activity of 3,4,5,3',4'-pentachlorobiphenyl and its 
 interaction with 2,3,7,8-tetrachlorodibenzo-p-dioxin. Eur J Pharmacol. 1995 Mar 16;292(3-4):241-9. 
Henderson AK, Rosen D, Miller GL, Figgs LW, Zahm SH, Sieber SM, Rothman N, Humphrey HE, Sinks T. Breast cancer among women exposed to polybrominated 

biphenyls. Health Studies Branch, Centers for Disease Control and Prevention, Atlanta, GA, USA.. Epidemiol. 6;5(1995):544-6. Erratum in: Epidemiol. 
7;2(1996):216.  

Hendriks AJ, Enserink EL. Modelling response of single-species populations to microcontaminants as a function of species size with examples for waterfleas 
 (Daphnia magna) and cormo rants (Phalacrocorax carbo). Ecol Modell. 88;1-3(1996):247-62. 
Hendriks AJ, van der Linde A, Cornelissen G, Sijm DT. The power of size. 1. Rate constants and equilibrium ratios for accumulation of organic substances related to 
 octanol-water partition  ratio and species weight. Environ Toxicol Chem. 2001;20(7):1399-420.  
Hendriks AJ. Modelling equilibrium concentrations of microcontaminants in organisms of the Rhine delta: Can average field residues in the aquatic foodchain be 
 predicted from laboratory accumulation?  Aq Toxicol. 31;1(1995):1-25.  



 

 

285

 

Hennig B, Meerarani P, Slim R, Toborek M, Daugherty A, Silverstone AE, Robertson LW. Proinflammatory properties of coplanar PCBs: in vitro and in vivo evidence. 
 Toxicol Appl Pharmacol. 2002;181(3):174-83.  
Hennig B, Slim R, Toborek M, Robertson LW. Linoleic acid amplifies polychlorinated biphenyl-mediated dysfunction of endothelial cells.  J Biochem Mol Toxicol. 
 1999;13(2):83-91.  
Henry EC, Gasiewicz TA. Changes in thyroid hormones and thyroxine glucuronidation in hamsters compared with rats following treatment with 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Toxicol Appl Pharmacol. 1987;89(2):165-74. 
Henry EC, Gasiewicz TA. Transformation of the aryl hydrocarbon receptor to a DNA-binding form is accompanied by release of the 90 kDa heat-shock protein and 
 increased affinity for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Biochem J. 1993;294 (Pt 1):95-101. 
Henry EC, Kende AS, Rucci G, Totleben MJ, Willey JJ, Dertinger SD, Pollenz RS, Jones JP, Gasiewicz TA. Flavone antagonists bind competitively with 2,3,7,8 
 tetrachlorodibenzo-p-dioxin (TCDD) to the aryl hydrocarbon receptor but inhibit nuclear uptake and transformation. Mol Pharmacol. 1999;55(4):716-25.  
Henry TR, Nesbit DJ, Heideman W, Peterson RE. Relative potencies of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners to induce 
 cytochrome P4501A mRNA in a zebrafish liver cell line. Environ Toxicol Chem. 2001;20(5):1053-8.  
Herzke D, Kallenborn R, Nygard T. Organochlorines in egg samples from Norwegian birds of prey: congener-, isomer- and enantiomer specific considerations. Sci 
 Total Environ. 291;1-3(2002):59-71. 
Herzke D, Thiel R, Rotard WD, Neubert D. Kinetics and organotropy of some polyfluorinated dibenzo-p-dioxins and dibenzofurans (PFDD/PFDF) in rats. Life Sci. 
 71;13(2002):1475-86.  
Hestermann EV, Stegeman JJ, Hahn ME. Relative contributions of affinity and intrinsic efficacy to aryl hydrocarbon receptor ligand potency. Toxicol Appl Pharmacol. 
 168;2(2000):160-72.  
Hestermann EV, Stegeman JJ, Hahn ME. Serum alters the uptake and relative potencies of halogenated aromatic hydrocarbons in cell culture bioassays. Toxicol Sci. 
 53;2(2000):316-25.  
Heudorf U, Angerer J, Drexler H. Polychlorinated biphenyls in the blood plasma: current exposure of the population in Germany. Rev Environ Health 17;2(2002):123-
 34. 
Hewison GJ. The precautionary approach to fisheries management: an environmental perspective. Oceanogr Lit Rev. Mar 1997. 
Hewitt S, Fenet H, Casellas C. Induction of EROD activity in European eel (Anguilla anguilla) by different polychlorobiphenyls (PCBs). Water Sci Technol. 
 38;7(1998):245-52.  
Hibbard JH, Slovic P, Jewett JJ. Informing consumer decisions in health care: implications from decision-making research. Milbank Q. 1997;75(3):395-414.  
Hickey JJ, Anderson DW. Chlorinated hydrocarbons and eggshell changes in raptorial and fish-eating birds. Science 162(1968):271-3. 
Higginbotham GR, Huang A, Firestone D, Verrett J, Ress J, Campbell AD. Chemical and toxicological evaluations of isolated and synthetic chloro derivatives of 
 dibenzo-p-dioxin. Nature 220;168(1968):702-3.  
Hilbert G, Lillemark L, Balchen S, Schriver Højskov C. Reduction of organochlorine contaminants from fish oil during refining. Chemosphere 37;7(1998):1241-52.  
Hildén M. Boundary conditions for the sustainable use of major fish stocks in the Baltic Sea. Ecol Economics 1997;20(3):209-20. 
Hildén M. Risk, uncertainty, indeterminacy and ignorance in fisheries management – an analysis of management advice. Monographs of the Boreal Environmental 
 Research No. 5. Helsinki, Finnish Environment Institute 1997. 61 pp. 
Hildén M, Lepola J, Mickwitz P, Mulders A, Palosaari M, Simila J, Sjoblom S, Vedung E. Evaluation of environmental policy instruments – a case study of the Finnish 
 pulp & paper and chemical industries. Monographs of the Boreal Environmental Research No. 21. Helsinki, Finnish Environment Institute 2002. 134 pp.   
Hill AB. The environment and the disease: association or causation. Proc R Soc Med 58(1965):295-300. 
Hill C, Bengtsson B-E, Bergman A, Brandt I, Johansson N, Magnhagen C, Sodergren A, Thulin J, Nellbring S. Reproduktionsstorningar hor Ostersjofisk: Utvardering 

av FIRe-projektet (Reproductive disorders in Baltic Sea fish: Evaluation of FIRe project, in Swedish with English Summary). Solna, Naturvardsverket. 57 p. 
Naturvardsverket Rapport 5068. 

Hill RH Jr, Rollen ZJ, Kimbrough RD, Groce DF, Needham LL. Tetrachloroazobenzene in 3,4-dichloroaniline and its herbicidal derivatives: propanil, diuron, linuron, 
 and neburon. Arch Environ Health 1981;36(1):11-4. 
Hirai Y, Sakai S, Kunisue T, Tanabe S. Emission factors for uncontrolled burning and simulation of PCDD/F contamination in open dumping sites. Organohalogen 
 Compds. 60-65(2003), CD-ROM Vol. 4, Section 1. 
Hirai Y, Tani H, Sakai S, Takatsuki H. Historical emission inventory and dynamic fate modelling of PCBs in Japan. Organohalogen Compds. 60-65(2003), CD-ROM 
 Vol 4, Section 1. 
Hirota K, Hakoda T, Taguchi M, Takigami M, Kim H, Kojima T. Application of electron beam for the reduction of PCDD/F emission from municipal solid waste 
 incinerators. Environ Sci Technol. 37;14(2003):3164-70. 
Hirvonen H, Côté RP. Control strategies for the protection of the marine environment. Mar Pol. 10;1(1986):19-28.  
Hites RA, Foran JA, Carpenter DO, Hamilton MC, Knuth BA, Schwager SJ. Global assessment of organic contaminants in farmed salmon. Science 
 303;5655(2004):226-9. 
Hjerne O, Hansson S. Constant catch or constant harvest rate? The Baltic Sea cod (Gadus morhua L.) fishery as a modeling example. Fisher Res. 53;1(2001):57-70. 
Hjerne O, Hansson S. The role of fish and fisheries in Baltic Sea nutrient dynamics. Limnol. Oceanogr. 47;4(2002):1023–32. 
Hjorth R. Baltic Environmental Cooperation: A Regime in Transition. Linkoping Univ Dept Water Environ Studies, Linkoping 1996. 
Hjorth R. Building International Institutions for Environmental Protection: The Case of Baltic Sea Environmental Protection, Linkoping Univ Dept Water Environ 
 Studies, Linkoping. 1992.  
Hochstein JR, Bursian SJ, Aulerich RJ. Effects of dietary exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin in adult female mink (Mustela vison).   Arch Environ Contam 
 Toxicol. 35;2(1998):348-53. 
Hochstein MS Jr, Render JA, Bursian SJ, Aulerich RJ. Chronic toxicity of dietary 2,3,7,8-tetrachlorodibenzo-p-dioxin to mink. Vet Hum Toxicol. 2001;43(3):134-9. 
Hoekstra EJ, de Weerd H, de Leer EWB, Brinkman UATH. Natural  formation  of  chlorinated  phenols, dibenzo-p-dioxins and dibenzofurans in soil of a Douglas fir 
 forest. Environ Sci Technol. 33(1999):2543-9.   
Hofelt CS, Honeycutt M, McCoy JT, Haws LC. Development of a metabolism factor for polycyclic aromatic hydrocarbons for use in multipathway risk assessments of 
 hazardous waste combustion facilities. Regul Toxicol Pharmacol. 2001;33(1):60-5.  
Hoffer A, Chang C-y, Puga A. Dioxin Induces Transcription of fos and jun Genes by Ah Receptor-Dependent and -Independent Pathways. Toxicol Appl Pharmacol. 
 141;1(1996):238-47.  
Hoffman DJ, Melacon MJ, Klein PN, Eisenmann JD, Spann JW. Comparative developmental toxicity of planar PCB congeners in chickens, American kestrels and 
 common terns. Environ Toxicol Chem. 17(1998):747–57. 
Hoffman DJ, Rice CP, Kubiak TJ. PCBs and dioxins in birds. In: Beyer WN, Heinz GH, Redmon-Norwood AW. (eds.), 1996. Environmental contaminants in wildlife: 
 Interpreting tissue concentrations. Lewis Publishers, Boca Raton, FL, p. 165-207. 
Hoffman RE, Stehr-Green PA, Webb KB, Evans RG, Knutsen AP, Schramm WF, Staake JL, Gibson BB, Steinberg KK. Health effects of long-term exposure to 
 2,3,7,8-tetrachlorodibenzo-p-dioxin. JAMA 255;15(1986):2031-8. 
Hojo R, Stern S, Zareba G, Markowski VP, Cox C, Kost JT, Weiss B. Sexually dimorphic behavioral responses to prenatal dioxin exposure. Environ Health Perspect. 
 110;3(2002):247-54.  
Hokkanen J, Pellinen J. The use of decision-aid methods in the assessment of risk reduction measures in the control of chemicals. Copenhagen, Nordic Council of 
 Ministers. TemaNord 622(1997):72. 
Holcomb M, Yao C, Safe S. Biologic and toxic effects of polychlorinated dibenzo-p-dioxin and dibenzofuran congeners in the guinea pig. Quantitative structure-activity 
 relationships. Biochem Pharmacol. 1988;37(8):1535-9.  
Holling CS, Berkes F, Folke C. Science, sustainability, and resources management. In: Berkes F,Folke C. (Eds), 1998. Linking Social and Ecological Systems. 
 Cambridge Univ Press, Cambridge, p. 342-62. 
Hollup O. Structural and sociocultural constraints for user-group participation in fisheries management in Mauritius. Mar Pol. 24;5(2000):407-21.  



 

 

286

 

Holm G, Norrgren L, Andersson T, Thurén A. Effects of exposure to food contaminated with PBDE, PCN or PCB on reproduction, liver morphology and cytochrome 
 P450 activity in the three-spined stickleback, Gasterosteus aculeatus. Aq Toxicol. 27(1993):33-50.  
Holmes M, Hart A, Smith GC, Rose M, Macarthur R, White S. Dietary exposure to dioxins and PCBs including measurement uncertainty and limits of detection. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol 1, Section 2. 
Holmlund CM, Hammer M. Ecosystem services generated by fish populations. Ecol Economics. 1999;29(2):253-68. 
Holopainen K. Polyklooratut dibentso-p-dioksiinit ja dibentsofuraanit: Lahteet, kayttaytyminen, myrkyllisyys, havittaminen ja analytiikka (PCDD/Fs: Sources, behavior, 
 toxicity, desctruction and analysis, in Finnish). 76 p. Helsinki, National Board of Waters and the Environment. Mimeograph of Natl Bd Water Environ. 530(1993).  
Holoubek I, Alcock R, Brorstrom-Lunden E, Petrosjan V, Roots O, Shatalov V, Kocan A, Cupr P, Holoubkova I. UNEP/GEF project regional based assessment of  
 persistent toxic substances - European regional report. Organohalogen Compds. 60-65(2003a), CD-ROM Vol. 3, Section 4. 
Holoubek I, Brorstrom-Lundén E, Duyzer J, Shatalov V, Klánová J, Kohoutek J. Regional trends of POPs in European ambient air. Organohalogen Compds. 60-
 65(2003b). CD-ROM, Vol. 2, Section 4. 
Holoubek I, Kocan A, Holoubkova I, Hilscherova K, Kohoutek J, Falandysz J, Roots O. 2000. Persistent, bioaccumulative and toxic chemicals in Central and Eastern 
 European countries – State-of-the-art report. TOCOEN Report No. 150a. Brno, Czech Republic.  
Holsapple MP, Snyder NK, Wood SC, Morris DL. A review of 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced changes in immunocompetence: 1991 update. Toxicology. 
 1991;69(3):219-55. 
Holtta P, Kiviranta H, Leppaniemi A, Vartiainen T, Lukinmaa PL, Alaluusua S. Developmental dental defects in children who reside by a river polluted by dioxins and 
 furans. Arch Environ Health 56;6(2001):522-8.  
Hoogenboom R. The combined use of the CALUX bioassay and the HRGC/HRMS method for the detection of novel dioxin sources and new dioxin-like compounds. 
 Environ Sci Pollut Res Int. 9;5(2002):304-6.  
Hoogerbrugge R, Liem AKD. How to handle non-detects? Organohalogen Compds. 45(2000):13-6. 
Hoover SM. Exposure to persistent organochlorines in Canadian breast milk: a probabilistic assessment. Risk Anal. 1999;19(4):527-45.  
Hope B, Scatolini S, Titus E, Cotter J. Distribution patterns of polychlorinated biphenyl congeners in water, sediment and biota from Midway Atoll (North Pacific 
 Ocean). Mar Pollut Bull 34;7(1997):548-63. 
Hope BK. A spatially and bioenergetically explicit terrestrial ecological exposure model. Toxicol Ind Health. 2001;17(5-10):322-32. 
Hornshaw TC, Aulerich RJ, Johnson HE. Feeding Great Lakes fish to mink: effects on mink and accumulation and elimination of PCBS by mink. J Toxicol Environ 
 Health. 1983;11(4-6):933-46. 
Hornung MW, Spitsbergen JM, Peterson RE. 2,3,7,8-Tetrachlorodibenzo-p-dioxin alters cardiovascular and craniofacial development and function in sac fry of 
 rainbow trout (Oncorhynchus mykiss). Toxicol Sci. 47;1(1999):40-51.  
Hornung MW, Zabel EW, Peterson RE. Additive interactions between pairs of polybrominated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners in a rainbow 
 trout early life stage mortality bioassay. Toxicol Appl Pharmacol 1996;140(2):345-55. 
Hornung MW, Zabel EW, Peterson RE. Toxic equivalency factors of polybrominated dibenzo-p-dioxin, dibenzofuran, biphenyl, and polyhalogenated diphenyl ether 
 congeners based on rainbow trout early life stage mortality. Toxicol Appl Pharmacol. 140;2(1996):227-34.  
Horwitz W, Albert R. Reliability of the determinations of polychlorinated contaminants (biphenyls, dioxins, furans). J AOAC Int. 79;3(1996):589-621.  
Hossain A., Tsuchiya S, Minegishi M, Osada M, Ikawa S, Tezuka F-A, Kaji M, Konno T, Watanabe M, Kikuchi H.  The Ah receptor is not involved in 2,3,7,8- 
 tetrachlorodibenzo-p-dioxin- mediated apoptosis in human leukemic T cell lines.  J Biol Chem. 273;31(1998):19853-8. 
Hou DX, Kunitake T, Kusuda J, Fujii M. Primary culture of chicken hepatocytes as an in vitro model for determining the influence of dioxin. Biosci Biotechnol Biochem. 
 2001;65(1):218-21. 
Hovander L, Malmberg T, Athanasiadou M, Athanassiadis I, Rahm S, Bergman A, Wehler EK. Identification of hydroxylated PCB metabolites and other phenolic 
 halogenated pollutants in human blood plasma. Arch Environ Contam Toxicol 2002;42(1):105-17.  
Howe HL. Predicting public concern regarding toxic substances in the environment. Environ Health Perspect. 1990;87:275-81.  
Howlett CT. Dioxin data contested. Public Health Rep. 1996;111(6):473-5.  
Hryhorczuk DO, Wallace WH, Persky V, Furner S, Webster JR Jr, Oleske D, Haselhorst B, Ellefson R, Zugerman C. A morbidity study of former pentachlorophenol 
 production workers. Environ Health Perspect. 1998;106(7):401-8.  
Hsia MT, Kreamer BL. Induction of hepatic microsomal cytochrome P-448 by 3,3',4,4'-tetrachloroazobenzene and the corresponding azoxy and hydrazo analogs. Res 
 Commun Chem Pathol Pharmacol. 25;2(1979):319-31. 
Hu K, Bunce NJ, Chittim BG, Tashiro CHM, Yeo BR, Sharratt BJ, Campbell FJ, Potter D.W.  Screening assay for dioxin-like compounds based on competitive binding 
 to the murine hepatic Ah receptor. 2. Application to environmental samples. Environ Sci Technol. 29;10(1995):2603-9.  
Hu K, Bunce NJ. Metabolism of polychlorinated dibenzo-p-dioxins and related dioxin-like compounds. J Toxicol Environ Health B Crit Rev. 2;2(1999):183-210.  
Huang H, Buekens A. On the mechanisms of dioxin formation in combustion processes. Chemosphere 31;9(1995):4099-117.  
Hudson LG, Toscano WA Jr, Greenlee WF. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) modulates epidermal growth factor (EGF) binding to basal cells from a 
 human keratinocyte cell line. Toxicol Appl Pharmacol. 1986;82(3):481-92. 
Huijbregts MA, Guinee JB, Reijnders L. Priority assessment of toxic substances in life cycle assessment. III: Export of potential impact over time and space. 
 Chemosphere 44;1(2001):59-65.  
Huisman M, Eerenstein SEJ, Koopman-Esseboom C, Brouwer AM, Fidler V, Muskiet FAJ, Sauer PJJ, Boersma ER. Perinatal exposure to polychlorinated biphenyls 

and dioxins through dietary intake. Chemosphere 31;10(1995):4273-87.  
Huisman M, Koopman-Esseboom C, Fidler V, Hadders-Algra M, van der Paauw CG, Tuinstra LG, Weisglas-Kuperus N, Sauer PJ, Touwen BC, Boersma ER. 
 Perinatal exposure to polychlorinated biphenyls and dioxins and its effect on neonatal neurological development. Early Hum Dev. 41;2(1995):111-27. 
Humphrey HE, Gardiner JC, Pandya JR, Sweeney AM, Gasior DM, McCaffrey RJ, Schantz SL. PCB congener profile in the serum of humans consuming Great Lakes 
 fish. Environ Health Perspect. 108;2(2000):167-72. 
Hums E, Joisten M, Müller R, Sigling R, Spielmann H. Innovative lines of SCR catalysis: NOx reduction for stationary diesel engine exhaust gas and dioxin abatement 
 for waste incineration facilities. Catalysis Today 27;1-2(1996):29-34.  
Hung W-T, Lin C-F. Use of regenerated ferric oxide for CO destruction and suppressing dioxin formation in flue  gas  in  a  pilot-scale incinerator. Chemosphere 
 53;7(2003):727-35.   
Huotari J, Vesterinen R. PCDD/F emissions from co-combustion of RDF with peat, wood waste, and coal in FBC boilers. Haz Waste Haz Mater. 13;1(1996):1-10.  
Hurst CH, DeVito MJ, Birnbaum LS. Tissue disposition of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in maternal and developing long-evans rats following subchronic 
 exposure. Toxicol Sci. 2000;57(2):275-83. 
Hurst CH, DeVito MJ, Setzer RW, Birnbaum LS. Acute administration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in pregnant Long Evans rats: association of 
 measured tissue concent-rations with developmental effects. Toxicol Sci 53;2(2000):411-20.  
Hushka DR, Greenlee WF. 2,3,7,8-Tetrachlorodibenzo-p-dioxin inhibits DNA synthesis in rat primary hepatocytes. Mutat Res. 1995;333(1-2):89-99.  
Husoy AM, Myers MS, Willis ML, Collier TK, Celander M, Goksoyr A. Immunohistochemical localization of CYP1A and CYP3A-like isozymes in hepatic and  

extrahepatic tissues of Atlantic cod (Gadus morhua L.), a marine fish. Toxicol Appl Pharmacol. 1994;129(2):294-308.  
Hutzinger O, Blumich MJ, van den Berg M, Olie K. Sources and fate of PCDDs and PCDFs: An overview. Chemosphere 14;6-7(1985):581-600. 
Hutzinger O, Thoma H. Polybrominated dibenzo-p-dioxins and dibenzofurans: The flame retardant issue. Chemosphere 16(1987);1877-80. 
Huuskonen H, Unkila M, Pohjanvirta R, Tuomisto J. Developmental toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the most TCDD-resistant and susceptible 
 rat strains. Toxicol Appl Pharmacol. 1994;124(2):174-80.  
Huuskonen S, Koponen K, Ritola O, Hahn M, Lindstrom-Seppa P. Induction of CYP1A and porphyrin accumulation in fish hepatoma cells (PLHC-1) exposed to 
 sediment or water from a PCB-contaminated lake (Lake Kernaala, Finland). Mar Environ Res. 46;1-5(1998):379-84.  
Huuskonen S, Lindstrom-Seppa P, Koponen K, Roy S. Effects of non-ortho-substituted polychlorinated biphenyls (congeners 77 and 126) on cytochrome p4501a and 
 conjugation activities in rainbow trout (Oncorhynchus mykiss). Comp Biochem Physiol Part C: Pharmacol Toxicol Endocrinol. 113;2(1996):205-13.  



 

 

287

 

Huwe JK. Dioxins in food: a modern agricultural perspective. J Agric Food Chem. 2002;50(7):1739-50.  
Huwe JK, Clark GC, Chu AC, Garry V. CLAUX and high resolution GC/MS analysis of dioxin-like compounds in chlorophenoxy pesticide formulations. Organohalogen 
 Compds. 60-65(2003), CD-ROM Vol 1, Section 3. 
Huwe JK, Feil VJ, Zaylskie RG, Tiernan TO. An investigation of the in vivo formation of octachlorodibenzo-p-dioxin. Chemosphere 40;9-11(2000):957-62. 
Hyyti OM, Nyman M, Willis ML, Raunio H, Pelkonen O. Distribution of cytochrome P4501A (CYP1A) in the tissues of Baltic ringed and grey seals. Mar Environ Res. 
 51;5(2001):465-85. 
Iannaccone PM, Fahl WE, Stols L. Reproductive toxicity associated with endometrial cell mediated metabolism of benzo[a]pyrene: a combined in vitro, in vivo 
 approach. Carcinogenesis 1984;5(11):1437-42. 
Iannantuono A, Eyles J. Environmental health policy: Analytic 'framing' of the Great Lakes picture. Environ Manage. 26;4(2000):385-92.  
IARC. Complex mixtures and cancer risk. Lyon, Int Agency for Res on Cancer 1990. IARC Monograph 104. 
IARC. Polybrominated biphenyls. IARC Monogr Eval Carcinog Risk Chem Hum. 41(1986):261-92.  
ICES. Contaminants in the Baltic Sea sediments. Results of the 1993 ICES/HELCOM sediment baseline study.  
ICES. Report of the ICES Advisory Committee on Ecocystems, 2003a. ICES Cooperative Res Report 262(2000):1-229. 
ICES. Report of the ICES Advisory Committee on the Marine Environment, 2000. ICES Cooperative Res Report 241(2000):9-26, 91-5, 111-7, 118-20, 201-13. 
ICES. Report of the ICES Advisory Committee on the Marine Environment, 2001. ICES Cooperative Res Report 248(2001):67-8. 
ICES. Report of the ICES Advisory Committee on the Marine Environment, 2002. ICES Cooperative Res Report 256(2002):49. 
ICES. Report of the ICES Advisory Committee on the Marine Environment, 2003. ICES Cooperative Res Report 263(2003b):1-227. 
IFCS. Discussion paper on the development of science-based criteria for identifying further POPs, UK, Paper for IFCS meeting, Manila, 20-21 June 1996, Intergov 
 Forum Chemical Saf, UNEP (c/o WHO) Geneva. (http://irptc.unep.ch/pops/indxhtms/manwg5.html) 
IFCS. Persistent organic pollutants: Socioeconomic considerations for global action - Theme paper, IFCS expert meeting on persistent organic pollutants, Manila, the 
 Philippines, 17-19 June 1996, Report no. IFCS/EXP.POPs.2 (UNEP, Geneva). http://irptc.unep.ch/pops/indxhtms/manexp3.html 
Iino F, Imagawa T, Gullett BK. Dechlorination controlled polychlorinated dibenzofuran isomer patterns from municipal waste incinerators. Environ Sci Technol. 
 34(2000):3143-7.  
Iino F, Tsuchiya K, Imagawa T, Gullett BK. An isomer prediction model for PCNs, PCDD/Fs, and PCBs from municipal waste incinerators. Environ Sci Technol. 
 35(2001):3175-81.  
Ikeda M, Ishii Y, Kato H, Akazawa D, Hatsumura M, Ishida T, Matsusue K, Yamada H, Oguri K. Suppression of carbonic anhydrase III in rat liver by a dioxin-related 
 toxic compound, coplanar polychlorinated biphenyl, 3,3',4,4',5-pentachlorobiphenyl. Arch Biochem Biophys. 380;1(2000):159-64.  
Illing HP. Are societal judgments being incorporated into the uncertainty factors used in toxicological risk assessment? Regulat Toxicol Pharmacol. 29;3(1999):300-8.  
Ilsen A, Briet JM, Koppe JG, Pluim HJ, Oosting J. Signs of enhanced neuromotor maturation in children due to perinatal load with background levels of dioxins. 
 Follow-up until age 2 years and 7 months. Chemosphere 33;7(1996):1317-26. 
Imai T, Hamm S, Rothenbacher KP. Comparison of the recyclability of flame-retarded plastics. Environ Sci Technol. 37;3(2003):652-6. 
Ingebrigtsen K, Hektoen H, Andersson T, Bergman A, Brandt I. Species-specific accumulation of the polychlorinated biphenyl (PCB) 2,3,3',4,4'-pentachlorobiphenyl in 
 fish brain: a compa-rison between cod (Gadus morhua) and rainbow trout (Oncorhynchus mykiss). Pharmacol Toxicol. 6(4)1990:344-5.  
Ingersoll CD, Dillon T, Biddinger GR. Ecologigal risk assessment of contaminated sediments. Pensacola, SETAC Press 1997. 389 p. SETAC Special Publication. 
Inoue K, Asao T, Shimada T. Ethnic-related differences in the frequency distribution of genetic polymorphisms in the CYP1A1 and CYP1B1 genes in Japanese and 
 Caucasian populations. Xenobiotica 30;3(2000):285-95. 
ICES. Report of the Baltic Salmon and Trout Working Group. Karlskrona, Sweden 2-11 March 2003. Copenhagen, International Council for Exploration of the Seas 
 Advisory Committee for Fishery Management 2003. ICES CM2003/ACFM:20.  
ICES. Report of the Study group on multispecies assessment in the Baltic. Charlottenlund, Denmark 2-4 April 2003. Copenhagen, International Council for Exploration 
 of the Seas Advisory Committee for Fishery Management 2003. ICES CM2003/H03, Ref WGBFAS.  
ICES. Report of the Working Group for Fisheries Assessment. ICES Headquarters, Copenhagen, 3-16 April 2003. Copenhagen, International Council for Exploration 
 of the Seas Advisory Committee for Fishery Management 2003. ICES CM2003/ACFM:21. 
IOMC. Principles for the Assessment of Risks to Human Health from Exposure to Chemicals. World Health Organization, Geneva 1999. 
Iorish VS, Dorofeeva OV, Moiseeva NF. Thermodynamic properties of dibenzo-p-dioxin, dibenzofuran, and their polychlorinated derivatives in the gaseous and 
 condensed phases. 2. Thermodynamic properties of condensed compounds. J Chem Eng Data 46;2(2001):286-98.  
IPCS. Principles for evaluating health risks to progeny associated with exposure to chemicals during pregnancy. World Health Organization and Intergovernmental 
 Programme for Chemical Safety, Geneva. 177 p. Environ Health Criteria 30(1984). 
IPCS. Principles for evaluating health risks from chemicals during infancy and early childhood: the need for a special approach. World Health Organization and 
 Intergovernmental Programme for Chemical Safety, Geneva. Environ Health Criteria 59(1986). 
IPCS. Principles for the safety assessment of food additives and contaminants in food. World Health Organization and Intergovernmental Programme for Chemical 
 Safety, Geneva. Environ Health Criteria 70(1987). 
IPCS. Polychlorinated dibenzo-p-dioxins and dibenzofurans. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. Environ 
 Health Criteria 88(1989). 
IPCS. Polychlorinated biphenyls and terphenyls. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. Environ Health 
 Criteria 140(1992). 
IPCS. Biomarkers and risk assessment: Concepts and principles. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. 82 p. 
 Environ Health Criteria 155(1993). 
IPCS. Polybrominated biphenyls. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. Environ Health Criteria 152(1994). 
IPCS. Assessing human health risks of chemicals: derivation of guidance values for health-based exposure limits. World Health Organization and Intergovernmental 
 Programme for Chemical Safety, Geneva. 73 p. Environ Health Criteria 170(1994). 
IPCS. Principles and methods for assessing direct immunotoxicity associated with exposure to chemicals. World Health Organization and Intergovernmental 
 Programme for Chemical Safety, Geneva. 390 p. Environ Health Criteria 180(1996). 
IPCS. Polybrominated dibenzo-p-dioxins and dibenzofurans. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. Environ 
 Health Criteria 205(1998). 
IPCS. Principles for the assessment of risks to human health from exposure to chemicals. World Health Organization and Intergovernmental Programme for  Chemical 
 Safety, Geneva. 110 p. Environ Health Criteria 210(1999). 
IPCS. Human exposure assessment. World Health Organisation and Intergovernmental Programme for Chemical Safety, Geneva. 375 p. Environ Health Criteria 
 214(2000). 
IPCS. Biomarkers in risk assessment: Validity and validation. World Health Organization and Intergovernmental Programme for Chemical Safety, Geneva. 238 p. 
 Environ Health Criteria 222(2001). 
IPCS. Principles for evaluating health risks to reproduction associated with exposure to chemicals. World Health Organization and Intergovernmental Programme for 
 Chemical Safety, Geneva. 187 p. Environ Health Criteria 225(2001). 
IPCS. Clorinated naphthalenes. Concise Int Chem Assess Doc 34, World Health Organization, Geneva 2001. 57 p. 
IPCS. Integrated Risk Assessment. Report prepared for the WHO/UNEP/ILO International Programme on Chemical Safety. WHO/IPCS/IRA/01/12. WHO, Geneva, 
 Dec 2001. http://www.who.int/ipcs/publications/new_issues/ira/en/ 
IPCS. Global assessment of the state-of-the-science of endocrine disruptors. An assessment prepared by an expert group on behalf of WHO, ILO and UNEP. 
 Damstra T, Barlow S, Bergman A, Kavlock R, Van Der Kraak G. (eds.). Generva, WHO 2002. WHO/PCS/EDC/02.2 
IPCS & OECD. Descriptions of selected key generic terms used in chemical hazard/risk assessment. International Programme on Chemical Safety Joint Project with 
 OECD on the Harmonisation of Hazard/Risk Assessment Terminology. 



 

 

288

 

IPCS. Polychlorinated biphenyls: Human health aspects. UNEP, ILO, WHO, Geneva. Concise International Chemical Assessment Document 55(2003). 
 http://www.inchem.org/documents/cicads/cicads/cicad55.htm  
Ishaq R, Karlson K, Naf C. Tissue distribution of polychlorinated naphthalenes (PCNs) and non-orthochlorinated biphenyls (non-ortho CBs) in harbour porpoises 
 (Phocoena phocoena) from Swedish waters. Chemosphere 2000;41(12):1913-25.  
Ishaq R, Naf C, Zebühr Y, Broman D, Jarnberg U. PCBs, PCNs, PCDD/Fs, PAHs and Cl-PAHs in air and water particulate samples--patterns and variations. 
 Chemosphere 2003;50(9):1131-50.  
Ishida M, Shiji R, Nie P, Nakamura N, Sakai S. Full-scale plant study on low temperature thermal dechlorination of PCDDs/PCDFs in fly ash. Chemosphere 37;9-
 12(1998):2299-308.  
Ishii K, Furuichi T, Masahiko S. Development of a bioreactor system for treatment of dioxins-contaminated soils and incinerated residue. Organohalogen Compds. 
 66(2004):1257-61. 
Ishii K, Furuichi T, Matsuda Y. Degradation of dioxins using enzymes and sterilization of Pseudallescheria boydii. Organohalogen Compds. 63(2003):260-3. 
Iso H, Rexrode KM, Stampfer MJ, Manson JE, Colditz GA, Speizer FE, Hennekens CH, Willett WC. Intake of fish and omega-3 fatty acids and risk of stroke in 
 women. JAMA 285;3(2001):304-12.  
Isosaari P. Polychlorinated dibenzo-p-dioxin and dibenzofuran contamination of sediments and photochemical decontamination of soils. Kuopio, Finland, NPIH. Publ 
 Natl Public Health Inst. A 11/2004. 95 p. Doctoral dissertation. 
Isosaari P, Kankaanpaa H, Mattila J, Kiviranta H, Verta M, Salo S, Vartiainen T. Spatial distibution and temporal accumulation of polychlorinated dibenzo-p-dioxins, 
 dibenzofurans, and biphenyls in the Gulf of Finland. Environ Sci Technol 2002;36(12):2560-5. 
Isosaari P, Kiviranta H, Hallikainen A, Parmanne R, Vuorinen PJ, Vartiainen T. Dioxin levels in fish caught from the Baltic Sea in 2001-2002. Organohalogen Compds. 
 60-65(2003), CD-ROM Vol. 3, Section 1. 
Isosaari P, Kiviranta H, Lie O, Lundebye AK, Ritchie G, Vartiainen T. Accumulation and distribution of polychlorinated dibenzo-p-dioxin, dibenzofuran, and 
 polychlorinated biphenyl congeners in Atlantic salmon (Salmo salar). Environ Toxicol Chem. 23;7(2004):1672-9. 
Isosaari P, Kohonen T, Kiviranta H, Tuomisto J, Vartiainen T. Assessment of levels, distribution, and risks of polychlorinated dibenzo-p-dioxins and dibenzofurans in 
 the vicinity of a vinyl chloride monomer production plant. Environ Sci Technol. 34(2000):2684-9. 
Isosaari P, Pajunen H, Vartiainen T. PCDD/F and PCB history in dated sediments of a rural lake. Chemosphere 47;6(2002):575-83.  
Isosaari P, Tuhkanen T, Vartiainen T. Use of olive oil for soil extraction and ultraviolet degradation of polychlorinated dibenzo-p-dioxins and dibenzofurans. Environ 
 Sci Technol. 35;6(2001):1259-65.  
Isosaari P, Vartiainen T, Hallikainen A, Ruohonen K. Feeding trial on rainbow trout: comparison of dry fish feed and Baltic herring as a source of PCDD/Fs and PCBs. 
 Chemosphere 48;8(2002):795-804.  
Ito T, Inouye K, Fujimaki H, Tohyama C, Nohara K. Mechanism of TCDD-induced suppression of antibody production: effect on T cell-derived cytokine production in 
 the primary immune reaction of mice. Toxicol Sci. 70;1(2002):46-54. 
Ivanov V, Sandell E. Characterization of polychlorinated biphenyl isomers in Sovol and trichlorodiphenyl formulations by high-resolution gas chromatography with 
 electron capture detection and high resolution gas chromatography-mass spectrometry techniques. Environ Sci Technol. 26(1992):2012-7. 
Iwata H, Kim E-Y, Tanabe S, Yamagata A, Oofusa K. A proteomic approach to identify changes in protein expression patterns in wild common cormorant liver  
 contaminated by dioxins. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, Section 4. 
Iwata H, Tanabe S, Sakal N, Tatsukawa R. Distribution of persistent organochlorines in the oceanic air and surface seawater and the role of ocean on their global 
 transport and fate. Environ Sci Technol 27(1993):1080-98. 
Jackson LJ. A simulation model of PCB dynamics in the Lake Ontario pelagic food web. Ecol Modell. 93;1-3(1996):43-56.  
Jackson LJ, Carpenter SR, Manchester-Neesvig J, Stow CA. PCB congeners in Lake Michigan coho (Oncorhynchus kisutch) and chinook (Oncorhynchus 
 tshawytscha) salmon. Environ Sci Technol. 35;5(2001):856-62. 
Jacobs LW, Chou SF, Tiedje JM. Field concentrations and persistence of polybrominated biphenyls in soils and solubility of PBB in natural waters. Environ Health 
 Perspect. 23(1978):1-8. 
Jacobs M, Ferrario J, Byrne C. Investigation of polychlorinated dibenzo-p-dioxins, dibenzo-p-furans and selected coplanar biphenyls in Scottish farmed Atlantic 
 salmon (Salmo salar). Chemosphere 47;2(2002):183-91.  
Jacobs MN, Covaci A, Gheorghe A, Schepens P. Time trend investigation of PCBs, PBDEs, and organochlorine pesticides in selected n-3 polyunsaturated fatty acid 
 rich dietary fish oil and vegetable oil supplements; nutritional relevance for human essential n-3 fatty acid requirements. J Agric Food Chem. 52;6(2004):1780-8. 
Jacobs MN, Covaci A, Schepens P. Investigation of selected persistent organic pollutants in farmed Atlantic salmon (Salmo salar), salmon aquaculture feed, and fish 
 oil components of the feed. Environ Sci Technol. 2002;36(13):2797-805. 
Jacobson SW, Fein GG, Jacobson JL, Schwartz PM, Dowler JK. 1985. The effect of PCB exposure on visual recognition memory. Child Devel. 56:853-60.  
Jacobson JL, Jacobson SW. Intellectual impairment in children exposed to polychlorinated biphenyls in utero. N Engl J Med. 335;11(1996):783-9. 
Jacobson JL, Jacobson SW. Reply to Middaugh and Egeland. N Engl J Med. 336;9(1997):661 
Jacobson JL, Jacobson SW, Padgett RJ, Brummitt GA, Billings RL. 1992. Effects of prenatal PCB exposure on cognitive processing efficiency and sustained 
 attention. Devel Psychol. 28:297-306.  
Jacobson JL, Jacobson SW, Humphrey HEB. Effects of exposure to PCBs and related compounds on growth and activity in children. Neurotoxicol Teratol. 
 12(1990b):319-26.  
Jacobson JL, Jacobson SW, Humphrey HE. Effects of in utero exposure to polychlorinated biphenyls and related contaminants on cognitive functioning in young 
 children. J Pediatr. 116;1(1990b):38-45. 
Jacobson JL, Jacobson SW, Fein GG, Schwartz PM, Dowler JK. 1984. Prenatal exposure to an environmental toxin: a test of the multiple effects model. Devel 
 Psychol. 20:523-32. 
Jager J. PCDD/F and PCB emission from steel producing, processing and reclamation plants with varying input. Toxicol Environ Chem. 40;1-4(1993):201-11.  
Jager T, Vermeire TG & al. Opportunities for a probabilistic risk assessment of chemicals in the European Union. Chemosphere 2001;43(2):257-64. 
Jaiswal AK, Nebert DW, Eisen HW. Comparison of aryl hydrocarbon hydroxylase and acetanilide 4-hydroxylase induction by polycyclic aromatic compounds in human 
 and mouse cell lines. Biochem Pharmacol. 1985;34(15):2721-31. 
Jakobsson E, Asplund L. Polychlorinated naphthalenes. Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of Environmental 
 Chemistry Vol 3. Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 97-126.   
James MO, Little PJ. Polyhalogenated biphenyls and phenobarbital: evaluation as inducers of drug metabolizing enzymes in the sheepshead, Archosargus 
 probatocephalus. Chem Biol Interact. 1981;36(2):229-48. 
Jan J, Buser HR. Formation of polychlorinated dibenzodioxins on heating lindane in the presence of hydrogen peroxide. Chemosphere 19;8.9(1989):1163-4. 
Janak K, Becker G, Colmjso A, Ostman C, Athanasiadou M, Valters K, Bergman A. Environ Toxicol Chem 17(1998):1046 
Jansson B, Andersson R, Asplund L, Bergman A, Litzén K, Nylund K, Reutergardh L, Sellstrom U, Uvemo U-B, Wahlberg C, Wideqvist U. Multiresidue method for the 
 gas-chromatographic analysis of some polychlorinated and polybrominated pollutants in biological samples. Fresenius J Anal Chem. 340(1991):439-45. 
Jansson B, Andersson R, Asplund L, Litzen K, Nylund K, Sellstrom U, Uvemo U-B, Wahlberg C, Wideqvist U, Odsjo T, Olsson M. Chlorinated and brominated 
 persistent organic compounds in biological samples from the environment. Environ Toxicol Chem. 12; 7( 1993):1163-74.  
Jansson B-O. Natural systems of the Baltic Sea. Ambio 9;3-4(1980):128-36. 
Janz DM; Bellward GD. In ovo 2,3,7,8-tetrachlorodibenzo-p-dioxin exposure in three avian species. 1. Effects on thyroid hormones and growth during the perinatal 
 period. Toxicol Appl Pharmacol. 139;2(1996):281-91.  
Janz DM, Bellward GD. In ovo 2,3,7,8-tetrachlorodibenzo-p-dioxin exposure in three avian species. 2. Effects on estrogen receptor and plasma sex steroid hormones 
 during the perinatal period. Toxicol Appl Pharmacol. 139;2(1996):292-300. 
Jarnberg U. Polychlorinated naphthalenes from a Swedish perspective. Organohalogen Compds. 47(2000):1-4. 



 

 

289

 

Jarnberg U, Asplund L, de Wit C, Grafstrom A-K, Haglund P, Jansson B, Lexén K, Strandell M, Olsson M, Jonsson B. Polychlorinated biphenyls and polychlorinated 
 naphthalenes in Swedish sediment and biota: Levels, patterns, and time trends. Environ Sci Technol. 27(1993):1364–74. 
Jarnberg U, Asplund L, de Wit C, Egeback A-L, Wideqvist U, Jakobsson E. Distribution of polychlorinated naphthalene congeners in environmental and source-related 
 samples. Arch Environ Contam Toxicol. 32(1997):232–45. 
Jarnberg U, Asplund L, Egeback A-L, Jansson B, Unger M, Wideqvist U. Polychlorinated naphthalene congener profiles in background sediments compared to a 
 degraded halowax 1014 technical mixture. Environ Sci Technol. 33(1999):1–6. 
Jaworska JS, Rose KA, Brenkert AL. Individual-based modeling of PCBs effects on young-of-the-year largemouth bass in southeastern USA reservoirs. Ecol Modell. 
 99;2-3(1997):113-35.  
Jayjock MA, Hawkins NC. A proposal for improving the role of exposure modeling in risk assessment. Am Ind Hyg Assoc J. 1993;54(12):733-41.  
Jensen AA. Kortlæging av dioxinforurening samt kilder til dioxinforurening i Østersøen. Miljøministeriet, Copenhagen. Report by dk-TEKNIK ENERGI & MILJO.   
 Miljøprojekt nr. 796 (2003). 
Jensen AA. Polychlorobiphenyls (PCBs), polychlorodibenzo-p-dioxins (PCDDs) and polychlorodibenzofurans (PCDFs) in human milk, blood and adipose tissue. Sci 
 Total Environ 1987;64(3):259-93.  
Jensen E, Bolger PM. Exposure assessment of dioxins/furans consumed in dairy foods and fish. Food Addit Contam. 2001;18(5):395-403.  
Jensen KG, Wiberg K, Klasson-Wehler E, Onfelt A. Induction of aberrant mitosis with PCBs: particular efficiency of 2,3,3',4,4'-pentachlorobiphenyl and synergism with 
 triphenyltin. Mutagenesis 2000;15(1):9-15.  
Jensen RK, Sleight SD. Sequential study on the synergistic effects of 2,2',4,4',5,5'-hexabromobiphenyl and 3,3',4,4',5,5'-hexabromobiphenyl on hepatic tumor 
 promotion. Carcinogenesis 7;10(1986):1771-4.  
Jensen S, Jansson B. Anthropogenic substances in seal from the Baltic: Methyl sulphone metabolites of PCB and DDT. Ambio 5(1976):257-60. 
Jensen S, Johnels AG, Olsson M, Otterlind G. DDT and PCB in herring and cod from the Baltic, the Kattegat and Skagerrak. Ambio Special Report 1(1972):71-85. 
Jensen S, Johnels AG, Olsson M, Otterlind G. DDT and PCB in marine animals from Swedish waters. Nature 224(1969):247-50.  
Jensen S, Kihlstrom JE, Olsson M, Orberg J. Effects of PCB and DDT on mink (Mustela vision) during the reproductive season. Ambio 6(1977):239. 
Jenssen BM. An overview of exposure to, and effects of, petroleum oil and organochlorine pollution in Grey seals (Halichoerus grypus). Sci Total Environ. 186;1-
 2(1996):109-18.  
Jentoft S. Fisheries co-management. Delegating government responsibility to fishermen's organizations. Mar Pol. 13;2(1989):137-54. 
Jeon YJ, Youk ES, Lee SH, Suh J, Na YJ, Kim HM. Polychlorinated biphenyl-induced apoptosis of murine spleen cells is aryl hydrocarbon receptor independent but 
 caspases dependent. Toxicol Appl Pharmacol. 2002;181(2):69-78.  
Jin X, Kennedy SW, Di Muccio T, Moon TW. Role of oxidative stress and antioxidant defense in 3,3',4,4',5-pentachlorobiphenyl-induced toxicity and species-
 differential sensitivity in chicken and duck embryos. Toxicol Appl Pharmacol. 2001;172(3):241-8.  
Joas R, Joas A, Potrykus A, Schott R, Hosseinpour J, Rottler H, Umlauf G. Dioxins and other pops in by-products, recyclates and wastes and their potential to enter 
 the food chain. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, Section 1.  
Joas R, Potrykus A, Chambers G. 2001. Effects on the fisheries industry of the Commission proposals (SANCO) on dioxin content of fish, fish oil and fish meal as part 

of animal feed regulation. Manuscript, European Parliament Directorate-General for Research Working Paper STOA 101 EN, 10-2001. Scientific and 
Technological Options Assessment Series. Luxenburg, European Parliament. 

Jodicke B, Ende M, Helge H, Neubert D. Fecal excretion of PCDDs/PCDFs in a 3-month-old breast-fed infant. Chemosphere 25;7-10(1992):1061-5.  
Johnke B, Stelzner E. Results of the German dioxin measurement programme at MSW incinerators. Waste Manage Res. 10;4(1992):345-55.  
Johnke B. Situation and aspects of waste incineration in Germany. UTA Technology and Environment 2/98, p. 98-103. (GIT Verlag, Darmstadt). Ref. in Fiedler (1999). 
Johnson BB, Slovic P. "Improving" risk communication and risk management: legislated solutions or legislated disasters? Risk Anal. 1994;14(6):905-6.  
Johnson BB, Slovic P. Presenting uncertainty in health risk assessment: initial studies of its effects on risk perception and trust. Risk Anal. 1995;15(4):485-94. 
Johnson BL, DeRosa CT. Conclusion – Public health implications. Environ Res. 80;2 Pt 2(1999):S183-8. 
Johnson BL, Hicks HE, De Rosa CT. Key environmental human health issues in the Great Lakes and St. Lawrence River basins. Environ Res. 80;2 Pt 2(1999):S2-12. 
Johnson CW, Williams WC, Copeland CB, DeVito MJ, Smialowicz RJ. Sensitivity of the SRBC PFC assay versus ELISA for detection of immunosuppression by 
 TCDD and TCDD-like congeners. Toxicol. 156;1(2000):1-11.  
Johnson FR. Economic costs of misinforming about risk: the EDB scare and the media. Risk Anal. 8;2(1988):261-9. 
Johnson KL, Cummings AM, Birnbaum LS. Promotion of endometriosis in mice by polychlorinated dibenzo-p-dioxins, dibenzofurans, and biphenyls. Environ Health 
 Perspect 105;7(1997):750-5. 
Johnson MD, Weber WJ Jr. Rapid prediction of long-term rates of contaminant desorption from soils and sediments. Environ Sci Technol. 35;2(2001):427-33. 
Johnson L, Wilker CE, Safe SH, Scott B, Dean DD, White PH. 2,3,7,8-Tetrachlorodibenzo-p-dioxin reduces the number, size, and organelle content of Leydig cells in 
 adult rat testes. Toxicol. 89;1(1994):49-65.  
Jokinen MP, Walker NJ, Brix AE, Sells DM, Haseman JK, Nyska A. Increase in cardiovascular pathology in female sprague-dawley rats following chronic treatment 
 with 2,3,7,8-tetrachlorodibenzop- dioxin and 3,3',4,4',5-pentachlorobiphenyl. Cardiovasc Toxicol. 2003;3(4):299-310. 
Jones EL, Krizek H. A technic for testing acegenic potency in rabbits, applied to the potent acnegen, 2,3,7,8-tetrachlorodibenzo-p-dioxin. J Invest Dermatol. 
 39(1962):511-7. 
Jones JM, Anderson JW, Tukey RH. Using the metabolism of PAHs in a human cell line to characterize environmental samples. Environ Toxicol Pharmacol. 
 8;2(2000):119-26. 
Jones JM, Anderson JW. Relative potencies of PAHs and PCBs based on the response of human cells. Environ Toxicol Pharmacol. 7;1(1999):19-26.  
Jones KC, Alcock RE, Green NJL, Jones J, Lee RGM, Lohmann R, Sweetman AJ. Difffuse and secondary sources of atmospheric PCDD/Fs: Are they significant? 
 Organohalogen Compds. 46(2000):39-42. 
Jones KC, Stevens JL. Organic contaminants in sewage sludge applied to agricultural land: a critical evaluation of the proposed limit values for organics in the EU 

working document on sludge and development of a tiered screening process to identify priority pollutants in sewage sludge. Univ Lancaster, 2002. UKWIR 
Report ISBN 1-84057-277-9.  

Jones KC, Sweetman AJ. Research priorities for dioxins and polychlorinated biphenyls (PCBs) - A Report to the Chemicals and GM Policy Division of the Department 
 of the Environment, Food and Rural Affairs. Environ Sci Dept, Lancaster Univ, Draft for consultation 29th Oct 2003. 
Jones ML, Taylor WW. Challenges to the implementation of the ecosystem approach in the Great Lakes basin. Aquat Ecosyst Health Manage. 2;3(1999):249-54. 
Jones PD, Giesy JP, Newsted JL, Verbrugge DA, Ludwig JP, Ludwig ME, Auman HJ, Crawford R, Tillitt  DE, et al. Accumulation of 2,3,7,8- tetrachlorodibenzo-p- 

dioxin equivalents by double-crested cormorant (Phalacrocorax auritus, Pelicaniformes) chicks in the North American Great Lakes. Ecotoxicol Environ Saf. 
1994;27(2):192-209.  

Jones PD, Kannan K, Newsted JL, Tillitt DE, Williams LL, Giesy JP. Accumulation of 2,3,7,8-tetrachlorodibenzo-p-dioxin by rainbow trout (Onchorhynchus mykiss) at 
 environmentally relevant dietary concentrations. Environ Toxicol Chem 2001;20(2):344-50.  
Jong de E, Field JA. Sulfur tuft and turkey tail: biosynthesis and biodegradation of organohalogens by Basidiomycetes. Annu Rev Microbiol. 1997;51:375-414. 
Jonsson A, Broman B, Rahm L. Variations in the Baltic Sea wave fields. Ocean Eng. 31;1(2003):107-26.  
Jonsson A, Gustafsson O, Axelman J, Sundberg H. Global accounting of PCBs in the continental shelf sediments. Environ Sci Technol. 37;2(2003):245-55.  
Jonsson B, Blomkvist D. Miljogifter och sedimentforhallanden i norra Bottniska viken. Report, Vasterbotten County Admin, Umea 1992. ISSN 0283-9636. 
Jonsson B. A review of ecological and behavioural interactions between cultured and wild Atlantic salmon. ICES J Mar Sci: 54;6(1997):1031-9.  
Jonsson H, Sandnes KV, Schiedek D, Schneider R, Grosvik BE, Goksoyr A. Development of two novel CYP-antibodies and their use  in a PCB exposure experiment 
 with Mytilus edulis. Mar Environ Res. 58;2-5(2004):655-8. 
Jonsson M, Abrahamson A, Brunstrom B, Brandt I, Ingebrigtsen K, Jorgensen EH. EROD activity in gill filaments of anadromous and marine fish as a biomarker of 
 dioxin-like pollutants. Comp Biochem Physiol C Toxicol Pharmacol. 136;3(2003):235-43. 
Jonsson P, Carman R, Wulff F. Laminated sediments in the Baltic - a tool for evaluating mass balances. Ambio 19(1990):152-8. 



 

 

290

 

Jonsson P, Grimvall A, Cederlof M, Hilden M. Pollution threats to the Gulf of Bothnia. Ambio Spec Rep;8(1996):22-7. 
Jonsson P, Kankaanpaa H. 1999. Distribution of organic contaminants in the Baltic Sea sediments. In: Perttila, M. (Ed.), Contaminants on the Baltic Sea Sediments - 
 Results from the 1993 ICES/HELCOM Sediment Baseline Study (manuscript 1999). 
Jonsson P, Rappe C, Kjeller LO, Kierkegaard A, Hakanson L, Jonsson B. Pulp mill related polychlorinated organic compounds in baltic sea sediments. Ambio 
 22(1993):37-43. 
Jonsson P. Large-scale changes of contaminants in Baltic Sea sediments during the twentieth century. Compreh Summaries Uppsala Dissert Fac Sci. 407(1992).  
Jordan SA, Feeley MM. PCB congener patterns in rats consuming diets containing Great Lakes salmon: analysis of fish, diets, and adipose tissue. Environ Res. 80;2 
 Pt 2(1999):S207-S212.  
Jorgensen EH, Celander M, Goksoyr A, Iwata M. The effect of stress on toxicant-dependent cytochrome p450 enzyme responses in the Arctic charr (Salvelinus 
 alpinus). Environ Toxicol Chem. 2001;20(11):2523-9.  
Juan CY, Thomas GO, Sweetman AJ, Jones KC. An input-output balance study for PCBs in humans. Environ Int. 28(2002):203-14.  
Judd NL, Griffith WC, Kalman DA, Faustman EM. Assessment of PCB congener analytical methods: do they meet risk assessment needs? Arch Environ Contam 
 Toxicol. 2003;44(1):132-9.  
Juhasz AL, Naidu R. Bioremediation of high molecular weight polycyclic aromatic hydrocarbons: a review of the microbial degradation of benzo[a]pyrene. Int 
 Biodeterior Biodegrad 45;1-2(2000):57-88.  
Jung DK,KlausT, Fent K. Cytochrome P450 induction by nitrated polycyclic aromatic hydrocarbons, azaarenes, and binary mixtures in fish hepatoma cell line PLHC-1. 
 Environ Toxicol Chem. 20;1(2001):149-59.  
Juntura E, Koponen J, Aalasaarela E. Modelling resuspension in the Bothnian Bay, Northern Baltic. Boreal Environ Res. 1;1(1996):27-36. 
Jurvelius J, Leinikki J, Mamylov V, Pushkin S. Stock assessment of pelagic three-spined stickleback (Gasterosteus aculeatus): A simultaneous up- and down-looking 
 echo-sounding study. Fisheries Res. 27;4(1996):227-41.  
Jutila E, Jokikokko E, Kallio-Nyberg I, Saloniemi I, Pasanen P. Differences in sea migration between wild and reared Atlantic salmon (Salmo salar L.) in the Baltic 
 Sea. Fisheries Res. 60;2-3(2003):333-43. 
Jørgensen OH, Kraul I. Eggshell parameters, and residues of PCB and DDE in eggs from Danish herring gulls Larus a. argentatus. Ornis Scand. 5(1974):173-179. 
Kahl GF, Friederici DE, Bigelow SW, Okey AB, Nebert DW. Ontogenetic expression of regulatory and structural gene products associated with the Ah locus. 
 comparison of rat, mouse, rabbit and Sigmoden hispedis. Dev Pharmacol Ther. 1980;1(2-3):137-62. 
Kaiser J. Dioxin draft sparks controversy. Science. 2000;288(5470):1313-4.  
Kakareka SV. Sources of persistent organic pollutants emission on the territory of Belarus. Atm Environ. 36;8(2002):1407-19.  
Kakela A, Kakela R, Hyvarinen H, Asikainen J. Vitamins A1 and A2 in hepatic tissue and subcellular fractions in mink feeding on fish-based diets and exposed to 
 Aroclor 1242. Environ Toxicol Chem. 2002;21(2):397-403. 
Kakela A, Kakela R, Hyvarinen H, Nieminen P. Effects of Aroclor 1242 and different fish-based diets on vitamins A1 (retinol) and A2 (3,4-didehydroretinol), and their 
 fatty acyl esters in mink plasma. Environ Res. 2003;91(2):104-12. 
Kakela A, Kakela R, Hyvarinen H. Importance of the kidneys in metabolism of vitamins A1 and A2 and their fatty acyl esters in mink feeding on fish-based diets and 
 exposed to Aroclor 1242. Toxicol Appl Pharmacol. 2003;187(2):118-27.   
Kakela R, Jokinen I, Kakela A, Hyvarinen H. Effects of gender, diet, exogenous melatonin and subchronic PCB exposure on plasma immunoglobulin G in mink. Comp 
 Biochem Physiol C Toxicol Pharmacol. 2002;132(1):67-74.  
Kakela R, Kinnunen S, Kakela A, Hyvarinen H, Asikainen J. Fatty acids, lipids, and cytochrome p-450 monooxygenase in hepatic microsomes of minks fed fish-based 
 diets and exposed to Aroclor 1242. J Toxicol Environ Health A. 2001;64(5):427-46. 
Kallio-Nyberg I, Ikonen E.  Migration pattern of two salmon stocks in the Baltic Sea. ICES J Mar Sci. 49;2(1992):191-8. 
Kallio-Nyberg I, Peltonen H, Rita H. Effects of stock-specific and environmental factors on the feeding migration of Atlantic salmon (Salmo salar) in the Baltic Sea. 
 Can J Fisheries Aquat Sci. 56;5(1999):853-61.  
Kamimura H, Koga N, Oguri K, Yoshimura H, Honda Y, Nakano M. Enhanced faecal excretion of 2,3,4,7,8-pentachlorodibenzofuran in rats by a long-term treatment 
 with activated charcoal beads.  Xenobiotica. 1988;18(5):585-92.  
Kanetoshi A, Ogawa H, Katsura E, Kaneshima H, Miura T. Formation of polychlorinated dibenzo-p-dioxin from 2,4,4'-trichloro-2'-hydroxydiphenyl ether (irgasan® 
 DP300) and its chlorinated derivatives by exposure to sunlight. J Chromatogr A 454(1988):145-55.  
Kang YS, Yamamuro M, Masunaga S, Nakanishi J. Specific biomagnification of polychlorinated dibenzo-p-dioxins and dibenzofurans in tufted ducks (Aythya fuligula), 
 common cormorants (Phalacrocorax carbo) and their prey from Lake Shinji, Japan. Chemosphere 2002;46(9-10):1373-82. 
Kankaanpaa H, Korhonen M, Heiskanen A-S, Suortti A.M. Seasonal sedimentation of organic matter and contaminants in the Gulf of Finland. Boreal Environ Res. 
 2;3(1997):257-74. 
Kannan N. Non- and mono-ortho chlorinated biphenyls. Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of Environmental 
 Chemistry Vol 3. Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 127-156.   
Kannan K, Blankenship AL, Jones PD, Giesy JP. Human Ecol Risk Assess.6;1(2000):181-201. Ref. by Shaw et al. (2003). 
Kannan K, Hilscherova K, Imagawa T, Yamashita N, Williams LL, Giesy JP. Polychlorinated naphthalenes, -biphenyls, -dibenzo-p-dioxins, and -dibenzofurans in 
 double-crested cormorants and herring gulls from Michigan waters of the Great Lakes. Environ Sci Technol. 35;3(2001):441-7.  
Kannan K, Imagawa T, Blankenship AL, Giesy JP. Isomer-specific analysis and toxic evaluation of polychlorinated naphthalenes in soil, sediment, and biota collected 
 near the site of a former chlor-alkali plant. Environ Sci Technol. 32(1998):2504–14.  
Kannan K, Senthil Kumar K, Falandysz J, Oehme G, Masunaga S. Polychlorinated biphenyls, dibenzo-p-dioxins, dibenzofurans and DDE in white-tailed sea eagle 
 livers from Eastern Germany, 1979-1998. Organohalogen Compds. 57(2002):455-8. CO-ROM. 
Kannan N, Reusch TBH, Schulz-Bull DE, Petrick G, Duinker JC. Chlorobiphenyls: Model compounds for metabolism in food chain organisms and their potential use 
 as ecotoxicological stress indicators by application of the metabolic slope concept. Environ Sci Technol. 29,(1995):1851-9. 
Kannan N, Schulz-Bull DE, Petrick G, Duinker JC, Macht-Hausmann M, Wasserman O. Toxic chlorobiphenyls in adipose tissue and whole blood of an 
 occupationally/accidentally exposed man and the general population. Arch Environ Health 49;5(1994):375-83. 
Kannan N, Tanabe S, Ono M, Tatsukawa R. Critical evaluation of polychlorinated biphenyl toxicity in terrestrial and marine mammals: increasing impact of non-ortho 
 and mono-ortho coplanar polychlorinated biphenyls from land to ocean. Arch Environ Contam Toxicol. 18;6(1989):850-7.   
Kannan N, Tanabe S, Wakimoto T, Tatsukawa R. Coplanar polychlorinated biphenyls in aroclor and kanechlor mixtures.  J Assoc Off Anal Chem. 70(1987)451 
Kao CM, Chen SC, Liu JK, Wu MJ. Evaluation of TCDD biodegradability under different redox conditions. Chemosphere 2001;44(6):1447-54.  
Kao CM, Wu MJ. Enhanced TCDD degradation by Fenton's reagent preoxidation. J Hazard Mater. 2000;74(3):197-211.  
Kaplan S. The words of risk analysis. Risk Analysis 17;4(1997). 
Kappos AD. Standardization of procedures and structures for risk evaluation in Germany--the work of the Risk Commission. Int J Hyg Environ Health 
 206;3(2003):231-5.  
Karas P. Seasonal changes in growth and standard metabolic rate of juvenile perch, Perca fluviatilis L. J Fish Biol. 37;6(1990):913-20. 
Karchner SI, Kennedy SW, Trudeau S, Hahn ME. Towards molecular understanding of species differences in dioxin sensitivity: initial characterization of Ah receptor 
 cDNAs in birds and an amphibian. Mar Environ Res. 2000;50(1-5):51-6.  
Karl H, Lehmann I. Organochlorine residues in the edible part of eels of different origins. Z Lebensm Unters Forsch 197;4(1993):385-8.  
Karl H, Leinemann M. Determination of polycyclic aromatic hydrocarbons in smoked fishery products from different smoking kilns. Z Lebensm Unters Forsch. 
 1996;202(6):458-64. 
Karl H, Ruoff U, Bluthgen A. Levels of dioxins in fish and fishery products on the German market. Chemosphere 2002;49(7):765-73.  
Karlin A, Rantamaki P, Lemmetyinen R. Residues of DDT and PCBs in the eggs of the Herring Gull Larus argentatus in the archipelago of southwestern Finland. 
 Ornis Fennica 62(1985):168-70. 
Karlsson L, Ikonen E, Mitans A, Hansson S. The diet of salmon (Salmo salar) in the Baltic Sea and connections with the M74 syndrome. Ambio 28;1(1999):37-42.  



 

 

291

 

Kasai E, Harjanto S, Terui T, Nakamura T, Waseda Y. Thermal remediation of PCDD/Fs contaminated soil by zone combustion process. Chemosphere 
 2000;41(6):857-64.  
Kasai E, Harjanto S, Terui T, Nakamura T, Waseda Y. A new thermal process has been proposed for remediating soils contaminated by chlorinated organic 
 compounds, e.g., PCDD/Fs and PCBs. Chemosphere 41;6(2000):857-64.  
Kasuga K, Habe H, Chung JS, Yoshida T, Nojiri H, Yamane H, Omori T. Isolation and characterization of the genes encoding a novel oxygenase component of 
 angular dioxygenase from the gram-positive dibenzofuran-degrader Terrabacter sp. strain DBF63. Biochem Biophys Res Commun. 2001;283(1):195-204.  
Katami T, Yasuhara A, Okuda T, Shibamoto T. Formation of PCDDs, PCDFs, and coplanar PCBs from polyvinyl chloride during combustion in an incinerator. Environ 
 Sci Technol. 36;6(2002):1320-4. 
Katami T, Yasuhara A, Shibamoto T. Formation of dioxins from incineration of fallen leaf. Bull Environ Contam Toxicol. 72;1(2004):114-8.  
Katami T, Yasuhara A, Shibamoto T. Formation of dioxins from incineration of foods found in domestic garbage. Environ Sci Technol. 38;4(2004):1062-5. 
Kaupp H, McLachlan MS. Atmospheric particle size distribution of polychlorinated dibenzo-p-dioxins and dibenzofurans  (PCDD/Fs) and polycyclic aromatic  
 hydrocarbons  (PAHs)  and  their  implications  for  wet  and  dry  deposition.  Atmos Environ. 33(1999):85-95. 
Kaupp H, McLachlan MS. Distribution of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and polycyclic aromatic hydrocarbons (PAHs) within the full 
 size range of atmospheric particles. Atm Environ. 34;1(2000):73-83.  
Kauppinen T, Kogevinas M, Johnson E, Becher H, Bertazzi PA, Bueno de Mesquita HB, Coggon D, Green L, Littorin M, Lynge E, et al. Chemical exposure in 
 manufacture of phenoxy herbicides and chlorophenols and in spraying of phenoxy herbicides. Am J Ind Med 1993;23(6):903-20.  
Kayajanian GM. Dioxin is a promoter blocker, a promoter, and a net anticarcinogen. Regul Toxicol Pharmacol. 1997;26(1 Pt 1):134-7.  
Kayajanian GM. Dioxin body burdens in operation ranch hand veterans: promotion blocking and cancer causation. Ecotoxicol Environ Saf. 2001;50(3):167-73. 
Kayajanian GM. The J-shaped dioxin dose response curve. Ecotoxicol Environ Saf. 2002;51(1):1-4.  
Kedderis LB, Diliberto JJ, Linko P, Goldstein JA, Birnbaum LS. Disposition of 2,3,7,8-tetrabromodibenzo-p-dioxin and 2,3,7,8-tetrachlorodibenzo-p-dioxin in the rat: 
 biliary excretion and induction of cytochromes CYP1A1 and CYP1A2. Toxicol Appl Pharmacol. 111;1(1991):163-72.  
Kedderis LB, Mills JJ, Andersen ME, Birnbaum LS. A physiologically based pharmacokinetic model for 2,3,7,8-tetrabromodibenzo-p-dioxin (TBDD) in the rat: tissue 
 distribution and CYP1A induction. Toxicol Appl Pharmacol. 1993;121(1):87-98. 
Keenan RE, Paustenbach DJ, Wenning RJ, Parsons AH. Pathology reevaluation of the Kociba et al. (1978) bioassay of 2,3,7,8-TCDD: implications for risk 
 assessment. J Toxicol Environ Health 34;3(1991):279-96.  
Keinanen M, Tolonen T, Ikonen E, Parmanne R, Tigerstedt C, Rytilahti J, Soicio A, Vuorinen PJ. Itameren lohen lisaantymishairio – M74 (The reproduction disorder in 
 Baltic Sea salmon – M74, in Finnish). Finnish Game and Fisheries Res Inst, Helsinki. Kalatutkimuksia – Fiskeriundersokningar 165(2000):1-38.  
KEMI. The flame retardant project: a survey of brominated alternatives to brominated diphenyl ethers. PM 3/94, Natl Swedish Chemicals Inspectorate, Solna 1994. 
KEMI & SNV. Alternatives to Persistent Organic Pollutants. Swedish EPA (SNV), Swedish Natl Chem Inspectorate (KEMI), Intergovt Forum Chem Saf (WHO/IFCS) 
 1996. IFCS Experts Meeting on POPs hold in Manila, (IFCS/EXP.POPs.4). 332 pp. 
Kennedy SW, Fox GA, Bastien LJ, Jones SP. Highly Carboxylated Porphyrin concentration: a biochemical marker of PCB exposure in herring gulls. Mar Environ 
 Res. 46;1-5(1998):65-9.  
Kennedy SW, Lorenzen A, Jones SP, Hahn ME, Stegeman JJ. Cytochrome P4501A induction in avian hepatocyte cultures: a promising approach for predicting the 
 sensitivity of avian species to toxic effects of halogenated aromatic hydrocarbons. Toxicol Appl Pharmacol. 1996;141(1):214-30. 
Kerkvliet NI, Brauner JA, Matlock JP. Humoral immunotoxicity of polychlorinated diphenyl ethers, phenoxyphenols, dioxins and furans present as contaminants of 
 technical grade pentachlorophenol. Toxicol 1985;36(4):307-24.  
Kerkvliet NI, Brauner JA. Flow cytometric analysis of lymphocyte subpopulations in the spleen and thymus of mice exposed to an acute immunosuppressive dose of 
 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Environ Res. 1990;52(2):146-54. 
Kerkvliet NI, Shepherd DM, Baecher-Steppan L. T lymphocytes are direct, aryl hydrocarbon receptor (AhR)-dependent targets of 2,3,7,8-tetrachlorodibenzo-p-dioxin 

(TCDD): AhR expression in both CD4+ and CD8+ T cells is necessary for full suppression of a cytotoxic T lymphocyte response by TCDD. Toxicol Appl 
Pharmacol. 185;2(2002):146-52. 

Kerkvliet NI, Steppan LB, Brauner JA, Deyo JA, Henderson MC, Tomar RS, Buhler DR. Influence of the Ah locus on the humoral immunotoxicity of 2,3,7,8- 
tetrachlorodibenzo-p-dioxin: evidence for AhReceptor-dependent and AhReceptor-independent mechanisms of immunosuppression. Toxicol Appl Pharmacol. 
1990;105(1):26-36.  

Kerkvliet NI. Recent advances in understanding the mechanisms of TCDD immunotoxicity. Int Immunopharmacol. 2002;2(2-3):277-91.  
Kester MH, Bulduk S, Tibboel D, Meinl W, Glatt H, Falany CN, Coughtrie MW, Bergman A, Safe SH, Kuiper GG, Schuur AG, Brouwer A, Visser TJ. Potent inhibition 
 of estrogen sulfotransferase by hydroxylated PCB metabolites: a novel pathway explaining the estrogenic activity of PCBs. Endocrinology 141;5(2000):1897-900. 
Ketchum NS, Michalek JE, Burton JE. Serum dioxin and cancer in veterans of operation ranch hand. Am J Epidemiol. 149;7(1999):630-9. 
Keys B, Hlavinka M, Mason G, Safe S. Modulation of rat hepatic microsomal testosterone hydroxylases by 2,3,7,8-tetrachlorodibenzo-p-dioxin and related toxic 
 isostereomers. Can J Physiol Pharmacol. 63;12(1985):1537-42.  
Keys B, Piskorska-Pliszczynska J, Safe S. Polychlorinated dibenzofurans as 2,3,7,8-TCDD antagonists: in vitro inhibition of monooxygenase enzyme induction. 
 Toxicol Lett. 1986;31(2):151-8. 
Khadikar PV, Singh S, Shrivastava A. Novel estimation of lipophilic behaviour of polychlorinated biphenyls. Bioorg Med Chem Lett. 12;7(2002):1125-8. 
Kihlstrom JE, Olsson M, Jensen S, Johansson A, Ahlbom J, Bergman A. Effects of PCB and different fractions of PCB on the reproduction of the mink (Mustela 
 vison). Ambio 21;8(1992):563-9. 
Kilpi M, Saurola P. Migration and wintering strategies of juvenile and adult Larus marinus, L. argentatus and L. fuscus from Finland. Ornis Fennica 61(1984):1-8. 
Kim AH, Kohn MC, Portier CJ, Walker NJ. Impact of physiologically based pharmacokinetic modeling on benchmark dose calculations for TCDD-Induced 
 biochemical responses. Regul Toxicol Pharmacol 36;3(2002):287-96. 
Kim BH, Jeong JS, Chang YS. Congener-specific distribution of polychlorinated dibenzo-p-dioxins, dibenzofurans and biphenyls in animal feed. Food Addit Contam. 
 003;20(7):659-67.  
Kim EY, Hahn ME. cDNA cloning and characterization of an aryl hydrocarbon receptor from the harbor seal (Phoca vitulina): a biomarker of dioxin susceptibility?  Aq 
 Toxicol. 2002;58(1-2):57-73.  
Kim K-S, Hong K-H, Ko Y-H, Kim M-G. Phase distribution of PCDD/Fs and co-PCBs during PVC combustion at various temperatures. Organohalogen Compds. 60-
 65(2003). CD-ROM, Vol. 4, Section 2. 
Kim M, O'Keefe PW. Photodegradation of polychlorinated dibenzo-p-dioxins and dibenzofurans in aqueous solutions and in organic solvents. Chemosphere 
 41;6(2000):793-800. 
Kim SC, Jeon SH, Jung IR, Kim KH, Kwon MH, Kim JH, Yi JH, Kim SJ, You JC, Jung DH. Formation and emission status of PCDDs/PCDFs in municipal solid waste 
 incinerators in Korea. Chemosphere 2001;43(4-7):701-7. 
Kim SC, Jeon SH, Jung IR, Kim KH, Kwon MH, Kim JH, Yi JH, Kim SJ, You JC, Jung DH. Removal efficiencies of PCDDs/PCDFs by air pollution control devices in 
 municipal solid waste incinerators. Chemosphere 2001;43(4-7):773-6.  
Kim S-C, Na J-G, Choe S-H, Lee J-H, Kim Y-H, Hwang S-R, Joo C-H, Moon D-H, You J-C, Jung E-K, Lee C-J, Choi KS. PCDDs/PCDFs emission from ferrous metal 
 industry. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 4, Section 1.  
Kim S-C, Na J-G, Choe S-H, Lee J-H, Kim Y-H, Hwang S-R, Joo C-H, Jung D-H, You J-C, Lee S-W, Jeon S-E. PCDDs/PCDFs emission from nonferrous metal 
 industry. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 4, Section 1.  
Kim W, Hwang S, Lee H, Song H, Kim S. Panax ginseng protects the testis against 2,3,7, 8-tetrachlorodibenzo-p-dioxin induced testicular damage in guinea pigs. 
 BJU Int. 1999;83(7):842-9.  
Kim Y, Cooper KR. Interactions of 2,3,7,8-tetrachlorodibenzo-P-dioxin (TCDD) and 3,3′4,4′5-pentachlorobihenyl (PCB 126) for producing lethal and sublethal effects 
 in the japanese medaka embryos and larvae. Chemosphere 36;2(1998):409-18. 
Kim Y, Lee D. Solubility enhancement of PCDD/F in the presence of dissolved humic matter. J Hazard Mater. 91;1-3(2002):113-27. 



 

 

292

 

Kim Y, Osako M, Lee D. Removal of hydrophobic organic pollutants by coagulation-precipitation process with dissolved humic matter. Waste Manage Res. 
 2002;20(4):341-9.  
Kimbrough RD. Consumption of fish: benefits and perceived risk. J Toxicol Environ Health. 1991;33(1):81-91.  
Kimbrough RD, Doemland ML, Krouskas CA. Analysis of research studying the effects of polychlorinated biphenyls and related chemicals on neurobehavioral 
 development in children. Vet Hum Toxicol. 43;4(2001):220-8. 
Kimbrough RD, Krouskas CA. Polychlorinated biphenyls, dibenzo-p-dioxins, and dibenzofurans and birth weight and immune and thyroid function in children. Regul 
 Toxicol Pharmacol. 34;1(2001):42-52. 
Kimbrough RD, Krouskas CA. Human exposure to polychlorinated biphenyls and health effects : a critical synopsis. Toxicol Rev. 2003;22(4):217-33. 
Kimmig J, Schultz KH. Occupational acne (so called chloracne) caused by chlorinated aromaitc cyclic ethers. Dermatologica 115(1957):540-6. 
Kirchner JW, Hooper RP, Kendall C, Neal C, Leavesley G. Testing and validating environmental models. Sci Total Environ. 183,1-2(1996):33-47.  
Kirchsteiger, Christian (ed.). Risk assessment and management in the context of the Seveso II directive. Amsterdam, Elsevier 1998. 537 p. Ind Saf Ser 6. 
Kishimoto A, Oka T, Yoshida K, Nakanishi J. Cost effectiveness of reducing dioxin emissions from municipal solid waste incinerators in Japan. Environ Sci Technol. 
 35;14(2001):2861-6.  
Kitamura K, Kikuchi Y, Watanabe S, Waechter G, Sakurai H, Takada T. Health effects of chronic exposure to polychlorinated dibenzo-P-dioxins (PCDD), dibenzo- 
 furans (PCDF) and coplanar  PCB (Co-PCB) of municipal waste incinerator workers. J Epidemiol. 2000;10(4):262-70.  
Kiviranta H, Hallikainen A, Ovaskainen ML, Kumpulainen J, Vartiainen T. Dietary intakes of polychlorinated dibenzo-p-dioxins, dibenzofurans and polychlorinated 
 biphenyls in Finland. Food Addit Contam. 2001;18(11):945-53. 
Kiviranta H, Purkunen R, Vartiainen T. Levels and Trends of PCDD/Fs and PCBs in Human Milk in Finland. Chemosphere 1999;38(2):311-23. 
Kiviranta H, Vartiainen T, Parmanne R, Hallikainen A, Ruokojarvi P, Koistinen J. PCDD/FS in Batic herring in the Glf of Fnland during the 1990’s. Organohalohen 
 Compds. 57(2002):153-6. 
Kiviranta H, Vartiainen T, Parmanne R, Hallikainen A, Koistinen J. PCDD/Fs and PCBs in Baltic herring during the 1990s. Chemosphere 2003;50(9):1201-16. 
Kiviranta H, Vartiainen T, Tuomisto J. Polychlorinated dibenzo-p-dioxins, dibenzofurans, and biphenyls in fishermen in Finland. Environ Health Perspect. 
 10;4(2002):355-61. 
Kiviranta H, Vartiainen T, Verta M, Tuomisto JT, Tuomisto J. High fish-specific dioxin concentrations in Finland. Lancet 2000;355(9218):1883-5. 
Kjeller L-O, Jones KC, Johnston AE, Rappe C. Increases in the polychlorinated dibenzo-p-dioxin and-furan content of soils and vegetation since the 1840s. Environ 
 Sci Technol. 25(1991):1619-27.  
Kjeller L-O, Rappe C. Time trends in levels, patterns, and profiles for polychlorinated dibenzo-p-dioxins, dibenzofurans and biphenyls in a sediment core from the 
 Baltic Proper. Environ Sci Technol. 29(1995):346-55.  
Klasson KT, Barton JW, Evans BS, Reeves ME. Reductive microbial dechlorination of indigenous polychlorinated biphenyls in soil using a sediment-free inoculum. 
 Biotechnol Prog. 12;3(1996):310-5. 
Klasson-Wehler E, Brunstrom B, Rannug U, Bergman A. 3,3',4,4'-Tetrachlorobiphenyl: Metabolism by the chick embryo in ovo and toxicity of hydroxylated 
 metabolites. Chemico-Biol Interact. 73;1(1990):121-32 
Klasson-Wehler E, Jakobsson E, Orn U. Organohalogen Compds. 28(1996):495 
Klasson-Wehler E, Lindberg L, Jonsson C-J, Bergman A. Chemosphere 27(1996):2397 
Kleman MI, Overvik E, Mason GG, Gustafsson JA. In vitro activation of the dioxin receptor to a DNA-binding form by food-borne heterocyclic amines. Carcinogenesis 
 13;9(1992):1619-24.  
Klepper O. Multivariate aspects of model uncertainty analysis: tools for sensitivity analysis and calibration. Ecol Modell. 101;1(1997):1-13.  
Kline J, Levin B, Stein Z, Susser M, Warburton D. Epidemiologic detection of low dose effects on the developing fetus. Environ Health Perspect. 42(1981):119-26. 
Klinsky AV. PCB's sources inventory in St.-Petersburg and Leningrad region. In: Baltic Sea day. The theses of the 5-th Int Environ Forum Baltic Sea day devoted to 
 the 30th anniversary of the Helsinki Convention, St.-Petersburg 22-23 March 2004. Pp. 71-2. 
Kluyev N, Cheleptchikov A, Brodsky,E Soyfer V, Zhilnikov V. Reductive dechlorination of polychlorinated dibenzo-p-dioxins by zerovalent iron in subcritical water. 
 Chemosphere 46;9-10(2002):1293-6.  
Knuth BA. Using and communicating the comparative dietary risk framework. Comm. Toxicol. 8(2002):503-15. 
Knuth BA, Connelly NA, Sheeska J, Patterson J. Weighing health benefit and health risk information when consuming sport-caught fish. Risk Anal. 23;6(2003):1185-
 97. 
Ko F-C, Baker JE. Partitioning of hydrophobic organic contaminants to resuspended sediments and plankton in the mesohaline Chesapeake Bay. Mar Chem 
 49(1995):171-88. 
Ko H, Yao B, Chang F-M, Hsu C-C, Jacobson SW, Jacobson JL. 1994. Preliminary evidence of recognition memory deficits in infants born to Yu-cheng exposed 
 women.  
Kobayashi Y, Hall A, Hiraoka M, Ashieda K, Nakanishi T, Yamada T, Ogiwara K, Uechi T, Hughes B, Inoue N.  Evaluation of Ah-immunoassay® as a screening 
 method for dioxins and co-PCBs in environmental samples. Organohalogen Compds. 60-65(2003a). CD-ROM, Vol. 1, Section 4. 
Kobayashi N, Masunaga S, Kameda Y, Hanai Y, Nakanishi J. Transportation of PCDD/Fs and dioxin-like PCBs by rivers into the Tokyo Bay, Japan. Organohalogen 
 Compds. 60-65(2003b). CD-ROM, Vol. 2, Section 3. 
Kobylecki RP, Ohira K, Ito I, Fujiwara N, Horio M. Dioxin and fly ash free incineration by ash pelletization and reburning. Environ Sci Technol. 2001;35(21):4313-9.  
Koch M, Ricking M, Rotard W, Mailahn W, Knoth W, Pribyl J, Pachur HJ. PCDD/Fs in sediment cores of North-East Germany. Organohalogen Compds. 
 43(1999):359-63. 
Kociba RJ, Keyes DG, Beyer JE, Carreon RM, Wade CE, Dittenber DA, Kalnins RP, Frauson LE, Park CN, Barnard SD, Hummel RA, Humiston CG. Results of a two- 
 year chronic toxicity and oncogenicity study of 2,3,7,8-tetrachlorodibenzo-p-dioxin in rats. Toxicol Appl Pharmacol. 1978;46(2):279-303.  
Kodavanti PR, Kannan N, Yamashita N, Derr-Yellin EC, Ward TR, Burgin DE, Tilson HA, Birnbaum LS. Differential effects of two lots of aroclor 1254: congener-
 specific analysis and neurochemical end points. Environ Health Perspect. 2001;109(11):1153-61. 
Kodavanti PR, Ward TR, Derr-Yellin EC, Mundy WR, Casey AC, Bush B, Tilson HA. Congener-specific distribution of polychlorinated biphenyls in brain regions, 
 blood, liver, and fat of adult rats following repeated exposure to Aroclor 1254. Toxicol Appl Pharmacol. 1998;153(2):199-210. 
Kodavanti PR, Ward TR, McKinney JD, Tilson HA. Increased [3H]phorbol ester binding in rat cerebellar granule cells by polychlorinated biphenyl mixtures and 
 congeners: structure-activity relationships. Toxicol Appl Pharmacol. 1995;130(1):140-8.  
Koelmans AA, Van der Heijde A, Knijff LM, Aalderink RH. Integrated Modelling of Eutrophication and Organic Contaminant Fate & Effects in Aquatic Ecosystems. A 
 review. Water Res. 35;15(2001):3517-36.  
Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P, Bueno-de-Mesquita HB, Coggon D, Colin D, Flesch-Janys D, Fingerhut M, Green L, Kauppinen T, Littorin 

M, Lynge E, Mathews JD, Neuberger M, Pearce N, Saracci R. Cancer mortality in workers exposed to phenoxy herbicides, chlorophenols, and dioxins. An 
expanded and updated international cohort study. Am J Epidemiol. 145;12(1997):1061-75.  

Kogevinas M, Kauppinen T, Winkelmann R, Becher H, Bertazzi PA, Bueno-de-Mesquita HB, Coggon D, Green L, Johnson E, Littorin M, et al. Soft tissue sarcoma and 
non-Hodgkin's lymphoma in workers exposed to phenoxy herbicides, chlorophenols, and dioxins: two nested case-control studies. Epidemiology 6;4(1995):396-
402. 

Kogevinas M, Saracci R, Winkelmann R, Johnson ES, Bertazzi PA, Bueno de Mesquita BH, Kauppinen T, Littorin M, Lynge E, Neuberger M, et al. Cancer incidence 
 and mortality in women occupationally exposed to chlorophenoxy herbicides, chlorophenols, and dioxins. Cancer Causes Control 1993;4(6):547-53.  
Kogevinas M. Human health effects of dioxins: cancer, reproductive and endocrine system effects.  Hum Reprod Update 2001;7(3):331-9.  
Kohler M, Zennegg M, Waeber R. Coplanar polychlorinated biphenyls (PCB) in indoor air. Environ Sci Technol. 2002;36(22):4735-40.  
Kohn J. An approach to Baltic Sea sustainability. Ecol Econ. 27;1(1998):13-28.  
Kohn MC, Lucier GW, Portier CJ. The importance of biological realism in dioxin risk assessment models. Risk Anal. 1994;14(6):993-1000.  
Kohn MC, Walker NJ, Kim AH, Portier CJ. Physiological modeling of a proposed mechanism of enzyme induction by TCDD. Toxicol 2001;162(3):193-208. 



 

 

293

 

Koistinen J. Polychlorinated diphenyl ethers (PCDE). Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of Environmental Chemistry 
 Vol 3. Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 157-202.   
Koistinen J, Hallikainen A, Kiviranta H, Ruokojarvi P, Vartiainen T. Levels of persistent organic pollutants in Baltic herring. Organohalogen Compds. (2004):520-  
Koistinen J, Herve S, Paukku R, Lahtipera M, Paasivirta J. Chloroaromatic pollutants in mussels incubated in two finnish watercourses polluted by industry. 
 Chemosphere 34;12(1997):2553-69. 
Koistinen J, Koivusaari J, Nuuja I, Vuorinen PJ, Paasivirta J, Giesy JP. 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in extracts of Baltic white-tailed sea eagles. 
 Environ Toxicol Chem. 16;7(1997):1533-44.  
Koistinen J, Mussalo-Rauhamaa H, Paasivirta J. Polychlorinated diphenyl ethers, dibenzo-p-dioxins and dibenzofurans in finnish human tissues compared to 
 environmental samples. Chemosphere 31;10(1995):4259-71.  
Koistinen J, Nyman M, Helle E, Vartiainen T. Dioxins in ringed seals (Phoca hispida) from the Baltic Sea and Spitsbergen. Organohalogen Compds. 43(1999):365-8. 
Koistinen J, Nyman M, Helle E, Vartiainen T. PCDD/Fs, PCNs, PBDEs and PCBs in food sources of Baltic seals. Organohalogen Compds. 57(2002):157-60. 
Koistinen J, Paasivirta J, Lahtipera M. Bioaccumulation of dioxins, coplanar PCBs, PCDEs, HxCNs, R-PCNs, R-PCPHs and R-PCBBs in fish from a pulp-mill recipient 
 watercource. Chemosphere 27(1993):149-56. 
Koistinen J, Paasivirta J, Suonpera M, Hyvarinen H. Contamination of pike and sediment from the Kymijoki River by PCDEs, PCDDs and PCDFs: contents and 
 patterns compared to the pike and sediment from the Bothnian Bay and seals from Lake Saimaa. Environ. Sci. Technol. 29(1995):2541-7. 
Koistinen J, Paasivirta J, Sarkka J. Organic chlorine compounds in lake sediments. IV. Dioxins, Furans and related chloroaromatic compounds. Chemosphere 
 21(1990):1371–9. 
Koistinen J, Stenman O, Haahti H, Suonpera M, Paasivirta J. Polychlorinated diphenyl ethers, dibenzo-p-dioxins, dibenzofurans and biphenyls in seals and sediment 
 from the Gulf of Finland. Chemosphere 1997;35(6):1249-69. 
Koistinen J. Residues of planar polychloroaromatic compounds in Baltic fish and seal. Chemosphere 20;7-9(1990):1043-8. 
Kokko H, Lindstrom J, Ranta E. Risk analysis of hunting of seal populations in the Baltic. Oceanogr Lit Rev. Feb 1998. 
Kolenda J, Gass H, Wilken M, Jager J, Zeschmar-Lahl B. Determination and reduction of PCDD/F emissions from wood burning facilities. Chemosphere 29;9-
 11(1994):1927-38.  
Koljonen M-L, Jansson H, Paaver T, Vasin O, Koskiniemi J. Phylogeographic lineages and differentiation pattern of Atlantic salmon (Salmo salar) in the Baltic Sea 
 with management implications. Can J Fisheries Aquat Sci. 56;10(1999):1766-80. 
Konat J, Kowalewska G. Polychlorinated biphenyls (PCBs) in sediments of the southern Baltic Sea - trends and fate. Sci Tot Environ. 280;1-3(2001):1-15.  
Kontsas H, Rosenberg C, Tornaeus J, Mutanen P, Jappinen P. Exposure of workers to 2,3,7,8-substituted polychlorinated dibenzo-p-dioxin (PCDD) and dibenzofuran 
 (PCDF) compounds in sawmills previously using chlorophenol-containing antistain agents. Arch Environ Health 1998;53(2):99-108.  
Koopman-Esseboom C, Huisman M, Touwen BC, Boersma ER, Brouwer A, Sauer PJ, Weisglas-Kuperus N. Newborn infants diagnosed as neurologically abnormal 
 with relation to PCB and dioxin exposure and their thyroid-hormone status. Dev Med Child Neurol. 1997;39(11):785.  
Koopman-Esseboom C, Morse DC, Weisglas-Kuperus N, Lutkeschipholt IJ, Van der Paauw CG, Tuinstra, LGMT, Brouwer A, Sauer PJJ. Effects of dioxins and 
 polychlorinated-biphenyls on thyroid-hormone status of pregnant-women and their infants. Pediatr Res. 36(1994):468-73. 
Koopman-Esseboom C, Weisglas-Kuperus N, Deridder MAJ, Van der Paauw CG, Tuinstra LGMT, Sauer PJJ. Effects of polychlorinated biphenyl dioxin exposure and 
 feeding type on infants mental and psychomotor development. Pediatrics 97(1996):700-6. 
Koponen K, Myers MS, Ritola O, Huuskonen SE, Lindstrom-Seppa P. Histopathology of feral fish from a PCB-contaminated freshwater lake. Ambio 30;3(2001):122-6.  
Koppe JG. Dioxins and furans in the mother and possible effects on the fetus and newborn breast-fed baby. Acta Paediatr Scand Suppl. 1989;360:146-53. 
Koppe JG. Nutrition and breast-feeding. Eur J Obstet Gynecol Reprod Biol. 61;1(1995):73-8. 
Koppen G, Covaci A, Van Cleuvenbergen R, Schepens P, Winneke G, Nelen V, van Larebeke N, Vlietinck R, Schoeters G. Persistent organochlorine pollutants in 

human serum of 50-65 years old women in the Flanders Environmental and Health Study (FLEHS). Part 1: Concentrations and regional differences. 
Chemosphere 48;8(2002):811-25. 

Koppen G, Covaci A, Van Cleuvenbergen R, Schepens P, Winneke G, Nelen V, Schoeters G. Comparison of CALUX-TEQ values with PCB and PCDD/F 
 measurements in human serum of the Flanders Environmental and Health Study (FLEHS). Toxicol Lett. 123;1(2001):59-67. 
Kopponen P, Sinkkonen S, Poso A, Gynther J, Kaerenlampi S. Sulfur analogues of polychlorinated dibenzo-p-dioxins, dibenzofurans and diphenyl ethers as inducers 
 of cyp1a1 in mouse hepatoma cell culture and structure-activity relationships. Environ Toxicol Chem. 13;9(1994):1543–8. 
Kopponen P, Valttila O, Talka E, Torronen R. Chemical and biological 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in fly ash from combustion of bleached kraft 
 pulp mill sludge. Environ Toxicol Chem. 13;1(1994):143-8.  
Korhonen M, Mannio J, Vartiainen T, Porvari P. Concentrations of selected PCB congeners in pike (Esox lucius, L.) and arctic char (Salvelinus alpinus, L.) in Finland. 
 Chemosphere 34;5-7(1997):1255-62.   
Korhonen M, Vartiainen T. Concentrations of PCDDs and PCDFs in Baltic herring (Clupea harengus) and Northern pike (Esox lucius) in Finnish coastal area from 
 1989 to 1993. Organohalogen Compds. 32(1997):299-304. 
Korhonen M, Verta M, Lehtoranta J, Kiviranta H, Vartiainen T. Concentrations of polychlorinated dibenzo-p-dioxins and furans in fish downstream from a Ky-5 
 manufacturing. Chemosphere 2001;43(4-7):587-93. 
Korner W, Dawidowsky N, Hagenmaier H. Fecal excretion rates of PCDDs and PCDFs in two breast-fed infants. Chemosphere 27;1-3(1993):157-62.  
Korner W, Golor G, Schulz T, Wiesmuller T, Hagenmaier H, Neubert D. Tissue concentrations and induction of a hepatic monooxygenase in male Wistar rats after 
 repeated doses of defined polychlorinated dibenzo-p-dioxin and dibenzofuran (PCDDs and PCDFs) mixtures. Arch Toxicol 2002;75(11-12):653-64. 
Kornilovs G, Sidrevics L, Dippner JW. Fish and zooplankton interaction in the Central Baltic Sea. ICES J Mar Sci 58;3(2001):579-88.  
Kot-Wasik A, Debska J, Namiesnik J. Monitoring of organic pollutants in coastal waters of the Gulf of Gdansk, Southern Baltic. Mar Pollut Bull. 49;3(2004):264-76. 
Kouimtzis T, Samara C, Voutsa D, Balafoutis Ch, Müller L. PCDD/Fs and PCBs in airborne particulate matter of the greater Thessaloniki area, N. Greece. 
 Chemosphere 47;2(2002):193-205.  
Kowalewska G, Konat-Stepowicza J, Wawrzyniak-Wydrowska B, Szymczakya M. Transfer of organic contaminants to the Baltic in the Odra Estuary. Mar Pollut Bull. 
 46;6(2003):703-18.  
Kowalewska G. Phytoplankton-the main factor responsible for transport of polynuclear aromatic hydrocarbons from water to sediments in the southern Baltic 
 ecosystem. ICESJ Mar Sci 56 Suppl. (1999):219-22.  
Kraemer SA, Arthur KA, Denison MS, Smith WL, DeWitt DL. Regulation of prostaglandin endoperoxide H synthase-2 expression by 2,3,7,8,-tetrachlorodibenzo-p-
 dioxin. Arch Biochem Biophys. 330;2(1996):319-28.  
Krauss T, Krauss P, Hagenmaier P. Formation of PCDD/PCDF during composting? Chemosphere 28;1(1994):155-8. 
Kreisz S, Hunsinger H, Seifert H. Polypropylene as regenerable absorber for PCDD/F emission control. Chemosphere 2000;40(9-11):1029-31. 
Kreuzer PE, Csanady GA, Baur C, Kessler W, Papke O, Greim H, Filser JG. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and congeners in infants. A toxicokinetic 
 model of human lifetime body burden by TCDD with special emphasis on its uptake by nutrition. Arch Toxicol 1997;71(6):383-400.  
Krig SR, Chandraratna RA, Chang MM, Wu R, Rice RH. Gene-specific TCDD suppression of RARalpha- and RXR-mediated induction of tissue transglutaminase.  
 Toxicol Sci. 2002;68(1):102-8. 
Kris-Etherton PM, Harris WS, Appel LJ; AMA Nutrition Committee. Fish consumption, fish oil, omega-3 fatty acids, and cardiovascular disease. Arterioscler Thromb 
 Vasc Biol. 23;2(2003):e20-30. 
Krishnan V, Safe S. Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), and dibenzofurans (PCDFs) as antiestrogens in MCF-7 human breast cancer 
 cells: quantitative structure-activity relationships. Toxicol Appl Pharmacol. 120;1(1993):55-61.  
Kristoffersen A, Voie OA, Fonnum F. Ortho-substituted polybrominated biphenyls activate respiratory burst in granulocytes from humans. Toxicol Lett 2002 24;129(1-
 2):161-6.  
Kroes R, Galli C , Munro I, Schilter B, Tran LA, Walker R, Würtzen G & al. Threshold of toxicological concern for chemical substances present in the diet: A practical 
 tool for assessing the need for toxicity testing. Food Chem Toxicol. 2000;38(2-3):255-312. 



 

 

294

 

Kroes R, Müller D, Lambe J, Lowik MRH,  van Klaveren J, Kleiner J, Massey R, Mayer S, Urieta I, Verger P, Visconti A. Assessment of intake from the diet. Food 
 Chem Toxicol. 40;2-3(2002):327-85. 
Kroll-Smith JS, Couch SR. As if exposure to toxins were not enough: the social and cultural system as a secondary stressor. Environ Health Perspect. 95(1991:61-6.  
Kromhout D. Diet and cardiovascular diseases. J Nutr Health Aging 2001;5(3):144-9. 
Kruuk H, Conroy JW. Concentrations of some organochlorines in otters (Lutra lutra L.) in Scotland: Implications for populations. Environ Pollut. 1996;92(2):165-71. 
Kubiak TJ, Harris HJ, Smith LM, Schwartz TR, Stalling DL, Trick JA, Sileo L, Docherty DE, Erdman TC. Microcontaminants and reproductive impairment of the 
 Forster's tern on Green Bay, Lake Michigan--1983. Arch Environ Contam Toxicol. 1989;18(5):706-27.  
Kuchenhoff A, Eckard R, Buff K, Fischer B. Stage-specific effects of defined mixtures of polychlorinated biphenyls on in vitro development of rabbit preimplantation 
 embryos. Mol Reprod Dev. 1999;54(2):126-34.  
Kuchiiwa S, Cheng SB, Nagatomo I, Akasaki Y, Uchida M, Tominaga M, Hashiguchi W, Kuchiiwa T. In utero and lactational exposure to 2,3,7,8-tetrachlorodibenzo-p-
 dioxin decreases serotonin-immunoreactive neurons in raphe nuclei of male mouse offspring. Neurosci Lett. 317;2(2002):73-6. 
Kuhn T. The structure of scientific revolutions. 1962. 
Kuikka S, Suuronen P, Parmanne R. The impacts of increased codend mesh size on the northern Baltic herring fishery: ecosystem and market uncertainties. ICES J 
 Mar Sci. 53(1996):723-30. 
Kuikka S, Peltomaki H et al. Kuluttajaan kohdistuvan dioksiiniriskin pienentaminen: markkina- ja ekosysteemitiedon yhdistaminen paatoksenteon nakokulmasta 

(DIOMAR) (Reduction of consumer risk from dioxins: combination of market and ecosystem information from a decision perspective (DIOMAR) (in Finnish). 
Unpublished project proposal to Finnish Ministry of Agriculture and Forestry 25.3.2004. 15 p. 

Kuil CW, Brouwer A, van der Saag PT, van der Burg B. Interference between progesterone and dioxin signal transduction pathways. Different mechanisms are 
 involved in repression by the progesterone receptor A and B isoforms. J Biol Chem. 273;15(1998):8829-34. 
Kuiper RV, Bergman A, Vos JG, van den Berg M. Some polybrominated diphenyl ether (PBDE) flame retardants with wide environmental distribution inhibit TCDD-
 induced EROD activity in primary cultured carp (Cyprinus carpio) hepatocytes.  Aq Toxic. 68;2(2004):129-39. 
Kumamoto H. Probabilistic risk assessment and management for engineers and scientists. 2nd, rev. ed. Piscataway (NJ), IEEE Press 1996. 
Kumar KS, Kannan K, Giesy JP, Masunaga S. Distribution and elimination of polychlorinated dibenzo-p-dioxins, dibenzofurans, biphenyls, and p,p'-DDE in tissues of 
 bald eagles from the Upper Peninsula of Michigan. Environ Sci Technol. 2002;36(13):2789-96.  
Kuramochi H, Ohsako M, Maeda K, Sakai S. Prediction of physico-chemical properties for PCs/DFs using the UNIFAC model with an alternative approximation for 
 group assignment. Chemosphere 2002;49(2):135-42.  
Kuriyama SN, Chahoud I. In utero exposure to low-dose 2,3',4,4',5-pentachlorobiphenyl (PCB 118) impairs male fertility and alters neurobehavior in rat offspring. 
 Toxicology 202;3(2004):185-97. 
Kuriyama S, Fidalgo-Neto A, Mathar W, Palavinskas R, Friedrich K, Chahoud I. Effect of low dose mono-ortho 2,3',4,4',5 pentachlorobiphenyl on thyroid hormone 
 status and EROD activity in rat offspring: consequences for risk assessment. Toxicology. 2003;186(1-2):11-20.  
Kwon J-W, Jeon S-S, Jeong T-U. Dioxin analysis: Harmonized guidelines and criteria for the validation and quality control. Organohalogen Compds. 60-65(2003), CD-
 ROM Vol. 1, Section 2. 
Laden F, Hankinson SE, Wolff MS, Colditz GA, Willett WC, Speizer FE, Hunter DJ. Plasma organochlorine levels and the risk of breast cancer: an extended follow-up 
 in the Nurses' Health Study. Int J Cancer. 2001;91(4):568-74.  
Ladeur K-H. Das Umweltrecht der Wissensgesellschaft : von der Gefahrenabwehr zum Risikomanagement. Berlin, Duncker & Humblot 1995. 
Lahl U. Sintering plants of steel industry – the most important thermical PCDD/F source in industrialized regions? Organohalogen Compds. 11(1993):311. 
Laier P, Cederberg T, Larsen JC, Vinggaard AM. Applicability of the CALUX bioassay for screening of dioxin levels in human milk samples. Food Addit Contam. 
 20;6(2003):583-95. 
Lakshman MR, Ghosh P, Chirtel SJ. Mechanism of action of 2,3,7,8-tetrachlorodibenzo-p-dioxin on intermediary metabolism in the rat. J Pharmacol Exp Ther. 
 258;1(1991):317-9. 
Lakshman MR, Chirtel SJ, Chambers LL, Coutlakis PJ. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on lipid synthesis and lipogenic enzymes in the rat. J Pharmacol 
 Exp Ther. 248;1(1989):62-6. 
Lambe J, Cadby P, Gibney M. Comparison of stochastic modelling of the intakes of intentionally added flavouring substances with theoretical added maximum daily 
 intakes (TAMDI) and maximized survey-derived intakes (MSDI). Food Addit Contamin. 19(2001):3-15. 
Lambrecht RW, Sinclair PR, Bement WJ, Sinclair JF, Carpenter HM, Buhler DR, Urquhart AJ, Elder GH. Hepatic uroporphyrin accumulation and uroporphyrinogen 

decarboxylase activity in cultured chick-embryo hepatocytes and in Japanese quail (Coturnix coturnix japonica) and mice treated with polyhalogenated aromatic 
compounds. Biochem J. 253;1(1988):131-8.  

Lamparski LL, Nestrick TJ, Stenger VA. Presence of chlorodibenzo dioxins in a sealed 1933 sample of dried municipal sewage sludge. Chemosphere 13;3(1984):361-
 5. 
Landergren P, Vallin L, Westin L, Amcoff P, Borjeson H, Ragnarsson B. Reproductive failure in Baltic Sea trout (Salmo trutta) compared with the M74 syndrome in 
 Baltic salmon (Salmo salar). Ambio 28;1(1999):87-91.  
Landers JP, Birse LM, Nakai JS, Winhall MJ, Bunce NJ. Chemically induced hepatic cytosol from the Sprague-Dawley rat: evidence for specific binding of 2,3,7,8 
 tetrachlorodibenzo-p-dioxin to components kinetically distinct from the Ah receptor. Toxicol Lett 1990;51(3):295-302.  
Landers JP, Winhall MJ, McCready TL, Sanders DA, Rasper D, Nakai JS, Bunce NJ. Characterization of an inducible aryl hydrocarbon receptor-like protein in rat 
 liver.  J Biol Chem. 1991;266(15):9471-80.  
Landrigan PJ, Halper LA, Silbergeld EK. Toxic air pollution across a state line: implications for the siting of resource recovery facilities. J Public Health Pol. 
 10;3(1989):309-23. 
Lang DS, Becker S, Devlin RB, Koren HS.  Cell-specific differences in the susceptibility of potential cellular targets of human origin derived from blood and lung 
 following treatment with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Cell Biol Toxicol. 1998;14(1):23-38.  
Lang T, Mellergaard S, Wosniok W, Kadakas V,  Neumann K. Spatial distribution of grossly visible diseases and parasites in flounder (Platichthys flesus) from the 
 Baltic Sea: a synoptic survey. ICES J Mar Sci. 56;2(1999):138-47.  
Lans MC, Klasson-Wehler E, Willemsen M, Meussen E, Safe S, Brouwer A. Structure-dependent, competitive interaction of hydroxy-polychlorobiphenyls, 
 -dibenzo-p-dioxins and -dibenzofurans with human transthyretin. Chem Biol Interact. 88;1(1993):7-21.  
Larsen JC, Farland W, Winters D. Current risk assessment approaches in different countries. Food Addit Contam. 2000;17(4):359-69.  
Larsen JC, Pascal JG. Workshop on the applicability of the ADI to infants and children: consensus summary. Food Addit Contamin. 15 Suppl.(1998):1-9. 
Larsen JC. Levels of pollutants and their metabolites: exposures to organic substances. Toxicol 1995;101(1-2):11-27.  
Larsson P, Backe C, Bremle G, Eklov A, Okla L. Persistent pollutants in a salmon population (Salmo salar) of the southern Baltic Sea. Can J Fish Aquat Sci 
 53(1996):62-9. 
Larsson P, Okla L. Atmospheric transport of chlorinated hydrocarbons to Sweden in 1985 compared to 1973. Atm Environ. 23;8(1989):1699-711.  
Lassen C, Hansen E, Jensen AA, Olendrzynski K, Kolsut W, Zurek J, Kargulewicz I, Debski B, Skoskiewicz J, Holtzer M, Grochowalski A, Brante E, Poltimae H, 

Kallaste T, Kapturauskas J. Danish Cooperation for Environment in Eastern Europe (DANCEE). Survey of dioxin sources in the Baltic Region (extended 
summary). Environ Sci Pollut Res Int. 2003;10(1):49-56. 

Lassen C, Hansen E, Jensen AA, Olendrzynski K, Kolsut W, Zurek J, Kargulewicz I, Debski B, Skoskiewicz J, Holtzer M, Grochowalski A, Brante E, Poltimae H, 
Kallaste T, Kapturauskas J. Danish Cooperation for Environment in Eastern Europe. Survey of dioxin sources in the Baltic Region (extended summary). Environ 
Sci Pollut Res Int. 2003;10(1):49-56. 

Lau C, Andersen ME, Crawford-Brown DJ, Kavlock RJ, Kimmel CA, Knudsen TB, Muneoka K, Rogers JM, Setzer RW, Smith G, Tyl R. Evaluation of biologically 
 based dose-response modeling for developmental toxicity: a workshop report. Regulat Toxicol Pharmacol. 2000;31(2 Pt 1):190-9. 
Launhardt T, Strehler A, Dumler-Gradl R, Thoma H, Vierle O. PCDD/F- and PAH-emission from house heating systems. Chemosphere 37;9-12(1998):2013-20. 
Launhardt T, Thoma H. Investigation on organic pollutants from a domestic heating system using various solid biofuels. Chemosphere 40;9-11(2000):1149-57.  



 

 

295

 

Lavric ED, Konnov AA, De Ruyck J. Measuring dioxins’ precursors - a way to ensure a cleaner environment. Organohalogen Compds 59(2002):45-8. CD-ROM. 
Law R, Andrulewicz E. Hydrocarbons in water, sediment and mussels from the southern Baltic Sea. Mar Pollut Bull. 14(1983):289-93.  
Lawrence BP, Vorderstrasse BA. Activation of the aryl hydrocarbon receptor diminishes the memory response to homotypic influenza virus infection but does not 
 impair host resistance. Toxicol Sci. 79;2(2004):304-14. Epub 2004 Feb 19. 
Lawrence BP, Warren TK, Luong H. Fewer T lymphocytes and decreased pulmonary influenza virus burden in mice exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin 
 (TCDD). J Toxicol Environ Health A. 61;1(2000):39-53. 
Lawrence GS, Gobas FA. A pharmacokinetic analysis of interspecies extrapolation in dioxin risk assessment. Chemosphere 1997;35(3):427-52.  
Le TN, Johansson A. Impact of chemical warfare with agent orange on women's reproductive lives in Vietnam: a pilot study. Reprod Health Matters 9;18(2001):156-
 64. 
Lee H-K, Jang K-N, Lee Y-W, Choi D-K, Joo C-H, Jung D-H. PCDD/PCDF removal over impregnated activated carbon using adsorption process in MSW incinerator. 
 Organohalogen Compds. 57(2002):357-60.  
Lee DC, Barlow KD, Gaido KW. The actions of 2,3,7,8-tetrachlorodibenzo-p-dioxin on transforming growth factor-beta2 promoter activity are localized to the TATA 
 box binding region and controlled through a tyrosine kinase-dependent pathway. Toxicol Appl Pharmacol 137;1(1996):90-9.  
Lee HM, He Q, Englander EW, Greeley GH Jr. Endocrine disruptive effects of polychlorinated aromatic hydrocarbons on intestinal cholecystokinin in rats. 
 Endocrinology. 2000;141(8):2938-44.  
Lee  RGM,  Green NJL,  Lohmann R, Jones KC. Seasonal, anthropogenic, air mass and meteorological influences on the atmospheric concentrations of 

polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs): evidence for the importance of diffuse combustion sources. Environ Sci Technol. 
33(1999):2864-71.  

Lee S-J, Kim B-H, Kim J-H, Chang Y-S, Kwon S-Y, Jung Y-O, Moon M-H. Distribution of PCDD/Fs in marine sediments according to particle sizes in Korea.  
 Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 2, Section 3. 
Lee SK, Ou YC, Yang RS. Comparison of pharmacokinetic interactions and physiologically based pharmacokinetic modeling of PCB 153 and PCB 126 in 
 nonpregnant mice, lactating mice, and suckling pups. Toxicol Sci. 2002;65(1):26-34.  
Leece B, Denomme MA, Towner R, Li A, Landers J, Safe S. Nonadditive interactive effects of polychlorinated biphenyl congeners in rats: role of the 2,3,7,8-
 tetrachlorodibenzo-p-dioxin receptor. Can J Physiol Pharmacol. 1987;65(9):1908-12.  
Leece B, Denomme MA, Towner R, Li SM, Safe S. Polychlorinated biphenyls: correlation between in vivo and in vitro quantitative structure-activity relationships 
 (QSARs). J Toxicol Environ Health 1985;16(3-4):379-88. 
Leece BD, Denomme MA, Li SM, Towner RA, Gyorkos JW, Chittim BG, Safe S. Effects of individual terphenyls and polychlorinated terphenyls on rat hepatic 
 microsomal cytochrome P-450-dependent monooxygenases: structure-activity relationships. Arch Toxicol. 1986;59(3):186-9. 
Leeuwen van FX, Feeley M, Schrenk D, Larsen JC, Farland W, Younes M. Dioxins: WHO's tolerable daily intake (TDI) revisited. Chemosphere 40;9-11(2000):1095-
 101. 
Legler J, van den Brink CE, Brouwer A, Murk AJ, van der Saag PT, Vethaak AD, van der Burg B. Development of a stably transfected estrogen receptor-mediated 
 luciferase reporter gene assay in the human T47D breast cancer cell line. Toxicol Sci. 1999;48(1):55-66.  
Lehman-McKeeman LD. Incorporating mechanistic data into risk assessment. Toxicology 2002;181-182:271-4.  
Leiss W. Effective risk communication practice. Toxicol Lett. 149;1-3(2004):399-404. 
Leithe-Eriksen R. (ed.) The Baltic. Collins & Brown, London 1992. Greenpeace, The seas of Europe. 144 p. 
Lemieux PM, Lutes CC. Abbott JA, Aldous KM. Emissions of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans from the open burning of 
 household waste in barrels. Environ Sci Technol. 34(2000):377-84.  
Lemly AD. Role of season in aquatic hazard assessment. Environ Monit Assess. 45(1997):89-98. 
Lemmetyinen R, Rantamaki P, Karlin A. Levels of DDT and PCBs in different stages of life cycle of the arctic tern Sterna paradisaea and the herring gull Larus 
 argentatus. Chemosphere 11(1982):1059-68. 
Lemmetyinen R, Rantamaki P. DDT and PCB residues in the arctic tern (Sterna paradisaea) nesting in the archipelago of southwestern Finland. Ann. Zool. Fennici 
 7(1980):141-46.  
Lenoir D, Kaune A, Hutzinger O, Mutzenich G, Horch K. Influence of operating parameters and fuel type on PCDD/F emissions from a fluidized bed incinerator. 
 Chemosphere 23;8-10(1991):1491-1500.  
Leonards PE, Broekhuizen S, de Voogt P, Van Straalen NM, Brinkman UA, Cofino WP, van Hattum B. Studies of bioaccumulation and biotransformation of PCBs in 
 mustelids based on concentration and congener patterns in predators and preys. Arch Environ Contamin Toxicol. 35;4(1998):654-65.  
Leppakoski E. Man's impact on the Baltic ecosystem. Ambio 9;3-4(1980):174-81. 
Lerche D, Sørensen PB, Larsen HS, Carlsen L, Nielsen OJ. Comparison of the combined monitoring-based and modelling-based priority setting scheme with partial 
 order theory and random linear extensions for ranking of chemical substances. Chemosphere 49;6(2002):637-49.  
Leung HW, Murray FJ, Paustenbach DJ. A proposed occupational exposure limit for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Am Ind Hyg Assoc J. 49;9(1988):466-74.  
Leung HW, Paustenbach DJ, Murray FJ, Andersen ME. A physiological pharmacokinetic description of the tissue distribution and enzyme-inducing properties of 
 2,3,7,8-tetrachlorodibenzo-p-dioxin in the rat. Toxicol Appl Pharmacol. 103;3(1990):399-410.  
Levine SL, Oris JT. CYP1A expression in liver and gill of rainbow trout following waterborne exposure: implications for biomarker determination. Aq Toxicol. 46;3-
 (1999):279-87.  
Lexén K, de Wit C, Jansson B, Kjeller L-O, Kulp S-E, Ljung K, Soderstrom G, Rappe C. Polychlorinated dibenzo-p-dioxin and dibenzofuran levels and patterns in 
 samples from different Swedish industries analyzed within the Swedish dioxin survey. Chemosphere 27;1-3(1993):163-70. 
Li H, Boon JP, Lewis WE, van den Berg M, Nyman M, Letcher RJ. Hepatic microsomal cytochrome P450 enzyme activity in relation to in vitro metabolism/inhibition of 
 polychlorinated biphenyls and testosterone in Baltic grey seal (Halichoerus grypus). Environ Toxicol Chem. 2003;22(3):636-44.  
Li W, Harper PA, Tang BK, Okey AB. Regulation of cytochrome P450 enzymes by aryl hydrocarbon receptor in human cells: CYP1A2 expression in the LS180 colon 
 carcinoma cell line after treatment with 2,3,7,8-tetrachlorodibenzo-p-dioxin or 3-methylcholanthrene. Biochem Pharmacol. 56;5(1998):599-612.  
Li X, Johnson DC, Rozman KK. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) increases release of luteinizing hormone and follicle-stimulating hormone from the 
 pituitary of immature female rats in vivo and in vitro. Toxicol Appl Pharmacol. 1997;142(2):264-9. 
Li X, Johnson DC, Rozman KK. Reproductive effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in female rats: ovulation, hormonal regulation, and possible 
 mechanism(s). Toxicol Appl Pharmacol. 133;2(1995):321-7.  
Li X-W, Shibata E, Nakamura T. Establishment of free energies of the formation of polybrominated dibenzo-p-dioxins and furans. Organohalogen Compds. 60-
 65(2003). CD-ROM, Vol. 4, Section 2. 
Liang X, Wang W, Wu W, Schramm KW, Henkelmann B, Oxynos K, Kettrup A. Prediction of the retentions of polybrominated dibenzo-p-dioxins (PBDDs) by using the 
 retentions of polychlorinated dibenzo-p-dioxins (PCDDs). Chemosphere 2000;41(6):917-21.  
Liem AK, Furst P, Rappe C. Exposure of populations to dioxins and related compounds. Food Addit Contam. 2000;17(4):241-59.  
Liem AK. Important developments in methods and techniques for the determination of dioxins and PCBs in foodstuffs and human tissues. TrAC Trends Anal Chem. 
 18;7(1999):499-507.  
Lieshout Van L, Desmedt M, Roekens E, De Fré R, Cleuvenbergen Van R, Wevers M. Deposition of dioxins in Flanders (Belgium) and a proposition for guide values. 
 Atm Environ. 35 Suppl 1;2001:83-90.  
Liljegren G, Hardell L, Lindstrom G, Dahl P, Magnuson A. Case-control study on breast cancer and adipose tissue concentrations of congener specific polychlorinated 
 biphenyls, DDE and hexachlorobenzene. Eur J Cancer Prev. 1998;7(2):135-40.  
Liljelind P, Unsworth J, Maaskant O, Marklund S. Removal of dioxins and related aromatic hydrocarbons from flue gas streams by adsorption and catalytic 
 destruction. Chemosphere 42;5-7(2001):615-23.  
Lim Y, Yang J, Kim Y, Chang Y, Shin D. Assessment of human health risk of dioxin in Korea. Environ Monit Assess. 92;1-3(2004):211-28. 
Lind PM, Bergman A, Olsson M, Orberg J. Bone mineral density in male Baltic grey seal (Halichoerus grypus). Ambio 32;6(2003):385-8. 



 

 

296

 

Lind PM, Larsson S, Johansson S, Melhus H, Wikstrom M, Lindhe O, Orberg J. Bone tissue composition, dimensions and strength in female rats given an increased 
 dietary level of vitamin A or exposed to 3,3',4, 4',5-pentachlorobiphenyl (PCB126) alone or in combination with vitamin C. Toxicol. 151;1-3(2000):11-23.  
Lind PM, Larsson S, Oxlund H, Hakansson H, Nyberg K, Eklund T, Orberg J. Change of bone tissue composition and impaired bone strength in rats exposed to 
 3,3',4,4',5-pentachlorobiphenyl (PCB126). Toxicol. 150;1-3(2000):41-51.  
Lind PM, Orberg J, Edlund UB, Sjoblom L, Lind L. The dioxin-like pollutant PCB 126 (3,3',4,4',5-pentachlorobiphenyl) affects risk factors for cardiovascular disease in 
 female rats. Toxicol Lett. 150;3(2004):293-9.  
Lind Y, Darnerud P-O, Aune M, Becker W. Exponering for organiska miljokontaminanter via livsmedel – intagsberakningar av ΣPCB, PCB 153,  p,p'-DDE, PCDD/F, 

dioxinlika PCB, PBDE och HBCD baserade pa konsumtionsdata fran Riksmaten 1997-98. Uppsala, Swedish National Food Authority. Livsmedelsverket Rapport 
26(2002). 103 p. 

Lindbauer RL, Wurst F, Prey T. PCDD/F emission control by sulfur addition - new results with high-S lignite, SO2 and SO3. Organohalogen Compds. 12(1993):35–8. 
Lindbauer RL, Wurst F, Prey T. PCDD/F emission control for MSWI by SO3 addition. Organohalogen Compds. 19(1994):355–9. 
Linde van der A, Hendriks AJ, Sijm DTHM. Estimating biotransformation rate constants of organic chemicals from modeled and measured elimination rates. 
 Chemosphere 44;3(2001):423-35.  
Lindebo E. Linking Baltic Sea fish dioxin management with EU Common Fisheries Policy and its regional and national implementation. Unpublished paper presented 
 at workshop on Dioxins in Baltic Sea fish - Scientific  basis and information needs of assessment and management, SYKE, Helsinki, 12.-13.6.2003. 
Lindesjoo E, Thulin J, Bengtsson B-E, Tjarnlund U. Abnormalities of a gill cover bone, the operculum, in perch Perca fluviatilis from a pulp mill effluent area. Aquat 
 Toxicol. 28;3-4(1994):189-207.   
Lindley D. Risky arguments over cause and effect. Nature 346;6284(1990):507.  
Lindner AS, Whitfield C, Chen N, Semrau JD, Adriaens P. Quantitative structure-biodegradation relationships for ortho-substituted biphenyl compounds oxidized by 
 Methylosinus trichosporium OB3b. Environ Toxicol Chem. 22;10(2003):2251-7. 
Lindstrom G, Engwall M, Becher G, Karlsson M, van Bavel B. Levels of PCDD, PCDF, non-ortho PCB and mono-ortho PCB in chicken, butter, beef, human milk, 
 salmon and cod liver from northern Europe compared to the current EU limit values for these types of foods. Organohalogen Compds. 57(2002):87-91. 
Lindstrom G, Haug LS, Nicolaysen T, Dybing E. Comparability of world-wide analytical data of PCDDs, PCDFs and non-ortho PCBs in samples of chicken, butter and 
 salmon. Chemosphere 2002;47(2):139-46.  
Lindstrom-Seppa P, Korytko P, Hahn M, Stegeman J. Uptake of waterborne 3,3',4,4',-tetrachlorobiphenyl and organ and cell-specific induction of cytochrome P4501A 
 in adult and larval fathead minnow Pimephales promelas. Aq Toxicol. 28(1994):147-67.  
Ling Y-C, Hou PCC: A Taiwanese study of 2,3,7,8-substituted PCDD/DFs and coplanar PCBs in fly ashes from incinerators. J Haz Mater. 58;1-3(1998):83-91.  
Linko RR, Kaitaranta JK, Vuorela R. Comparison of the fatty acids in Baltic herring and available plankton feed. Comp Biochem Physiol B. 1985;82(4):699-705. 
Lipton J, Shaw WD, Holmes J,  Patterson A. Short communication: selecting input distributions for use in Monte Carlo simulations. Regulat Toxicol Pharmacol. 
 21(1995):192-98. 
Litten S, McChesney DJ, Hamilton MC, Fowler B. Destruction of the World Trade Center and PCBs, PBDEs, PCDD/Fs, PBDD/Fs, and chlorinated biphenylenes in 
 water, sediment, and sewage sludge. Environ Sci Technol. 37;24(2003):5502-10. 
Lohmann R, Jones KC.  Dioxins and furans in air and deposition: A review of levels, behaviour and processes. Sci Total Environ. 219;1(1998):53-81. 
Lohmann R, Green NJL, Jones KC. Detailed studies of the factors controlling  short-term  variations  of  atmospheric PCDD/F concentrations. Environ Sci Technol. 
 33(1999):4440-7. 
Lohmann R, Northcott GL, Jones KC. Assessing the contribution of diffuse domestic burning as a source of PCDD/Fs, PCBs and PAHs to the UK atmosphere. 
 Environ Sci Technol. 34(2000):2892-9.  
Loizeau V, Abarnou A, Cugier P, Jaouen-Madoulet A, Le Guellec A-M, Menesguen A. A Model of PCB Bioaccumulation in the Sea Bass Food Web from the Seine 
 estuary (Eastern English Channel). Mar Pollut Bull. 43;7-12(2001):242-55.  
Longnecker MP, Klebanoff MA, Brock JW, Zhou H; Collaborative Perinatal Project (CPP). Polychlorinated biphenyl serum levels in pregnant subjects with diabetes. 
 Diabetes Care 24;6(2001):1099-101. 
Longnecker MP, Michalek JE. Serum dioxin level in relation to diabetes mellitus among Air Force veterans with background levels of exposure. Epidemiology 
 11;1(2000):44-8.  
Longnecker MP, Ryan JJ, Gladen BC, Schecter AJ. Correlations among human plasma levels of dioxin-like compounds and polychlorinated biphenyls (PCBs) and 
 implications for epide-miologic studies. Arch Environ Health. 2000;55(3):195-200. 
Loonen H, Tonkes M, Parsons JR, Govers HAJ. Bioconcentration of polychlorinated dibenzo-p-dioxins and dibenzofurans in guppies after aqueous exposure to a 
 complex PCDD/PCDF mixture; relationship with molecular structure. Aq Toxicol. 30(1994):153-69. 
Loonen H, van de Guchte C & al. Ecological hazard assessment of dioxins: hazards to organisms at different levels of aquatic food webs (fish-eating birds and 
 mammals, fish and invertebrates) Sci Total Environ. 1996;182(1-3):93-103.  
Lorber M, Phillips L. Infant exposure to dioxin-like compounds in breast milk. Environ Health Perspect. 2002;110(6):A325-32. 
Lorber MN, Barton RG, Winters DL, Bauer KM, Davis M, Palausky J. Investigation of the potential release of polychlorinated dioxins and furans from PCP-treated 
 utility poles. Sci Total Environ. 290;1-3(2002):15-39.  
Lorenz W, Wichmann H, Bahadir M. Bilanzierung der Freisetzung von polychlorierten Dibenzo-p-dioxinen und Dibenzofuranen bei Brandunfallen – ein 
 diskussionsbeitrag. Gefahrstoffe Reinhaltung der Luft 56(1996):49–53. 
Lorenzen A, Kennedy SW, Bastien LJ, Hahn ME. Halogenated aromatic hydrocarbon-mediated porphyrin accumulation and induction of cytochrome P4501A in 
 chicken embryo hepatocytes. Biochem Pharmacol. 53;3(1997):373-84 
Lorenzen A, Moon TW, Kennedy SW, Glen GA. Relationships between environmental organochlorine contaminant residues, plasma corticosterone concentrations, 
 and intermediary metabolic enzyme activities in Great Lakes herring gull embryos. Environ Health Perspect. 107;3(1999):179-86. 
Lorenzen A, Shutt JL, Kennedy SW. Sensitivity of common tern (Sterna hirundo) embryo hepatocyte cultures to CYP1A induction and porphyrin accumulation by 
 halogenated aromatic hydrocarbons and common tern egg extracts. Arch Environ Contam Toxicol. 1997;32(2):126-34.  
Lovik M, Johansen HR, Gaarder PI, Becher G, Aaberge IS, Gdynia W, Alexander J. Halogenated organic compounds and the human immune system: preliminary 
 report on a study in hobby fishermen. Arch Toxicol Suppl. 18(1996):15-20. 
Lowell DP, Thomas G. Quantitative risk assessment and the limitations of the linearised multistage model. Human Exp Toxicol. 15(1996):87-104. 
Lowik MR, Hulshof KF, Brussaard JH, Kistemaker C. Dependence of dietary intake estimates on the time frame of assessment. Regulat Toxicol Pharmacol. 
 30(1999):S48-S56. 
Lu FC. Acceptable daily intake: Inception, evolution, and application. Regul Toxicol Pharmacol. 8(1998):45-60. 
Lubeck HD. [Endangerment by the environment--on the origin and psychopathology of environmental anxiety] Psychiatric Prax. 1993;20(2):41-6. German. 
Lucier GW, Sunahara GI, Wong TK. Placental markers of human exposure to polychlorinated dibenzofurans and polychlorinated biphenyls: implications for risk 
 assessment. IARC Sci Publ. 104(1990):55-62.  
Lucier GW. Humans are a sensitive species to some of the biochemical effects of structural analogs of dioxin. Environ Toxicol. Chem. 10;6(1991):727-35.  
Luhmann N. Risk : a sociological theory. Berlin, Walter de Gruyter 1993. 
Lumberg A, Ojaveer E. 1991. On the environmental and zooplankton dynamics in the Gulf of Finland in 1961–1990. Proc Est Acad Sci Ecol. 3:131–40. 
Lunden A, Noren K. Polychlorinated naphthalenes and other organochlorine contaminants in Swedish human milk, 1972-1992. Arch Environ Contam Toxicol. 
 34;4(1998):414-23. 
Lundgren K, Ishaq R, van Bavel B, Broman D, Tysklind M. Polychlorinated naphthalene (PCN) levels and distribution patterns in fish from the Baltic Sea. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol. 3, Section 4. 
Lundgren K, Tysklind M, Ishaq R. Biomagnification of mono-ortho and non-ortho PCBs in a benthic food chain in the baltic Sea. Organohalogen Compds. 
 66(2004):2352-8. 



 

 

297

 

Lundgren K, Tysklind M, Ishaq R, Broman D, van Bavel B. Polychlorinated naphthalene levels, distribution, and biomagnification in a benthic food chain in the Baltic 
 Sea. Environ Sci Technol. 36;23(2002):5005-13.  
Lundgren K, Tysklind M, Ishaq R, Broman D, van Bavel B. Flux estimates and sedimentation of polychlorinated naphthalenes in the northern part of the baltic sea. 
 Environ Pollut. 126;1(2003):93-105.  
Lundgren K, Van Bavel B, Tysklind M. Development of a high-performance liquid chromatography carbon column based method for the fractionation of dioxin-like 
 polychlorinated biphenyls. J Chromatogr A 962;1-2(2002):79-93.  
Lundstedt-Enkel K, Bjerselius R, Aune M, Darnerud PO, Atuma S, Tysklind M, Bergek S, Karlsson L, Appelberg M, Glynn A. Different PCDD/PCDF congener 
 composition in salmon and brown trout from Swedish waters. Organohalogen Compds. 57(2002):185-8. 
Luster MI, Faith RE, Moore JA. Effects of polybrominated biphenyls (PBB) on immune response in rodents. Environ Health Perspect. 23(1978):227-32.  
Luthardt P, Dhaese J, Hovemann A, Keymeulan R, Opel M, Reichel K. PCDD/F measurements in emissions of a Belgian sintering plant - an exemplary look at the 
 uncertainty. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 1, Section 2. 
Luthardt P, Mayer J, Fuchs J. Total TEQ emissions (PCDD/F and PCB) from industrial sources. Chemosphere 2002;46(9-10):1303-8.  
Luthe C, Karidio I, Uloth V. Dioxins formation in salt-laden power boilers: a mass balance. Chemosphere 36;2(1998):231-49.  
Luthe C, Karidio I, Uloth V. Towards controlling dioxins emissions from power boilers fuelled with salt-laden wood waste. Chemosphere 35;3(1997):557-74.  
Luthe CE, Berry RM. The role of dibenzo-p-dioxin and dibenzofuran precursors in the formation of tetrachlorinated dibenzo-p-dioxins/-furans during bleaching. 
 Chemosphere 32;5(1996):881-91.  
Lutter C, Iyengar V, Barnes R, Chuvakova T, Kazbekova G, Sharmanov T. Breast milk contamination in Kazakhstan: implications for infant feeding. Chemosphere 
 1998;37(9-12):1761-72.  
Mably TA, Bjerke DL, Moore RW, Gendron-Fitzpatrick A, Peterson RE. In utero and lactational exposure of male rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 3. Effects 
 on spermatogenesis and reproductive capability. Toxicol Appl Pharmacol. 114;1(1992):118-26. 
Mably TA, Moore RW, Goy RW, Peterson RE. In utero and lactational exposure of male rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 2. Effects on sexual behavior and 
 the regulation of luteinizing hormone secretion in adulthood. Toxicol Appl Pharmacol. 114;1(1992):108-17. 
Mably TA, Moore RW, Peterson RE. In utero and lactational exposure of male rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 1. Effects on androgenic status. Toxicol 
 Appl Pharmacol. 114;1(1992):97-107. 
Mac MJ, Edsall CC. Environmental contaminants and the reproductive success of lake trout in the Great Lakes: an epidemiological approach. J Toxicol Environ 
 Health 33;4(1991):375-94. 
MacDonald CJ, Ciolino HP, Yeh GC. The drug salicylamide is an antagonist of the aryl hydrocarbon receptor that inhibits signal transduction induced by 2,3,7,8-
 tetrachlorodibenzo-p-dioxin. Cancer Res. 64;1(2004):429-34. 
MacGregor DG, Slovic P, Malmfors T. "How exposed is exposed enough?" Lay inferences about chemical exposure. Risk Anal. 1999;19(4):649-59. 
Machala M, Drabek P, Neca J, Kolaova J, Svobodova Z. Biochemical markers for differentiation of exposures to nonplanar polychlorinated biphenyls, organochlorine 
 pesticides, or 2,3,7,8-tetrachlorodibenzo-p-dioxin in trout liver. Ecotoxicol Environ Saf. 41;1(1998)107-11.  
Machala M, Vondráek J, Bláha L, Ciganek M, Nea J. Aryl hydrocarbon receptor-mediated activity of mutagenic polycyclic aromatic hydrocarbons determined using in 
 vitro reporter gene assay. Mutat Res/Genet Toxicol Environ Mutagenesis 497;1-2(2001):49-62.  
Mackay D, Fraser A. Bioaccumulation of persistent organic chemicals: mechanisms and models. Environ Pollut. 2000;110(3):375-91. 
Mackay D, Shiu WY, Ma KC. Illustrated handbook of physico-chemical propetrties and environmental fate for organic chemicals. Volume 1. Monoaromatic 
 hydrocarbons, chlorobenzenes and PCBs. Lewis Publ, Boca Raton, FL 1991. 697 pp. 
Mackay D, Shiu WY, Ma KC. Illustrated handbook of physico-chemical propetrties and environmental fate for organic chemicals. Volume 2. Polynuclear aromatic 
 hydrocarbons, polychlorinated dioxins and dibenzofurans. Lewis Publ, Boca Raton, FL 1992. 597 pp.   
Mackay D, Wania F. Transport of contaminants to the Arctic: partitioning, processes and models. Sci Total Environ. 160/161(1995):25-38. 
Mackenzie BR, Almesjo L, Hansson S. Fish, fishing, and pollutant reduction in the Baltic Sea. Environ Sci Technol. 38;7(2004):1970-6. 
MacLusky NJ, Brown TJ, Schantz S, Seo BW, Peterson RE. Hormonal interactions in the effects of halogenated aromatic hydrocarbons on the developing brain. 
 Toxicol Ind Health. 14;1-2(1998):185-208.  
Madsen N, Holst R, Foldager L. Escape windows to improve the size selectivity in the Baltic cod trawl fishery. Fisheries Res. 57;3(2002):223-35.  
Maeda S, Kakeyama M, Tohyama C. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on brain development and function. Organohalogen Compds. 60-65(2003). CD-
 ROM, Vol. 6, Section 1. 
Magara Y, Aizawa T, Ando M, Seki Y, Matsumura T. Dioxin concentration in raw/treated water at three river system in Japan. Organohalogen Compds. 60-65(2003), 
 CD-ROM Vol. 3, Section 4.     
Malisch R, van Leeuwen FXR. Results of the WHO-coordinated exposure study on the levels of PCBs, PCDDs and PCDFs in human milk. Organohalogen Compds. 
 60-65(2003),  CD-ROM Vol. 5, Section 1.     
Malmvarn A, Kautsky L, Jensen S, Athanassiadis I, Asplund L. Detection of a possible tribromodibenzo-p-dioxin in blue mussels (Mytilus edulis) from the Baltic Sea. 
 Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 2, Section 1. 
Maltseva OV, Tsoi TV, Quensen JF 3rd, Fukuda M, Tiedje JM. Degradation of anaerobic reductive dechlorination products of Aroclor 1242 by four aerobic bacteria. 
 Biodegradation 1999;10(5):363-71. 
Malve O, Salo S, Verta M, Forsius J. Modeling the transport of PCDD/F compounds in a contaminated river and the possible influence of restoration dredging on 
 calculated fluxes. Environ Sci Technol. 37;15(2003):3413-21. 
Manara L, Coccia P, Croci T. Prevention of TCDD toxicity in laboratory rodents by addition of charcoal or cholic acids to chow. Food Chem Toxicol. 1984;22(10):815-
 8. 
Manchester-Neesvig JB, Valters K, Sonzogni WC. Comparison of polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) in Lake Michigan 
 salmonids. Environ Sci Technol. 35;6(2001):1072-7.  
Mannila M, Koistinen J, Vartiainen T. Comparison of SFE with soxhlet in the analyses of PCDD/PCDFs and PCBs in sediment. J Environ Monit. 4;6(2002):1047-53.  
Mannisto S, Ovaskainen M-L, Valsta L (eds.) The national FINDIET 2002 study. Publ Natl Inst Public Health, Nutrition Unit, Helsinki 2003. 
 http://www.ktl.fi/portal/suomi/osiot/ktl_tutkii/tutkimus/ravitsemus 
Marchioli R, Schweiger C, Tavazzi L, Valagussa F. Efficacy of n-3 polyunsaturated fatty acids after myocardial infarction: results of GISSI-Prevenzione trial. Gruppo 
 Italiano per lo Studio della Sopravvivenza nell'Infarto Miocardico. Lipids 2001;36 Suppl:S119-26. 
Margerum RD. Organizational commitment to integrated and collaborative management: matching strategies to constraints. Environ Manage. 28;4(2001):421-31.  
Marklund S, Andersson R, Tysklind M, Rappe C, Egeback K- E, Bjorkman E, Grigoriadis V. Emissions of PCDDs and PCDFs in gasoline and diesel fueled cars. 
 Chemosphere 20;5(1990):553-61.  
Marklund S, Soderstrom G. Different formation mechanisms of dioxins in combustion systems when chlorine or bromine is present. Organohalogen Compds. 60-
 65(2003), CD-ROM Vol. 4, Section 1. 
Marklund S, Wikstrom E, Lofvenius G, Fangmark I, Rappe C. Emissions of polychlorinated compounds in combustion of biofuel. Chemosphere 28;10(1994):1895-
 904. 
Markowska A, Zylicz T. Costing an international public good: the case of the Baltic Sea. Ecol Econ. 30;2(1999):301-16.  
Markowski VP, Zareba G, Stern S, Cox C, Weiss B. Altered operant responding for motor reinforcement and the determination of benchmark doses following perinatal 
 exposure to low-level 2,3,7,8-tetrachlorodibenzo-p-dioxin. Environ Health Perspect. 2001;109(6):621-7.  
Martinez M, Diaz-Ferrero J, Marti R, Broto-Puig F, Comellas L, Rodriguez-Larena MC. Analysis of dioxin-like compounds in vegetation and soil samples burned in 
 Catalan forest fires. Comparison with the corresponding unburned material. Chemosphere 2000;41(12):1927-35. 
Maruyama W, Yoshida K, Tanaka T, Nakanishi J. Determination of tissue-blood partition coefficients for a physiological model for humans, and estimation of dioxin 
 concentration in tissues. Chemosphere 2002;46(7):975-85. 



 

 

298

 

Maruyama W, Yoshida K, Tanaka T, Nakanishi J. Possible range of dioxin concentration in human tissues: simulation with a physiologically based model. J Toxicol 
 Environ Health A 2002;65(24):2053-73.  
Maruyama W, Yoshida K, Tanaka T, Nakanishi J. Simulation of dioxin accumulation in human tissues and analysis of reproductive risk. Chemosphere 
 53;4(2003):301-13.  
Marvin C, Alaee M, Painter S, Charlton M, Kauss P, Kolic T, MacPherson K, Takeuchi D, Reiner E. Persistent organic pollutants in Detroit River suspended 

sediments: polychlorinated dibenzo-p-dioxins and dibenzofurans, dioxin-like polychlorinated biphenyls and polychlorinated naphthalenes. Chemosphere 
49;2(2002):111-20.  

Marwick C. Link found between Agent Orange and chronic lymphocytic leukaemia. BMJ. 326;7383(2003):242. 
Mason CF. Decline in PCB levels in otters (Lutra lutra). Chemosphere 36;9(1998):1969-71. 
Mason CF, Madsen AB. Organochlorine pesticide residues and PCBs in Danish otters (Lutra lutra).  Sci Total Environ. 133;1-2(1993):73-81. 
Mason G, Farrell K, Keys B, Piskorska-Pliszczynska J, Safe L, Safe S. Polychlorinated dibenzo-p-dioxins: quantitative in vitro and in vivo structure-activity 
 relationships. Toxicol 1986;41(1):21-31. 
Mason G, Sawyer T, Keys B, Bandiera S, Romkes M, Piskorska-Pliszczynska J, Zmudzka B, Safe S. Polychlorinated dibenzofurans (PCDFs): correlation between in 
 vivo and in vitro structure-activity relationships. Toxicol 1985;37(1-2):1-12. 
Masten SA, Grassman JA, Miller CR, Spencer DL, Walker NJ, Jung D, Edler L, Patterson DG, Needham L, Lucier GW. 1998. Population-based studies of dioxin 
 responsiveness: Individual variation in CYP1A1 levels and relationship to dioxin body burden. Organohalogen Compds. 38(1998):13-16. 
Masten SA, Shiverick KT. Characterization of the aryl hydrocarbon receptor complex in human B lymphocytes: evidence for a distinct nuclear DNA-binding form. Arch 
 Biochem Biophys. 336;2(1996):297-308. 
Masunaga S, Takasuga T, Nakanishi J. Dioxin and dioxin-like PCB impurities in some Japanese agrochemical formulations. Chemosphere 2001;44(4):873-85. 
Masunaga S, Yao Y, Ogura I, Nakai S, Kanai Y, Yamamuro M, Nakanishi J. Identifying sources and mass balance of dioxin pollution in Lake Shinji Basin, Japan.  
 Environ Sci Technol. 2001;35(10):1967-73.  
Matsuda R. Tsutsumi T, Toyoda M, Maitani T. The Proficiency testing of determination of dioxins in food. Organohalogen Compds. 66(2004):587-92. 
Matsusue K, Ishii Y, Ariyoshi N, Oguri K. A highly toxic coplanar polychlorinated biphenyl compound suppresses Delta5 and Delta6 desaturase activities which play 
 key roles in arachidonic acid synthesis in rat liver. Chem Res Toxicol. 1999;12(12):1158-65.  
Mattson M, Raunio H, Pelkonen O, Helle E. Elevated levels of cytochrome P4501A (CYP1A) in ringed seals from the Baltic Sea. Aq Toxicol. 43;1(1998):41-50. 
Matzing H. A simple kinetic model of PCDD/F formation by de novo synthesis. Chemosphere 2001;44(6):1497-503. 
Maxim LD, Harrington L.  A review of the Food and Drug Administration risk analysis for polychlorinated biphenyls in fish. Regul Toxicol Pharmacol 4(1984):192–219. 
Mayura K, Huebner HJ, Dwyer MR, McKenzie KS, Donnelly KC, Kubena LF, Phillips TD. Multi-bioassay approach for assessing the potency of complex mixtures of 
 polycyclic aromatic hydrocarbons. Chemosphere 38;8(1999):1721-32.  
Mayura K, Spainhour CB, Howie L, Safe S, Phillips TD. Teratogenicity and immunotoxicity of 3,3',4,4',5-pentachlorobiphenyl in C57BL/6 mice. Toxicol. 77;1-
 2(1993):123-31.  
McConnell EE, Huff JE, Hejtmancik M, Peters AC, Persing R. Toxicology and carcinogenesis studies of two grades of pentachlorophenol in B6C3F1 mice. Fundam 
 Appl Toxicol. 1991;17(3):519-32.  
McDaniels TL, Axelrod LJ, Cavanagh NS, Slovic P. Perception of ecological risk to water environments. Risk Anal. 1997;17(3):341-52. 
McElroy JA, Kanarek MS, Trentham-Dietz A, Robert SA, Hampton JM, Newcomb PA, Anderson HA, Remington PL. Potential exposure to PCBs, DDT, and PBDEs 
 from sport-caught fish consumption in relation to breast cancer risk in Wisconsin. Environ Health Perspect. 112;2(2004):156-62. 
McGrath LF, Cooper KR, Georgopoulos P, Gallo MA. Alternative models for low dose-response analysis of biochemical and immunological endpoints for  
 tetrachlorodibenzo-p-dioxin. Regul Toxicol Pharmacol. 1995;21(3):382-96.  
McGrath LF, Georgopoulos P, Gallo MA. Application of a biologically-based RFD estimation method to tetrachlorodibenzo-p-dioxin (TCDD) mediated immune  
 suppression and enzyme induction. Risk Anal. 1996;16(4):539-48.  
McGregor DB, Partensky C, Wilbourn J, Rice JM. An IARC evaluation of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans as risk factors in human 
 carcinogenesis. Environ Health Perspect. 1998;106 Suppl 2:755-60.  
McGuinness BM, Buck GM, Mendola P, Sever LE, Vena JE. Infecundity and consumption of polychlorinated biphenyl-contaminated fish. Arch Environ Health 
 56;3(2001):250-3.  
McKay G. Dioxin characterisation, formation and minimisation during municipal solid waste (MSW) incineration: review. Chem Eng J 86;3(2002):343-68.  
McKinnell SM, Karlstrom O. Spatial and temporal covariation in the recruitment and abundance of Atlantic salmon populations in the Baltic Sea. ICES J Mar Sci. 
 56;4(1999):433-43. 
McKinney JD, Waller CL. Molecular determinants of hormone mimicry: halogenated aromatic hydrocarbon environmental agents. J Toxicol Environ Health B Crit Rev. 
 1;1(1998):27-58.  
McLachlan MS. A simple model to predict accumulation of PCDD/Fs in an agricultural food chain. Chemosphere 34;5-7(1997):1263-76.  
McLachlan MS, Horstmann M, Hinkel M. Polychlorinated dibenzo-p-dioxins and dibenzofurans in sewage sludge: Sources and fate following sludge application to 
 land. Sci Total Environ. 185(1996):109-23. 
McMillan DC, Leakey JE, Arlotto MP, McMillan JM, Hinson JA. Metabolism of the arylamide herbicide propanil. II. Effects of propanil and its derivatives on hepatic 
 microsomal drug-metabolizing enzymes in the rat. Toxicol Appl Pharmacol 1990;103(1):102-12. 
McMillan DC, Shaddock JG, Heflich RH, Casciano DA, Hinson JA. Evaluation of propanil and its N-oxidized derivatives for genotoxicity in the Salmonella typhimurium 

reversion, Chinese hamster ovary/hypoxanthine guanine phosphoribosyl transferase, and rat hepatocyte/DNA repair assays. Fundam Appl Toxicol 
1988;11(3):429-39.  

McMillan TM. Cerebral dysfunction after water pollution incident in Camelford. Study may prolong the agony. Br Med J. 320;7245(2000):1338.  
McNabb FM, Fox GA. Avian thyroid development in chemically contaminated environments: is there evidence of alterations in thyroid function and development? Evol 
 Dev. 5;1(2003):76-82. 
McNulty WP. Toxicity and fetotoxicity of TCDD, TCDF and PCB isomers in rhesus macaques (Macaca mulatta). Environ Health Perspect. 60(1985):77-88. 
Mead RC, Hart MH, Gamble W. Inhibition of purified rabbit muscle phosphorylase a and phosphorylase b by polychlorinated biphenyls, polychlorinated biphenylols 
 and polybrominated biphenyls. Biochim Biophys Acta 701:2(1982):173-9. 
MEE. 1997. Dioxins: sources, levels and exposures in Denmark. Copenhagen, Ministry of Environment and Energy. Working Document No. 50. 
Meerts IA, Assink Y, Cenijn PH, Van Den Berg JH, Weijers BM, Bergman A, Koeman JH, Brouwer A. Placental transfer of a hydroxylated polychlorinated biphenyl 
 and effects on fetal and maternal thyroid hormone homeostasis in the rat. Toxicol Sci. 68;2(2002):361-71. 
Meerts IATM, Luijks EAC, Marsh G, Jakobsson E, A. Bergman A, Brouwer A. Polybrominated diphenyl ethers (PBDEs) as AhReceptor agonist and antagonists. 
 Organohalogen Compds. 37(1998):147–50. 
Meharg AA, Killham K. Environment: A pre-industrial source of dioxins and furans. Nature 421;6926(2003):909-10.  
Meharg AA, Shore RF, French MC, Osborn D. Dioxin and furan residues in wood mice (Apodemus sylvaticus) following a large scale polyvinyl chloride (PVC) fire. 
 Environ Pollut. 1997;97(3):213-20. 
Mehrle PM, Bruckler DR, Little EE, Smith LM, Petty JD, Peterman PH, Stalling DH. Toxicity and bioconcentration of 2,3,7,8-tetra chloro dibenzo-p-dioxin and 2,3,7,8- 
 tetrachlorodibenzofuran in rainbow trout. Environ Toxicol Chem. 7(1988):47-59. 
Meijer SN, Harner T, Helm PA, Halsall CJ, Johnston AE, Jones KC. Polychlorinated naphthalenes in U.K. soils: time trends, markers of source, and equilibrium status. 
 Environ Sci Technol. 35;21(2001):4205-13.  
Meijer SN, Ockenden WA, Sweetman AJ, Breivik K, Grimalt JO, Jones KC. Global distribution and budget of PCBs and HCB in background surface soils: implications 
 for  sources  and  environmental  processes. Environ Sci Technol. 37(2003):667-72.  
Mekenyan OG, Veith GD, Call DJ, Ankley GT. A QSAR evaluation of Ah receptor binding of halogenated aromatic xenobiotics. Environ Health Perspect. 
 104;12(1996):1302-10. 



 

 

299

 

Melvasalo T. Regional marine environmental management and the GPA-LBA: perspectives and the need for scientific support. Ocean Coastal Manage. 43;8-
 9(2000):713-24.  
Mekenyan OG, Veith GD, Call DJ, Ankley GT. A QSAR evaluation of receptor binding of halogenated aromatic xenobiotics. Environ Health Perspect. 104;12(1996): 
 1302–10. 
Mendola P, Buck GM, Sever LE, Zielezny M, Vena JE. Consumption of PCB-contaminated freshwater fish and shortened menstrual cycle length. Am J Epidemiol. 
 146;11(1997):955-60.  
Mendola P, Buck GM, Vena JE, Zielezny M, Sever LE. Consumption of PCB-contaminated sport fish and risk of spontaneous fetal death. Environ Health Perspect. 
 103;5(1995):498-502. 
Mendoza-Figueroa T, Lopez-Revilla R, Villa-Trevino S. Aroclor 1254 increases the genotoxicity of several carcinogens to liver primary cell cultures. J Toxicol Environ 
 Health 15;2(1985):245-54. 
Mennear JH, Lee CC. Polybrominated dibenzo-p-dioxins and dibenzofurans: literature review and health assessment. Environ Health Perspect. 102 Suppl 
 1(1994):265-74.  
Merkhofer MW. Decision science and social risk management : a comparative evaluation of cost-benefit analysis, decision analysis, and other formal decision-aiding 
 approaches. Dordrecht, Reidel 1987. 
Mertz CK, Slovic P, Purchase IF. Judgments of chemical risks: comparisons among senior managers, toxicologists, and the public. Risk Anal. 18;4(1998):391-404. 
Metcalfe TL, Metcalfe CD. The trophodynamics of PCBs, including mono- and non-ortho congeners, in the food web of North-Central Lake Ontario. Sci Total 
 Environ. 201;3(1997):245-72.  
Meyer C, O'Keefe P, Hilker D, Rafferty L, Wilson L, Connor S, Aldous K, Markussen K,  Slade K. A survey of twenty community water systems in New York State for 
 PCDDs and PCDFs. Chemosphere 19;1-6(1989):21-6. 
Meyer J, Di Giulio R. Patterns of heritability of decreased EROD activity and resistance to PCB 126-induced teratogenesis in laboratory-reared offspring of killifish 
 (Fundulus heteroclitus) from a creosote-contaminated site in the Elizabeth River, VA, USA. Mar Environ Res. 54;3-5(2002):621-6.  
Mhin BJ, Lee JE, Choi W. Understanding the congener-specific toxicity in polychlorinated dibenzo-p-dioxins: chlorination pattern and molecular quadrupole moment. J 
 Am Chem Soc. 124;1(2002):144-8. 
Middaugh JP, Egeland GM. Intellectual function of children exposed to polychlorinated biphenyls in utero. Reply to Jacobson and Jaconson, New England J Med. 
 336;9(1997):660-1.  
Miettinen HM, Alaluusua S, Tuomisto J, Viluksela M. Effect of in utero and lactational 2,3,7,8-tetrachlorodibenzo-p-dioxin exposure on rat molar development: the role 
 of exposure time. Toxicol Appl Pharmacol. 184;1(2002):57-66. 
Miller GC, Hebert VR, Mille MJ, Mitzel R, Zepp RG. Photolysis of octachlorodibenzo-p-dioxin on soils: production of 2,3,7,8-TCDD. Chemosphere 18;1-6(1989):1265-
 74. 
Miltner A, Emeis K-C. Terrestrial organic matter in surface sediments of the Baltic Sea, Northwest Europe, as determined by CuO oxidation. Geochim Cosmochim 
 Acta 65;8(2001):1285-99. 
Miniero R, De Felip E, Ferri F, di Domenico A. An overview of TCDD half-life in mammals and its correlation to body weight. Chemosphere 43;4-7(2001):839-44. 
Mino Y, Moriyama Y. Possible remediation of dioxin-polluted soil by steam distillation. Chem Pharm Bull (Tokyo). 2001;49(8):1050-1.  
MITI. Advisory Committee on Dioxins Measures, Environ Protect and Ind Location Bureau, Ministry Trade Ind. The 2nd interim report, Nov 1998. 
Mitrou PI, Dimitriadis G, Raptis SA. Toxic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin and related compounds. Eur J Intern Med. 12;5(2001):406-411. 
Mocarelli P, Gerthoux PM, Ferrari E, Patterson DG Jr, Kieszak SM, Brambilla P, Vincoli N, Signorini S, Tramacere P, Carreri V, Sampson EJ, Turner WE, Needham 
 LL. Paternal concent-rations of dioxin and sex ratio of offspring. Lancet 355;9218(2000):1858-63.  
Moilanen R, Pyysalo H, Wickstrom K, Linko R. Time trends of Chlordane, DDT, and PCB concentrations in pike (Esox lucius) and Baltic herring (Clupea harengus) in 
 the Turku archipelago, Northern Baltic Sea for the period 1971-1982. Bull Environ Contam Toxicol. 29(1982):334-40.  
Mollman C, Kornilovs G, Sidrevics L. Long-term dynamics of main mesozooplankton species in the central Baltic Sea. J Plankton Res. 22(2000):2015–38. 
Mollmann C, Koster FW. Food consumption by clupeids in the Central Baltic: evidence for top-down control? ICES J Mar Sci 56;1(1999):100-13. 
Monagheddu M, Mulas G, Doppiu S, Cocco G, Raccanelli S. Reduction of polychlorinated dibenzodioxins and dibenzofurans in contaminated muds by mechanically 
 induced combustion reactions. Environ Sci Technol. 33(1999):2485-8.  
Monna L, Omori T, Kodama T.  Microbial degradation of dibenzofuran, fluorene, and dibenzo-p-dioxin by Staphylococcus auriculans DBF63. Appl Environ Microbiol. 
 1993;59(1):285-9. 
Moore MN. Biocomplexity: the post-genome challenge in ecotoxicology. Aq Toxicol. 59;1-2(2002):1-15. 
Moore RW, Jefcoate CR, Peterson RE. 2,3,7,8-Tetrachlorodibenzo-p-dioxin inhibits steroidogenesis in the rat testis by inhibiting the mobilization of cholesterol to 
 cytochrome P450scc. Toxicol Appl Pharmacol. 109;1(1991):85-97.  
Morgan MG, Henrion M. Uncertainty : a guide to dealing with uncertainty in quantitative risk and policy analysis. Cambridge, Cambridge Univ Press 1990. 
Moriguchi T, Motohashi H, Hosoya T, Nakajima O, Takahashi S, Ohsako S, Aoki Y, Nishimura N, Tohyama C, Fujii-Kuriyama Y, Yamamoto M. Distinct response to 
 dioxin in an arylhydrocarbon receptor (AHR)-humanized mouse. Proc Natl Acad Sci U S A. 100;10(2003):5652-7. Epub 2003 May 01. 
Morimoto K, Tatsumi K. Effect of humic substances on the enzymatic formation of OCDD from PCP. Chemosphere 34;5-7(1997):1277-83.  
Morris PJ, Quensen III JF, Tiedje JM, Boyd SA. An assessment of the reductive debromination of polybrominated biphenyls in the Pine River reservoir. Environ Sci 
 Technol. 27;8(1993):1580-6.  
Mortensen P, Bergman A, Bignert A, Hansen H-J, Harkonen T, Olsson M. Prevalence of skull lesions in harbour seals (Phoca vitulina) in Swedish and Danish 
 Museum collections: 1835-1988. Ambio 21(1992):520-4. 
Moschandreas DJ, Karuchit S, Berry MR, O'Rourke MK, Lo D, Lebowitz MD, Robertson G. Exposure apportionment: ranking food items by their contribution to dietary 
 exposure. J Expo Anal Environ Epidemiol. 2002;12(4):233-43. 
Moser GA, McLachlan MS. A non-absorbable dietary fat substitute enhances elimination of persistent lipophilic contaminants in humans. Chemosphere 
 1999;39(9):1513-21.  
Moser GA, McLachlan MS. Modeling digestive tract absorption and desorption of lipophilic organic contaminants in humans. Environ Sci Technol. 2002;36(15):3318-
 25.  
Moser GA, McLachlan MS. The influence of dietary concentration on the absorption and excretion of persistent lipophilic organic pollutants in the human intestinal 
 tract. Chemosphere 2001;45(2):201-11.  
Moshammer H, Neuberger M. Sex ratio in the children of the Austrian chloracne cohort. Lancet 356;9237(2000):1271-2.  
Mounts TL, Dutton HJ, Evans CD, Cowan JC. Chick edema factor: removal from soybean oil. J Am Oil Chem Soc. 1976;53(3):105-7.  
Mousa MA, Ganey PE, Quensen JF 3rd, Madhukar BV, Chou K, Giesy JP, Fischer LJ, Boyd SA. Altered biologic activities of commercial polychlorinated biphenyl 
 mixtures after microbial reductive dechlorination. Environ Health Perspect. 106 Suppl 6(1998):1409-18. 
Mroueh U-M. Vaarallisten aineiden paastot (Emissions of hazardous substances, in Finnish). Espoo, VTT. VTT:n tiedote 1414(1992).  
Mrozek-Lejman J, Karbowniczek-Gratkowska G. The position of the seasonal thermocline in southern Baltic waters polluted with crude oil ... Oceanographic Literature 
 Review,Oceanogr Lit Rev, Jul 1997. 
Muir DC, Lawrence S, Holoka M, Fairchild WL, Segstro MD, Webster GRB, Servos MR. Partitioning of polychlorinated dioxins and furans between water, sediments 
 and biota in lake mesocosms. Chemosphere 25(1992):119-24. 
Muir DC, Yarechewski AL, Metner DA, Lockhart WL. Dietary 2,3,7,8-tetrachlorodibenzofuran in rainbow trout: accumulation, disposition, and hepatic mixed-function 
 oxidase enzyme induction. Toxicol Appl Pharmacol 1992;117(1):65-74.  
Mulvad G, Pedersen HS, Hansen JC, Dewailly E, Jul E, Pedersen M, Deguchi Y, Newman WP, Malcom GT, Tracy RE, Middaugh JP, Bjerregaard P. The Inuit diet. 

Fatty acids and antioxidants, their role in ischemic heart disease, and exposure to organochlorines and heavy metals. An international study. Arctic Med Res. 
1996;55 Suppl 1:20-4. 



 

 

300

 

Murk A, Morse D, Boon J, Brouwer A. In vitro metabolism of 3,3',4,4'-tetrachlorobiphenyl in relation to ethoxyresorufin-O-deethylase activity in liver microsomes of 
 some wild species and rat. Eur J Pharmacol - Environ Toxicol Pharmacol. Sect. 270(1994):253-61.  
Murk AJ, Boudewijn TJ, Menninger PL, Bosveld AT, Rossaert G, Ysebaert T, Meire P, Dirksen S. Effects of polyhalogenated aromatic hydrocarbons and related 
 contaminants on common tern reproduction: integration of biological, biochemical, and chemical data. Arch Environ Contam Toxicol. 1996;31(1):128-40.  
Murk AJ, Leonards PEG, Bulder AS, Jonas AS, Rozemeijer MJC, Denison MS, Koeman JH, Brouwer A. The calux (chemical-activated luciferase expression) assay 
 adapted and validated for measuring TCDD equivalents in blood plasma. Environ Toxicol Chem. 16;8(1997):1583-9.  
Murk AJ, Leonards PEG, van Hattum B, Luit R, van der Weiden MEJ, Smit M. Application of biomarkers for exposure and effect of polyhalogenated aromatic  
 hydrocarbons in naturally exposed European otters (Lutra lutra). Environ Toxicol Pharmacol 6;2(1998):91-102.  
Murray FJ, Smith FA, Nitschke KD, Humiston CG, Kociba RJ, Schwetz BA. Three-generation reproduction study of rats given 2,3,7,8-tetrachlorodibenzo-p-dioxin 
 (TCDD) in the diet. Toxicol Appl Pharmacol. 50;2(1979):241-52.  
Murray V, Goodfellow F, Bogle R. Cerebral dysfunction after water pollution incident in Camelford. Inappropriate study, inappropriate conclusions. Br Med J. 2000  
 13;320(7245):1338.  
Mustonen R, Elovaara E, Zitting A, Linnainmaa K, Vainio H. Effects of commercial chlorophenolate, 2,3,7,8-TCDD, and pure phenoxyacetic acids on hepatic  
 peroxisome proliferation, xenobiotic metabolism and sister chromatid exchange in the rat. Arch Toxicol 1989;63(3):203-8.  
Muto T, Imano N, Nakaaki K, Takahashi H, Hano H, Wakui S, Furusato M. Estrous cyclicity and ovarian follicles in female rats after prenatal exposure to 3,3',4,4',5-
 pentachlorobiphenyl. Toxicol Lett. 2003;143(3):271-7.  
Muto H, Saito K, Shinada M, Takizawa Y. Concentrations of polychlorinated dibenzo-p-dioxins and dibenzofurans from chemical manufacturers and waste disposal 
 facilities. Environ Res. 1991;54(2):170-82.  
Muto H, Saito K, Funayama H. PCDD/DF formations by the heterogeneous thermal reactions of phenols and their TiO2 photocatalytic degradation by batch-recycle 
 system. Chemosphere 2001;45(2):129-36.  
Muto H, Shinada M, Abe T, Takizawa Y. The tissue distribution of 2,3,7,8-chlorine substituted dibenzo-p-dioxins in humans who died of cancer.¨ Life Sci. 
 1991;48(17):1645-57. 
Muto H, Takizawa Y. Dioxins in cigarette smoke. Arch Environ Health. 44;3(1989):171-4. 
Muto T, Wakui S, Imano N, Nakaaki K, Takahashi H, Hano H, Furusato M, Masaoka T. Mammary gland differentiation in female rats after prenatal exposure to 
 3,3',4,4',5-pentachlorobiphenyl. Toxicology. 2002;177(2-3):197-205.  
Münch J, Axenfeld, F. Historic emission database of selected Persistent Organic Pollutants (POPs) in Europe (1970-95) - PCDD/F, B(a)P, PCB, �-HCH, HCB, 

DDE/DDT, project ENV4-CT96-0214 on Environmental cycling of selected Persistent Organic Pollutants (POPs) in the Baltic Region (POPCYCLING-BALTIC) 
funded by UBA, Berlin and EC DG XII. 

Myrberg K, Andrejev O. Main upwelling regions in the Baltic Sea – a statistical analysis based on three-dimensional modelling. Boreal Environ Res. 8(2003):97-112. 
Naf C, Broman D, Ishaq R, Zebühr Y. PCDDs and PCDFs in water, sludge and air samples from various levels in a waste water treatment plant with respect to 
 composition changes and total flux. Chemosphere 20;10-12(1990):1503-10.   
Naf C, Broman D, Pettersen H, Rolff C, Zebühr Y. Flux estimates and pattern recognition of particulate polycyclic aromatic hydrocarbons, polychlorinated dibenzo-p-
 dioxins, and dibenzofurans in the waters outside various emission sources on the Swedish Baltic coast. Environ Sci Technol. 26(1992):1444-57. 
Nafstad P, Nystad W, Magnus P, Jaakkola JJ. Asthma and allergic rhinitis at 4 years of age in relation to fish consumption in infancy. J Asthma 40;4(2003):343-8. 
Nagao T, Golor G, Hagenmaier H, Neubert D. Teratogenic potency of 2,3,4,7,8-pentachlorodibenzofuran and of three mixtures of polychlorinated dibenzo-p-dioxins 
 and dibenzofurans in mice. Problems with risk assessment using TCDD toxic-equivalency factors.  Arch Toxicol. 1993;67(9):591-7.  
Nagayama J, Nagayama M, Haraguchi K, Kuroki H, Masuda Y. Induction of sister chromatid exchanges in cultured human lymphocytes with methylsulphonyl PCB 
 congeners. Fukuoka Igaku Zasshi. 1999;90(5):238-45.  
Nagayama J, Tsuji H, Iida T, Hirakawa H, Matsueda T, Fukushige J, Watanabe T. Sexual difference in effects of dioxins on immune response system in japanese 
 infants. Organohalogen Compds. 59(2002):135-8. CD-ROM. 
Nagayama J, Tsuji H, Iida T, Nagagawa R, Matsueda T, Hirakawa H, Shiraha A, Yanagawa T, Fukushige J, Watanabe T. Effects of PCDDs, PCDFs and coplanar 
 PCBs on immune response and thyroid hormone systems in Japanese mothers. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 4, Section 4. 
Nagy SR, Liu G, Lam KS, Denison MS. Identification of novel Ah receptor agonists using a high-throughput green fluorescent protein-based recombinant cell 
 bioassay. Biochem 2002;41(3):861-8. 
Nagy SR, Sanborn JR, Hammock BD, Denison MS. Development of a green fluorescent protein-based cell bioassay for the rapid and inexpensive detection and 
 characterization of Ah receptor agonists. Toxicol Sci. 2002;65(2):200-10. 
Naikwadi KP, Albrecht ID, Karasek FW. Mechanism of formation of PCDD/PCDF in industrial waste incineration and a method of prevention of their formation. 
 Chemosphere 27;1-3(1993):335-42.  
Naito W, Jin J, Kang YS, Yamamuro M, Masunaga S, Nakanishi J. Dynamics of PCDDs/DFs and coplanar-PCBs in an aquatic food chain of Tokyo Bay. 
 Chemosphere 53;4(2003):347-62. 
Naito W, Murata M, Yoshida K. Evaluation of population-level ecological risks of fish-eating birds to dioxinlike PCBs exposure. Organohalogen Compds. 
 66(2004):3350-5. 
Nakamiya K, Ishii K, Yoshizaki K, Furichi T. Biodegradation of dioxins by activated sludge. Organohalogen Compds. 45(2000):468B-71. 
Nakayachi K. Do people actually pursue risk elimination in environmental risk management? Risk Anal. 2000;20(5):705-11.  
Narasimhan TR, Craig A, Arellano L, Harper N, Howie L, Menache M, Birnbaum L, Safe S. Relative sensitivities of 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced 
 Cyp1a-1 and Cyp1a-2 gene expression and immunotoxicity in female B6C3F1 mice. Fundam Appl Toxicol. 1994;23(4):598-607. 
National Academies. Dioxins and dioxin-like compounds in the food supply: Strategies to decrease exposure. Committee on the Implications of Dioxin in the Food 
 Supply, Food and Nutrition Board, Institute of Medicine of the National Academies. The National Academies Press, Washington, D.D. 2003. 318 p. 
Natsume N, Kawai T, Le H. In Vietnam, many congenital anomalies are believed to result from the scattering of defoliants, including dioxin. Cleft Palate Craniofac J. 
 1998;35(2):183.  
SNV.  Vägledning för efterbehandling av träskyddsanläggningar. Naturvårdsverket Rapport 4963(1999).   
SNV. Branchkartläggningen. En översiktlig kartläggning av efterbehandlingsbehovet i Sverige. Efterbehandling ov sanering. Naturvårdsverket Rapport 4393(1995). 
Nawrot TS, Staessen JA, Den Hond EM, Koppen G, Schoeters G, Fagard R, Thijs L, Winneke G,  Roels HA. Host and Environmental Determinants of Polychlorinated 
 Aromatic Hydrocarbons in Serum of Adolescents. Environ Health Perspect 110(2002):583-9. 
Nebert DW, McKinnon RA, Puga A. Human drug-metabolizing enzyme polymorphisms: Effects on risk of toxicity and cancer. DNA Cell Biol. 15;4(1996):273-80. 
Nelson M, Black AE, Morris JA,  Cole TJ. Between- and within-subject variation in nutrient intake from infancy to old age: estimating the number of days required to 
 rank dietary intakes with desired precision. Am J Clin Nutr. 50(1989):155-67. 
Nesaretnam K, Corcoran D, Dils RR, Darbre P. 3,4,3',4'-Tetrachlorobiphenyl acts as an estrogen in vitro and in vivo. Mol Endocrinol. 10;8(1996): 923-36.  
Nesaretnam K, Darbre P. 3,5,3',5'-Tetrachlorobiphenyl is a weak oestrogen agonist in vitro and in vivo. J Steroid Biochem Mol Biol. 62;5-6(1997):409-18.  
Nesaretnam K, Hales E, Sohail M, Krausz T, Darbre P. 3,3',4,4'-tetrachlorobiphenyl (TCB) can enhance DMBA-induced mammary carcinogenesis in the rat. Eur J 
 Cancer 34;3(1998):389-93. 
Ness DK, Schantz SL, Moshtaghian J, Hansen LG. Effects of perinatal exposure to specific PCB congeners on thyroid hormone concentrations and thyroid histology 
 in the rat. Toxicol Lett. 68;3(1993):311-23.  
Nessel CS, Butler JP, Post GB, Held JL, Gochfeld M, Gallo MA. Evaluation of the relative contribution of exposure routes in a health risk assessment of dioxin  
 emissions from a municipal waste incinerator. J Expo Anal Environ Epidemiol. 1991;1(3):283-307.  
Nestrick TJ, Lamparski LL. Assessment of chlorinated dibenzo-p-dioxin formation and potential emission to the environment from wood combustion. Chemosphere 
 12(1983):617-26.  
Neubert D, Wiesmuller T, Abraham K, Krowke R, Hagenmaier H. Persistence of various polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs and PCDFs) in 
 hepatic and adipose tissue of marmoset monkeys. Arch Toxicol. 1990;64(6):431-42. 



 

 

301

 

Neubert D. Reflections on the assessment of the toxicity of "dioxins" for humans, using data from experimental and epidemiological studies. Teratog Carcinog 
 Mutagen 17;4-5(1997-98):157-215.  
Neubert R, Golor G, Maskow L, Helge H, Neubert D. Evaluation of possible effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin and other congeners on lymphocyte 
 receptors in Callithrix jacchus and man. Exp Clin Immunogenet. 11;2-3(1994a):119-27.  
Neubert R, Golor G, Helge H, Neubert D. Risk assessment for possible effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related substances on components 
 and functions of the immune system. Exp Clin Immunogenet. 11;2-3(1994b):163-71.  
Neubert R, Golor G, Stahlmann R, Helge H, Neubert D. Polyhalogenated dibenzo-p-dioxins and dibenzofurans and the immune system. 4. Effects of multiple-dose 

treatment with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on peripheral lymphocyte subpopulations of a non-human primate (Callithrix jacchus). Arch Toxicol. 
66;4(1992):250-9.  

Neubert R, Maskow L, Triebig G, Broding HC, Jacob-Muller U, Helge H, Neubert D. Chlorinated dibenzo-p-dioxins and dibenzofurans and the human immune system: 
 3. Plasma immunoglobulins and cytokines of workers with quantified moderately-increased body burdens. Life Sci. 66;22(2000):2123-42.  
Neurath C. Open burning of domestic wastes: the single largest source of dioxin. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 4, Section 1. 
Neus H, Schumann M, Koss G. [Uncertainty analysis of quantitative risk assessment in temporally variable exposures: model observations based on biological and 
 epidemiological risk models] Schriftenr Ver Wasser Boden Lufthyg. 1999;103:140-200. German.  
Newsted JL, Giesy JP. Effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on the epidermal growth factor receptor in hepatic plasma membranes of rainbow trout. 
 Toxicol Appl Pharmacol. 118;1(1993):119-30.  
NFAF. EU research project on dioxin in fish. Results of the dioxin project. Natl Food Agency Finland, Helsinki, Finland 2004. http://www.elintarvikevirasto.fi/english/ 
Niimi AJ. Evaluation of PCBs and PCDD/Fs retention by aquatic organisms. Sci Total Environ. 192;2(1996):123-50.  
Nikolaidis E, Brunstrom B, Dencker L. Effects of TCDD and its congeners 3,3',4,4'-tetrachloroazoxybenzene and 3,3',4,4'-tetrachlorobiphenyl on lymphoid 
 development in the thymus of avian embryos. Pharmacol Toxicol. 1988;63(5):333-6.  
Nikolaidis E, Brunstrom B, Dencker L. Effects of the TCDD congeners 3,3',4,4'-tetrachlorobiphenyl and 3,3',4,4'-tetrachloroazoxybenzene on lymphoid development in 
 the bursa of Fabricius of the chick embryo. Toxicol Appl Pharmacol 92;2(1988):315-23. 
Nilsson LAF, Høgsbro Thygesen U, Lundgren B, Friis Nielsen B, Nielsen JR, Beyer JE. Vertical migration and dispersion of sprat (Sprattus sprattus) and herring 
 (Clupea harengus) schools at dusk in the Baltic Sea. Aquat Living Resources 16;3(2003):317-24. 
Nip MI, De Haes HAU. Ecosystem approaches to environmental quality. Environ Manage. 19(1995):135-45.  
Nisbet ICT, Fry DM, Hatch JJ, Lynn B. Feminization of male common tern embryos is not correlated with exposure to specific PCB congeners. Bull Environ Contam 
 Toxicol. 57(1996):895-901. 
Nishizumi M, Masuda Y. Enhancing effect of 2,3,4,7,8-pentachlorodibenzofuran and 1,2,3,4,7,8-hexachlorodibenzofuran on diethylnitrosamine hepatocarcinogenesis 
 in rats. Cancer Lett. 33;3(1986):333-9. 
Noaksson E, Tjarnlund U, Ericson G, Balk L. Biological effects on viviparous blenny exposed to chrysene and held in synthetic as well as in natural brackish water. 
 Mar Environ Res. 46;1-5(1998):81-5. 
[No authors listed] Courtrooms as confusing arenas for political and ideological persecution. Regul Toxicol Pharmacol. 1992;15(1):1-2.  
[No authors listed] Dioxin damages denied. Nature 351;6328(1991):591-2.  
[No authors listed]. Evaluation and use of epidemiological evidence for environmental health risk assessment: WHO guideline document. Environ Health Perspect. 
 108;10(2000):997-1002. 
Nohara K, Izumi H, Tamura S, Nagata R, Tohyama C. Effect of low-dose 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on influenza A virus-induced mortality in  mice. 
 Toxicol. 170;1-2(2002):131-8.  
Norback DH, Engblom JF, Allen JR. Tissue distribution and excretion of octachlorodibenzo rho dioxin in the rat. Toxicol Appl Pharmacol. 32;2(1975):330-8.  
Norén K, Lundén A. Trend studies of polychlorinated biphenyls, dibenzo-p-dioxins and dibenzofurans in human milk. Chemosphere 23;11-12(1991):1895-901. 
Noren K, Meironyte D. 2000. Certain organochlorine and organobromine contaminants in Swedish human milk in perspective of past 20-30 years. Chemosphere 
 40(2000):1111-23.  
Norstrom A, Rappe C, Lindahl R, Buser HR. Analysis of some older Scandinavian formulations of 2,4-dichlorophenoxy acetic acid and 2,4,5-trichlorophenoxy acetic 
 acid for contents of chlorinated dibenzo-p-dioxins and dibenzofurans. Scand J Work Environ Health 5;4(1979):375-8. 
Norstrom K, Olsson A, Olsson M, Bergman A. Bis(4-chlorophenyl) sulfone (BCPS) in Swedish marine and fresh water wildlife–a screening study. Environ Int. 
 30;5(2004):667-74. 
North DW. Risk characterization: A bridge to informed decision making. Fundam Appl, Toxicol. 39;2(1997):81-8. 
Nosek JA, Craven SR, Sullivan JR, Hurley SS, Peterson RE. Toxicity and reproductive effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in ring-necked pheasant hens. J 
 Toxicol Environ Health 35;3(1992b):187-98. 
Nosek JA, Craven SR, Sullivan JR, Olson JR, Peterson RE. Metabolism and disposition of 2,3,7,8-tetrachlorodibenzo-p-dioxin in ring-necked pheasant hens, chicks, 
 and eggs. J Toxicol Environ Health 35;3(1992a):153-64. 
Novey LB. Collective judicial management of mass toxic tort controversies: lessons and issues from the Agent Orange litigation. Soc Sci Med. 1988;27(10):1071-84. 
NRC. Risk assessment in the federal government: Managing the process. U.S. National Research Council 1983. National Academy Press, Washington, DC. 
NRC. Risk evaluation and biological reference points for fisheries management. Ottawa, National Research Council 1993. 
NRC. Understanding risk. Informing decisions in a democratic society. National Research Council 1996. National Academy Press, Washington, DC. 
Nylund K, Asplund L, Jansson B, Jonsson P, Litzén K, Sellstrom U. Analysis of some polyhalogenated organic pollutants in sediment and sewage sludge. 
 Chemosphere 24(1992):1721-30.  
Nyman M, Bergknut M, Fant ML, Raunio H, Jestoi M, Bengs C, Murk A, Koistinen J, Backman C, Pelkonen O, Tysklind M, Hirvi T, Helle E. Contaminant exposure and 
 effects in Baltic ringed and grey seals as assessed by biomarkers. Mar Environ Res. 2003;55(1):73-99.  
Nyman M, Koistinen J, Fant ML, Vartiainen T, Helle E. Current levels of DDT, PCB and trace elements in the Baltic ringed seals (Phoca hispida baltica) and grey 
 seals (Halichoerus grypus). Environ Pollut. 119;3(2002):399-412.  
Nyman M, Raunio H, Pelkonen O. Expression and inducibility of members in the cytochrome P4501 (CYP1) family in ringed and grey seals from polluted and less 
 polluted waters.  Environ  Toxicol Pharmacol. 8;4(2000):217-25.   
Nyman M, Raunio H, Taavitsainen P, Pelkonen O. Characterization of xenobiotic-metabolizing cytochrome P450 (CYP) forms in ringed and grey seals from the Baltic 
 Sea and reference sites. Comp Biochem Physiol Part C: Toxicol Pharmacol. 128;1(2001):99-112. 
Nyman M. Biomarkers for exposure and for the effects of contamination with polyhalogenated aromatic hydrocarbons in Baltic ringed and grey seals. PhD thesis, Univ 
 Helsinki 2000. 
Oberg LG, Glas B, Swanson SE, Rappe C, Paul KG. Peroxidase-catalyzed oxidation of chlorophenols to polychlorinated dibenzo-p-dioxins and dibenzofurans. Arch 
 Environ Contam Toxicol. 19(1990):930-8. 
Oberg LG, Rappe C. Biochemical formation of PCDD/Fs from chlorophenols. Chemosphere 25(1992):49-52. 
Oberg LG, Wagman N, Andersson R, Rappe C. De novo formation of PCDD/Fs in compost and sewage sludge — a status report. Organohalogen Compds. 
 11(1993):297–302. 
Oberg M, Andersson PL, Johansson N, Tysklind M, Hakansson H. Multivariate modelling of polychlorinated biphenyl-induced CYP1A activity in the MH1C1 rat 
 hepatoma cell line. Altern Lab Anim. 29;3(2001):291-5.  
Oberg M, Sjodin A, Casabona H, Nordgren I, Klasson-Wehler E, Hakansson H. Tissue distribution and half-lives of individual polychlorinated biphenyls and serum 
 levels of 4-Hydroxy-2,3,3',4',5-pentachlorobiphenyl in the rat. Toxicol Sci. 70;2(2002):171-82.  
Oberg M, Stern N, Jensen S, Wesen C, Haglund P, Casabona H, Johansson N, Blomgren K, Hakansson H. Subchronic toxicity of Baltic herring oil and its fractions in 
 the rat I: Fractionation and levels of organohalogen pollutants. Pharmacol Toxicol. 91;5(2002):220-31.  
Oberg T. Forekomst av PCB och PCN i varor och kemiska produkter i Sverige. Kemikalieinspektionen, Solna. 24 p. KemI Publ. PM-18/94. Version s001 downloaded 
 from http://www.tomasoberg.com 



 

 

302

 

Odsjo T, Bignert A, Olsson M, Asplund L, Eriksson U, Haggberg L, Litzén K, de Wit C, Rappe C, Aslund K. The Swedish environmental specimen bank - application in 
 trend monitoring of mercury and some organohalogenated compounds. Chemosphere 34;9-10(1997):2059-66.  
Odsjo T. Manual and standard operating procedures in Nordic environmental specimen banking. Chemosphere 34;9-10(1997):1955-60.  
OECD. Risk reduction monograph No. 3: Selected brominated flame retardants. Monograph Series No. 97, Organiz Econ Cooper Devel, Paris 1994. 
OECD. Managing the environment: The role of economic instruments. OECD, Paris1994. 191 p. 
Oehme M, Müller MD. Levels and congener patterns of polychlorinated dibenzo-p-dioxins and dibenzofurans in solid residues from wood-fired boilers. Influence of 
 combustion conditions and fuel type. Chemosphere 30;8(1995):1527-39.  
Oenga GN, Spink DC, Carpenter DO. TCDD and PCBs inhibit breast cancer cell proliferation in vitro. Toxicol In Vitro 18;6(2004):811-9. 
Ogata M, Fujisawa K, Ogino Y, Mano E. Partition coefficients as a measure of bioconcentration potential of crude oil compounds in fish and shellfish. Bull Environ 
 Contam Toxicol. 33;5(1984):561-7. 
Ogura I, Masunaga S, Nakanishi J. Atmospheric deposition of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and dioxin-like polychlorinated 
 biphenyls in the Kanto Region, Japan. Chemosphere 44;6(2001):1473-87.  
Ogura I, Masunaga S, Nakanishi J. Quantitative source identification of dioxin-like PCBs in Yokohama, Japan, by temperature dependence of their atmospheric 
 concentrations. Environ Sci Technol. 38;12(2004):3279-85. 
Ogura I, Masunaga S, Yoshida K, Nakanishi J, Identification of sources of dioxin-like PCBs in sediments of Japan by a chemical mass balance approach. 
 Organohalogen Compds. 56(2002):473-6. 
Oh J-E, Choi J-S, Chang Y-S. Gas/particle partitioning of polychlorinated dibenzo-p-dioxins and dibenzofurans in atmosphere; evaluation of predicting models. Atm 
 Environ. 35;24(2001):4125-34.  
O'Halloran J, Irwin S, Harrison S, Smiddy P, O'Mahony B. Mercury and organochlorine content of Dipper Cinclus cinclus eggs in south-west Ireland: trends during 
 1990-1999. Environ Pollut. 2003;123(1):85-93. 
Ohsako S, Miyabara Y, Nishimura N, Kurosawa S, Sakaue M, Ishimura R, Sato M, Takeda K, Aoki Y, Sone H, Tohyama C, Yonemoto J. Maternal exposure to a low 

dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) suppressed the development of reproductive organs of male rats: dose-dependent increase of mRNA levels 
of 5alpha-reductase type 2 in contrast to decrease of androgen receptor in the pubertal ventral prostate. Toxicol Sci. 60;1(2001):132-43. 

Oishi H, Oishi S. Tissue distribution and elimination of chlorinated naphthalenes in mice. Toxicol Lett 1983;15(2-3):119-22. 
Ojaveer E, Lehtonen H. Fish stocks in the Baltic Sea: Finite or infinite resource? Ambio 30;4-5(2001):217-21. 
O'Keefe PW, Miller J, Smith R, Connor S, Clayton W, Storm R. Separation of extracts from biological tissues into polycyclic aromatic hydrocarbon, polychlorinated 
 biphenyl and  polychlorinated dibenzo-p-dioxin/polychlorinated dibenzofuran fractions prior to analysis. J Chromatogr A. 1997;771(1-2):169-79.  
Okey AB, Riddick DS, Harper PA. The Ah receptor: mediator of the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds. Toxicol Lett. 
 1994;70(1):1-22. 
Oku A, Tomari K, Kamada T, Yamada E, Miyata H, Aozasa O. Destruction of PCDDs and PCDFs. A convenient method using alkali-metal hydroxide in 1,3-dimethyl-
 2-imidazolidinone (DMI). Chemosphere 39;8(1995):3873-8. 
Olsen SF, Olsen J, Frische G. Does fish consumption during pregnancy increase fetal growth? A study of the size of the newborn, placental weight and gestational 
 age in relation to fish consumption during pregnancy. Int J Epidemiol. 19;4(1990):971-7. 
Olsman H, Engwall M, van Bavel B, Bjornfoth H, Hagberg J, Lindstrom G. Comparison of CALUX-TEQs and levels of PCDD/F and PCB in SFE-extracts of human 
 adipose tissue. Organohalogen Compds. 60-65(2003), CD-ROM Vol 1, Section 3. 
Olsman H, Bjornfoth H, van Bavel B, Lindstrom G, Schnürer A, Engwall M. Characterisation of dioxin-like compounds in anaerobically digested organic material by 
 bioassaydirected fractionation. Organohalogen Compds. 58(2002a):345-8. CD-ROM. 
Olsman H, van Bavel B, Kalbin G, Pettersson A, Stenlund S, Strid A, Engwall M. Formation of dioxin-like compounds as photoproducts of decabrominated diphenyl 
 ether (DeBDE) during UV irradiation. Organohalogen Compds. 58(2002b):41-4. CD-ROM. 
Olsson A, Ceder K, Bergman A, Helander B. Nestling blood of the white-tailed sea eagle (Haliaeetus albicilla) as an indicator of territorial exposure to organohalogen 
 compounds - An evaluation. Environ Sci Technol. 34;13(2000):2733-40. 
Olsson A, Vitinsh M, Plikshs M, Bergman A. Halogenated environmental contaminants in perch (Perca fluviatilis) from Latvian coastal areas. Sci Total Environ. 239;1-
 3(1999):19-30.  
Olsson M, Bignert A, Eckhell J, Jonsson P. Comparison of temporal trends (1940s-1990s) of DDT and PCB in Baltic sediment and biota in relation to eutrophication. 
 Ambito 29(2000):195-201. 
Olsson M, Bignert A, Odsj T, Persson W, Litzén K, Eriksson U, Haggberg L, Alsberg T. Temporal trends of organochlorines in Northern Europe, 1967-1995 support 
 long ranged transport but not the `grass-hopper effect'. Organohalogen Compds. 33(1997):99-104. 
Olsson M, Karlsson B, Ahnland E. Diseases and environmental contaminants in seals from the Baltic and the Swedish west coast. Sci Total Environ. 154;2-
 3(1994):217-27.  
Omstedt A, Meuller L, Nyberg L. Interannual, seasonal and regional variations of precipitation and evaporation over the Baltic Sea. SMHI, S-601 76 Norrkoping. 
 Ambio 26;8(1997):484-92. 
Onodera S, Iino N, Matsuda M, Ishikura S. Chemical changes of organic compounds in chlorinated water. VI. Gas chromatographic and mass spectrometric studies of 
 the reactions of phenylphenols with hypochlorite in dilute aqueous solution. J Chromatigr A 265(1983):201-13. 
Oost van der R, Beyer J, Vermeulen NPE. Fish bioaccumulation and biomarkers in environmental risk assessment: a review. Environ Toxicol Pharmacol. 
 13;2(2003):57-149.  
Opperhuizen A, Sijm DTHM. Bioconcentration and bioaccumulation of polychlorinated dibenzo-p-dioxins and dibenzofurans in fish. Environ Toxicol Chem. 
 9(1990):175-86. 
Orazio C, Tillitt D, Echols K, Gale R, Zykova G, Semenov S, Pasynkova E, Samsonov D, Chernik G, Amirova Z, Adibi J, Altshul L. A Russian-American interlaboratory 
 comparison for dioxins, furans and PCBs in whole body fish tissue.  Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 2. 
Oreskes N, Shrader-Frechette K, Belitz K. Verification, validation, and confirmation of numerical models in the, earth sciences. Science 263 (1994):641-46.  
Osako M, Kim YJ, Lee DH. A pilot and field investigation on mobility of PCDDs/PCDFs in landfill site with municipal solid waste incineration residue. Chemosphere 
 2002;48(8):849-56. 
Osborne R, Dold KM, Greenlee WF. Evidence that 2,3,7,8-tetrachlorodibenzo-p-dioxin and thyroid hormones act through different mechanisms in human 
 keratinocytes. Toxicol Appl Pharmacol. 90;3(1987):522-31.  
Osius N, Karmaus W, Kruse H, Witten J. Exposure to polychlorinated biphenyls and levels of thyroid hormones in children. Environ Health Perspect. 
 107;10(1999):843-9. 
Ott MG, Zober A. Morbidity study of extruder personnel with potential exposure to brominated dioxins and furans. II. Results of clinical laboratory studies. Occup 
 Environ Med. 53;12(1996):844-6.  
Ottar B. The transfer of airborne pollutants to the Arctic region. Atmos Environ. 15;8(1981):1439-45. 
Oughton JA, Pereira CB, DeKrey GK, Collier JM, Frank AA, Kerkvliet NI. Phenotypic analysis of spleen, thymus, and peripheral blood cells in aged C57B1/6 mice 
 following long-term exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Fundam Appl Toxicol. 25;1(1995):60-9. 
Paasivirta J. Chemical ecotoxicology. Chelsea, Lewis Publ. 1991. 210 p. 
Paasivirta J. Alkylaromatic chlorohydrocarbons. Paasivirta J (ed.), New types of persistent halogenated compounds. The Handbook of Environmental Chemistry Vol 
 3. Anthropogenic Compounds, Part K. (Hutzinger O, ed-in-chief). Springer, Berlin et al. 2000. Pp. 1-30.   
Paasivirta J, Herzschuh R, Humppi T, Kantolahti E, Knuutinen J, Lahtipera M, Laitinen R, Salovaara J,   Tarhanen J, Virkki L. Pyrolysis products of PCBs. Environ 
 Health Perspect. 60(1985):269-78. 
Paasivirta J, Sinkkonen S. Temperature dependencies of vapour pressures and solubilities of PCBs, PCDDs and PCDFs for modelling their environmental fate. 
 Organohalogen Compds. 36(1998):389-92. 



 

 

303

 

Paasivirta J, Sinkkonen S, Mikkelson P, Rantio T, Wania F. Estimation of vapor pressures, solubilities and Henry's law constants of selected persistent organic 
 pollutants as functions of temperature. Chemosphere 39;5(1999):811-32. 
Pacyna JM et al. Environmental cycling of selected persistent organic pollutants (POPs) in the Baltic region (POPCYCLING-Baltic project). Technical Report, 
 Appendix A to the Executive Final Summary Report. EU DGXII, Environment and Climate Program, Contract No. ENV4-CT96-0214. 1999. 
Pacyna JM, Breivik K, Münch J, Fudala J. European atmospheric emissions of selected persistent organic pollutants, 1970–1995. Atm Environ 37;Suppl 1(2003):119-
 31.  
Palauckek N, Scholz B. Destruction of polychlorinated dibenzo-p-dioxins and dibenzofurans in contaminated water samples using ozone. Chemosphere 
 16(1987):1857-63. 
Papke O. PCDD/PCDF: human background data for Germany, a 10-year experience. Environ Health Perspect. 1998;106 Suppl 2:723-31.  
Parkin RT, Balbus JM. Variations in concepts of "susceptibility" in risk assessment. Risk Anal. 2000;20(5):603-11.  
Parma Z, Vosta J, Horejs J, Pacyna JM, Thomas D. 1995. Atmospheric emission inventory guidelines for persistent organic pollutants (POPs). A report prepared for 
 External Affairs Canada. Axys Environmental Consulting Ltd, Sidnay, BC, Canada. Prague, The Czech Republic 1995.  
Parmanne R. Silakan poikasten runsaus Suomen rannikolla vuosina 1974-1996. (Abundance of Baltic herring larvae off the coast of Finland in 1974-1996, in Finnish). 
 Kalatutkimuksia – Fiskeriundersokningar 170(2001):1-44. Helsinki, Finnish Game and Fisheries Res Inst.   
Parmanne R, Popov A, Raid T. Fishery and biology of herring (Clupea harengus L.) in the Gulf of Finland: A review. Boreal Environ Res. 2;2(1997):209-16. 
Parmanne R. Herring fishery in the Bothnian Sea and the North Sea: Similarities and differences. Boreal Environ Res. 3;4(1998):321-8. 
Parmar B, Miller PF, Burt R. Stepwise approaches for estimating the intakes of chemicals in food. Regulat Toxicol Pharmacol. 26(1997):44-51. 
Parrott JL, Hodson PV, Dixon DG. Rainbow trout hepatic mixed-function oxygenase induction by polychlorinated dibenzo-p-dioxins (PCDDs) as a function of time and 
 tissue concentration. J Toxicol Environ Health. 1995;46(3):301-16. 
Partanen AM, Kiukkonen A, Sahlberg C, Alaluusua S, Thesleff I, Pohjanvirta R, Lukinmaa PL. Developmental toxicity of dioxin to mouse embryonic teeth in vitro: 
 arrest of tooth morphogenesis involves stimulation of apoptotic program in the dental epithelium. Toxicol Appl Pharmacol. 194;1(2004):24-33. 
Parzefall W. Risk assessment of dioxin contamination in human food.  Food Chem Toxicol. 40;8(2003):1185-9. http://dx.doi.org/10.1016/S0278-6915(02)00059-5. 
 http://dx.doi.org/10.1016/S0278-6915(02)00059-5.  
Patandin S, Dagnelie PC, Mulder PG, Op de Coul E, van der Veen JE, Weisglas-Kuperus N, Sauer PJ. Dietary exposure to polychlorinated biphenyls and dioxins 
 from infancy until adulthood: A comparison between breast-feeding, toddler, and long-term exposure. Environ Health Perspect. 1999;107(1):45-51.  
Patandin S, Koopman-Esseboom C, de Ridder MA, Weisglas-Kuperus N, Sauer PJ. Effects of environmental exposure to polychlorinated biphenyls and dioxins on 
 birth size and growth in Dutch children. Pediatr Res. 1998;44(4):538-45.  
Patandin S, Weisglas-Kuperus N, de Ridder MA, Koopman-Esseboom C, van Staveren WA, van der Paauw CG, Sauer PJ. Plasma polychlorinated biphenyl levels in 
 Dutch preschool children either breast-fed or formula-fed during infancy. Am J Public Health. 1997;87(10):1711-4. 
Paustenbach D. (ed.) The risk assessment of environmental and human health hazards : a textbook of case studies. New York, Wiley Co 1989. 
Paustenbach DJ, Layard MW, Wenning RJ, Keenan RE. Risk assessment of 2,3,7,8-TCDD using a biologically based cancer model: a reevaluation of the Kociba et 
 al. bioassay using 1978 and 1990 histopathology criteria. J Toxicol Environ Health. 1991;34(1):11-26.  
Pazdernik TL, Rozman KK. Effect of thyroidectomy and thyroxine on 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced immunotoxicity. Life Sci. 36;7(1985):695-703.  
Pease W, Vandenberg J, Hooper K. Comparing alternative approaches to establishing regulatory levels for reproductive toxicants: DBCP as a case study. Environ 
 Health Perspect. 91(1991):141-55. 
Pekar M, Pavlova N, Gusev A, Shatalov V, Vulikh N, Ioannisian D, Dutchak S, Berg T, Hjellbrekke A-G. 1999. Long-range transport potential of selected persistent 
 organic pollutants. EMEP Report 4/99, July 1999. Meteorological Synthesizing Centre-East, Moscow.  
Pekarek V, Grabic R, Marklund S, Puncochar M, Ullrich J. Effects of oxygen on formation of PCB and PCDD/F on extracted fly ash in the presence of carbon and 
 cupric salt. Chemosphere 43;4-7(2001):777-82.  
Pelclova D, Fenclova Z, Preiss J, Prochazka B, Spacil J, Dubska Z, Okrouhlik B, Lukas E, Urban P. Lipid metabolism and neuropsychological follow-up study of 
 workers exposed to 2,3,7,8- tetrachlordibenzo- p-dioxin. Int Arch Occup Environ Health. 75 Suppl(2002):S60-6. Epub 2002 Jul 04. 
Pelletier C, Doucet E, Imbeault P, Tremblay A. Associations between weight loss-induced changes in plasma organochlorine concentrations, serum T(3) 
 concentration, and resting metabolic rate. Toxicol Sci. 67;1(2002):46-51. 
Pence LM, Archer JC, Bluhm L, Earnheart C, Clark GC, Chu AC, Lovell R, Eckert JJ. Inter-laboratory CALUX® comparison data at low levels with traditional GC-
 HRMS confirmations. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 1, Section 3.   
Pennington D, Crettaz P, Tauxe A, Rhomberg L, Brand K, Jolliet O. Assessing human health response in life cycle assessment using ED10s and DALYs: part 2--
 Noncancer effects. Risk Anal. 2002;22(5):947-63.  
Penttila PL. Estimation of food additive intake. Nordic approach. Food Addit Contam. 13;4(1996):421-6.  
Penttila PL, Siivinen K. Control and intake of pesticide residues during 1981-1993 in Finland. Food Addit Contam. 13;6(1996):609-21. 
Persky V, Turyk M, Anderson HA, Hanrahan LP, Falk C, Steenport DN, Chatterton R Jr, Freels S; Great Lakes Consortium. The effects of PCB exposure and fish 
 consumption on endogenous hormones. Environ Health Perspect. 109;12(2001):1275-83. 
Persson Y, Anderson R, Oberg L, Tysklind M. PCDD/F contaminated soils in Northern Sweden as an outcome of wood preservation with chlorophenols. 
 Organohalogen Compds. 60-65(2003) (CD-ROM). 
Persson C, Stenberg P. Growth rate of juvenile Cormorants Phalacrocorax carbo sinensis in the nestling stage. Web document 2004. 
 http://www.home.swipnet.se/~w-48087/faglar/materialmapp/skarvmapp/cormdev.html 
Perttila M, Stenman O, Pyysalo H, Wickstrom K. Heavy metals and organochlorine compounds in seals in the Gulf of Finland. Mar Environ Res. 18(1986):1962-6. 
Pesatori AC, Zocchetti C, Guercilena S, Consonni D, Turrini D, Bertazzi PA. Dioxin exposure and non-malignant health effects: a mortality study. Occup Environ Med. 
 55;2(1998):126-31.  
Pesonen M, Celander M, Forlin L, Andersson T. Comparison of xenobiotic biotransformation enzymes in kidney and liver of rainbow trout (Salmo gairdneri). Toxicol 
 Appl Pharmacol. 1987;91(1):75-84.  
Pesonen M., Andersson TB, Sorri V, Korkalainen M. Biochemical and ultrastructural changes in the liver of Baltic salmon sac fry suffering from high mortality (M74). 
 Environ Toxicol Chem. 18(1999):1007-13. 
PMRAHC.  A decision framework for risk assessment and risk management in the Pest Management Regulatory Agency. Dec 22, 2000. Pest  Manage Regulatory 
 Agency, Health Canada. Science Policy Notice SPN2000-01 Technical Paper. www.hc-sc.gc.ca/pmra-arla/ 
Peters AK, Sanderson JT, Bergman A, van den Berg M. Induction and inhibition of Cytochrome P450 1A1, 1B1, and Ethoxyresorufin-Odeethylation activity by 
 polybrominated diphenyl ethers (PBDE) in MCF7 cells. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 2, Section 1. 
Peters LD, Porte C, Livingstone DR. Variation of antioxidant enzyme activities of sprat (Sprattus sprattus) larvae and organic contaminant levels in mixed zooplankton 
 from the southern  North Sea. Mar Pollut Bull. 2001;42(11):1087-95. 
Peterson RE, Theobald HM, Kimmel GL. Developmental and reproductive toxicity of dioxins and related compounds: cross-species comparisons. Crit Rev Toxicol. 
 1993;23(3):283-335.  
Peterson R, Milicic E. Chemical treatment of dioxin residues from wastewater processing. Chemosphere 25;7-10(1992):1565-8. 
Petroff BK, Roby KF, Gao X, Son D-S, Williams S, Johnson D, Rozman KK, Terranova PT. A review of mechanisms controlling ovulation with implications for the 
 anovulatory effects of polychlorinated dibenzo-p-dioxins in rodents. Toxicol. 158;3(2001):91-107.  
Pettersen H, Axelman J, Broman D. The relative contribution of spatial-, sampling- and analytical variation to the PAH and PCB concentrations in Baltic sea 
 sediments. Chemosphere 38;5(1999):1025-34.  
Pettersen H, Naf C, Broman D. Impact of PAH Outlets from an Oil Refinery on the Receiving Water Area--Sediment Trap Fluxes and Multivariate Statistical Analysis. 
 Mar Pollut Bull. 34;2(1997):85-95.  
Pettersson C, Rahn L, Allardd H, Boren H. Photodegradation of aquatic humic substances: An important factor for the Baltic carbon cycle ? Boreal Environ Res. 
 2;2(1997):209-16. 



 

 

304

 

Pflieger-Bruss S, Hanf V, Behnisch P, Hagenmaier H, Rune GM. Effects of single polychlorinated biphenyls on the morphology of cultured rat tubuli seminiferi. 
 Andrologia 31;2(1999):77-82. 
Pflieger-Bruss S, Hanf V, Behnisch P, Hagenmaier H, Rune GM. Effect of PCBs on spermatogenesis. Lancet 346;8981(1995):1040-1. Comment on: Lancet. 
 341;8857(1993):1392-5. 
Pflugh KK, Lurig L, Von Hagen LA, Von Hagen S, Burger J. Urban anglers' perception of risk from contaminated fish. Sci Total Environ. 228;2-3(1999):203-18. 
Phillips DH. Polycyclic aromatic hydrocarbons in the diet. Mutat Res. 1999;443(1-2):139-47.  
Piérard C, Budzinski H, Garrigues P. Grain-size distribution of polychlorobiphenyls in coastal sediments. Environ Sci Technol. 30(1996):2776-83. 
Pignatello JJ, Huang LQ. Degradation of polychlorinated dibenzo-p-dioxin and dibenzofuran contaminants in 2,4,5-T by photoassisted iron-catalyzed hydrogen 
 peroxide. Water Res. 27;12(1993):1731-6. 
Pijnenburg AM, Everts JW, de Boer J, Boon JP. Polybrominated biphenyl and diphenylether flame retardants: analysis, toxicity, and environmental occurrence. Rev 
 Environ Contam Toxicol. 1995;141:1-26.  
Pirard C, Focant JF, De PE. An improved clean-up strategy for simultaneous analysis of polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans 
 (PCDF), and polychlo-rinated biphenyls (PCB) in fatty food samples. Anal Bioanal Chem. 2002;372(2):373-81.  
Piskorska–Pliszczynska J, Grochowalski A, Wijaszka T, Kowalski B. Levels of PCDD and PCDF in fish edible tissues from Polish coastal waters. Organohalogen 
 Compds. (2004):85-  
Piskorska-Pliszczynska J, Keys B, Safe S, Newman MS. The cytosolic receptor binding affinities and AHH induction potencies of 29 polynuclear aromatic 
 hydrocarbons. Toxicol Lett. 34;1(1986):67-74.  
Pitot HC, Goldsworthy TL, Moran S, Kennan W, Glauert HP, Maronpot RR, Campbell HA. A method to quantitate the relative initiating and promoting potencies of 
 hepatocarcinogenic agents in their dose–response relationships to altered hepatic foci. Carcinogenesis 8(1987):1491-9. 
Pitt JA, Buckalew AR, House DE, Abbott BD. Adrenocorticotropin (ACTH) and corticosterone secretion by perifused pituitary and adrenal glands from rodents 
 exposed to 2,3,7, 8-tetrachlorodibenzo-p-dioxin (TCDD). Toxicology 151;1-3(2000):25-35. 
Plas van der SA, de Jongh J, Faassen-Peters M, Scheu G, van den Berg M, Brouwer A. Toxicokinetics of an environmentally relevant mixture of dioxin-like PHAHs 
 with or without a non-dioxin-like PCB in a semi-chronic exposure study in female Sprague Dawley rats. Chemosphere 1998;37(9-12):1941-55.  
Plas van der SA, Haag-Gronlund M, Scheu G, Warngard L, van den Berg M, Wester P, Koeman JH, Brouwer A. Induction of altered hepatic foci by a mixture of 
 dioxin-like compounds with and without  2,2',4,4',5,5'-hexachlorobiphenyl in female Sprague-Dawley rats. Toxicol Appl Pharmacol. 1999;156(1):30-9. 
Plas van der SA, Lutkeschipholt I, Spenkelink B, Brouwer A. Effects of subchronic exposure to complex mixtures of dioxin-like and non-dioxin-like polyhalogenated 
 aromatic compounds on thyroid hormone and vitamin A levels in female Sprague-Dawley rats.Toxicol Sci. 2001;59(1):92-100.  
Plimmer JR, Klingebiel UI. Riboflavin photosensitized oxidation of 2,4-dichlorophenol: assessment of possible chlorinated dioxin formation. Science 174;7(1971):407-
 8.  
Pluess N, Poiger H, Schlatter C, Buser HR. The metabolism of some pentachlorodibenzofurans in the rat. Xenobiotica 17;2(1987):209-16.  
Pluim HJ, Boersma ER, Kramer I, Olie K, van der Slikke JW, Koppe JG. Influence of short-term dietary measures on dioxin concentrations in human milk. Environ 
 Health Perspect. 102;11(1994):968-71.  
Pluim HJ, Koppe JG, Olie K, van der Slikke JW, Slot PC, van Boxtel CJ. Clinical laboratory manifestations of exposure to background levels of dioxins in the perinatal 
 period. Acta Paediatr. 83;6(1994):583-7.  
Pluim HJ, de Vijlder JJ, Olie K, Kok JH, Vulsma T, van Tijn DA, van der Slikke JW, Koppe JG. Effects of pre- and postnatal exposure to chlorinated dioxins and furans 
 on human neonatal thyroid hormone concentrations. Environ Health Perspect. 101;6(1993):504-8.  
Pluim HJ, Koppe JG, Olie K, Vd Slikke JW, Kok JH, Vulsma T, Van Tijn D, De Vijlder JJ. Effects of dioxins on thyroid function in newborn babies. Lancet 
 339;8804(1992):1303. 
Pocchiari F, Silano V, Zapponi G. The chemical risk management process in Italy. A case study: the Seveso accident. Sci Total Environ. 1986;51:227-35. 
Pohjanvirta R, Hakansson H, Juvonen R, Tuomisto J. Effects of TCDD on vitamin A status and liver microsomal enzyme activities in a TCDD-susceptible and a 
 TCDD-resistant rat strain. Food Chem Toxicol. 28;3(1990):197-203.  
Pohjanvirta R, Korkalainen M, McGuire J, Simanainen U, Juvonen R, Tuomisto JT, Unkila M, Viluksela M, Bergman J, Poellinger L, Tuomisto J. Comparison of acute 
 toxicities of indolo[3,2-b]carbazole (ICZ) and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in TCDD-sensitive rats. Food Chem Toxicol. 2002;40(7):1023-32. 
Pohjanvirta R, Laitinen J, Vakkuri O, Linden J, Kokkola T, Unkila M, Tuomisto J. Mechanism by which 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) reduces circulating 
 melatonin levels in the rat. Toxicol 1996;107(2):85-97.  
Pohjanvirta R, Unkila M, Linden J, Tuomisto JT, Tuomisto J. Toxic equivalency factors do not predict the acute toxicities of dioxins in rats. Eur J Pharmacol. 
 293;4(1995):341-53.  
Pohl HR, Hibbs BF. Breast-feeding exposure of infants to environmental contaminants--a public health risk assessment viewpoint: chlorinated dibenzodioxins and 
 chlorinated dibenzofurans. Toxicol Ind Health. 12;5(1996):593-611. 
Pohl H, Holler J. Halogenated aromatic hydrocarbons and toxicity equivalency factors (TEFs) from the public health assessment  perspective. Chemosphere 
 1995;31(1):2547-59.  
Pohlandt K, Marutzky R. Concentration and distribution of polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in wood ash. 
 Chemosphere 28;7(1994):1311-4.  
Poland A, Glover E, Kende AS, DeCamp M, Giandomenico CM. 3,4,3',4'-Tetrachloro azoxybenzene and azobenzene: potent inducers of aryl hydrocarbon 
 hydroxylase. Science 194;4265(1976):627-30. 
Poland A, Glover E. 2,3,7,8-Tetrachlorodibenzo-p-dioxin: a potent inducer of -aminolevulinic acid synthetase. Science. 1973;179(72):476-7.  
Poland A, Kende A. 2,3,7,8-Tetrachlorodibenzo-p-dioxin: environmental contaminant and molecular probe. Fed Proc. 1976;35(12):2404-11.  
Poland A, Knutson JC. 2,3,7,8-tetrachlorodibenzo-p-dioxin and related halogenated aromatic hydrocarbons: examination of the mechanism of toxicity. Annu Rev 
 Pharmacol Toxicol. 22(1982):517-54. 
Pollenz RS, Necela B, Marks-Sojka K. Analysis of rainbow trout Ah receptor protein isoforms in cell culture reveals conservation of function in Ah receptor-mediated 
 signal transduction. Biochem Pharmacol. 2002;64(1):49-60.  
Pollenz RS. The mechanism of AH receptor protein down-regulation (degradation) and its impact on AH receptor-mediated gene regulation. Chem Biol Interact. 
 2002;141(1-2):41-61.  
Pollitt F. Polychlorinated dibenzodioxins and polychlorinated dibenzofurans. Regul Toxicol Pharmacol 1999;30(2 Pt 2):S63-8.  
Ponce RA, Bartell SM, Wong EY, LaFlamme D, Carrington C, Lee RC, Patrick DL, Faustman EM, Bolger M. Use of quality-adjusted life year weights with dose 
 response models for public health decisions: a case study of the risks and benefits of fish consumption. Risk Anal. 2000;20(4):529-42.  
Portier C. Risk ranges for various endpoints following exposure to 2,3,7,8-TCDD. Food Addit Contam. 2000;17(4):335-46.  
Poster DL, Chaychian M, Neta P, Huie RE, Silverman J, Al-Sheikhly M. Degradation of PCBs in a marine sediment treated with ionizing and UV radiation. Environ Sci 
 Technol. 37;17(2003):3808-15. 
Potischman N, Weed DL. Causal criteria in nutritional epidemiology. Am J Clin Nutr. 69;6(1999):1309S-1314S. 
Poulin P, Krishnan K. A biologically-based algorithm for predicting human tissue: blood partition coefficients of organic chemicals. Hum Exp Toxicol. 1995;14(3):273-
 80.  
Powell DC, Aulerich RJ, Meadows JC, Tillitt DE, Stromborg KL, Kubiak TJ, Giesy JP, Bursian SJ. Organochlorine contaminants in double-crested cormorants from 
 Green Bay,Wisconsin: II. Effects of an extract derived from cormorant eggs on the chicken embryo. Arch Environ Contam Toxicol. 1997;32(3):316-22.  
Powell DC, Aulerich RJ, Meadows JC, Tillitt DE, Giesy JP, Stromberg KL, Bursian SJ. Effects of 3,3',4,4',5-pentachlorobiphenyl (PCB 126) and 2,3,7,8-tetrachloro- 
 dibenzo-p-dioxin (TCDD) injected into the yolks of chicken (Gallus domesticus) eggs prior to incubation. Arch Environ Contam Toxicol. 31;3(1996):404-9. 
Powell DC, Aulerich RJ, Stromborg KL, Bursian SJ. Effects of 3,3',4,4'-tetrachlorobiphenyl, 2,3,3',4,4'-pentachlorobiphenyl, and 3,3',4,4',5-pentachlorobiphenyl on the 
 developing chicken embryo when injected prior to incubation. J Toxicol Environ Health. 49;3(1996):319-38. 



 

 

305

 

Powell M. Separating uncertainty and variability: Who Let the Dogma Out? Office Risk Assess Cost-Benefit Anal, Office Chief Economist, USDA. Presentation at SRA 
 Annual Meeting, Dec 10, 2003 http://www.usda.gov/oce/oracba/papers/SRA%202003a.ppt 
Powell WH, Bright R, Bello SM, Hahn ME. Developmental and tissue-specific expression of AHR1, AHR2, and ARNT2 in dioxin-sensitive and -resistant populations of 
 the marine fish Fundulus heteroclitus. Toxicol Sci. 2000;57(2):229-39.  
Power M, McCarty LS. A comparative analysis of environmental risk assessment/risk management frameworks. Environ, Sci. Technol. 32(1998):224A-231A. 
Price PS, Curry CL, Goodrum PE, Gray MN, McCrodden JI, Harrington NW, Carlson-Lynch H, Keenan RE. Monte Carlo modeling of time-dependent exposures using 
 a microexposure event approach. Risk Anal. 16(1996):339-48. 
Price PS, Su SH, Harrington JR, Keenan RE. Uncertainty and variation in indirect exposure assessments: an analysis of exposure to tetrachlorodibenzo-p-dioxin from 
 a beef consumption pathway. Risk Anal. 1996;16(2):263-77.  
Puntaric D, Smit Z, Bosnir J, Topolovec J. Small countries and the dioxin scandal: how to control imported food? Croat Med J. 2000;41(2):150-3. 
Puri S, Chickos JS, Welsh WJ. Three-dimensional quantitative structure-property relationship (3D-QSPR) models for prediction of thermodynamic properties of 

polychlorinated biphenyls (PCBs): enthalpies of fusion and their application to estimates of enthalpies of sublimation and aqueous solubilities. J Chem Inf 
Comput Sci. 43;1(2003):55-62. 

Putnam H. The collapse of the fact/value dichotomy and other essays. Cambridge anmd London, Harvard UP 2002. 190 p. 
Qiao P, Farrell AP. Influence of dissolved humic acid on hydrophobic chemical uptake in juvenile rainbow trout. Copm Biochem Physiol Part C: Toxicol Pharmacol. 
 133;4(2002):575-85. 
Quass U, Fermann M. Identification of relevant industrial sources of dioxins and furans in Europe (The European Dioxin Inventory). Final Report. Materialien No. 43, 
 North Rhine-Westphalia State Environment Agency (LUA NRW) 1997. http://europa.eu.int/comm/environment/dioxin/download.htm.  
Quass U, Fermann MW, Broker G. Steps towards a European dioxin emission inventory. Chemosphere. 40;9-11(2000):1125-9. 
Quass U, Fermann M, Broker G. The European dioxin air emission inventory project--final results. Chemosphere 54;9(2004):1319-27. 
Raakjær Nielsen J, Vedsmand T, Friis P. Danish fisheries co-management decision making and alternative management systems. Ocean Coastal Manage. 
 35:23(1997):201-16.  
Rabl A, Spadaro JV. Damages and costs of air pollution: an analysis of uncertainties. Environ Int. 25;1(1999):29-46.  
Radikova Z, Koska J, Ksinantova L, Imrich R, Kocan A, Petrik J, Huckova M, Wsolova L, Langer P, Trnovec T, Sebokova E, Limes I. Increased frequency of diabetes 

mellitus and other forms of dysglycemia in the population of specific areas of eastern Slovakia chronically exposed to contamination with polychlorinated 
biphenyls (PCBs).  Organohalogen Compds. 66(2004):3457-51. 

Ragazzi M, Sibisi N. PCDD/F emissions and mass balance from municipal solid waste and RDF combustion facilities: a comparison. Organohalogen Compds. 60-
 65(2003), CD- ROM Vol. 4, Section 1. 
Raghunathan K, Gullett BK. Role of sulfur in reducing PCDD and PCDF formation. Environ Sci Technol. 30(1996):1827-34.  
Rahikainen M, Kuikka S, Parmanne R. Modelling the effect of ecosystem change on spawning per recruit of Baltic herring. ICES J Mar Sci. 60;1(2003):94-109. 
Rahuman MSMM, Pistone L, Trifirò F, Miertu S. Destruction Technologies for Polychlorinated Biphenyls (PCBs). UNIDO Centre Science High Tech, Trieste 2000.   

www.unido.org 
Rall DP. Toxic agent and radiation control: meeting the 1990 objectives for the nation. Public Health Rep. 1984;99(6):532-8. 
Ramamoorthy K, Gupta MS, Sun G, McDougal A, Safe SH. 3,3'4,4'-Tetrachlorobiphenyl exhibits antiestrogenic and antitumorigenic activity in the rodent uterus and 
 mammary cells and in human breast cancer cells. Carcinogenesis 1999;20(1):115-23.  
Rantalainen A-L, Cretney WJ,  Ikonomou MG. Uptake rates of semipermeable membrane devices (SPMDs) for PCDDs, PCDFs and PCBs in water and sediment. 
 Chemosphere 40;2(2000):147-58.  
Rantamaki P. Release and retention of selected polycyclic aromatic hydrocarbons (PAH) and their methylated derivatives by the common mussel (Mytilus edulis) in 
 the brackish water of the Baltic Sea. Chemosphere 35;3(1997):487-502. 
Rappe C. Review of the dioxin problem. IARC Sci Publ. 1991(108):1-3.  
Rappe C. Sources of PCDDs and PCDFs. Introduction. Reactions, levels, patterns, profiles and trends. Chemosphere 25;1-2(1992):41-4.  
Rappe C, Andersson R, Bergqvist P-A, Brohede C, Hansson M, Kjeller L-O, Lindstrom G, Marklund S, Nygren M, Swanson SE, Tysklind M, Wiberg K. Overview on 
 environmental fate of chlorinated dioxins and dibenzofurans. Sources, levels and isomeric pattern in various matrices. Chemosphere 16;8-9(1987):1603-18. 
Rappe C, Bergqvist P-A, Kjeller L-O. Levels, trends and patterns of PCDDs and PCDFs in Scandinavian environmental samples. Chemosphere 18;1-6(1989):651-8. 
Rappe C, Bergqvist P-A, Marklund S. 1986. Analysis of aquatic biota for polychlorinated dioxins and dibenzofurans. Publ Water Res Inst, Natl Bd Waters, Finland No. 
 68(1986):201-4. 
Rappe C, Glas B, Kjeller L-O, Kulp SE, de Wit C, Melin A. Levels of PCDDs and PCDFs in products and effluent from the Swedish pulp and paper industry and 
 chloralkali process. Chemopshere 20;10-12(1990):1701-6. 
Rappe C, Kjeller L-O. PCDDs and PCDFs in environmental samples air, particulates, sediments and soil. Chemosphere 16;8-9(1987): 1775-80. 
Rappe C, Kjeller L-O, Kulp S-E, de Wit C, Hasselsten I, Palm O. Levels, profile and pattern of PCDDs and PCDFs in samples related to the production and use of 
 chlorine. Chemosphere 23;11-12(1991):1629-36. 
Rappe C, Marklund S, Kjeller L-O, Lindskog A. Long-range transport of PCDDs and PCDFs on airborne particles. Chemosphere 18;1-6(1989):1283-90. 
Rappe C, Swanson SE, Glas B, Kringstad KP, de Sousa P, Abe Z. Formation of PCDDs and PCDFs by the chlorination of water. Chemosphere 19;12(1989):1875-80. 
Rappe C, Oberg L, Andersson R. 1999. Natural formation – a neglected source of polychlorinated dioxins and dibenzofurans. Organohalogen Compds. 43(1999):249-
 53. 
Rapport DJ, Costanza R, McMichael A. Assessment of ecosystem health: challenges at the interface of social, natural and health sciences. Trends Ecol Evol. 
 13;10(1998):397-402. 
Rapport DJ. On the transformation from healthy to degraded aquatic ecosystems. Aq Ecos Health Manage. 2;2(1999):97-103. 
Rapport DJ. What constitutes ecosystem health. Perspect Biol Med. 33;1(1989):120-32. 
Rasmus Nielsen J, Lundgren B, Jensen TF, Stæhr K-J. Distribution, density and abundance of the western Baltic herring (Clupea harengus) in the Sound (ICES 
 Subdivision 23) in relation to hydrographical features. Fisheries Res. 50;3(2001):235-58.  
Rattner BA, McGowan PC, Golden NH, Hatfield JS, Toschik PC, Lukei RF Jr, Hale RC, Schmitz-Afonso I, Rice CP. Contaminant exposure and reproductive success 
 of ospreys (Pandion haliaetus) nesting in Chesapeake Bay regions of concern. Arch Environ Contam Toxicol. 47;1(2004):126-40. 
Ray ID. Management of chlorinated wastes in Australia.  6th Int HCH & Pesticides Forum Book, 20-22.3.2001, Poznan. Poznan, Nov 2001. www.6thHCHForum.com 
Ray S, Paranjape MA, Koenig B, Paterson G, Metcalfe T, Metcalfe C. Polychlorinated biphenyls and other organochlorine compounds in marine zooplankton off the 
 east coast of Newfoundland, Canada. Mar Environ Res. 47;2(1999):103-16.  
Rayne S, Wan P, Ikonomou MG, Konstantinov AD. Photochemical mass balance of 2,3,7,8-TeCDD in aqueous solution under UV light shows formation of chlorinated 
 dihydroxybiphenyls, phenoxyphenols, and dechlorination products. Environ Sci Technol. 36(9(2002):1995-2002. 
Ree KC, Evers EHG, van den Berg M. Mechanism of formation of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) from 
 potential industrial sources. Toxicol Environ Chem. 17(1988):171-95.  
Rees CB, McCormick SD, Vanden Heuvel JP, Li W. Quantitative PCR analysis of CYP1A induction in Atlantic salmon (Salmo salar). Aquat Toxicol. 62;1(2003):67-78. 
Rehner TA, Kolbo JR, Trump R, Smith C, Reid D. Depression among victims of south Mississippi's methyl parathion disaster. Health Soc Work 25;1(2000):33-40.  
Reijnders PJH. Reproductive failure in common seals feeding on fish from polluted coastal waters. Nature 324;6096(1986):456-7.  
Remillard RB, Bunce NJ. Linking dioxins to diabetes: epidemiology and biologic plausibility. Environ Health Perspect. 2002;110(9):853-8.  
Remillard RB, Bunce NJ. Use of Haber's Rule to estimate the risk of diabetes from background exposures to dioxin-like compounds. Toxicol Lett. 2002;131(3):161-6. 
Renberg L, Johansson NG, Blom C. Destruction of PCDD and PCDF in bleached pulp by chlorine dioxide treatment. Chemosphere 30;9(1995):1805-11.  
Renberg L, Sundstrom G, Reutergardh L. Polychlorinated terphenyls (PCT) in Swedish white-tailed eagles and in grey seals a preliminary study. Chemosphere 
 7;6(1978):477-82. 



 

 

306

 

Render JA, Bursian SJ, Rosenstein DS, Aulerich RJ. Squamous epithelial proliferation in the jaws of mink fed diets containing 3,3',4,4',5-pentachlorobiphenyl (PCB 
 126) or 2,3,7,8-tetra-chlorodibenzo-P-dioxin (TCDD). Vet Hum Toxicol. 2001;43(1):22-6.  
Renn O. Style of using scientific expertise: a comparative framework. Sci Publ Pol. 22(1995):147-56. 
Renwick AG. Safety factors and establishment of acceptable daily intake. Food Addit Contamin. 8(1991):135-50. 
Renwick AG. Data-derived safety factors for the evaluation of food additives and environmental contaminants. Food Addit Contamin. 10(1993):275-305. 
Renwick AG. Inter-ethnic differences in xenobiotic metabolism. Environ Toxicol Pharmacol. 2(1996):165-170. 
Renwick AG. Toxicokinetics in infants and children in relation to the ADI and TDI. Food Addit Contamin. 15(1998):17-35. 
Renwick AG, Barlow SM, Hertz-Picciotto I, Boobis AR, Dybing E, Edler L, Eisenbrand G, Greig JB, Kleiner J, Lambe J, Müller DJG, Smith MR, Tritscher A, Tuijtelaars 
 S, van den Brandt PA, Walker R, Kroes R. Risk characterisation of chemicals in food and diet. Food Chem Toxicol. 41;9(2003):1211-71. 
Renwick AG, Lazarus NR. Human variability and non cancer risk assessment. An analysis of the default uncertainty factor. Regulat Toxicol Pharmacol. 27(1998):3-
 20. 
Renwick AG, Walker R.  An analysis of the risk of exceeding the acceptable or tolerable daily intake. Regulat Toxicol Pharmacol. 18(1993):463-80. 
Rescher N. Risk : a philosophical introduction to the theory of risk evaluation and management. Lanham, MD, UPA 1983.  
Restum JC, Bursian SJ, Giesy JP, Render JA, Helferich WG, Shipp EB, Verbrugge DA, Aulerich RJ. Multigenerational study of the effects of consumption of PCB 

contaminated carp from Saginaw Bay, Lake Huron, on mink. 1. Effects on mink reproduction, kit growth and survival, and selected biological parameters. J 
Toxicol Environ Health A. 1998;54(5):343-75. 

Reyes H, Reisz-Porszasz S, Hankinson O. Identification of the Ah receptor nuclear translocator protein (Arnt) as a component of the DNA binding form of the Ah 
 receptor. Science 256;5060(1992):1193-5. 
Ricci MS, Toscano DG, Toscano WA Jr. ECC-1 human endometrial cells as a model system to study dioxin disruption of steroid hormone function. In Vitro Cell Dev 
 Biol Anim. 1999;35(4):183-9.  
Rice DC, Hayward S. Effects of exposure to 3,3',4,4',5-pentachlorobiphenyl (PCB 126) throughout gestation and lactation on behavior (concurrent random interval-
 random interval and progressive ratio performance) in rats. Neurotoxicol Teratol. 1999;21(6):679-87.  
Rice J. Environmental health indicators. Ocean Coastal Manage. 46;3-4(2003):235-59. 
Rice J. Implications of variability on many time scales for scientific advice on sustainable management of living marine resources. Progr Oceanogr. 49;1-4(2001):189-
 209.  
Richter CA, Tieber VL, Denison MS, Giesy JP.  An in vitro rainbow trout cell bioassay for aryl hydrocarbon receptor- mediated toxins. Environ Toxicol Chem. 
 16;3(1997):543-50.  
Richter S, Johnke B. Status of PCDD/F-emission control in Germany on the basis of the current legislation and strategies for further action. Chemosphere 
 54;9(2004):1299-302. 
Ricking M, Schulz HM. PAH-profiles in sediment cores from the Baltic Sea. Mar Pollut Bull. 2002;44(6):565-70.  
Riecke K, Grimm D, Shakibaei M, Kossmehl P, Schulze-Tanzil G, Paul M, Stahlmann R. 2,3,7,8-tetrachloro-dibenzo-p-dioxin induces myocardial fibrosis in 
 marmosets (Callithrix jacchus). Organohalogen Compds. 55(2002):315-8. 
Riecke K, Schmidt A, Stahlmann R. Effects of 2,3,7,8-TCDD and PCB 126 on human thymic epithelial cells in vitro. Arch Toxicol. 77;6(2003):358-64.   
Rier SE, Coe CL, Lemieux AM, Martin DC, Morris R, Lucier GW, Clark GC. Increased tumor necrosis factor-alpha production by peripheral blood leukocytes from 
 TCDD-exposed rhesus monkeys. Toxicol Sci. 60;2(2001):327-37. 
Rier S, Foster WG. Environmental dioxins and endometriosis. Semin Reprod Med. 21;2(2003):145-54. 
Rier SE, Martin DC, Bowman RE, Becker JL. Immunoresponsiveness in endometriosis: implications of estrogenic toxicants. Environ Health Perspect. 103 Suppl 
 7(1995):151-6.  
Rier SE, Martin DC, Bowman RE, Dmowski WP, Becker JL. Endometriosis in rhesus monkeys (Macaca mulatta) following chronic exposure to 2,3,7,8- 
 tetrachlorodibenzo-p-dioxin. Fundam Appl Toxicol. 21;4(1993):433-41. Comment in: Fundam Appl Toxicol. 23;1(1994):141-2.  
Rier SE, Turner WE, Martin DC, Morris R, Lucier GW, Clark GC. Serum levels of TCDD and dioxin-like chemicals in Rhesus monkeys chronically exposed to dioxin: 
 correlation of increased serum PCB levels with endometriosis. Toxicol Sci. 2001;59(1):147-59.  
Rier SE. The potential role of exposure to environmental toxicants in the pathophysiology of endometriosis. Ann N Y Acad Sci. 955(2002):201-12; discussion 230-2, 
 396-406.  
Ritter L, Solomon KR, Forget J. Stemeroff M, O'Leary C. Persistent Organic Pollutants, an assessment report on: DDT-Aldrin-Dieldrin-Endrin-Chlordane, 

Heptachlor-Hexachlorobenzene, Mirex-Toxaphene, polychlorinated biphenyls, dioxins and furans for IPCS within the framework of IOMC.  
Rifkin E, LaKind J. Dioxin bioaccumulation: key to a sound risk assessment methodology. J Toxicol Environ Health 33(1991):102-12. 
Rifkind AB, Gannon M, Gross SS. Arachidonic acid metabolism by dioxin-induced cytochrome P-450: a new hypothesis on the role of P-450 in dioxin toxicity. 
 Biochem Biophys Res Commun. 1990;172(3):1180-8.  
Rikskansliet. The Swedish environmental objectives – Interim targets and action strategies. Summary of Gov. Bill 2000 / 01:130. 
 http:www.regeringen.se/sb/d/108/a/1197 
Ritter L, Soloman KR, Forget J, Stemeroff M, O'Leary C. Persistent organic pollutants, an assessment report on DDT, aldrin, dieldrin, endrin, chlordane, heptachlor, 

hexachlorobenzene, Mirex, toxaphene, polychlorinated biphenyls, dioxins and furans. Report No. PCS/95.38 for the Int Progr Chemical Saf (IPCS) within the 
framework of the Inter-Organization Programme for the Sound Management of Chemicals (IOMC) 1995. (http://irptc.unep.ch/pops/indxhtms/asses0.html) 

Roberts T, Frenkel JK. 1990. Estimating income losses and other preventable costs caused by congenital toxoplasmosis in people in the United States. JAVMA 
 196(2):249-55.  
Robinowitz R, Roberts WR, Dolan MP, Patterson ET, Charles HL, Atkins HG, Penk WE. Carcinogenicity and teratogenicity vs. psychogenicity: psychological  

characteristics associated with self-reported Agent Orange exposure among Vietnam combat veterans who seek treatment for substance abuse. J Clin Psychol. 
1989;45(5):718-28.  

Rodricks JV, Collins JJ, Farland WH, Tollerud DJ. Contrasting roles of epidemiology in dioxin-related policy: lessons learned. Am J Epidemiol. 154;12 
 Suppl(2001):S43-9.  
Roeder RA, Garber MJ, Schelling GT. Assessment of dioxins in foods from animal origins. J Anim Sci. 1998;76(1):142-51.  
Rogan WJ, Gladen BC, Guo YL, Hsu CC. Sex ratio after exposure to dioxin-like chemicals in Taiwan. Lancet. 353;9148(1999):206-7.  
Rogan WJ, Gladen BC. 1991. PCBs, DDE, and child development at 18 and 24 months. Ann Epidemiol. 1:409-13.  
Rogan WJ, Gladen BC, McKinney JD, Carreras N, Hardy P, Thullen J, Tinglestad J, Tully M. 1986. Neonatal effects of transplacental exposure to PCBs and DDE. J 
 Pediatr. 109:335-41.  
Rogan WJ, Ragan NB. Chemical contaminants, pharmacokinetics, and the lactating mother. Environ Health Perspect. 102 Suppl 11(1994):89-95. 
Rogers MD. Risk analysis under uncertainty, the Precautionary Principle, and the new EU chemicals strategy. Regul Toxicol Pharmacol. 37;3(2003):370-81. 
Rohde S, Moser GA, Papke O, McLachlan MS. Clearance of PCDD/Fs via the gastrointestinal tract in occupationally exposed persons. Chemosphere 
 1999;38(14):3397-410.  
Rolff C, Broman D, Naf C, Zebühr Y. Potential biomagnification of PCDD/Fs - new possibilities for quantitative assessment using stable isotope trophic position. 
 Chemosphere 27;1-3(1993): 461-8.   
Rolland RM. A review of chemically-induced alterations in thyroid and vitamin A status from field studies of wildlife and fish. J Wildl Dis. 2000;36(4):615-35. 
Romkes M, Piskorska-Pliszczynska J, Keys B, Safe S, Fujita T. Quantitative structure-activity relationships: analysis of interactions of 2,3,7,8-tetrachlorodibenzo-p-
 dioxin and 2-substituted analogues with rat, mouse, guinea pig, and hamster cytosolic receptor. Cancer Res. 1987;47(19):5108-11. 
Romkes M, Piskorska-Pliszczynska J, Safe S. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on hepatic and uterine estrogen receptor levels in rats. Toxicol Appl 
 Pharmacol. 87;2(1987):306-14.  
Ronnberg C. Effects and consequences of eutrophication in the Baltic Sea: Specific patterns in deifferent regions. Licentiate thesis, Dept Biol, Abo Akademi Univ, Abo 
 2001. 132 p + app. 



 

 

307

 

Roode de DF, Gustavsson MB, Rantalainen AL, Klomp AV, Koeman JH, Bosveldt AT. Embryotoxic potential of persistent organic pollutants extracted from tissues of 
 guillemots (Uria aalge) from the Baltic Sea and the Atlantic Ocean. Environ Toxicol Chem. 2002;21(11):2401-11.  
Roos A, Greyerz E, Olsson M, Sandegren F. The otter (Lutra lutra) in Sweden--population trends in relation to ΣDDT and total PCB concentrations during 1968-99. 
 Environ Pollut. 111;3(2001):457-69. 
Roots O. Unpublished report, available at http://irptc.unep.ch/POPs_Inc/proceedings/stpetbrg/roots2.htm.  
Roots O. Halogenated environmental contaminants in fish from Estonian coastal areas. Chemosphere 2001;43(4-7):623-32.  
Roots O, Lahne R, Simm M, Schramm K-W. Dioxins in the Baltic herring nd sprat in Estonian coastal waters. Organohalogen Compds. 60-65(2003) (CD-ROM). 
Roots O, Talvari A. Bioaccumulation of toxic chlororganic compounds and their isomers into the organism of baltic grey seal. Chemosphere 35;5(1997):979-85.  
Roots O, Zitko V, Holoubek I. Chlorinated dibenxo-p-dioxins and dibenzofurans patterns in the Baltic herring and sprat. Organohalogen Compds. 60-65(2003), CD-
 ROM Vol. 3, Section 1.  
Rordorf BF. Prediction of vapor pressures, boiling points and enthalpies of fusion for twenty-nine halogenated dibenzo-p-dioxins and fifty-five dibenzofurans by a 
 vapor pressure correlation method. Chemosphere 18;1-6(1989):783-8. 
Rose M. Studies made to assess risk concerning a 'dioxin' contamination incident near Bolsover, Derbyshire, UK. Food Addit Contam. 2001;18(12):1094-8.  
Rose M, Startin J. Accuracy and comparability of analytical data for PCDD/Fs and PCBs in food. Organohalogen Compds. 60-65(2003), CD-ROM Vol 1, Section 2. 
Rosemarin A. An assessment of the functional linkages between Baltic marine research and the development of resource management policies. ICES Cooperative 
 Res Report 257(2003):254-62. 
Rosen DH, Flanders WD, Friede A, Humphrey HE, Sinks TH. Half-life of polybrominated biphenyl in human sera. Environ Health Perspect 1995;103(3):272-4. 
Rosenberg AA, Fogarty MJ, Sissenwine MP, Beddington JR, Shepherd JG. Achieving sustainable use of renewable resources. Science 262(1993):828-9. 
Rosenberg NA, Pritchard JK, Weber JL, Cann HM, Kidd KK, Zhivotovsky LA, Feldman MW. Genetic structure of human populations. Science 298;5602(2002):2381-5. 
Rosendahl Kristiansen H. How much Baltic salmon can be consumed without exceeding the tolerable safety limit ? Organohalogen Compds. (2004):214-  
Rosiers des PE. Remedial measures for wastes containing polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs): destruction, containment or 
 process modification. Ann Occup Hyg. 1983;27(1):57-72.  
Roska A. Implementation of Stockholm Convention in Latvia. In: Baltic Sea day. The theses of the 5-th Int Environ Forum Baltic Sea day devoted to the 30th 
 anniversary of the Helsinki Convention, St.-Petersburg 22-23 March 2004. Pp. 69. 
Ross PS, Birnbaum L. Case studies A. Persistent Organic Pollutants (POPs) in humans and wildlife. In: Integrated Risk Assessment. Report prepared for the 
 WHO/UNEP/ILO International Programme on Chemical Safety. WHO/IPCS/IRA/01/12. www.who.int/ipcs/publications/new_issues/ira/en/ 
Ross PS, De Swart RL, Reijnders PJH, Van Loveren H, Vos JG, Osterhaus ADME. Contaminant-related suppression of delayed-type hypersensitivity and antibody 
 responses in harbor seals fed herring from the Baltic Sea. Environ Health Perspect. 103(1995):162-7. 
Ross PS, De Swart RL, Timmerman HH, Reijnders PJH, Vos JG, Van Loveren H, Osterhaus ADME. Suppression of natural killer cell activity in harbour seals (Phoca 
 vitulina) fed Baltic Sea herring. Aq Toxicol. 34;1(1996):71-84. 
Ross PS, de Swart RL, van der Vliet H, Willemsen L, de Klerk A, van Amerongen G, Groen J, Brouwer A, Schipholt I, Morse DC, van Loveren H, Osterhaus AD, Vos 
 JG. Impaired cellular immune response in rats exposed perinatally to Baltic Sea herring oil or 2,3,7,8-TCDD. Arch Toxicol. 1997;71(9):563-74. 
Ross PS, Van Loveren H, de Swart RL, van der Vliet H, de Klerk A, Timmerman HH, van Binnendijk R, Brouwer A, Vos JG, Osterhaus AD. Host resistance to rat 
 cytomegalovirus (RCMV) and immune function in adult PVG rats fed herring from the contaminated Baltic Sea. Arch Toxicol. 1996;70(10):661-71. 
Ross PS, Vos JG, Birnbaum LS, Osterhaus ADME. PCBs are a health risk for humans and wildlife. Science 289(2000):1878-9. 
Rotmans J, van Asselt MB. Uncertainty management in integrated assessment modeling: towards a pluralistic approach. Environ Monit Assess. 69;2(2001):101-30.  
Routti H, Nyman M, Backman C, Koistinen J, Helle E. POP load and vitamins as potential biomarkers in the Baltic seals. Organohalogen Compds. (2004):552-  
Roy S, Mysior P, Brzezinski R. Comparison of dioxin and furan TEQ determination in contaminated soil using chemical, micro-EROD, and immunoassay analysis. 
 Chemosphere 48;8(2002):833-42.  
Rozman KK, Doull J. Scientific foundations of hormesis. Part 2. Maturation, strengths, limitations, and possible applications in toxicology, pharmacology, and 
 epidemiology. Crit Rev Toxicol. 33;3-4(2003):451-62. 
Rozman K, Pereira D, Iatropoulos MJ. Effect of a sublethal dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin on interscapular brown adipose tissue of rats. Toxicol Pathol. 
 1987;15(4):425-30.  
Rozman KK. Delayed acute toxicity of 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin (HpCDD), after oral administration, obeys Haber's rule of inhalation toxicology. 
 Toxicol Sci. 1999;49(1):102-9.  
Rozman KK, Doull J. The role of time as a quantifiable variable of toxicity and the experimental conditions when Haber's c x t product can be observed: implications 
 for therapeutics. J Pharmacol Exp Ther. 2001;296(3):663-8.  
Rubenstein R. Human health and environmental toxicity issues for evaluation of halon replacements. Toxicol Lett. 68;1-2(1993):21-4.  
Rubinstein NI, Pruell RJ, Taplin BK, LiVolsi JA, Norwood CB. Bioavailability of 2,3,7,8-TCDD, 2,3,7,8-TCDF and PCBs to marine benthos from Passaic River 
 sediments. Chemosphere 20;7-9(1990):1097-1102. 
Rudstam LG, Hansson S, Johansson S, Larsson U. Dynamics of planktivory in a coastal area of the northern Baltic Sea. Mar Ecol Prog Ser. 80(1992):159-73. 
Rudstam LG, Hansson S. On the ecology of Mysis mixta (Crustacea, Mysidacea) in a coastal area of the northern Baltic proper. Ann Zool Fenn 27;3(1990):259-63. 
Ruelle P. The n-octanol and n-hexane/water partition coefficient of environmentally relevant chemicals predicted from the mobile order and disorder (MOD) 
 thermodynamics. Chemosphere 40;5(2000):457-512.  
Ruoff U, Karl H. Dioxins and dioxin-like PCBs in Baltic Sea herring of interest for the German fish processing industry. Organohalogen Compds. (2004):11-  
Ruokojarvi P, Aatamila M, Tuppurainen K, Ruuskanen J. Effect of urea on fly ash PCDD/F concentrations in different particle sizes. Chemosphere 2001;43(4-7):757-
 62.  
Ruokojarvi P, Tuppurainen K, Mueller C, Kilpinen P, Ruuskanen J. PCDD/F reduction in incinerator flue gas by adding urea to RDF feedstock. Chemosphere 
 2001;43(2):199-205.  
Russel M, Gruber M. Risk assessment in environmental policy making. Science 236(1987):286-90. 
Ruth M. Information, order and knowledge in economic and ecological systems: implications for material and energy use. Ecol Econ. 13;2(1995):99-114. 
Ruzo L, Jones D, Safe S, Hutzinger O. Metabolism of chlorinated naphthalenes. J.Agric Food Chem. 24;3(1976):581-3.  
Ryan JJ, Amirova Z, Carrier G. Sex ratios of children of Russian pesticide producers exposed to dioxin. Environ Health Perspect 110;11(2002):A699-701.  
Ryan SP, Altwicker ER. The formation of polychlorinated dibenzo-p-dioxins/dibenzofurans from carbon model mixtures containing ferrous chloride. Chemosphere 
 40;9-11(2000):1009-14.  
Rychen G, Laurent C, Feidt C, Grova N, Lafargue PE, Hachimi A, Laurent F. Milk-arterial plasma transfer of PCDDs and PCDFs in pigs. J Agric Food Chem. 
 2002;50(6):1695-9. 
Rychetnik L, Frommer M, Hawe P, Shiell A. Criteria for evaluating evidence on public health interventions. J Epidemiol Community Health 56(2002):119-27. 
Rykiel EJ Jr. Testing ecological models: the meaning of validation. Ecol Modell. 90;3(1996):229-44.  
Rylander L, Alveblom A-K, Johnell O, Hagmar L. Incidence of hospitalized osteoporotic fractures and persistent organochlorine compounds. Organohalogen Compds. 
 60-65(2003), CD-ROM Vol. 6, Section 2. 
Rylander L, Dyremark E, Stromberg U, Ostman C, Hagmar L. The impact of age, lactation and dietary habits on PCB in plasma in Swedish women. Sci Total 
 Environ. 207;1(1997):55-61.  
Rylander L, Hagmar L. Medical and psychometric examinations of conscripts born to mothers with a high intake of fish contaminated with persistent organochlorines. 
 Scand J Work Environ Health 26;3(2000):207-12. 
Rylander L, Stromberg U, Dyremark E, Ostman C, Nilsson-Ehle P, Hagmar L. Polychlorinated biphenyls in blood plasma among Swedish female fish consumers in 
 relation to low birth weight. Am J Epidemiol. 147;5(1998):493-502. 
Rylander L, Stromberg U, Hagmar L. Decreased birthweight among infants born to women with a high dietary intake of fish contaminated with persistent 
 organochlorine compounds. Scand J Work Environ Health. 1995;21(5):368-75. 



 

 

308

 

Rylander L, Stromberg U, Hagmar L. Dietary intake of fish contaminated with persistent organochlorine compounds in relation to low birthweight. Scand J Work 
 Environ Health. 1996;22(4):260-6. 
Sabljic A. QSAR models for estimating properties of persistent organic pollutants required in evaluation of their environmental fate and risk. Chemosphere 
 43;3(2001):363-75. 
Safe S, Astroff B, Harris M, Zacharewski T, Dickerson R, Romkes M, Biegel L. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and related compounds as anti-
 oestrogens: characterization and mechanism of action. Pharmacol Toxicol. 69;6(1991):400-9.  
Safe S, Bandiera S, Sawyer T, Zmudzka B, Mason G, Romkes M, Denomme MA, Sparling J, Okey AB, Fujita T. Effects of structure on binding to the 2,3,7,8-TCDD 
 receptor protein and AHH induction--halogenated biphenyls. Environ Health Perspect. 1985;61:21-33.  
Safe S, Krishnan V. Chlorinated hydrocarbons: estrogens and antiestrogens. Toxicol Lett. 82-83(1995):731-6.  
Safe S, Mason G, Sawyer T, Zacharewski T, Harris M, Yao C, Keys B, Farrell K, Holcomb M, Davis D, et al. Development and validation of in vitro induction assays 
 for toxic halogenated aromatic mixtures: a review. Toxicol Ind Health 1989;5(5):757-75.  
Safe S. Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs), and related compounds: Environmental and mechanistic 
 considerations which support the development of toxic equivalency factors (TEFs). Crit Rev Toxicol. 21;1(1990):51-88. 
Safe S. Implications for dietary interactions of TEQs and endogeneous/phytochemical Ah receptor ligands. Organohalogen Compds. 60-65(2003) (CD-ROM). 
Safe SH. Development, validation and problems with the toxic equivalency factor approach for risk assessment of dioxins and related compounds. J Anim Sci. 
 1998;76(1):134-41.  
Saito H, Goovaerts P. Selective remediation of contaminated sites using a two-level multiphase strategy and geostatistics. Environ Sci Technol. 37;9(2003):1912-8. 
Sakai S, Deguchi S, Takatsuki H, Uchibo A. Large-scale fires and time trends of PCDDs/DFs in sediments. Chemosphere 43;4-7(2001):537-47.  
Sakai S, Hayakawa K, Takatsuki H, Kawakami I. Dioxin-like PCBs released from waste incineration and their deposition flux. Environ Sci Technol. 35(2001):3601–7. 
Sakai S, Ukai T, Takatsuki H, Nakamura K, Kinoshita S, Takasuga T. Substance flow analysis of coplanar PCBs released from waste incineration processes. J Mater 
 Cycles Waste Manage. 1(1999):62-74. 
Sakamoto KQ, Nakai K, Aoto T, Yokoyama A, Ushikoshi R, Hirose H, Ishizuka M, Kazusaka A, Fujita S. Cytochrome P450 induction and gonadal status alteration in 

common carp (Cyprinus carpio) associated with the discharge of dioxin contaminated effluent to the Hikiji River, Kanagawa Prefecture, Japan. Chemosphere 
51;6(2003):491-500.  

Sakurai T, Kim J-G, Suzuki N, Matsuo T, Li D-Q, Yao Y, Masunaga S, Nakanishi J. Polychlorinated dibenzo-p-dioxins and dibenzofurans in sediment, soil, fish, 
 shellfish and crab samples from Tokyo Bay area, Japan. Chemosphere 40;6(2000):627-40.  
Salemaa H, Vuorinen I, Valipakka P. The distribution and abundance of Mysis populations in the Baltic Sea. Ann Zool Fenn. 27;3(1990):253-7. 
Saltelli A, Funtowicz S. The Precautionary Principle: implications for risk management strategies. Int J Occup Med Environ Health 17;1(2004):47-57. 
Salmi P, Salmi J, Moilanen P. Strategies and flexibility in Finnish commercial fisheries. Boreal Environ Res. 3;4(1998):347-60. 
Salminen M, Erkamo E,  Salmi J. Diet of post-smolt and one-sea-winter Atlantic salmon in the Bothnian Sea, Northern Baltic. J Fish Biol. 58;1(2001):16-35. 
Salminen M. Relationships between smolt size, postsmolt growth and sea age at maturity in Atlantic salmon ranched in the Baltic Sea. J Appl Ichthyol. 
 13;3(1997):121-30.  
Salo S. Sedimenttien kontaminaatiota mahdollisesti aiheuttavat kohteet alle 500 m merenrannasta. (Sites potentially contaminating sediments within 500 m from the 
 coast, in Finnish). Unpublished summary report 10.01.2001, Simo Salo, SYKE. 
Salvan A, Thomaseth K, Bortot P, Sartori N. Uncertainty in estimating exposure using a toxicokinetic model. The example of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Ann 
 N Y Acad Sci. 1999;895:125-40.  
Salvan A, Thomaseth K, Bortot P, Sartori N. Use of a toxicokinetic model in the analysis of cancer mortality in relation to the estimated absorbed dose of dioxin 
 (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD). Sci Total Environ. 2001;274(1-3):21-35.  
Sample BE, Arenal CA. Allometric models for interspecies extrapolation of wildlife toxicity data. Bull Environ Contam Toxicol. 1999;62(6):653-63.  
Sandau C, Ayotte P, Dewailly E, BergmanA, Klasson-Wehler E, Norstrom RJ. Organohalogen Compds. 38(1998):29. 
Sanders M, Haynes BL. Distribution pattern and reduction of polychlorinated biphenyls (PCB) in bluefish Pomatomus saltatrix (Linnaeus) fillets through adipose tissue 
 removal. Bull Environ Contam Toxicol. 41;5(1988):670-7.  
Sanderson JT, Bellward GD. Hepatic microsomal ethoxyresorufin O-deethylase-inducing potency in ovo and cytosolic Ah receptor binding affinity of 2,3,7,8- 
 tetrachlorodibenzo-p-dioxin: comparison of four avian species. Toxicol Appl Pharmacol. 1995;132(1):131-45. 
Sanderson JT, Elliott JE, Norstrom RJ, Whitehead PE, Hart LE, Cheng KM, Bellward GD. Monitoring biological effects of polychlorinated dibenzo-p-dioxins, 
 dibenzofurans, and biphenyls in great blue heron chicks (Ardea herodias) in British Columbia. J Toxicol Environ Health. 1994;41(4):435-50. 
Sanderson JT, Janz DM, Bellward GD, Giesy JP. Effects of embryonic and adult exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin on hepatic microsomal testosterone 
 hydroxylase activities in great blue herons (Ardea herodias). Environ Toxicol Chem. 16;6(1997):1304-10.  
Sanderson JT, Kennedy SW, Giesy JP. In vitro induction of ethoxyresorufin-o-deethylase and porphyrins by halogenated aromatic hydrocarbons in avian primary 
 hepatocytes. Environ Toxicol Chem. 17;10(1998):2006–18. 
Sanderson JT, Norstrom RJ, Elliott JE, Hart LE, Cheng KM, Bellward GD. Biological effects of polychlorinated dibenzo-p-dioxins, dibenzofurans, and biphenyls in 
 double-crested cormorant chicks (Phalacrocorax auritus). J Toxicol Environ Health. 1994;41(2):247-65.  
Sanderson JT, Slobbe L, Lansbergen GW, Safe S, van den Berg M. 2,3,7,8-Tetrachlorodibenzo-p-dioxin and diindolylmethanes differentially induce cytochrome P450 
 1A1, 1B1, and 19 in H295R human adrenocortical carcinoma cells. Toxicol Sci. 2001;61(1):40-8.  
Sanga RN, Bartell SM, Ponce RA, Boischio AA, Joiris CR, Pierce CH, Faustman EM. Effects of uncertainties on exposure estimates to methylmercury: a Monte Carlo 
 analysis of exposure biomarkers versus dietary recall estimation. Risk Anal. 21;5(2001):859-68. 
Sano S, Kawanishi S, Seki Y. Toxicity of polychlorinated biphenyl with special reference to porphyrin metabolism. Environ Health Perspect. 1985;59:137-43.  
Santos-Burgoa C, Downs TJ. Selecting high-priority hazardous chemicals for tri-national control: a maximum-utility method applied to Mexico. Int J Occup Environ 
 Health 6;3(2000):220-37.  
Santostefano MJ, Wang X, Richardson VM, Ross DG, DeVito MJ, Birnbaum LS. A pharmacodynamic analysis of TCDD-induced cytochrome P450 gene expression in 
 multiple tissues: dose- and time-dependent effects. Toxicol Appl Pharmacol. 1998;151(2):294-310.  
Sapota G. Chlorinated hydrocarbons in sediments from the Vistula Lagoon. Oceanol Stud. 26(1997):61-9. 
Sargent JR. Fish oils and human diet. Br J Nutr. 78 Suppl 1(1997):S5-13.  
Sargent L, Dragan YP, Erickson C, Laufer CJ, Pitot HC. Study of the separate and combined effects of the non-planar 2,5,2',5'- and the planar 3,4,3',4'-
 tetrachlorobiphenyl in liver and lymphocytes in vivo. Carcinogenesis 12;5(1991):793-800. 
Sartori N, Thomaseth K, Salvan A. Local influence analysis when interfacing toxicokinetic and proportional hazard models. Stat Med. 23;15(2004):2399-412. 
Sarver JG, White D, Erhardt P, Bachmann K. Estimating xenobiotic half-lives in humans from rat data: influence of log P. Environ Health Perspect 1997;105(11):1204-
 9.  
Savinov VM, Savinova TN, Carroll JL, Matishov GG, Dahle S, Næs K. Polycyclic Aromatic Hydrocarbons (PAHs) in sediments of the White Sea, Russia. Mar Pollut 
 Bull. 40;10(2000):807-18.  
Sawyer TW, Vatcher AD, Safe S. Comparative aryl hydrocarbon hydroxylase induction activities of commercial PCBs in Wistar rats and rat hepatoma H-4-II E cells in 
 culture. Chemosphere 13;7(1984):695-701. 
SBC. Destruction and decontamination technologies for PCBs and other POPs wastes under the Basel Convention. A training manual for hazardous waste project 

managers, Vol A & B. Secretariat of the Basel Convention, Basel, 10/08/02. www.basel.int/pub/pcb1.pdf 
SCAN. Opinion of the Scientific Committee on Animal Nutrition on the Dioxin contamination of feedingstuffs and their contribution to the contamination of food of 
 nimal origin. Adopted 06 Nov 2000.  
SCF. Opinion of the Scientific Committee for Food on the risk assessment of dioxins and dioxin-like PCBs an food. Update based on new scientific information 
 available. Adopted 30th May 2001. http://europa.eu.int/comm./food/Fs/sc/scf/out90_en.pdf 



 

 

309

 

SCF. Opinion of the Scientific Committee for Food on the risk assessment of dioxins and dioxin-like PCBs an food. EC, Brussels. Adopted Nov 2000. 
 http://europa.eu.int/comm./food/Fs/sc/scf/out78_en.pdf 
Schaldach CM, Riby J, Bjeldanes LF. Lipoxin A4: a new class of ligand for the Ah receptor. Biochem 1999;38(23):7594-600.  
Schantz SL, Bowman RE. Learning in monkeys exposed perinatally to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Neurotoxicol Teratol 11;1(1989)13-9. 
Schantz SL, Ferguson SA, Bowman RE. Effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on behavior of monkeys in peer groups. Neurotoxicol Teratol 14;6(1992):433-
 46. 
Schantz SL, Gasior DM, Polverejan E, McCaffrey RJ, Sweeney AM, Humphrey HE, Gardiner JC. Impairments of memory and learning in older adults exposed to 
 polychlorinated biphenyls via consumption of Great Lakes fish. Environ Health Perspect 109;6(2001):605-11.  
Schantz SL, Moshtaghian J, Ness DK. Spatial learning deficits in adult rats exposed to ortho-substituted PCB congeners during gestation and lactation. Fundam Appl 
 Toxicol 16;1(1995):117-26. 
Schantz SL, Seo BW, Moshtaghian J, Peterson RE, Moore RW. Effects of gestational and lactational exposure to TCDD or coplanar PCBs on spatial learning. 
 Neurotoxicol Teratol. 18;3(1996):305-13. 
Schantz SL, Sweeney AM, Gardiner JC, Humphrey HE, McCaffrey RJ, Gasior DM, Srikanth KR,  Budd ML. Neuropsychological assessment of an aging population of 
 Great Lakes fisheaters. Toxicol Ind Health 12(1996):403-17. 
Schantz SL, Widholm JJ, Rice DC. Effects of PCB exposure on neuropsychological function in children. Environ Health Perspect. 111;3(2003):357-576.  
Schatowitz B, Brandt G, Gafner F, Schlumpf E, Buhler R, Hasler P, Nussbaumer T. Dioxin emissions from wood combustion. Chemosphere 29;9-11(1994):2005-13. 
Schecter A, Cramer P, Boggess K, Stanley J, Papke O, Olson J, Silver A, Schmitz M. Intake of dioxins and related compounds from food in the U.S. population.  J 
 Toxicol Environ Health A. 2001;63(1):1-18.  
Schecter A, Ryan JJ, Papke O. Decrease in levels and body burden of dioxins, dibenzofurans, PCBS, DDE, and HCB in blood and milk in a mother nursing twins over 
 a thirty-eight month period. Chemosphere 1998;37(9-12):1807-16.  
Schecter A, Ryan JJ. Persistent brominated and chlorinated dioxin blood levels in a chemist. 35 years after dioxin exposure. J Occup Med. 34;7(1992):702-7.  
Scheel J, Hussong R, Schrenk D, Schmitz HJ. Variability of the human aryl hydrocarbon receptor nuclear translocator (ARNT) gene. J Hum Genet. 2002;47(5):217-
 24. 
Schelepchikov AA, Kluyev NA, Shenderyuk VV, Baholdina LP, Brodsky ES. Contamination of Russian Baltic fish by PCDD/F. Organohalogen Compds. 60-65(2003), 
 CD-ROM Vol. 3, Section 1. 
Shelepchikov A, Shenderyuk V, Brodsky E, Baholdina L. Evolution study of contamination Russian Baltic fish by PCDD/F and WHO-PCB. Organohalogen Compds. 
 (2004):457-  
Scheuplein RJ. 1992. Perspectives on toxicological risk--an example: foodborne carcinogenic risk. Crit Rev Food Sci Nutr. 32(2):105-21. 
Schlatter C. Chlorinated dibenzo-p-dioxins and -furans: problems in analysis of biomarkers. Clin Chem. 1994;40(7 Pt 2):1405-8.  
Schlezinger JJ, Stegeman JJ. Induction of cytochrome P450 1A in the American Eel by model halogenated and non-halogenated aryl hydrocarbon receptor agonists. 
 Aq Toxicol. 20001;50(4):375-386. 
Schlummer M, Brandl F, Gruber L, Maurer A, Moller A, Wolz G. Recycling of technical poymers from electronic waste while eliminating brominated flame retardadants 
 and PBDD/F. Organohalogen Compds 56(2002):417-20. 
Schmidt EB, Skou HA, Christensen JH, Dyerberg J. N-3 fatty acids from fish and coronary artery disease: implications for public health. Public Health Nutr 
 2000;3(1):91-8.  
Schmidt EB. Human coronary health benefits from consumption of fatty fish. Unpublished paper presented at workshop on Dioxins in Baltic Sea fish - Scientific basis 
 and information needs of assessment and management, SYKE, Helsinki, 12.-13.6.2003. 
Schmitz HJ, Hagenmaier A, Hagenmaier HP, Bock KW, Schrenk D. Potency of mixtures of polychlorinated biphenyls as inducers of dioxin receptor-regulated CYP1A 
 activity in rat hepatocytes and H4IIE cells.  Toxicol 1995;99(1-2):47-54.  
Schneider UA, Brown MM, Logan RA, Millar LC, Bunce NJ. Screening assays for dioxin-like compounds based on competitive binding to murine hepatic Ah receptor. 
 1. Assay development. Environ Sci Tecuynol. 29(1995):2595-2602. 
Schnorr TM, Lawson CC, Whelan EA, Dankovic DA, Deddens JA, Piacitelli LA, Reefhuis J, Sweeney MH, Connally LB, Fingerhut MA. Spontaneous abortion, sex 
 ratio, and paternal occupational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Environ Health Perspect. 2001;109(11):1127-32.  
Schoner P. Investigation on the reduction of the PCDD and PCDF emissions at hazardous waste incineration plant. Chemosphere 25(1992):1421–7.  
Schramm K-W, Henkelmann B, Kettrup A. PCDD/F sources and levels in River Elbe sediments. Water Res. 29;9(1995):2160-6.  
Schramm K-W, Winkler R, Casper P, Kettrup A. PCDD/F in recent and historical sediment layers of Lake Stechlin, Germany. Water Res. 31;6(1997):1525-31.  
Schrenk D, Riebniger D, Till M, Vetter S, Fiedler HP. Tryptanthrins: a novel class of agonists of the aryl hydrocarbon receptor. Biochem Pharmacol. 54;1(1997):165-
 71.  
Schrey P, Wittsiepe J, Mackrodt P, Selenka F. Human fecal PCDD/F-excretion exceeds the dietary intake. Chemosphere 1998;37(9-12):1825-31.  
Schuhmacher M, Meneses M, Xifrób A, Domingo JL. The use of Monte-Carlo simulation techniques for risk assessment: study of a municipal waste incinerator. 
 Chemosphere 43;4-7(2001):787-99. 
Schuur AG, van Meeteren ME, Jong WMC, Bergman A, Visser TJ, Brouwer A. Organohalogen Compds. 28(1996):509 
Schulz D. Recent measures to further reduce dioxin impact on man and the environment in the Federal Republic of Germany. Chemosphere 29;9-11(1994):2439-54.  
Schulz-Bull DE, Petrick G, Kannan N, Duinker JC. Distribution of individual chlorobiphenyls (PCB) in solution and suspension in the Baltic Sea. Mar Chem. 48;3-
 4(1995):245-70.  
Schure ter AF, Larsson P, Agrell C, Boon JP. Atmospheric transport of polybrominated diphenyl ethers and polychlorinated biphenyls to the Baltic Sea. Environ Sci 
 Technol. 38;5(2004):1282-7. 
Schwab BW. 1999. The TEF approaxch for hexachlorobenzene. The TEF approach for hexachlorobenzene. Environ Health Perspect. 1999;107(4):A183-4. 
Scippo M-L, Eppe G, Maghuin-Rogister G, De Pauw E. Evaluation of the DR-CALUX bioassay for the determination of dioxins in food and feed according to the 
 requirements of the Commission directives 2002/69 and 2002/70 respectively. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 1, Section 3.  
SCOOP. Reports in tasks for scientific cooperation. Report of experts participating in task 3.2.5, 7.6.2000. Brussels, Directorate-General Health and Consumer 
 Protection. europa.eu.int/comm/dgs/health_consumer/ library/pub/pub08_en.pdf 
Sedlak D, Dumler-Gradl R, Thoma H, Vierle O. Polyhalogenated dibenzo-p-dioxins and dibenzofurans in the exhaust air during textile processings. Chemosphere 
 37;9-12(1998):2071-6.  
Seeber A, Demes P, Golka K, Kiesswetter E, Schaper M, van Thriel C, Zupanic M. Subjective symptoms due to solvent mixtures, dioxin, and toluene: impact of 
 exposure versus personality factors. Neurotoxicology. 2000;21(5):677-84.  
Segstro MD, Muir DCG, Servo MR, Webster GRB. Long-term fate and bioavailability of sediment-associated polychlorinated dibenzo-p-dioxins in aquatic mesocoms. 
 Environ Toxicol Chem. 14(1995): 1799-1807. 
Seidel SD, Li V, Winter GM, Rogers WJ, Martinez EI, Denison MS. Ah receptor-based chemical screening bioassays: Application and limitations for the detection of 
 Ah receptor agonists. Sci Total Environ. 289;1-3(2002):49-69.  
Seidel SD, Winters GM, Rogers WJ, Ziccardi MH, Li V, Keser B, Denison MS. Activation of the Ah receptor signaling pathway by prostaglandins. J Biochem Mol 
 Toxicol. 2001;15(4):187-96.  
Sellstrom U, Kierkegaard A, Alsberg T, Jonsson P, Wahlberg C, de Wit C. Brominated flame retardants in sediments from European estuaries, the Baltic Sea and in 
 sewage sludge. Organohalogen Compds. 40 (1999):383-6. 
Sen S, Nielsen JR. Fisheries co-management: a comparative analysis. Oceanogr Lit Rev. Mar 1997. 
Senthil Kumar K, Bowerman WW, DeVault TL, Takasuga T, Rhodes OE Jr, Lehr Brisbin I Jr, Masunaga S. Chlorinated hydrocarbon contaminants in blood of black 
 and turkey vultures from Savannah River Site, South Carolina, USA. Chemosphere 53;2(2003):173-82. 
Senthilkumar K, Iseki N, Hayama S, Nakanishi J, Masunaga S. Polychlorinated dibenzo-p-dioxins, dibenzofurans, and dioxin-like polychlorinated biphenyls in livers of 
 birds from Japan. Arch Environ Contam Toxicol. 2002;42(2):244-55.  



 

 

310

 

Seppala J, Silvenius F, Gronroos J, Makinen T, Silvo K, Storhammar E. Kirjolohen tuotanto ja ymparisto. (Rainbow trout production and the environment, in Finnish 
 with English summary and conclusions). Helsinki, Finnish Environ Inst. Suomen Ymparisto - The Finnish Environment 529(2001):1-164. 
Setala J, Honkanen A, Vihervuori A, Nylander E, Soderkultalahti P, Ruunainen A-L. Review of the fish market in Finland. Boreal Environ Res. 3;4(1998):361-70. 
Several authors. Communicating about risks to environment and health in Europe. Dordrecht, Kluwer 1998. 
Several authors. The social and cultural construction of risk : essays on risk selection and perception. Dordrecht, Reidel 1987. 
Seys A. Dioxins-related compounds in the chemical industry - Presentation to the UNEP sub-regional meeting on identification and assessment of releases of 
 persistent organic pollutants, St. Petersburg, Russian Federation, 1-4 July 1997. UNEP, Geneva 1997. (http://irptc.unep.ch/pops/stpeter/stpete13.html) 
Sharara FI, Seifer DB, Flaws JA. Environmental toxicants and female reproduction. Fertil Steril. 70;4(1998):613-22.  
Sharlin HI. EDB: a case study in communicating risk. Risk Anal. 6;1(1986):61-8. 
Shaw SD, Brenner D, Mahaffey CA, De Guise S, Perkins CR, Clark GC, Denison MS, Waring GT. Persistent organic pollutants (POPs) and immune function in US 
 Atlantic coast harbor seals (Phoca vitulina concolor). Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 3, Section 1. 
She J, Hagenmeier H. PCDDs and PCDSFs with chloralkali pattern in soil and sludge samples. Organohalogen Compds. 20(1994):261-4. 
Shehin SE, Stephenson RO, Greenlee WF. Transcriptional regulation of the human CYP1B1 gene. Evidence for involvement of an aryl hydrocarbon receptor 
 response element in constitutive expression. J Biol Chem. 2000 10;275(10):6770-6.  
Sherer RA, Price PS. The effect of cooking processes on PCB levels in edible fish tissue. Qual Assur. 2;4(1993):396-407. 
Sherman WR, Keenan RE, Gunster DG. A re-evaluation of dioxin bioconcentration and bioaccumulation factors for regulatory purposes. J Toxicol Environ Health 
 37(1992):177–95.  
Shibata E, Yamamoto S, Kasai E, Nakamura T. Formation behavior of PCDD/Fs in PVC pyrolysis with copper oxide. Chemosphere 50;9(2003):1235-42.  
Shirai JH, Kissel JC. Uncertainty in estimated half-lives of PCBS in humans: impact on exposure assessment. Sci Total Environ 1996;187(3):199-210. 
Shirai T, Miyata Y, Nakanishi K, Murasaki G, Ito N. Hepatocarcinogenicity of polychlorinated terphenyl (PCT) in ICR mice and its enhancement by hexachlorobenzene 
 (HCB). Cancer Lett. 4;5(1978):271-5. 
Shiu WY, Doucette W, Gobas FAPC, Andren A., Mackay D. Physical-chemical properties of chlorinated dibenzo-p-dioxins. Environ Sci Technol. 22;6(1988):651-8. 
Shrader-Frechette KS. Risk and rationality : philosophical foundations for populist reforms. Berkeley, Univ California Press 1991. 
Shulyakovski GM, Treger YA. Abatement of Dioxin and Furan emissions. Report at Subregional UNEP Meeting on Inventory of Persistent Organic Pollutants, 
 Especially Dioxins, Petersburg, Dec 14-17 1999. 
Siegrist M, Cvetkovich G. Better negative than positive? Evidence of a bias for negative information about possible health dangers. Risk Anal. 21;1(2001):199-206.  
Siegrist M, Cvetkovich G. Perception of hazards: the role of social trust and knowledge Risk Anal. 2000;20(5):713-9.  
Sielex K, Andersson JT. Prediction of gas chromatographic retention indices of polychlorinated dibenzothiophenes on non-polar columns. J Chromatogr A 
 866;1(2000):105-20.  
Sielken RL Jr, Bretzlaff RS, Stevenson DE. Challenges to default assumptions stimulate comprehensive realism as a new tier in quantitative cancer risk assessment. 
 Regulat Toxicol Pharmacol. 21(1995):270-280. 
Siemer WF, Knuth BA. Effects of fishing education programs on antecedents of responsible environmental behavior. J Environ Educ. 32;4(2001):23-9. 
Sijm DTHM, Wever H, de Vries PJ, Opperhuizen A. Octan-1-ol / water partition coefficients of polychlorinated dibenzo-p-dioxins and dibenzofurans : Experimental 
 values determined with a stirring method. Chemosphere 19;1-6(1989):263-6. 
Silk PJ, Lonergan GC, Arsenault Tl, Boyle CD. Evidence of natural organochlorine formation in peat bogs. Chemosphere 35(1997):2865-80.   
Silkworth JB, Antrim LA, Sack G. Ah receptor mediated suppression of the antibody response in mice is primarily dependent on the Ah phenotype of lymphoid tissue. 
 Toxicol Appl Pharmacol. 86(1986):380-90. 
Simanainen U, Haavisto T, Tuomisto JT, Paranko J, Toppari J, Tuomisto J, Peterson RE, Viluksela M. Pattern of male reproductive system effects after in utero and 
 lactational 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) exposure in three differentially TCDD-sensitive rat lines. Toxicol Sci. 2004 Apr 14 [Epub ahead of print] 
Simanainen U, Tuomisto JT, Tuomisto J, Viluksela M. Dose-response analysis of short-term effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin in three differentially 
 susceptible rat lines. Toxicol Appl Pharmacol. 2003;187(2):128-36.  
Simms W, Jeffries SJ, Ikonomou MG, Ross PS. Contaminant-related disruption of vitamin A dynamics in free-ranging harbor seal (Phoca vitulina) pups from British 
 Columbia, Canada and Washington State, USA. Environ.Toxicol.Chem. 19;11(2000):2844-9. 
Simms W, Ross PS. Vitamin A physiology and its application as a biomarker of contaminant-related toxicity in marine mammals: a review. Toxicol.Ind.Health 
 16;6(2001):291-302. 
Sinclair PR, Bement WJ, Bonkovsky HL, Sinclair JF. Inhibition of uroporphyrinogen decarboxylase by halogenated biphenyls in chick hepatocyte cultures. Essential 
 role for induction of cytochrome P-448. Biochem J. 1984;222(3):737-48. 
Sinclair PR, Bement WJ, Lambrecht RW, Gorman N, Sinclair JF. Chlorinated biphenyls induce cytochrome P450IA2 and uroporphyrin accumulation in cultures of 
 mouse hepatocytes.  Arch Biochem Biophys. 1990;281(2):225-32.  
Singer P. Ethics and animals behaviour. Brain Res. 13(1990):45-9. 
Singer P, Wirth M, Voigt S, Zimontkowski S, Godicke W, Heine H. Clinical studies on lipid and blood pressure lowering effect of eicosa-pentaenoic acid-rich diet. 
 Biomed Biochim Acta. 1984;43(8-9):S421-5.  
Singh AK. Development of quantitative structure-activity relationship (QSAR) models for predicting risk of exposure from carcinogens in animals. Cancer Invest. 
 2001;19(6):611-20. 
Singh J, Bingley R. Levels of 3,3',4,4'-tetrachloroazobenzene in propanil herbicide. Bull Environ Contam Toxicol. 1991;47(6):822-6.  
Singh J, Bingley R. Levels of 3,3',4,4'-tetrachloroazobenzene in diuron and linuron herbicide formulations. J Assoc Off Anal Chem. 1990;73(5):749-51. 
Singh SU, Casper RF, Fritz PC, Sukhu B, Ganss B, Girard B Jr, Savouret JF, Tenenbaum HC. Inhibition of dioxin effects on bone formation in vitro by a newly 
 described aryl hydrocarbon receptor antagonist, resveratrol. J Endocrinol. 2000;167(1):183-95.  
Sinjari T, Klasson-Wehler E, Hovander L, Darnerud PO. Hydroxylated polychlorinated biphenyls: distribution in the pregnant mouse. Xenobiotica 28;1(1998):31-40.  
Sinkkonen S. PCDTs in the environment. Chemosphere 34;12(1997):2585-94.  
Sinkkonen S. Polychlorinated dibenzothiophenes (PCDTs), thianthrenes (PCTAs) and their alkylated derivatives. Paasivirta J (ed.), New types of persistent 

halogenated compounds. The Handbook of Environmental Chemistry Vol 3, Anthropogenic Compounds, Part K. (Hutzinger O, ed.in.chief). Springer, Berlin et al. 
2000. Pp. 289-314. 

Sinkkonen S, Koistinen J. Chlorinated and methylated dibenzothiophenes: Preparation of model compounds and their analysis in some environmental samples. 
 Chemosphere 21(1990):1161-71. 
Sinkkonen S, Lahtipera M, Vattulainen A, Takhistov VV, Viktorovskii IV, Utsal VA, Paasivirta J. Analyses of known and new types of polyhalogenated aromatic 
 substances in oven ash from recycled aluminium production. Chemosphere 52;4(2003):761-75. 
Sinkkonen S, Makela R, Vesterinen R, Lahtipera M. Chlorinated dioxins and dibenzothiophenes in fly ash samples from combustion of peat, wood chips, refuse 
 derived fuel and liquid packaging boards. Chemosphere 31;2(1995):2629-35.  
Sinkkonen S, Paasivirta J. Degradation half-life times of PCDDs, PCDFs and PCBs for environmental fate modeling. Chemosphere 2000;40(9-11):943-9.  
Sinkkonen S, Paasivirta J, Koistinen J, Lahtipera M, Lammi R.  Polychlorinated dibenzothiophenes in bleached pulp mill effluents. Chemosphere 24;12(1992):1755-
 63. 
Sinkkonen S, Paasivirta J, Koistinen J,, Tarhanen J. 1991. Tetra-and pentachlorodibenxothiophenes are formed in waste combustion. Chemosphere 23(1991)583-7.  
Sinkkonen S, Paasivirta J, Lahtipera M, Vattulainen A. Screening of halogenated aromatic compounds in some raw material lots for an aluminium recycling plant. 
 Environ Int. 30(3(2004):363-6.  
Sinkkonen S, Raitio H, Paasivirta J, Rantio T, Lahtipera M, Makela R. Concentrations of persistent organochlorine compounds in spruce needles from Western 
 Finland. Chemosphere 30;8(1995):1415-22. 
Sjoberg L. Explaining risk perception: An empirical and quantitative evaluation of cultural theory (RHIZIKON: Risk Res Reports No. 22) Centre Risk Res, Stockholm 
 Sch Economics, Stockholm 1995.  



 

 

311

 

Sjodin A, Carlsson H, Thuresson K, Sjolin S, Bergman A, Ostman C. Flame retardants in indoor air at an electronics recycling plant and at other work environments. 
 Environ Sci Technol. 35;3(2001):448-54.  
Sjodin A, Hagmar L, Klasson-Wehler E, Bjork J, Bergman A. Influence of the consumption of fatty Baltic Sea fish on plasma levels of halogenated environmental 
 contaminants in Latvian and Swedish men. Environ Health Perspect. 108 (2000):1035-41.  
Sjodin A, Tullsten AK, Klasson-Wehler E. Organohalogen Compds. 37(1998):365 
Sjoasen T, Ozolins J, Greyerz E, Olsson M. The otter (Lutra lutra) situation in Latvia dn Sweden related to PCB and DDT levels. Ambio 26(1997):196-201. 
Skaare JU. Environmental pollutants in marine mammals from the Norwegian coast and Arctic. Sci. Tot. Environ. 186(1996):25-7.  
Skaare JU, Jensen EG, Goksoyr A, Egaas E. Response of xenobiotic metabolizing enzymes of rainbow trout (Oncorhynchus mykiss) to the mono-ortho substituted 

polychlorinated PCB congener 2,3',4,4',5-pentachlorobiphenyl, PCB-118, detected by enzyme activities and immunochemical methods. Arch Environ Contam 
Toxicol. 20;3(1991):349-52. 

Skarpheinsdottir H, Ericson G, Dalla Zuanna L, Gilek M. Tissue differences, dose-response relationship and persistence of DNA adducts in blue mussels (Mytilus 
 edulis L) exposed to benzo[a]pyrene. Aq Toxicol. 2003;62(2):165-77.  
Skodras G, Grammelis P, Samaras P, Vourliotis P, Kakaras E, Sakellaropoulos GP. Emissions monitoring during coal waste wood co-combustion in an industrial 
 steam boiler. Fuel 81;5(2002):547-54.  
Skoglund RS, Stange K, Swackhamer DL. A kinetics model for predicting the accumulation of PCBs in phytoplankton. Environ Sci Technol. 30;7(1996):2113-20.  
Slim R, Toborek M, Robertson LW, Hennig B. Antioxidant protection against PCB-mediated endothelial cell activation. Toxicol Sci. 1999;52(2):232-9.  
Slob W. A comparison of two statistical approaches to estimate long-term exposure distributions from short-term measurements. Risk Anal. 16(1996):195-200. 
Slob W. Thresholds in toxicology and risk assessment. Int J Toxicol. 18(1999):259-68. 
Slovic P, Malmfors T, Mertz CK, Neil N, Purchase IF. Evaluating chemical risks: results of a survey of the British Toxicology Society. Hum Exp Toxicol. 
 1997;16(6):289-304. 
Slovic P. If hormesis exists...: implications for risk perception and communication. Hum Exp Toxicol. 1998;17(8):439-40.  
Slovic P. Trust, emotion, sex, politics, and science: surveying the risk-assessment battlefield. Risk Anal. 1999;19(4):689-701. 
Smeets JM, Rankouhi TR, Nichols KM, Komen H, Kaminski NE, Giesy JP, van den Berg M. In vitro vitellogenin production by carp (Cyprinus carpio) hepatocytes as a 
 screening method for determining (anti)estrogenic activity of xenobiotics. Toxicol Appl Pharmacol. 1999;157(1):68-76.  
Smeets JM, van Holsteijn I, Giesy JP, van den Berg M. The anti-estrogenicity of Ah receptor agonists in carp (Cyprinus carpio) hepatocytes. Toxicol Sci. 
 52;2(1999):178-88.  
Smialowicz RJ, Burgin DE, Williams WC, Diliberto JJ, Setzer RW, Birnbaum LS. CYP1A2 is not required for 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced 
 mmunosuppression. Toxicology 197;1(2004):15-22. 
Smirnov AD, Schecter A, Papke O, Beljak AA. Conclusions from Ufa, Russia, drinking water dioxin cleanup experiments involving different treatment technologies. 
 Chemosphere 1996;32(3):479-500.  
Smit MD, Leonards PE, de Jongh AW, van Hattum BG. Polychlorinated biphenyls in the Eurasian otter (Lutra lutra). Rev Environ Contam Toxicol. 1998;157:95-130. 
Smith AG, Gangolli SD. Organochlorine chemicals in seafood: occurrence and health concerns. Food Chem Toxicol. 40;6(2002):767-79. 
Smith AH, Sciortino S, Goeden H, Wright CC. Consideration of background exposures in the management of hazardous waste sites: a new approach to risk 
 assessment. Risk Anal. 1996;16(5):619-25.  
Smith GC, Hart AD, Rose MD, MacArthur R, Fernandes A, White S, Moore DR. Intake estimation of polychlorinated dibenzo-p-dioxins, dibenzofurans (PCDD/Fs) and 
 polychlorinated biphenyls (PCBs) in salmon: the inclusion of uncertainty. Food Addit Contam. 19;8(2002):770-8.  
Smith WE, Funk K, Zabik ME. Effects of cooking on concentrations of PCB and DDT compounds in chinook (Oncorhychus tshawytscha) and coho (O. kisutch) salmon 
 from Lake Michigan. J Fish Res Bd Can. 30(1973):702–6. 
Sobek A, Gustafsson O, Hajdu S, Larsson U. Particle-water partitioning of PCBs in the photic zone: a 25-month study in the open Baltic Sea. Environ Sci Technol. 
 38;5(2004):1375-82. 
Soderstrom G, Marklund S. PBCDD and PBCDF from incineration of waste-containing brominated flame retardants. Environ Sci Technol. 2002;36(9):1959-64.  
Solomon KR. Endocrine-modulating substances in the environment: The wildlife connection. Int J Toxicol. 17;2(1998):159-72.  
Sonnemann GW, Pla Y, Schuhmacher M, Castells F. Framework for the uncertainty assessment in the Impact Pathway Analysis with an application on a local scale 
 in Spain. Environ Int 28;1-2(2002):9-18.  
Sonneveld E, Jansen J, Riteco N, Brouwer A, van der Burg B. CALUX® reporter cell lines as sensitive bioassays for monitoring biological activity of various classes of 
 steroid hormones reveal the repressive effect of TCDD on the estrogen receptor. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 4. 
Sormo EG, Skaare JU, Jussi I, Jussi M, Jenssen BM. Polychlorinated biphenyls and organochlorine pesticides in Baltic and Atlantic gray seal (Halichoerus grypus) 
 pups. Environ Toxicol Chem. 22;11(2003):2789-99. 
Souza de Pereira M, Kuch B, Torres JPM, Abrão JJ. PCDD/PCDF dechlorination and “de novo” formation through condensation of 2,3-chlorophenols during low 
 temperature pyrolysis of sewage sludge. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 4, Section 2. 
Sparholt H. Fish species interactions in the Baltic Sea. Dana 10(1994):131-62. 
Spencer CB, Rifkind AB. NAD(P)H: quinone oxidoreductase (DT-diaphorase) in chick embryo liver. Comparison to activity in rat and guinea pig liver and differences in 
 co-induction with 7-ethoxyresorufin deethylase by 2,3,7,8-tetrachlorodibenzo-p-dioxin. Biochem Pharmacol. 1990;39(2):327-35.  
Spencer DL, Masten SA, Lanier KM, Yang X, Grassman JA, Miller CR, Sutter TR, Lucier GW, Walker NJ. Quantitative analysis of constitutive and 2,3,7,8-
 tetrachlorodibenzo-p-dioxin-induced cytochrome P450 1B1 expression in human lymphocytes. Cancer Epidemiol Biomarkers Prev. 8;2(1999):139-46. 
Spink BC, Pang S, Pentecost BT, Spink DC. Induction of cytochrome P450 1B1 in MDA-MB-231 human breast cancer cells by non-ortho-substituted  polychlorinated 
 biphenyls. Toxicol In Vitro 2002;16(6):695-704.  
Spitsbergen JM, Walker MK, Olson JR, Peterson RE. Pathologic alterations in early life stages of lake trout, Salvelinus namaycush, exposed to 2,3,7,8-
 tetrachlorodibenzo-p-dioxin as … Aquat Toxicol. 19;1(1991):41-72. 
Sporring S, Wiberg K, Bjorklund E, Haglund P. Combined extraction / clean-up strategies for fast determination of PCDD/Fs and WHO-PCBs in food and feed 
 samples using accelerated solvent extraction. Organohalogen Compds. 60-654(2003), CD-ROM Vol. 1, Section 1.  
Stachiw NC, Zabik ME, Booren A, Zabik MJ, Tetrachlorodibenzo-p-dioxin residue reduction through cooking/processing of restructured carp fillets. J Agric Food 
 Chem. 36(1988):848–53. 
Staley LJ, Valentinetti R, McPherson J. SITE demonstration of the CF systems organic extraction process. J Air Waste Manage Assoc. 40;6(1990):926-31. 
Stange K, Swackhamer DL. Factors affecting phytoplankton species-specific differences in accumulation of 40 polychlorinated biphenyls (PCBs). Environ Toxicol 
 Chem. 13;11(1994):1849-60.  
Stark KDC, Boyd HB, Mousing J. Risk assessment following the hypothetical import of dioxin-contaminated feed for pigs – an example of quantitative decision support 
 under emergency conditions. Food Control 13;1(2002):1-11.  
Starr TB. Significant issues raised by meta-analyses of cancer mortality and dioxin exposure. Environ Health Perspect 111(2003):1443-7. 
Steenland K, Deddens J, Piacitelli L. Risk assessment for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) based on an epidemiologic study. Am J Epidemiol. 
 154;5(2001):451-8. 
Steenland K, Piacitelli L, Deddens J, Fingerhut M, Chang LI. Cancer, heart disease, and diabetes in workers exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. J Natl 
 Cancer Inst. 91;9(1999):779-86.  
Steenport DM, Anderson HA, Hanrahan LP, Falk C, Draheim LA, Kanarek MS, Nehls-Lowe H. Fish consumption habits and advisory awareness among Fox River 
 anglers. WMJ. 99;8(2000):43-6. 
Stegeman JJ, Hahn ME, Weisbrod R, Woodin BR, Joy JS, Najibi S, Cohen RA. nduction of cytochrome P4501A1 by aryl hydrocarbon receptor agonists in porcine 
 aorta endothelial cells in culture and cytochrome P4501A1 activity in intact cells. Mol Pharmacol. 1995;47(2):296-306.  
Stellman JM, Stellman SD, Christian R, Weber T, Tomasallo C. The extent and patterns of usage of Agent Orange and other herbicides in Vietnam. Nature 
 422;6933(2003):681-7. 



 

 

312

 

Stenlund S, Engwall M, Gitye K, Lifvergren T, Olsman H. Superinduction in the DR-CALUX bioassay by extracts from soil samples taken during a soil bioremediation 
 process. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 3. 
Stephens RD, Petreas MX, Hayward DG. Biotransfer and bioaccumulation of dioxins and furans from soil: chickens as a model for foraging animals. Sci Total 
 Environ. 175;3(1995):253-73.  
Stephens RD, Rappe C, Hayward DG, Nygren M, Startin J, Esboll A, Carle J, Yrjanheikki EJ. World Health Organization international intercalibration study on dioxins 
 and furans in human milk and blood. Anal Chem. 64;24(1992):3109-17.  
Stern N, Lind PM, Larsson S, Viluksela M, Tuomisto JT, Tuomisto J, Hakansson H. TCDD induces trabecular bone loss and bone fragility in a TCDD-sensitive but not 
 in a TCDD-resistant rat strain. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, Section 3. 
Stern N, Oberg M, Casabona H, Trossvik C, Manzoor E, Johansson N, Lind M, Orberg J, Feinstein R, Johansson A, Chu I, Poon R, Yagminas A, Brouwer A, Jones B, 

Hakansson H. Subchronic toxicity of Baltic herring oil and its fractions in the rat II: Clinical observations and toxicological parameters. Pharmacol Toxicol. 
2002;91(5):232-44.  

Stevens J, Green NJL, Jones KC. Survey of PCDD/Fs and non-ortho PCBs in UK sewage sludges. Chemosphere 44;6(2001):1455-62. 
Stevens JL, Green NJ, Bowater RJ, Jones KC. Interlaboratory comparison exercise for the analysis of PCDD/Fs in samples of digested sewage sludge. 
 Chemosphere 45;8(2001):1139-50.  
Stevens JL, Green NJL, Jones KC. Fate of 1,2,3,4,6,7,8-heptachlorodibenzofuran and pentachlorophenol during laboratory-scale anaerobic mesophilic sewage 
 sludge digestion. Chemosphere 50;9(2003):1227-33.  
Stewart P, Darvill T, Lonky E, Reihman J, Pagano J, Bush B. Assessment of prenatal exposure to PCBs from maternal consumption of Great Lakes fish: an analysis 
 of PCB pattern and concentration. Environ Res. 80;2 Pt 2(1999):S87-S96. 
Stewart P, Pagano J, Sargent D, Darvill T, Lonky E, Reihman J. Effects of Great Lakes fish consumption on brain PCB pattern, concentration, and progressive-ratio 
 performance. Environ Res. 82;1(2000):18-32. 
Stewart PW, Reihman J, Lonky EI, Darvill TJ, Pagano J. Cognitive development in preschool children prenatally exposed to PCBs and MeHg. Neurotoxicol Teratol. 
 25;1(2000):11-22. 
Stewart P, Reihman J, Lonky E, Darvill T, Pagano J. Prenatal PCB exposure and neonatal behavioral assessment scale (NBAS) performance. Neurotoxicol Teratol. 
 22;1(2000):21-9.  
Stieglitz L. Selected topics on the de novo synthesis of PCDD/PCDF on fly ash. Environ Eng Sci. 15(1998):5–18.  
Stigebrandt A. Physical oceanography of the Baltic Sea. Wulff F, Rahm L, Larsson P (eds.) A systems analysis of the Baltic Sea. Ecol Studies 148(2001):19-74. 
 Springer Verlag, Berlin & Heidelberg.  
Stokke OS. Environmental performance review: concept and design. Lykke E (ed.) Achieving environmental goals: The concept and practice of environmental 
 performance review. Belhaven Press, London and Florida, 1992. Pp. 3-24. 
Stolzenberg H-C. Risk reduction in Germany for chlorinated paraffins used in metal working fluids: Regulator's view on triggers, driving forces, perspectives. 
 Organohalogen Compds. 47(2000):131-4. 
Stonehouse, John M. Science, risk analysis and environmental policy decisions. Geneva, UNEP 1994. 
Storr-Hansen E, Spliid H. Coplanar polychlorinated biphenyl congener levels and patterns and the identification of separate populations of harbor seals (Phoca 
 vitulina) in Denmark. Arch Environ Contam Toxicol. 24;1(1993):44-58. 
Storr-Hansen E, Spliid H. Distribution patterns of polychlorinated biphenyl congeners in harbor seal (Phoca vitulina) tissues: statistical analysis. Arch Environ Contam 
 Toxicol. 25;3(1993):328-45. 
Storr-Hansen E, Spliid H, Boon JP. Patterns of chlorinated biphenyl congeners in harbor seals (Phoca vitulina) and in their food: statistical analysis. Arch Environ 
 Contam Toxicol. 28;1(1995):48-54.  
Strandberg B, Bandh C, van Bavel B, Bergqvist PA, Broman D, Ishaq R, Naf C, Rappe C. Organochlorine compounds in the Gulf of Bothnia: sediment and benthic 
 species. Chemosphere 40;9-11(2000):1205-11. 
Strandberg B, Bandh C, van Bavel B, Bergqvist P-A, Broman D, Naf C, Pettersen H, Rappe C. Concentrations, biomagnification and spatial variation of 
 organochlorine compounds in a pelagic food web in the northern part of the Baltic Sea. Sci Total Environ. 217;1-2(1998):143-54.  
Strandberg B, Bergqvist PA, Rappe C. Dialysis with semipermeable membranes as an efficient lipid removal method in the analysis of bioaccumulative chemicals. 
 Anal Chem. 70(1998):526-33. 
Strandberg B, Strandberg L, Bergqvist PA, Falandysz J, Rappe C. Concentrations and biomagnification of 17 chlordane compounds and other organochlorines in 
 harbour porpoise Phocoena Phocoena from southern Baltic Sea. Chemosphere 37(1998):2513-23.  
Strandberg B, Strandberg L, van Bavel B, Bergqvist P-A, Broman D, Falandysz J, Naf C, Papakosta O, Rolff C, Rappe C. Concentrations and spatial variations of 
 cyclodienes and other organochlorines in herring and perch from the Baltic Sea. Sci Total Environ. 215;1-2(1998):69-83.  
Strandberg B, van Bavel B, Bergqvist P-A, Broman D, Ishaq R, Naf C, Pettersen H, Rappe C. Occurrence, sedimentation, and spatial variations of organochlorine 
 contaminants in settling particulate matter and sediments in the Northern part of the Baltic Sea. Environ Sci Technol. 32;12(1998):1754-9.  
Strandell ME, Lexen KM, deWit CA, Järnberg UG, Jansson B, Kjeller L-O, Kulp E, Ljung K, Soderstrom G, Rappe C. The Swedish dioxin survey: Summary of results 
 from PCDD/F  and coplanar PCB analyses  in  source-related samples. Organohalogen Compd. 20(1994):363-6.  
Stronkhorst J, Leonards P, Murk AJ. Using the dioxin receptor-CALUX in vitro bioassay to screen marine harbor sediments for compounds with a dioxin-like mode of 
 action. Environ Toxicol Chem. 21;12(2002):2552-61. 
Stulnig TM. Immunomodulation by polyunsaturated fatty acids: mechanisms and effects. Int Arch Allergy Immunol. 132;4(2003):310-21. 
Su M-C, Christensen ER. Apportionment of sources of polychlorinated dibenzo-p-dioxins and dibenzofurans by a chemical mass balance model. Water Res. 
 31;12(1997):2935-48.  
Sugawara Y, Saito K, Ogawa M, Kobayashi S, Shan G, Sanborn JR, Hammock BD, Nakazawa H, Matsuki Y. Development of dioxin toxicity evaluation method in 
 human milk by enzyme- linked immunosorbent assay--assay validation for human milk. Chemosphere 2002;46(9-10):1471-6.  
Sugihara K, Kitamura S, Okayama T, Kohno Y, Ohta S, Yamashita K, Okamura S, Yasuda M, Saeki K, Matsui S, Matsuda T. Metabolism of indirubin and indigo, 

endogenous aryl hydrocarbon ligand candidates, and competitive effects with respect to 2,3,7,Tetrachloroidibenzo-p-dioxin (TCDD). Organohalogen Compds. 
60-65(2003) (CD-ROM).  

Sugita-Konishi Y, Kobayashi K, Naito H, Miura K, Suzuki Y. Effect of lactational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin on the susceptibility to Listeria 
 nfection. Biosci Biotechnol Biochem. 67;1(2003):89-93. 
Suh J, Kang JS, Yang KH, Kaminski NE. Antagonism of aryl hydrocarbon receptor-dependent induction of CYP1A1 and inhibition of IgM expression by di-ortho-
 substituted polychlorinated biphenyls. Toxicol Appl Pharmacol. 2003;187(1):11-21.  
Summer CL, Giesy JP, Bursian SJ, Render JA, Kubiak TJ, Jones PD, Verbrugge DA, Aulerich RJ. Effects induced by feeding organochlorine-contaminated carp from 

Saginaw Bay, Lake Huron, to laying White Leghorn hens. I. Effects on health of adult hens, egg production, and fertility. J Toxicol Environ Health. 
1996;49(4):389-407. 

Summer CL, Giesy JP, Bursian SJ, Render JA, Kubiak TJ, Jones PD, Verbrugge DA, Aulerich RJ. Effects induced by feeding organochlorine-contaminated carp from 
 Saginaw Bay, Lake Huron, to laying White Leghorn hens. II. Embryotoxic and teratogenic effects. J Toxicol Environ Health. 1996;49(4):409-38.  
Sun R-D, Irie H, Nishikawa T, Nakajima A, Watanabe T, Hashimoto, K. Suppressing effect of CaCO3 on the dioxins emission from poly(vinyl chloride) (PVC) 
 incineration. Polymer Degrad Stabil. 79;2(2003):253-6.  
Suter GW II. Endpoints for regional ecological risk assessment. Environ. Manage. 14(1990):19-23. 
Suuronen P, Perez-Comas JA, Lehtonen E, Tschernij V. Size-related mortality of herring (Clupea harengusL.) escaping through a rigid sorting grid and trawl codend 
 meshes. ICES J Mar Sci. 53;4(1996):691-700.  
Susser M. Judgement and causal inference: criteria in epidemiologic studies. Am J Epidemiol. 105;1(1977):1-15. Reprint: Am J Epidemiol. 141;8(1995):701-15. 
Susser M. Rules of inference in epidemiology. Regul Toxicol Pharmacol. 6;2(1986):116-28. 
Susser M. What is a cause and how do we know one? A grammar for pragmatic epidemiology. Am J Epidemiol. 133;7(1991):635-48. 



 

 

313

 

Suzuki N, Yasuda M, Sakurai T, Nakanishi J. Simulation of long-term environmental dynamics of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans 
 using the dynamic multimedia environmental fate model and its implication to the time trend analysis of dioxins. Chemosphere 40;9-11(2000):969-76.  
Svensson BG, Hallberg T, Nilsson A, Schutz A, Hagmar L. Parameters of immunological competence in subjects with high consumption of fish contaminated with 
 persistent organochlorine compounds. Int Arch Occup Environ Health 1994;65(6):351-8. 
Svensson BG, Nilsson A, Hansson M, Rappe C, Akesson B, Skerfving S. Exposure to dioxins and dibenzofurans through the consumption of fish. The New Engl J 
 Med. 324;1(1991):8-12.  
Svensson BG, Nilsson A, Jonsson E, Schutz A, Akesson B, Hagmar L. Fish consumption and exposure to persistent organochlorine compounds, mercury, selenium 
 and methylamines among Swedish fishermen. Scand J Work Environ Health 1995;21(2):96-105. 
Swackhamer DL, Skoglund RS. Bioaccumulation of PCBs by algae: Kinetics versus equilibrium. Environ Toxicol Chem 12;5(1993):831-8.  
Swain WR. Effects of organochlorine chemicals on the reproductive outcome of humans who consumed contaminated Great Lakes fish: an epidemiologic 
 consideration. J Toxicol Environ Health 33;4(1991):587-639.  
Swain WR. Human health consequences of consumption of fish contaminated with organochlorine compounds. Aq Toxicol. 11;3-4(1988):357-77.  
Swanson GM, Ratcliffe HE, Fischer LJ. 1995. Human exposure of polychlorinated biphenyls (PCBs): a critical assessment of the evidence for adverse health effects. 
 Regul Toxicol Pharmacol. 21:136-50.  
Swanson SE, Rappe C, Malmstrom J, Kringstad KP. Emissions of PCDDs and PCDFs from the pulp industry. Chemosphere 17;4(1988)681-91. 
Sweeney MH, Mocarelli P. Human health effects after exposure to 2,3,7,8-TCDD. Food Addit Contam. 17;4(2000):303-16.  
Sweetman AJ, Alcock RE, Wittsiepe J, Jones KC. Human exposure to PCDD/Fs in the UK: the development of a modelling approach to give historical and future 
 perspectives. Environ Int. 2000;26(1-2):37-47.  
Sweetman AJ, Jones KC. Declining PCB concentrations in the UK atmosphere: evidence and possible causes.  Environ Sci Technol. 34(2000):863-9.  
Sweetman AJ, Cousins IT, Seth R, Jones KC, Mackay D. A dynamic  Level  IV  multi-media  environmental model: application to the fate of PCBs in the United 
 Kingdom over a 60-year period.  Environ Toxicol Chem. 21(2002):930-40.  
Szczepaska T, Ucinowicz P. Environmental and sedimentation processes in the southern Baltic. In: Geochemical atlas of the southern Baltic (Atlas Geochemiczny pd. 
 Batyku), Warszawa (1994):26-8. 
Sztamberek-Gola I, Grochowalski A, Chrzaszcz R. Monitoring of PCDDs, PCDFs and PAHs in waste-water with use of semipermeable membrane devices (SPMD). 
 Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 1.  
Taboas AL. Principles of environmental protection strategy. Environ Int. 22;4(1996):385-8. 
Takada S, Nakamura M, Matsueda T, Kondo R, Sakai K. Degradation of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans by the white rot fungus 
 Phanerochaete sordida YK-624. Appl Environ Microbiol. 62;12(1996):4323-8. 
Takasuga T, Makino T, Tsubota K, Takeda N. Formation of dioxins (PCDDs/PCDFs) by dioxin-free fly ash as a catalyst and relation with several chlorine-sources. 
 Chemosphere 40;9-11(2000):1003-7. 
Takasuga T, Makino T, Umetsu N, Senthilkumar K. Quantitative analysis of toxic compounds formed from combustion of some plastic materials and newspaper. 
 Organohalogen Compds. 60-65(2003), CD-ROM Vol. 4, Section 1. 
Takeshita R, Akimoto Y. Leaching of polychlorinated dibenzo-p-dioxins and dibenzofurans in fly ash from municipal solid waste incinerators to a   water system. Arch 
 Environ Contam Toxicol. 1991;21(2):245-52.  
Takigami H, Ohno M, Ohara A, Shiozaki K, Behnisch PA, Sakai S. Practical CALUX-monitoring of PCB wastes during their chemical dechlorination treatments. 
 rganohalogen Compds. 60-65(2003a). CD-ROM, Vol. 1, Section 3. 
Takigami H, Mitsuhara Y, Matsuyama K, Sakai S. Bioassay monitoring study in the PCB degradation process using metallic sodium dispersion. Organohalogen 
 Compds. 60-65(2003b). CD-ROM, Vol. 1, Section 4. 
Tamade Y, Shibakawa S, Osaki H, Kashimoto S, Yagi Y, Sakai S, Takasuga T. A study of the compound release from appliance-recycling facility. Organohalogen 
 Compds. 56(2002):189-92. 
Tan Y, Li D, Song R, Lawrence D, Carpenter DO. Ortho-substituted PCBs kill thymocytes. Toxicol Sci. 76;2(2003):328-37. 
Tan Y, Song R, Lawrence D, Carpenter DO. Ortho-substituted but not coplanar PCBs rapidly kill cerebellar granule cells. Toxicol Sci. 79;1(2004):147-56. 
Tan Z, Chang X, Puga A, Xia Y. Activation of mitogen-activated protein kinases (MAPKs) by aromatic hydrocarbons: role in the regulation of aryl hydrocarbon 
 receptor (AHR) function. Biochem Pharmacol. 2002;64(5-6):771-80.  
Tanabe S. PCB problems in the future: foresight from current knowledge. Environ Pollut. 50(1988):5-28. 
Tang NH, Myers TE. PCB removal from contaminated dredged material. Chemosphere 46;3(2002):477-84. 
Tame NW, Dlugogorski BZ, Kennedy EM. Assessing influence of experimental parameters on formation of PCDD/F from  ash  derived  from  fires  of CCA-treated 
 wood. Environ Sci Technol. 37(2003):4148-56.  
Tame NW, Dlugogorski BZ, Kennedy EM. Increased PCDD/F formation in the bottom ash from fires of CCA-treated wood. Chemosphere 50;9(2003):1261-3. 
Taoda H, Okabe A, Kondo T, Tsuruda H, Shimauchi H, Aizawa K, Suzuki Y. destruction of PCDD/Fs and coplanar PCBs in flue gas from waste incineration by 
 photocatalyst. Organohalogen Compds. 45(2000):400-3. 
Tasker ML, Furness RW (eds.). Seabirds as monitors of the marine environment. ICES Cooperative Res Report 258(2003):1-73. 
Taucher JA, Hannah DJ, Green NJL, Porter LJ, Czochanska Z. PCDD, PCDF and PCB emissions under variable operating conditions from a waste oil furnace. 
 Chemosphere 25;7-10(1992):1429-33.  
Terratherm. In-situ thermal destruction (ISTD) performance relative to dioxins. Terratherm Co, Nov. 2002. www.terratherm.com/ under Technical papers. 
Terry P, Lichtenstein P, Feychting M, Ahlbom A, Wolk A.. Fatty fish consumption and risk of prostate cancer. Lancet 357;9270(2001):1764-6. 
Terry PD, Rohan TE, Wolk A. Intakes of fish and marine fatty acids and the risks of cancers of the breast and prostate and of other hormone-related cancers: a review 
 of the epidemiologic evidence. Am J Clin Nutr. 77;3(2003):532-43. 
Terry P, Wolk A, Vainio H, Weiderpass E. Fatty fish consumption lowers the risk of endometrial cancer: a nationwide case-control study in Sweden. Cancer Epidemiol 
 Biomarkers Prev. 2002;11(1):143-5.  
Thoma H. PCDD/F-concentrations in chimney soot from house heating systems. Chemosphere 17;7(1988):1369-79.  
Thomann RV, Connolly JP, Parkerton TF. An equilibrium model of organic chemical accumulation in aquatic food webs with sediment interaction. Environ Toxicol 
 Chem. 11(1992):615-29.  
Thomann RV. Bioaccumulation model of organic chemical distribution in aquatic food chains. Environ Sci Technol. 23;6(1989):699-707. 
Thomas GO, Moss SEW, Jones KC, Hall AJ. Absorption of PBDEs and PCBs by grey seals (Halichoerus grypus). Organohalogen Compds. 60-65(2003). CD-ROM, 
 Vol. 3, Section 1. 
Thomas VM, Spiro TG. An estimation of Dioxin emissions in the United States. Toxicol Environ Chem. 50(1995):1-37. 
Thomke F, Jung D, Besser R, Roder R, Konietzko J, Hopf HC. Increased risk of sensory neuropathy in workers with chloracne after exposure to 2,3,7,8-
 polychlorinated dioxins and furans. Acta Neurol Scand. 1999;100(1):1-5.  
Thompson KM. Variability and uncertainty meet risk management and risk communication. Risk Anal. 2002;22(3):647-54. 
Thorgeirsson SS, Nebert DW. The Ah locus and the metabolism of chemical carcinogens and other foreign compounds. Adv Cancer Res. 1977;25:149-93. 
Thornton J, McCally M, Orris P, Weinberg J. Hospitals and plastics. Dioxin prevention and medical waste incinerators. Public Health Rep. 111;4(1996):299-313.  
Thunberg T, Hakansson H. Vitamin A (retinol) status in the Gunn rat. The effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Arch Toxicol. 1983;53(3):225-33. 
Thurow F. Estimation of the total fish biomass in the Baltic Sea during the 20th century. ICES J Mar Sci. 54;3(1997):444-61. 
Thuß U, Herzschuh R, Popp R, Ehrlich C, Kalkoff W-D. PCDD/F in flue gas and in bottom ash of lignite domestic combustion and the role of the salt content of the 
 burned briquettes. Chemosphere 34;5-7(1997):1091-103.  
Thyen S, Becker PH, Behmann H. Organochlorine and mercury contamination of little terns (Sterna albifrons) breeding at the western Baltic Sea, 1978-96. Environ 
 Pollut. 108;2(2000): 225-38. 



 

 

314

 

Tickner JA. Developing scientific and policy methods that support precautionary action in the face of uncertainty--the Institute of Medicine Committee on Agent 
 Orange. Public Health Rep. 117;6(2002):534-45. 
Tiedje JM, Quensen JF 3rd, Chee-Sanford J, Schimel JP, Boyd SA. Microbial reductive dechlorination of PCBs. Biodegradation 1993-94;4(4):231-40.  
Tiktak A, van Grinsven HJM. Review of sixteen forest-soil-atmosphere models. Ecol Modell. 83;1-2(1995):35-53.  
Tilden J, Hanrahan LP, Anderson H, Palit C, Olson J, Kenzie WM. Health advisories for consumers of Great Lakes sport fish: is the message being received? Environ 
 Health Perspect. 1997;105(12):1360-5. 
Till M, Behnisch P, Hagenmaier H, Bock KW, Schrenk D. Dioxin-like components in incinerator fly ash: a comparison between chemical analysis data and results from 
 cell culture bioassay. Environ Health Perspect. 105;12(1997):1326-32. 
Till M, Riebniger D, Schmitz H-J, Schrenk D. Potency of various polycyclic aromatic hydrocarbons as inducers of CYP1A1 in rat hepatocyte cultures. Chemico-Biol 
 Interact. 117;2(1999):135-50.  
Tillitt DE, Ankley GT, Giesy JP. Planar chlorinated hydrocarbons (PCHs) in colonial fish-eating waterbird eggs from the Great Lakes. Mar Environ Res. 28;1-
 4(1989):505-8.  
Tillitt DE, Ankley GT, Giesy JP, Ludwig JP, Kuritamatsuba H, Weseloh DV, Ross PS, Bishop CA, Sileo L, Stromberg KL, Larson J, Kubiak TJ. Polychlorinated 
 biphenyl residues and egg mortality in double- crested cormorants from the Great Lakes. Environ Toxicol Chem. 11(1992):1281-8. 
Tillitt DE, Ankley GT, Verbrugge DA, Giesy JP, Ludwig JP, Kubiak TJ. H4IIE rat hepatoma cell bioassay-derived 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in 
 colonial fish-eating waterbird eggs from the Great Lakes. Arch Environ Contam Toxicol. 21;1(1991):91-101.  
Tillitt DE, Gale RW, Meadows JC, Zajicek JL, Peterman PH, Heaton SN, Jones PD, Bursian SJ, Kubiak TJ, Giesy JP, Aulerich RJ. Dietary exposure of mink to carp 

from Saginaw Bay. 3. Characterization of dietary exposue to planar halogenated hydrocarbons, dioxin equivalents, and biomagnification. Environ Sci Technol. 
30(1996)283-91. 

Tilson HA, Jacobson JL, Rogan WJ. Polychlorinated biphenyls and the developing nervous system: cross-species comparisons. J Neurotoxicol Teratol. 12(1990):239-
 48. 
Tilson HA, Kodavanti PRS. Neurochemical effects of polychlorinated biphenyls: An overview and identification of research needs. Neurotoxicol. 18;3(1997):727-44. 
Tirkkonen T, Laukkarinen A. 1988. Suomen dioksiinipaastot ja mittaustekniikan taso (Finnish dioxin emissions and level of measurement technology, in Finnish). 
 Helsinki, Ministry of the Environment. Ymparistoministerion sarja D:49 (1988).  
Toftgard R, Nilsen OG, Carlstedt-Duke J, Glaumann H. Polychlorinated terphenyls: alterations in liver morphology and induction of cytochrome P-450. Toxicol 
 1986;41(2):131-44. 
Toide K, Yamazaki H, Nagashima R, Itoh K, Iwano S, Takahashi Y, Watanabe S, Kamataki T. Aryl hydrocarbon hydroxylase represents CYP1B1, and not CYP1A1, in 

human freshly isolated  white cells: Trimodal distribution of Japanese population according to induction of CYP1B1 mRNA by environmental dioxins. Cancer 
Epidemiol Biomarkers Prev. 12;3(2003):219-22.  

Tom DJ, Lee LE, Lew J, Bols NC. Induction of 7-ethoxyresorufin-O-deethylase activity by planar chlorinated hydrocarbons and polycyclic aromatic hydrocarbons in 
 cell lines from the rainbow trout pituitary. Comp Biochem Physiol A Mol Integr Physiol. 2001;128(2):185-98.  
Toomey BH, Bello S, Hahn ME, Cantrell S, Wright P, Tillitt DE, Di Giulio RT. 2,3,7,8-Tetrachlorodibenzo-p-dioxin induces apoptotic cell death and cytochrome 
 P4501A expression in deve- loping Fundulus heteroclitus embryos. Aq Toxicol. 2001;53(2):127-38. 
Toppari J, Larsen JC, Christiansen P, Giwercman A, Grandjean P, Guillette LJ II, Jegou B, Jensen TK, Joennaet P, Keiding N, Leffers N, MacLachlan JA, Meyer O, 

Müller J, Rajpert-De Meyts E, Scheike T, Sharpe R, Sumpter J, Skakkebæk N. 1995. Male reproductive health and environmental chemicals with estrogenic 
effects. Copenhagen, Ministry of Environment and Energy and Danish Environmental Protection Agency. 166p. Miljøprojekt nr. 290.  

Toppari J, Larsen JC, Christiansen P, Giwercman A, Grandjean P, Guillette LJ Jr, Jegou B, Jensen TK, Jouannet P, Keiding N, Leffers H, McLachlan JA, Meyer O, 
Müller J, Rajpert-De Meyts E, Scheike T, Sharpe R, Sumpter J, Skakkebaek NE. Male reproductive health and environmental xenoestrogens. Environ Health 
Perspect. 104 Suppl 4(1996):741-803. 

Tormosov DD, Rezvov GV. Information on the distribution, number and feeding habits of ringed and grey seals in the Gulfs of Finland and Riga in the Baltic Sea. 
 Finnish Game Res 37(1978):14-21. 
Toyoshiba H, Walker NJ, Bailer AJ, Portier CJ. Evaluation of toxic equivalency factors for induction of cytochromes P450 CYP1A1 and CYP1A2 enzyme activity by 
 dioxin-like compounds. Toxicol Appl Pharmacol. 194;2(2004):156-68. 
Traas TP, Luttik R, Klepper O, Beurskens JE, Smit MD, Leonards PE, van Hattum AG, Aldenberg T. Congener-specific model for polychlorinated biphenyl effects on 
 otter (Lutra lutra) and associated sediment quality criteria. Environ Toxicol Chem. 2001;20(1):205-12.  
Treger JA. The problem of persistent organic pollutants (POP) and suggestions for necessary fuerhter actions. In: Baltic Sea day. The theses of the 5-th Int Environ 
 Forum Baltic Sea day devoted to the 30th anniversary of the Helsinki Convention, St.-Petersburg 22-23 March 2004. Pp. 77-8. 
Triebig G, Werle E, Papke O, Heim G, Broding C, Ludwig H. Effects of dioxins and furans on liver enzymes, lipid parameters, and thyroid hormones in former thermal 
 metal recycling workers. Environ Health Perspect. 1998;106 Suppl 2:697-700.  
Trowbridge AG, Swackhamer DL. Preferential biomagnification of aryl hydrocarbon hydroxylase-inducing polychlorinated biphenyl congeners in the Lake Michigan, 
 USA, lower food web. Environ Toxicol Chem 2002;21(2):334-41.  
Troyanskaya A, Rubtsova N, Moseeva D, Punantseva E. Contamination of natural matrixes with persistent organic pollutants as a result of wood treatment in the 
 Northern regions of Russia. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 3, Section 1. 
Tryphonas H, Luster MI, Schiffman G, Dawson LL, Hodgen M, Germolec D, Hayward S, Bryce F, Loo JCK, Mandy F,  Arnold DL. 1991a. Effect of chronic exposure of 
 PCB (Aroclor 1254) on specific and nonspecific immune parameters in the rhesus (Macaca mulatta) monkey. Fundam Appl Toxicol. 16:773-86.  
Tryphonas H, Luster MI, White KL Jr, Naylor PH, Erdos MR, Burelson GR, Germolec D, Hodgen M, Hayward S, Arnold DL. 1991b. Effects of PCB (Aroclor 1254) on 
 non-specific immune parameters in rhesus (Macaca mulatta) monkeys. Int Soc Immunopharmacol. 13(6):639-48.  
Tsai PC, Huang WY, Hsu PC, Shao YH, Lee YC, Guo YL. Genetic polymorphisms in CYP1A1 and GST-T1 predispose PCBs/PCDFsinduced chloracne and arthritis. 
 Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 6, Section 1. 
Tsutsumi T, Amakura Y, Sasaki K, Toyoda M, Maitani T. Evaluation of an aqueous KOH digestion followed by hexane extraction for analysis of PCDD/Fs and dioxin 
 like PCBs in retailed fish. Anal Bioanal Chem. 2003;375(6):792-8.  
Tsutsumi T, Yanagi T, Nakamura M, Kono Y, Uchibe H, Iida T, Hori T, Nakagawa R, Tobiishi K, Matsuda R, Sasaki K, Toyoda M. Update of daily intake of PCDDs, 
 PCDFs, and dioxin-like  PCBs from food in Japan. Chemosphere 45;8(2001):1129-37.  
Tuomisto J. Is the precautionary principle used to cover up ignorance? Basic Clin Pharmacol Toxicol. 95;2(2004):49-52. 
Tuomisto JT. TCDD: a challenge to mechanistic toxicology. Kuopion, Finland, NPIH. Publ Natl Public Health Inst A7/1999. 67 p. Doctoral dissertation.  
Tuomisto JT, Pekkanen J, Kiviranta H, Tukiainen E, Vartiainen T, Tuomisto J. Soft-tissue sarcoma and dioxin: A case-control study. Int J Cancer. 108;6(2004):893-
 900. 
Tuomisto JT, Pohjanvirta R, Unkila M, Tuomisto J. TCDD-induced anorexia and wasting syndrome in rats: effects of diet-induced obesity and nutrition. Pharmacol 
 Biochem Behav. 1999;62(4):735-42.  
Tuppurainen K, Aatamila M, Ruokojarvi P, Halonen I, Ruuskanen J. Effect of liquid inhibitors on PCDD/F formation. Prediction of particle-phase PCDD/F 
 concentrations using PLS modelling with gas-phase chlorophenol concentrations as independent variables. Chemosphere 38;10(1999):2205-17. 
Tuppurainen K, Halonen I, Ruokojarvi P, Tarhanen J, Ruuskanen J. Formation of PCDDs and PCDFs in municipal waste incineration and its inhibition mechanisms: a 
 review. Chemosphere 36;7(1998):1493-1511.  
Tuppurainen K, Halonen I, Ruuskanen J. Dioxaspiro-type structures as intermediates in the formation of polychlorinated dibenzo-p-dioxins. A semi-empirical AM1 
 molecular orbital study. Chemosphere 32;7(1996):1349-56.  
Tuppurainen K, Ruuskanen J. Electronic eigenvalue (EEVA): a new QSAR/QSPR descriptor for electronic substituent effects based on molecular orbital energies. A 

QSAR approach to the Ah receptor binding affinity of polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs). Chemosphere 
2000;41(6):843-8.  

Turner A, Rawling MC. The influence of salting out on the sorption of neutral organic compounds in estuaries. Water Res. 2001;35(18):4379-89.  



 

 

315

 

Tusscher ten GW , Koppe JG. Perinatal dioxin exposure and later effects- - a review.  Chemosphere 54;9(2004):1329-36. 
Tusscher ten GW, Steerenberg PA, van Loveren H, Vos JG, von dem Borne AE, Westra M, van der Slikke JW, Olie K, Pluim HJ, Koppe JG. Persistent hematologic 
 and immunologic disturbances in 8-year-old Dutch children associated with perinatal dioxin exposure. Environ Health Perspect. 111;12(2003):1519-23. 
Tysklind M, Tillitt D, Eriksson L, Lundgren K, Rappe C. A toxic equivalency factor scale for polychlorinated dibenzofurans. Fundam Appl Toxicol. 22;2(1994):277-85. 
Tysklind M, Fangmark IE, Marklund S, Lindskog A, Thaning L, Rappe C. Atmospheric transport and transformation of polychlorinated dibenzo-p-dioxins and 
 dibenzofurans. Environ Sci Technol. 27(1993):2190-7. 
Uauy-Dagach R, Valenzuela A. Marine oils as a source of omega-3 fatty acids in the diet: how to optimize the health benefits. Prog Food Nutr Sci. 16;3(1992):199-
 243.  
Uauy-Dagach R, Valenzuela A. Marine oils: the health benefits of n-3 fatty acids. Nutr Rev. 54;11 Pt 2(1996):S102-8. 
Ukisu Y,  Miyadera T. Hydrogen-transfer hydrodechlorination of polychlorinated dibenzo-p-dioxins and dibenzofurans catalyzed by supported palladium catalysts. 
 Appl Catal B: Environ. 40;2(2003):141-9.  
Umbreit TH, Hesse EJ, Gallo MA. Bioavailability of dioxin in soil from a 2,4,5-T manufacturing site. Science 1986 25;232(4749):497-9. 
UN. Strategies and Policies for Air Pollution Abatement. United Nations, New York, Geneva 1999. 
UNECE. Further assessment of persistent organic pollutants (POPs): Compendium of substance-related information. United Nations Commission for Europe, Geneva 
 1992. Convention on Long-Range Transboundary Air Pollution. 19 p + Attachments. 
UNEP.  Inventory of world-wide PCB destruction capacity. UNEP Chemicals, Geneva 1998. www.chem.unep.ch 
UNEP. Report of 4th Workshop on Policy, Social and Economic Issues Assessing Persistent Toxic Substances, Geneva, April 12-15, 1999 for GEF PDF-B Regionally 
 Based Assessment of Persistent Toxic Substances UNEP, Geneva 1999. 
UNEP. Survey of currently available non-incineration PCB destruction technologies.  UNEP Chemicals, Geneva  2000. www.chem.unep.ch 
UNEP. Destruction and decontamination technologies for PCB and other POPs wastes Part III.  UNEP Chemicals, Geneva  2001. www.basel.int 
UNEP. Europe Regional Report, Regionally Based Assessment of Persistent Toxic Substances. UNEP Chemical, Geneva. 
UNEP. Interim guidance for developing a national implementation plan for the Stockholm Convention.  UNEP Chemicals, Geneva 2003. www.pops.int 
UNEP. Standardized toolkit for the identification and quantification of PCDD and PCDF.  UNEP Chemicals, Geneva 2003. www.pops.int 
UNEP. Global Report 2003, Regionally based assessment of persistent toxic substances. UNEP Chemicals, Geneva 2003. www.chem.unep.ch/pts 
UNEP. Dioxin and furan inventories. National and regional emissions pf PCDD/PCDF. UNEP Chemicals, Geneva 2004a. http://www.chem.unep.ch/pops/ 
UNEP. Control and prevention measures for PCDD/Fs, PCBs and dioxin precursors in the database on POPs alternatives. UNEP Chemicals, Geneva 2004b. 
 http://www.unep-chemicals.org 
UNEP. Draft guidelines on Best Available Techniques (BAT) and guidance on Best Environmental Practices (BEP) relevant to the provisions of Article 5 and Annex C  

of the Stockholm Convention. UNEP/POPS/EGB.3/2. Draft 29 Jul 2004. UNEP Chemicals, Geneva 2004c. 
http://www.pops.int/documents/meetings/bat_bep/3rd_session/Default.htm 

UNEP. Review of the emerging, innovative technologies for the destruction and decontamination of POPs and the identification of promising technologies for use in 
 developing countries. UNEP Chemicals, Geneva 2004d. www.unep.org/stapgef 
UNEP. Draft guidelines on Best Available Techniques and provisional guidance on Best Environmental Practices. UNEP Chemicals, Geneva 2004e. www.pops.int 
UNEP. Technical guidelines for environmentally sound management of wastes consisting of, containing or contaminated with polychlorinated biphenyls, 

polychlorinated terphenyls or polybrominated biphenyls (UNEP 2004f). Conference of the Parties to the Basel Convention on the Control of Transboundary 
Movements of Hazardous Wastes and Their Disposal 7th meeting, Geneva, 25–29 Oct 2004. Report on the implementation of the decisions adopted by the 
Conference of the Parties at its 6th meeting. August 2004, UNEP/CHW.7/1. 

USACE.  Safety and Health Aspects of HTRW Remediation Technologies. United States Army Corps of Engineers 2003. www.usace.army.mil 
USEPA. The bioremediation and phytoremediation of pesticide-contaminated sites.  U.S. Environmental Protection Agency, Washington, D.C.  2000. www.epa.gov 
USEPA. On-site incineration: Overview of Superfund operating experience. U.S. Environmental Protection Agency, Washington, D.C. 2003. www.epa.gov 
USEPA. Exposure factor handbook. U.S. Environmental Protection Agency, OHEA, ORD, Washington, D.C. 1989. EPA/600/8-89/043, PB90-106774. 
USEPA. Health assessment document for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds. Vol. III: External review draft. U.S. Environmental 
 Protection Agency, OHEA, ORD.  U.S. Govt Printing Office, Washington, D.C. 1994. EPA/600/BP-92/001C.  
USEPA. Guidance for assessing chemical contaminant data for use in fish advisories. Vol. 4, Risk communication. U.S. Environmental Protection Agency, 
 Washington, D.C. 1995. http://www.epa.gov/ost/fishadvice/es.html 
USEPA. Locating and estimating air sources of dioxins and furans. USEPA, ORD, Research Triangle Park, NC, USA 1997. 
USEPA. Guidance for cumulative risk assessment: Part 1, Planning and Scoping. U.S. Environmental Protection Agency, Washington, D.C. 1997. 
 http://www.epa.gov/swerosps/bf/htmldoc/cumrisk2.htm.  
USEPA. Guidelines for ecological risk assessment. U.S. Environmental Protection Agency, Washington, D.C. 1998. EPA/630/R-95/002F, Washington, DC. 
USEPA. Exposure and human health reassessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds. Draft final. U.S. Environmental Protection 
 Agency, Washington, D.C.  2000a. EPA/600/6-88/005Ca. www.epa.gov/ncea/dei.html   
USEPA. Guidance for assessing chemical contaminant data for use in fish sdvisories. Vol. 2, Risk assessment and consumption limits. U.S. Environmental Protection 
 Agency, Washington, D.C. 2000b. http://www.epa.gov/ost/fishadvice/es.html 
USEPA. Database of sources of environmental releases of dioxin-like compounds in the United States. U.S. Environmental Protection Agency, Washington, D.C. 
 2001. EPA/600/C-01012 (2001). 
USEPA. Lessons learned on planning and scoping for environmental risk assessments. Prepared by the Planning and Scoping Workgroup of the Science Policy 
 Council Steering Committee. U.S. Environmental Protection Agency, Washington, D.C. Jan 2002a. 
USEPA. Child-specific exposure factors handbook. U.S. Environmental Protection Agency, ORD, NCEA, Washington, D.C. 2002b. EPA-P-00-002B, Sep 2002. 
 Interim report. 
USEPA. Guidance for assessing chemical contaminant data for use in fish advisories. Vol. 3, Risk management. U.S. Environmental Protection Agency, Washington, 
 D.C. 2002c. http://www.epa.gov/ost/fishadvice/es.html 
USPCCRARM. Framework for Environmental Health Risk Management. Final report, vol 1. U.S. Presidential/Congressional Commission on Risk Assessment and 
 Risk Management, Washington, D.C. 1997.  Internet Edition (http://www.riskworld.com). 
Usuki Y, Kitajima S, Ohno Y, Fujimine Y, Hirai T, Watanabe S,  Kobayashi Y, Uechi T, Campbell TC, Hall A. The measurement of toxicity of dioxins in human blood 
 using the Ah- immunoassay. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 4. 
Vainola R, Vainio JK. Distributions, life cycles and hybridization of two Mysis relicta group species (Crustacea: Mysida) in the northern Baltic Sea and Lake Baven. 
 Hydrobiol. 368(1998):137-48. 
Vallack HW, Bakker DJ, Brandt I, Brostrom-Lundén E, Brouwer A, Bull KR, Gough C, Guardans R, Holoubek I, Jansson B, Koch R, Kuylenstierna J, Lecloux A, 
 Mackay D, McCutcheon P, Mocarelli P, Taalman RDF. Controlling persistent organic pollutants-what next? Environ Toxicol Pharmacol. 6;3(1998):143-75.  
Vallentyne JR. 1997. Integrating human and ecological health in the Great Lakes basin: The rationale for sunsetting industrial chlorine. Ecosystem Health 3:211-9. 
Vallin L, Nissling A, Westin L. Potential factors influencing reproductive success of Baltic cod, Gadus morhua: A review. Ambio 28;1(1999):92-9.  
Van Bavel B. Ten years of QA/QC: The international intercalibration study of PCDD/F and WHO TEF assigned PCBs in incineration and soil/sediment/sludge 
 samples. Organohalogen Compds 60-65(2003). CD-ROM, Vol. 1, Section 2.  
Van Bavel B, Naf C, Bergqvist P-A, Broman D, Lundgren K, Papakosta O, Rolff C, Strandberg B, Zebühr Y, Zooka D, Rappe C. Levels of PCBs in the Aquatic 
 Environment of the Gulf of Bothnia: Benthic Species and Sediments. Mar Pollut Bull. 32;2(1996):210-8.  
Van Bavel B, Takeda N, Rappe C. Results from an international intercalibration study on PCDDs and PCDFs in a fly ash extract. Chemosphere 32;1(1996):45-53.  
Van Bavel B, Wingfors H, Rappe C, Takeda N. Results from the third round of the international intercalibration study on PCDDs, PCDFs and planar PCBs: Part 2 
 Soil/sewage sludge. Organohalogen Compds. 35(1998):75-8. 



 

 

316

 

Van Den Berg M, De Jongh J, Poiger H, Olson J.R. The toxicokinetics and metabolism of polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) and 
 their relevance for toxicity. Crit Rev Toxicol. 24;1(1994):1-74.  
Van den Heuvel JP, Clark GC, Kohn MC, Tritscher AM, Greenlee WF, Lucier GW, Bell DA. Dioxin-responsive genes: examination of dose-response relationships 
 using quantitative reverse transcriptase-polymerase chain reaction. Cancer Res. 1994;54(1):62-8.  
Van den Heuvel JP, Clark GC, Tritscher A, Lucier GW. Accumulation of polychlorinated dibenzo-p-dioxins and dibenzofurans in liver of control laboratory rats. 
 Fundam Appl Toxicol. 1994;23(3):465-9.  
Van Den Heuvel RL, Koppen G, Staessen JA, Hond ED, Verheyen G, Nawrot TS, Roels HA, Vlietinck R, Schoeters GE. Immunologic biomarkers in relation to 
 exposure markers of PCBs and dioxins in Flemish adolescents (Belgium). Environ Health Perspect. 2002;110(6):595-600.  
Van Den Heuvel RL, Leppens H, Schoeters GE. Use of in vitro assays to assess hematotoxic effects of environmental compounds.  Cell Biol Toxicol. 2001;17(2):107-
 16.  
Van der Berg M, Blank F, Heeremans C, Wagenaar H, Olie K. Presence of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans in fish-eating birds 
 and fish from the Netherlands. Arch Environ Contam Toxicol. 16 (1987):149–58. 
van der Burght AS, Clijsters PJ, Horbach GJ, Andersson PL, Tysklind M, van den Berg M. Structure-dependent induction of CYP1A by polychlorinated biphenyls in 
 hepatocytes of cynomolgus monkeys  (Macaca fascicularis). Toxicol Appl Pharmacol. 1999;155(1):13-23. 
Van der Burght AS, Tysklind M, Andersson PL, Jean Horbach G, van den Berg M. Structure dependent induction of CYP1A by polychlorinated biphenyls in 
 hepatocytes of male castrated pigs. Chemosphere 2000;41(10):1697-708.  
Van der Molen GW, Kooijman BA, Wittsiepe J, Schrey P, Flesch-Janys D, Slob W. Estimation of dioxin and furan elimination rates with a pharmacokinetic model. J 
 Expo Anal Environ Epidemiol. 2000;10(6 Pt 1):579-85.  
van der Oost R, Beyer J, Vermeulen NPE. Fish bioaccumulation and biomarkers in environmental risk assessment: a review. Environ Toxicol Pharmacol. 
 13;2(2003):57-149. 
Van der Oost R, Heida RH, Opperhuizen A. Polychlorinated biphenyl congeners in sediments, plankton, molluscs, crustaceans, and eels in a freshwater lake. 
 Implication of using reference chemicals and indicator organisms in bioaccumulation studies. Arch Environ Contamin Toxicol 17(1988):721–9. 
van Duursen MB, Sanderson JT, van der Bruggen M, van der Linden J, van den Berg M. Effects of several dioxin-like compounds on estrogen metabolism in the 
 malignant MCF-7 and nontumorigenic MCF-10A human mammary epithelial cell lines. Toxicol Appl Pharmacol. 2003;190(3):241-50.  
Van Gerven T, Geysen D, Vandecasteele C. Estimation of the contribution of a municipal waste incinerator to the overall emission and human intake of PCBs in 
 Wilrijk, Flanders. Chemosphere 54;9(2004):1303-8. 
Van Jaarsveld JA, Van Pul WAJ, De Leeuw FAAM. Modelling transport and deposition of persistent organic pollutants in the European region. Atm Environ. 
 31;7(1997):1011-24.  
Van Leeuwen C J, Hermens JCM. (eds.) Risk assessment of chemicals : an introduction. Dordrecht, Kluwer 1995. 
Van Loveren H, Vos J, Putman E, Piersma A. Immunotoxicological consequences of perinatal chemical exposures: a plea for inclusion of immune parameters in 
 reproduction studies. Toxicology 185;3(2003):185-91. 
Van Overmeire I, Clark GC, Brown DJ, Chu MD, Cooke WM, Denison MS, Baeyens W, Srebrnik S, Goeyens L.  Trace contamination with dioxin-like chemicals: 
 evaluation of bioassay-based TEQ determination for hazard assessment and regulatory responses. Environ Sci & Pol. 4;6(2001):345-57.  
Van Oyen H. Dioxin in feed and food: is public health running behind? J Epidemiol Community Health. 1999;53(12):744-5.  
Van Wouwe N, Eppe G, Xhrouet C, Windal I, Vanderperren H, Carbonnelle S, Van Overmeire I, Debacker N, Sasse A, De Pauw E, Sartor F, Van Oyen H, Goeyens 

L.  Analysis of PCDD/Fs in human blood plasma using CALUX bioassay and GC-HRMS: A Comparison. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 1, 
Section 3.  

VanDeveer SD. Protecting Europe's seas: Lessons from the last 25 years. Environment 42;6(2000):10-26. 
Vartiainen T, Hallikainen A. Polychlorodibenzo-p-dioxin and polychlorodibenzofuran (PCDD/F) levels in Baltic herring and rainbow trout samples in Finland. 
 Organohalogen Compds. 9(1992):305-8. 
Vartiainen T, Jaakkola JJ, Saarikoski S, Tuomisto J. Birth weight and sex of children and the correlation to the body burden of PCDDs/PCDFs and PCBs of the 
 mother. Environ Health Perspect. 1998;106(2):61-6. 
Vartiainen T, Lampi P, Tolonen K, Tuomisto J. Polychlorodibenzo-p-dioxin and polychlorodibenzofuran concentrations in lake sediments and fish after ground water 
 pollution with chlorophenols. Chemosphere 30(1995):1439-51.  
Vartiainen T, Lampi P, Tuomisto JT, Tuomisto J. Polychlorodibenzo-p-dioxin and polychlorodibenzofuran concentrations in human fat samples in a village after 
 pollution of drinking water with chlorophenols. Chemosphere 30;8(1995):1429-38. 
Vartiainen T, Mannio J, Korhonen M, Kinnunen K, Strandman T. Levels of PCDD, PCDF and PCB in Dated Lake Sediments in Subarctic Finland. Chemosphere 34;5-
 7(1997):1341-50. 
Vartiainen T, Saarikoski S, Jaakkola JJ, Tuomisto J. PCDDs and PCDFs in human milk from two areas of Finland. Chemosphere 34(1997):2571-83. 
Vaughan RC. Ranking the bioassay TEFs and REPs. Organohalogen Compds. 60-65(2003). CD-ROM, Vol. 1, Section 2. 
Vedani A, McMasters DR, Dobler M. [Genetic algorithms in 3D-QSAR: The use of multiple ligand orientations for improved predictions of toxicity]. ALTEX. 
 1999;16(3):142-145. German.  
Vedani A, McMasters DR, Dobler M. [Genetic algorithms in 3D-QSAR: Predicting the toxicity of dibenzodioxins, dibenzofurans and biphenyls]. ALTEX. 
 1999;16(1):9-14. German. 
Vena J, Boffetta P, Becher H, Benn T, Bueno-de-Mesquita HB, Coggon D, Colin D, Flesch-Janys D, Green L, Kauppinen T, Littorin M, Lynge E, Mathews JD,  

Neuberger M, Pearce N, Pesatori AC, Saracci R, Steenland  K, Kogevinas M. Exposure to dioxin and nonneoplastic mortality in the expanded IARC international 
cohort study of phenoxy herbicide and chlorophenol production workers and sprayers. Environ Health Perspect. 1998;106 Suppl 2:645-53.  

Verbeke W, Viaene J, Guiot O. Health communication and consumer behavior on meat in Belgium: from BSE until dioxin. J Health Commun. 4;4(1999):345-57.  
Vergili-Nelsen JM. Benefits of fish oil supplementation for hemodialysis patients. J Am Diet Assoc. 103;9(2003):1174-7. 
Verkasalo PK, Kokki E, Pukkala E, Vartiainen T, Kiviranta H, Penttinen A, Pekkanen J. Cancer risk near a polluted river in Finland. Environ Health Perspect. 
 112;9(2004):1026-31. 
Vermeire T. et al. Assessment factors for human health risk assessment: A discussion paper. Crit Rev Toxicol. 29(1998):3439-90.0 
Verstraete F. Development and implementation of an EC strategy on dioxins, furans and dioxin-like PCBs in food and feed. Environ Sci Pollut Res Int. 2002;9(5):297-
 9.  
Verta M, Ahtiainen J, Hamalainen H, Jussila H, Jarvinen O, Kiviranta H, Korhonen M, Kukkonen J, Lehtoranta J, Lyytikainen M, Malve O, Mikkelson P, Moisio V,  

Niemi A, Paasivirta J, Palm H, Porvari P, Rantalainen A-L, Salo S, Vartiainen T, Vuori K-M. Organoklooriyhdisteet ja raskasmetallit Kymijoen sedimentissa: 
esiintyminen, kulkeutuminen, vaikutukset ja terveysriskit. (Organochlorine compounds and heavy metals in River Kymijoki sediments: occurrence, transport, 
effects and health risks, in Finnish). Suomen Ymparisto (The Finnish Environ.) 334. (Abstract in English). 

Verta M, Lehtoranta J, Salo S, Korhonen M, Kiviranta H. High concentrations of PCDDs and PCDFs in river Kymijoki sediments, southeastern Finland. Organohalog 
 Compds. 43(1999):261-5. 
Verta M, Salo S, Korhonen M, Kiviranta H, Koistinen J, Ruokojarvi P, Isosaari P. Dioxin concentrations in sediments of the baltic sea - A areliminary survey of 
 existing data. Organohalogen Compds. 66(2004):1401-8.  
Verta M, Salo S, Malve H, Kiviranta H. Continued transport of PCDD/F contaminated sediments from River Kymijoki to the Gulf of Finland, the Baltic Sea. 
 Organohalogen Compds 61(2003):405-8.  CD-ROM, Vol. 2, Section 3. 
Vessby B, Unsitupa M, Hermansen K, Riccardi G, Rivellese AA, Tapsell LC, Nalsen C, Berglund L, Louheranta A, Rasmussen BM, Calvert GD, Maffetone A,  

Pedersen E, Gustafsson IB, Storlien LH. Substituting dietary saturated for monounsaturated fat impairs insulin sensitivity in healthy men and women: The 
KANWU Study. Diabetologia. 2001;44(3):312-9.  

Vesterinen R, Flyktman M. Organic emissions from co-combustion of RDF with wood chips and milled peat in a bubbling fluidized bed boiler. Chemosphere 
 32;4(1996):681-9.  



 

 

317

 

Vick WH, Ellis WD, Sanning DE, Opatken EJ. Physical stabilization techniques for mitigation of environmental pollution from dioxin contaminated soils. J Haz Mater. 
 18;2(1988):189-206.  
Viherluoto M, Kuosa H, Flinkman J, Viitasalo M. Food utilisation of pelagic mysids, Mysis mixta and M. relicta, during their growing season in the northern Baltic Sea. 
 Mar Biol. 136;3(2000):553-9. 
Viherluoto M, Viitasalo M. Effect of light on the feeding rates of pelagic and littoral mysid shrimps: a trade-off between feeding success and predation avoidance. J 
 Exp Mar Biol Ecol. 261;2(2001):237-44. 
Viitasalo M, Katajisto T, Vuorinen I. Seasonal dynamics of Acartia bifilosa and Eurytemora affinis (Copepoda: Calanoida) in relation to abiotic factors in the northern 
 Baltic Sea. Hydrobiol. 292-293(1994):415-22.  
Viitasalo M, Vuorinen I, Saesmaa S. Mesozooplankton dynamics in the northern Baltic Sea: implications of variations in hydrography and climate. J Plankton Res. 
 17;10(1995):1857-78. 
Viitasalo M. Mesozooplankton of the Gulf of Finland and northern Baltic proper - a review of monitoring data. Ophelia 35;2(1992):147-68. 
Vikelsøe J. Dioxins in danish soil. Organohalogen Compds. 57(2002):373-6. 
Vikelsøe J, Johansen E. Estimation of dioxin emission from fires in chemicals. Chemosphere 2000;40(2):165-75.  
Vikelsøe J, Madsen H, Hansen K. Emission of dioxins from Danish wood-stoves. Chemosphere 29;9-11(1994):2019-27. 
Vilanova RM, Fernández P, Martínez C, Grimalt JO. Polycyclic aromatic hydrocarbons in remote mountain lake waters. Water Res. 35;16(2001):3916-26.  
Villeneuve DL, Kannan K, Khim JS, Falandysz J, Nikiforov VA, Blankenship AL, Giesy JP. Relative potencies of individual polychlorinated naphthalenes to induce 
 dioxin-like responses in fish and mammalian in vitro bioassays. Arch Environ Contam Toxicol. 2000;39(3):273-81.  
Villeneuve DL, Khim JS, Kannan K, Giesy JP.  In vitro response of fish and mammalian cells to complex mixtures of polychlorinated naphthalenes, polychlorinated 
 biphenyls, and polycyclic aromatic hydrocarbons. Aquat Toxicol 2001;54(1-2):125-41. 
Villeneuve DL, Khim JS, Kannan K, Giesy JP. Relative potencies of individual polycyclic aromatic hydrocarbons to induce dioxinlike and estrogenic responses in three 
 cell lines. Environ Toxicol 2002;17(2):128-37. 
Viluksela M, Bager Y, Tuomisto JT, Scheu G, Unkila M, Pohjanvirta R, Flodstrom S, Kosma VM,   Maki-Paakkanen J, Vartiainen T, Klimm C, Schramm KW, 

Warngard L, Tuomisto J. Liver tumor-promoting activity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in TCDD-sensitive and TCDD-resistant  rat strains. Cancer 
Res. 60;24(2000):6911-20.  

Viluksela M, Duong TV, Stahl BU, Li X, Tuomisto J, Rozman KK. Toxicokinetics of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in two substrains of male Long-Evans 
 rats after intravenous injection. Fundam Appl Toxicol. 31;2(1996):184-91. 
Viluksela M, Stahl BU, Birnbaum LS, Rozman KK. Subchronic/chronic toxicity of a mixture of four chlorinated dibenzo-p-dioxins in rats. II. Biochemical effects. Toxicol 
 Appl Pharmacol. 151;1(1998):70-8. 
Voie OA, Tysklind M, Andersson PL, Fonnum F. Activation of respiratory burst in human granulocytes by polychlorinated biphenyls: A structure-activity study.  Toxicol 
 Appl Pharmacol. 2000;167(2):118-24.  
Vollmuth S, Niessner R. Degradation of PCDD, PCDF, PAH, PCB and chlorinated phenols during the destruction-treatment of landfill seepage water in laboratory 
 model reactor (UV, Ozone, and UV/Ozone). Chemosphere 30;12(1995):2317-31. 
Voogt de P, Dirksen S, Boudewijn TJ, Bosveld AT, Murk AJ. Do polychlorinated biphenyls contribute to reproduction effects in fish-eating birds? Environ Toxicol 
 Chem. 20;6(2001):1149-51.  
Voogt de P, Haggberg L. Isolation and determination of methylsulfonyl-PCBs in biological samples by sulfuric acid partitioning, adsorption chromatography and GC-
 ECD. Chemosphere 27;1-3(1993):271-8. 
Vorderstrasse BA, Bohn AA, Lawrence BP. Examining the relationship between impaired host resistance and altered immune function in mice treated with TCDD. 
 toxicology. 188;1(2003):15-28. 
Vorderstrasse BA, Fenton SE, Bohn AA, Cundiff JA, Lawrence BP. A novel effect of dioxin: Exposure during pregnancy severely impairs mammary gland 
 differentiation. Toxicol Sci. 78;2(2004):248-257. Epub 2004 Jan 12. 
Vos JG. Health effects of hexachlorobenzene and the TEF approach. Environ Health Perspect. 2000;108(2):A58.  
Vos JG, De Heer C, Van Loveren H. Immunotoxic effects of TCDD and toxic equivalency factors. Teratog Carcinog Mutagen. 1997-98;17(4-5):275-84.  
Vos JG, Dybing E, Greim HA, Ladefoged O, Lambre C, Tarazona JV, Brandt I, Vethaak AD. Health effects of endocrine-disrupting chemicals on wildlife, with special 
 reference to the European situation. Crit Rev Toxicol. 30;1(2000):71-133.   
Vos JG, Van Loveren H. Experimental studies on immunosuppression: how do they predict for man? Toxicol 129;1(1998):13-26.  
Vose D. Quantitative risk analysis : a guide to Monte Carlo simulation modelling. Chichester, Wiley 1996. 
Voutsas E, Magoulas K, Tassios D. Prediction of the bioaccumulation of persistent organic pollutants in aquatic food webs. Chemosphere 48;7(2002):645-51.  
Vreugdenhil HJ, Lanting CI, Mulder PG, Boersma ER, Weisglas-Kuperus N. Effects of prenatal PCB and dioxin background exposure on cognitive and motor abilities 
 in Dutch children at school age. J Pediatr. 2002;140(1):48-56.  
Vreugdenhil HJ, Slijper FM, Mulder PG, Weisglas-Kuperus N. Effects of perinatal exposure to PCBs and dioxins on play behavior in Dutch children at school age. 
 Environ Health Perspect. 2002;110(10):A593-8.  
Vrijens B, De Henauw S, Dewettinck K, Talloen W, Goeyens L, De Backer G, Willems JL. Probabilistic intake assessment and body burden estimation of dioxin-like 
 substances in background conditions and during a short food contamination episode. Food Addit Contam. 19;7(2002):687-700.  
Vulykh N, Shatalov V. Investigation of dioxin/furan composition in emissions and in environmental media. Selection of congeners for modeling. MSC-E Technical Note 
 6/2001. Meteorological Synthesizing Centre - East, Moscow. http://www.msceast.org/publications 
Vuorinen PJ, Keinanen M, Paasivirta J, Koistinen J. Dioxin-Like organochlorines in the M74 syndrome of Baltic salmon (Salmo salar L.) Mar Environ Res. 46;1-
 5(1998):177. 
Vuorinen PJ, Paasivirta J, Keinanen M, Koistinen J, Rantio T, Hyotylainen T, Welling L. The M74 syndrome of baltic salmon (salmo salar) and organochlorine 
 concentrations in the muscle of female salmon. Chemosphere 34;5-7(1997):1151-66. 
Vuorinen PJ, Parmanne R, Kiviranta H, Isosaari P, Hallikainen A, Vartiainen T. Differences in PCDD/F concentrations and patterns in herring (Clupea harengus) from 
 Southern and Northern Baltic Sea. Organohalogen Compds. (2004):523-  
Vuorinen PJ, Parmanne R, Vartiainen T, Keinanen M, Kiviranta H, Kotovuori O, Halling F. PCDD, PCDF, PCB and thiamine in Baltic herring  (Clupea harengus L.) 
 and sprat [ Sprattus sprattus (L.)] as a background to the M74 syndrome of Baltic salmon (Salmo salar L.). ICES J Mar Sci. 59;3(2002):480-96. 
Vyner HM. The psychological dimensions of health care for patients exposed to radiation and the other invisible environmental contaminants. Soc Sci Med. 
 1988;27(10):1097-103.  
Waern F, Flodstrom S, Busk L, Kronevi T, Nordgren I, Ahlborg UG. Relative liver tumour promoting activity and toxicity of some polychlorinated dibenzo-p-dioxin- and  
 dibenzofuran-congeners in female Sprague-Dawley rats. Pharmacol Toxicol. 1991;69(6):450-8.  
Wagenaar H, Langeland K, Hardman R, Sergeant Y, Brenner K, Sandra P, Rappe C, Fernandes A, Tiernan T. Analysis of PCDDs and PCDFs in virgin suspension 
 PVC resin. Chemosphere 36;1(1998):1-12.  
Walker CH, Livingstone DR. (Eds.). Persistent Pollutants in Marine Ecosystems. Pergamon Press, New York 1992. 
Walker MK, Catron TF. Characterization of cardiotoxicity induced by 2,3,7, 8-tetrachlorodibenzo-p-dioxin and related chemicals during early chick embryo 
 development. Toxicol Appl Pharmacol. 167;3(2000):210-21.  
Walker MK, Cook PM, Butterworth BC, Zabel EW, Peterson RE. Potency of a complex mixture of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl 
 congeners compared to 2,3,7,8-Tetrachlorodibenzo-p-dioxin in causing fish early life stage mortality. Fundam Appl Toxicol 30;2(1996):178-86.  
Walker MK, Peterson RE. Potencies of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners, relative to 2,3,7,8-tetrachlorodibenzo-p-dioxin, for 
 producing early life stage mortality in rainbow trout (Oncorhynchus mykiss). Aquat Toxicol. 21;3-4(1991):219-37. 
Walker MK, Peterson RE. Toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin to brook trout (Salvelinus fontinalis) during ealy development. Environ Toxicol Chem. 
 13;5(1994)817-20.  



 

 

318

 

Walker MK, Pollenz RS, Smith SM. Expression of the aryl hydrocarbon receptor (AhR) and AhR nuclear translocator during chick cardiogenesis is consistent with 
 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced heart defects. Toxicol Appl Pharmacol. 1997;143(2):407-19.  
Walker R. The significance of excursions above the ADI: duration in relation to pivotal studies. Regul Toxicol Pharmacol. 1999;30(2 Pt 2):S114-8.  
Wallace LA, Duan N, Ziegenfus R. Can long-term exposure distributions be predicted from short-term measurements?. Risk Anal. 14(1994):75-85. 
Wallberg P, Andersson A. Determination of adsorbed and absorbed polychlorinated biphenyls (PCBs) in seawater microorganisms. Mar Chem. 4;4(1999):287-99.  
Wallberg P, Bergqvist P-A, Andersson A. Potential importance of protozoan grazing on the accumulation of polychlorinated biphenyls (PCBs) in the pelagic food web. 
 Hydrobiol. 357(1997):53-62. 
Wallberg P, Jonsson PR, Andersson A. Trophic transfer and passive uptake of a polychlorinated biphenyl in experimental marine microbial communities. Environ 
 Toxicol Chem. 2001;20(10):2158-64.  
Wallenhorst Th, Krau P, Hagenmaier H. PCDD/F in ambient air and deposition in Baden-Württemberg, Germany. Chemosphere 34;5-7(1997):1369-78.  
Waller CL, McKinney JD. Three-dimensional quantitative structure-activity relationships of dioxins and dioxin-like compounds: model validation and Ah receptor  
 characterization. Chem Res Toxicol. 8;6(1995):847-58.  
Waller CL, Minor DL, McKinney JD. Using three-dimensional quantitative structure-activity relationships to examine estrogen receptor binding affinities of 
 polychlorinated hydroxybiphenyls. Environ Health Perspect. 103;7-8(1995):702-7.  
Wallin E, Rylander L, Jonsson B, Hagmar L. Intra-individual variations over time for 2,2’,4,4’,5,5’-hexachlorobiphenyl (CB 153) in relation to consumption of fatty fish 
 from the Baltic Sea. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 5, Section 1.  
Walter GL, Jones PD, Giesy JP. Pathologic alterations in adult rainbow trout, Oncorhynchus mykiss, exposed to dietary 2,3,7,8-tetrachlorodibenzo-p-dioxin. Aquat 
 Toxicol. 2000;50(4):287-299. 
Wan YH, Wong PK. Mathematical relationships between vapor pressure, water solubility, Henry's law constant, n-octanol/water partition coefficent and gas 
 chromatographic retention index of polychlorinated-dibenzo-dioxins. Water Res. 2002;36(1):350-5. 
Wang L-C, Lee W-J, Lee W-S, Chang-Chien G-P, Tsai P-J. Effect of chlorine content in feeding wastes of incineration on the emission of polychlorinated dibenzo-p-
 dioxins/dibenzofurans. Sci Total Environ. 302;1-3(2003):185-98.  
Wang L-C, Lee W-J, Lee W-S, Chang-Chien P-G, Tsai P-J. Characterising the emissions of PCDD/Fs from crematories and their impacts to the surrounding 
 environment. Environ. Sci. Technol. 37(2003):62-7.  
Wang T, Anderson DR, Thompson D, Clench M, Fisher R. Studies into  the  formation  of  dioxins  in  the  sintering  process  used  in  the  iron  and  stell industry. 1. 
 characterisation of isomer profiles in particulate and gaseous emissions. Chemosphere 51(2003):585-94.  
Wang X, Santostefano MJ, Evans MV, Richardson VM, Diliberto JJ; Birnbaum LS. Determination of Parameters Responsible for Pharmacokinetic Behavior of TCDD 
 in Female Sprague–Dawley Rats. Toxicol Appl Pharmacol. 147;1(1997):151-68.  
Wang X, Tang S, Liu S, Cui S, Wang L. Molecular hologram derived quantitative structure-property relationships to predict physico-chemical properties of 
 polychlorinated biphenyls. Chemosphere 51;7(2003):617-32. 
Wang X, Thomsen JS, Santostefano M, Rosengren R, Safe S, Perdew GH. Comparative properties of the nuclear aryl hydrocarbon (Ah) receptor complex from 
 several human cell lines. Eur J Pharmacol. 293;3(1995):191-205.  
Wania F, Axelman J, Broman D. A review of processes involved in the exchange of persistent organic pollutants across the air-sea interface. Environ Pollut. 
 102;1(1998):3-23.  
Wania F, Broman D, Axelman J, Naf C, Agrell C. A multicompartmental, multi-basin fugacity model describing the fate of PCBs in the Baltic Sea. Wulff F, Rahm L, 
 Larsson P (eds.) A systems analysis of the Baltic Sea. Ecol Studies 148(2001):417-47. Springer Verlag, Berlin & Heidelberg.  
Wania F, Dugani CB. Assessing the long-range transport potential of polybrominated diphenyl ethers: a comparison of four multimedia models. Environ Toxicol Chem. 
 22;6(2003):1252-61. 
Warren RF, ApSimon HM. Uncertainties in integrated assessment modelling of abatement strategies: illustrations with the ASAM model pollutants. Environ Sci Pol. 
 2;6(1999):439-56. 
Wassenberg DM, Swails EE, Di Giulio RT. Effects of single and combined exposures to benzo(a)pyrene and 3,3'4,4'5-pentachlorobiphenyl on EROD activity and 
 development in Fundulus heteroclitus. Mar Environ Res. 54;3-5(2002):279-83. 
Watanabe I, Kawano M, Tatsukawa R. Polybrominated and mixed polybromo/chlorinated dibenzo-p-dioxins and -dibenzofurans in the Japanese environment. 
 Organohalogen Compds. 24(1995):337-40. 
Watanabe I, Tatsukawa R. Formation of brominated dibenzofurans from the photolysis of flame retardant decabromobiphenyl ether in hexane solution by UV and 
 sunlight. Bull Environ Contam Toxicol. 39 (1987):953-9.  
Watanabe I, Tatsukawa R. Anthropogenic brominated aromatics in the Japanese environment. In: Freiji L (ed.) Proc Workshop Brominated Aromatic Flame 
 Retardants, Skokloster, Sweden 24-26 Oct 1989. Swedish Natl Chem Inspectorate (KemI), Solna 1989, pp. 63-71.   
Watanabe K, Takemori H, Abe M, Iseki N, Masunaga S, Ohi E, Takasuga T, Morita M. Polybrominated -dibenzo-p-dioxins (PBDDs), -dibenzo furans (PBDFs),  

-biphenyls (PBBs), and -diphenyl ethers (PBDEs) in common cormorant (Phalacrocorax carbo) from Japan. Organohalogen Compds. 60-65(2003). CD-ROM, 
Vol. 2, Section 1. 

Watanabe M, Sueoka K, Sasagawa I, Nakabayashi A, Yoshimura Y, Ogata T. Association of male infertility with Pro185Ala polymorphism in the aryl hydrocarbon 
 receptor repressor gene: implication for the susceptibility to dioxins. Fertil Steril. 82 Suppl 3(2004):1067-71. 
Weber H, Poiger H, Schlatter C. Fate of 2,3,7,8-tetrachlorodibenzo-p-dioxin metabolites from dogs in rats. Xenobiotica 1982;12(6):353-7. 
Weber LW, Greim H. The toxicity of brominated and mixed-halogenated dibenzo-p-dioxins and dibenzofurans: an overview. J Toxicol Environ Health 50;3(1997):195-
 215.  
Weber R, Kuch B, Ohno T, Sakurai T. De novo synthesis of mixed brominated-chlorinated PXDD/PXDF. Organohalogen Compds. 56(2002):181-4.  
Weber R, Sakurai T, Hagenmaier H. Formation and destruction of PCDD/PCDF during heat treatment of fly ash samples from fluidized bed incinerators. 
 Chemosphere 38;11(1999):2633-42.  
Weber R, Sakurai T. Formation characteristics of PCDD and PCDF during pyrolysis processes. Chemosphere 2001;45(8):1111-7.  
Weber R, Schrenk D, Schmitz HJ, Hagenmaier A, Hagenmaier H. Polyfluorinated dibenzodioxins and dibenzofurans--synthesis, analysis, formation and toxicology. 
 Chemosphere 1995;30(4):629-39.  
Webster T, Connett P. Dioxin emission inventories and trends: the importance of large point sources. Chemosphere 1998;37(9-12):2105-18.  
Weed DL. Underdetermination and incommensurability in contemporary epidemiology. Kennedy Inst Ethics J. 7;2(1997):107-27. 
Weed DL. Environmental epidemiology: basics and proof of cause-effect. Toxicology 181-182(2002):399-403. 
Weed DL. Methodologic implications of the Precautionary Principle: causal criteria. Int J Occup Med Environ Health 17;1(2004a):77-81. 
Weed DL. Precaution, prevention, and public health ethics. J Med Philos. 29;3(2004b):313-32. 
Weiden van der MEJ, Bleumink R, Seinen W, van den Berg M. Concurrence of P450 1A induction and toxic effects in the mirror carp (Cyprinus carpio), after 
 administration of allow dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Aq Toxicol. 29;3-4(1994):147-62.  
Weihe P, Hoppe H-W, Grandjean P. Sustained high concentrations of PCBs in Faroese pregnant women despite dietary intervention. Organohalogen Compds. 60-
 65(2003), CD-ROM Vol. 4, Section 4. 
Weisglas-Kuperus N, Patandin S, Berbers GA, Sas TC, Mulder PG, Sauer PJ, Hooijkaas H. Immunologic effects of background exposure to polychlorinated biphenyls 
 and dioxins in Dutch preschool children. Environ Health Perspect. 2000;108(12):1203-7. 
Weisglas-Kuperus N, Sas TC, Koopman-Esseboom C, van der Zwan CW, De Ridder MA, Beishuizen A, Hooijkaas H, Sauer PJ. Immunologic effects of background 
 prenatal and postnatal  exposure to dioxins and polychlorinated biphenyls in Dutch infants. Pediatr Res. 1995;38(3):404-10. 
Weistrand C, Jakobsson E, Noren K. Liquid-gel partitioning using Lipidex in the determination of polychlorinated biphenyls, naphthalenes, dibenzo-p-dioxins and 
 dibenzofurans in blood plasma. J Chromatogr B Biomed Appl. 1995;669(2):207-17.  
Weistrand C, Lundén A, Norén K. Leakage of polychlorinated biphenyls and naphthalenes from electronic equipment in a laboratory. Chemosphere 24(1992):1197–
 206. 



 

 

319

 

Wenborn M, King K, Buckley-Golder D, Gascon JA. Releases of dioxins and furans to land and water in Europe. Final Report Issue 2. Report produced for 
Landesumweltamt Nordrhein-Westfalen, Germany on behalf of European Commission DG Environment. Sept 1999. Report AEAT-4703. 149 p. 
http://europa.eu.int/comm/environment/dioxin/download.htm.  

Wenning R, Dodge D, Peck B, Shearer K, Luksemburg W, Della Sala D, Scazzola R. Screening-level ecological risk assessment of polychlorinated dibenzo-p-dioxins 
 and dibenzofurans in sediments and aquatic biota from the Venice Lagoon, Italy. Chemosphere 40;9-11(2000):1179-87.  
Westerholm R, Christensen A, Tornqvist M, Ehrenberg L, Rannug U, Sjogren M, Rafter J, Soontjens C, Almen J, Gragg K. Comparison of exhaust emissions from 

Swedish environmental classified diesel fuel (MK1) and European Program on Emissions, Fuels and Engine Technologies (EPEFE) reference fuel: a chemical 
and biological characterization, with viewpoints on cancer risk. Environ Sci Technol. 2001;35(9):1748-54.  

Westernhagen van H, Rosenthal H, Dethlefsen V, Ernst W, Harms U, Hansen PD. Bioaccumulating substances and reproductive success in Baltic flounder. Aquatic 
 Toxicol. 1(1981):85-99. 
Wevers M, De Fré R, Vanermen G. Dioxin and PAH emissions from domestic heating appliances with solid fuel. Organohalogen Compds. 60-65(2003), CD-ROM Vol. 
 4, Section 1. 
Wevers M, De Fre R, Desmedt M. Effect of backyard burning on dioxin deposition and air concentrations. Chemosphere 54;9(2004):1351-6. 
Wheatley B, Paradis S. Balancing human exposure, risk and reality: Questions raised by the Canadian aboriginal methylmercury program. Neurotoxicol. 
 17;1(1996):241-50. 
Wheatley B, Wheatley MA. Methylmercury and the health of indigenous peoples: a risk management challenge for physical and social sciences and for public health 
 policy. Sci Total Environ. 2000;259(1-3):23-9. 
Wheatley MA. The importance of social and cultural effects of mercury on aboriginal peoples. Neurotoxicology 17;1(1996):251-6. 
WHO. Biomarkers and risk assessment : concepts and principles. World Health Organization, Geneva 1993. WHO Monograph 155. 
WHO. Guidelines for predicting dietary intake of pesticide residues. GEMS/Food in collaboration with the Codex committee on pesticide residues. Document 
 WHO/FSF/FOS/97.7. World Health Organization, Geneva 1997. 
WHO. Guidelines for the study of dietary intakes of chemical contaminants. WHO offset publication No 87. World Health Organization, Geneva 1985. 
WHO. Risk communication: dealing with the spectrum of environment and health risks in Europe. Copenhagen, WHO Regional Office for Europe 199X. 
WHO. Assessment of the health risk of dioxins: re-evaluation of the Tolerable Daily Intake (TDI), executive summary. WHO Consultation, May 25-29 1998, Geneva, 
 Switzerland. WHO, Geneva 1998. URL: www.who.int/pcs/dioxin-exec-sum/exe-sum-final.doc  
Wiberg K, Bergman A, Olsson M, Roos A, Blomkvist G, Haglund P. Concentrations and enantiomer fractions of organochlorine compounds in Baltic species hit by 
 reproductive impairment. Environ Toxicol Chem 2002;21(12):2542-51. avoja69 
Wichmann H, Dettmer FT, Bahadir M. Thermal formation of PBDD/F from tetrabromobisphenol A--a comparison of polymer linked TBBP A with its additive 
 incorporation in thermoplastics. Chemosphere 47;4(2002):349-55.  
Wiebel FL, Wegenke M, Kiefer F. Bioassay for determining 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TEs) in human hepatoma HepG2 cells. Toxicol Lett. 88;1-
 3(1996):335-8.  
Wiegel J, Wu Q. Microbial reductive dehalogenation of polychlorinated biphenyls. FEMS Microbiol Ecol 32;1(2000):1-15.  
Wiesmuller T, Schlatterer B. PCDDs/PCDFs and coplanar PCBs in eels (Anguilla anguilla) from different areas of the rivers Havel and Oder in the state of 
 Brandenburg (Germany). Chemosphere. 1999;38(2):325-34. 
Wiesmuller T, Sommer P, Volland M, Schlatterer B. PCDDs/PCDFs, PCBs, and organochlorine pesticides in eggs of Eurasian sparrowhawks (Accipiter nisus), 

hobbies (Falco subbuteo), and northern goshawks (Accipiter gentilis) collected in the area of Berlin-Brandenburg, Germany. Arch Environ Contam Toxicol. 
2002;42(4):486-96.  

Wikstrom E, Marklund S. The influence of level and chlorine source on the formation of mono- to octa-chlorinated dibenzo-p-dioxins, dibenzofurans and coplanar 
 polychlorinated biphenyls during combustion of an artificial municipal waste. Chemosphere 2001;43(2):227-34.  
Wikstrom E, Ryan S, Touati A, Tabor D, Gullett BK. Origin of carbon in polychlorinated dioxins and furans formed during sooting combustion. Environ Sci Technol. 
 38;13(2004):3778-84. 
Wikstrom E, Ryan S, Touati A, Gullet BK. Key parameters for de novo formation of polychlorinated dibenzo-p-dioxins and dibenzofurans. Environ Sci Technol. 
 37;9(2003):1962-70.  
Wikstrom E, Ryan S, Touati A, Gullett BK. In situ formed soot deposit as a carbon source for polychlorinated dibenzo-p-dioxins and dibenzofurans. Environ Sci 
 Technol. 38;7(2004):2097-101. 
Wikstrom E, Ryan S, Touati A, Telfer M, Tabor D, Gullett BK. Importance of chlorine speciation on de novo formation of polychlorinated dibenzo-p-dioxins and 
 polychlorinated dibenzofurans. Environ Sci Technol. 37;6(2003):1108-13. 
Wilhelm J, Stieglitz L, Dinjus E, Will R. Mechanistic studies on the role of PAHs and related compounds in PCDD/F formation on model fly ashes. Chemosphere 42;5-
 7(2001):797-802. 
Wilken M, Cornelson B, Zeschmar-Lahl B, Jager J. Distribution of PCDD/F and other organochlorine compounds  in different municipal solid waste fractions. 
 Chemosphere 25(1992):1517-23.  
Wilkinson CF, Christoph GR, Julien E, Kelley JM, Kronenberg J, McCarthy J, Reiss R. Assessing the Risks of Exposures to Multiple Chemicals with a Common 
 Mechanism of Toxicity: How to Cumulate? Regulat Toxicol Pharmacol. 31;1(2000):30-43. 
Willett KL, Gardinali PR, Sericano JL, Wade TL, Safe SH. Characterization of the H4IIE rat hepatoma cell bioassay for evaluation of environmental samples 
 containing polynuclear aromatic hydrocarbons (PAHs). Arch Environ Contam Toxicol. 32;4(1997):442-48.  
Willett KL, Randerath K, Zhou G-D, Safe SH. Inhibition of CYP1A1-Dependent Activity by the Polynuclear Aromatic Hydrocarbon (PAH) Fluoranthene. Biochem 
 Pharmacol. 1998;55(6):831-9. 
Willett KL, Wassenberg D, Lienesch L, Reichert W, Di Giulio RT. In vivo and in vitro inhibition of CYP1A-dependent activity in Fundulus heteroclitus by the polynuclear 
 aromatic hydrocarbon fluoranthene. Toxicol Appl Pharmacol. 2001;177(3):264-71.  
Williams D. Bags of toys: the demise of PVC. Med Device Technol. 1999;10(6):10-2.  
Williams DE, Lech JJ, Buhler DR. Xenobiotics and xenoestrogens in fish: Modulation of cytochrome P450 and carcinogenesis. Mutat Res. 399;2(1998):179-92. 
Williams LL, Giesy JP, Verbrugge DA, Jurzysta S, Stromborg K. Polychlorinated biphenyls and 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in eggs of double- 
 crested cormorants from a colony near Green Bay, Wisconsin, US. Arch Environ Contam Toxicol. 29;3(1995):327-33.  
Williams PR, Paustenbach DJ. Risk characterization: principles and practice. J Toxicol Environ Health B Crit Rev. 2002;5(4):337-406.  
Wilson R, Crouch EAC. Risk Assessment and Comparisons: An Introduction. Science 236(1987):267-70. 
Windal I, Van Wouwe N, Carbonnelle S, Van Overmeire I, Eppe G, Xhrouet C, Debacker V, De Pauw E, Baeyens W, Joiris C, Goeyens L.                               
 Validation and discussion of CALUX analysis for marine samples. Organohalogen Compds 60-65(2003a), CD-ROM Vol. 1, Section 3. 
Windal I, Schroijen C, Van Wouwe N, Carbonnelle S, Van Overmeire I, Brown D, Clark G, Baeyens W,  Goeyens L. Non additive interactions in CALUX. 
 Organohalogen Compds. 60-65(2003b). CD-ROM, Vol. 1, Section 3. 
Wingfors H, Lindstrom G, van Bavel B, Schuhmacher M, Hardell L. Multivariate data evaluation of PCB and dioxin profiles in the general population in Sweden and 
 Spain. Chemosphere 40;9-11(2000):1083-8. 
Wit de C. An overview of brominated flame retardants in the environment. Chemosphere 46;5(2002):583-624. 
Wit de C, Jansson B, Strandell M, Jonsson P, Bergqvist P-A, Bergek S, Kjeller L-O, Rappe C, Olsson M, Slorach S. Results from the first year of the Swedish dioxin 
 survey. Chemosphere 20;10-12(1990):1473-80. 
Wit de C, Strandell M. (eds.) Levels, sources and trends of dioxins and dioxin-like substances in the Swedish environment – The Swedish dioxin survey. Vol. 1. 

Introduction, toxicology, sampling strategies, chemical analyses, biological test methods and results, foodstuffs. Solna, Statens Naturvardsverk. Swedish Environ 
Protect Agency Report 5047 (1999). 184 p.  

Witt G, Leipe T, Emeis KC. Using fluffy layer material to study the fate of particle-bound organic pollutants in the southern Baltic Sea. Environ Sci Technol. 
 2001;35(8):1567-73.  



 

 

320

 

Witt G, Matthaus W. The impact of salt water inflows on the distribution of polycyclic aromatic hydrocarbons in the deep water of the Baltic Sea. Mar Chem. 
 74;4(2001):279-301.  
Witt G, Schramm KW, Henkelmann B. Occurrence and distribution of polychlorinated dibenzo-p-dioxins and dibenzofurans in sediments of the western Baltic sea. 
 Chemosphere 35;7(1997):1465-73.  
Witt KL, Zeiger E, Tice RR, van Birgelen APJM. The genetic toxicity of 3,3',4,4'-tetrachloroazobenzene and 3,3',4,4'-tetrachloroazoxybenzene: discordance between 
 acute mouse bone marrow and subchronic mouse peripheral blood micronucleus test results. Mutat Res. 472;1-2(2000):147-54.  
Wittich RM. Degradation of dioxin-like compounds by microorganisms. Appl Microbiol Biotechnol. 49;5(1998):489-99.  
Wittsiepe J, Schrey P, Ewers U, Wilhelm M, Selenka F. Decrease of PCDD/F levels in human blood--trend analysis for the German population, 1991-1996. Environ 
 Res. 83;1(2000):46-53.  
Wittsiepe J, Schrey P, Wilhelm M. Dietary intake of PCDD/F by small children with different food consumption measured by the duplicate method. Chemosphere 43;4-
 7(2001):881-7.  
Wojtowicz AK, Gregoraszczuk EL, Lyche JL, Ropstad E. Time dependent and cell-specific action of polychlorinated biphenyls (PCB 153 and PCB 126) on steroid 
 secretion by porcine theca and granulosa cells in mono- and co-culture. J Physiol Pharmacol. 2000;51(3):555-68.  
Wolf CJ, Ostby JS, Gray LE Jr. Gestational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) severely alters reproductive function of female hamster offspring. 
 Toxicol Sci. 51;2(1999):259-64.  
Wolfle D. Interactions between 2,3,7,8-TCDD and PCBs as tumor promoters: limitations of TEFs. Teratog Carcinog Mutagen. 17;4-5(1997-98):217-24.   
Wolska L, Zygmunt B, Namiesnik J. Organic pollutants in the Odra river ecosystem. Chemosphere 53;5(2003):561-9.  
Wong EY, Ponce RA, Farrow S, Bartell SM, Lee RC, Faustman EM. Comparative risk and policy analysis in environmental health. Risk Anal. 23;6(2003):1337-49. 
Working PK. Male reproductive toxicology: comparison of the human to animal models. Environ Health Perspect. 77(1988):37-44. 
Wren CD. Cause-effect linkages between chemicals and populations of mink (Mustela vison) and otter (Lutra canadensis) in the Great Lakes basin. J Toxicol Environ 
 Health 33;4(1991):549-85.  
Wright PJ, Tillitt DE. Embryotoxicity of Great Lakes lake trout extracts to developing rainbow trout. Aquat Toxicol. 47;2(1999):77-92. 
Wu Q, Bedard DL, Wiegel J. Temperature determines the pattern of anaerobic microbial dechlorination of Aroclor 1260 primed by 2,3,4,6-tetrachlorobiphenyl in 
 Woods Pond sediment. Appl Environ Microbiol. 63;12(1997):4818-25.  
Wu Q, Sowers KR, May HD. Microbial reductive dechlorination of Aroclor 1260 in anaerobic slurries of estuarine sediments. Appl Environ Microbiol. 64;3(1998):1052-
 8.   
Wu WZ, Li W, Xu Y, Wang JW. Long-term toxic impact of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the reproduction, sexual differentiation, and development of different 
 life stages of Gobio cypris rarus and Daphnia magna. Ecotoxicol Environ Saf. 2001;48(3):293-300.  
Wu WZ, Schramm K-W, Xu Y, Kettrup A. Mobility and profiles of polychlorinated dibenzo-p-dioxins and dibenzofurans in sediment of Ya-Er Lake, China. Water Res. 
 35;12(2001):3025-33.  
Wu WZ, Zhang QH, Schramm KW, Xu Y, Kettrup A. Distribution, transformation, and long-term accumulation of polychlorinated dibenzo-p-dioxins and dibenzofurans 
 in different tissues of fish and piscivorous birds. Ecotoxicol Environ Saf. 2000;46(3):252-7.  
Wulff F, Niemi A. Priorities for the restoration of the Baltic Sea - A scientific perspective. Ambio 21(1992):193-95. 
Wulff F, Rahm L, Hallin A-K, Sandberg J. A nutrient budget model of the Baltic Sea Wulff F, Rahm L, Larsson P (eds.) A systems analysis of the Baltic Sea. Ecol 
 Studies 148(2001):353-72. Springer Verlag, Berlin & Heidelberg.  
Wulff F, Rahm L, Jonsson P, Brydsten L, Ahl T, Granmo A. A mass balance of chlorinated organic matter for the Baltic Sea - a challenge to ecotoxicology. Ambio 
 22(1993):27-31. 
Wunderli S, Zennegg M, Doleal IS, Gujer E, Moser U, Wolfensberger M, Hasler P, Noger D, Studer C, Karlaganis G. Determination of polychlorinated dibenzo-p- 
 dioxins and dibenzo-furans in solid residues from wood combustion by HRGC/HRMS. Chemosphere 40;6(2000):641-9.  
Wynne B. Science and social responsibility. In: Ansell J, Wharton F (eds.) Risk analysis and management. John Wiley & Sons, Chichester, pp. 137-52. 
Wynne B. Misunderstood misunderstandings: social identities and public uptake of science. In: Irwin A, Wynne B. (eds.). Misunderstanding Science? The public 
 reconstruction of science and technology. Cambridge Univ Press, Cambridge 1996. 
Xhrouet C, Nadin C, De Pauw E. Amine compounds as inhibitors of PCDD/Fs de novo formation on sintering process fly ash. Environ Sci Technol. 
 36;12(2002):2760-5. 
Xiulin W, Harada S, Watanabe M, Koshikawa H, Geyer HJ. Modelling the bioconcentration of hydrophobic organic chemicals in aquatic organisms. Chemosphere 
 32;9(1996):1783-93.  
Yadav JS, Quensen JF III, Tiedje JM, Reddy CA. Degradation of polychlorinated biphenyl mixtures (Aroclors 1242, 1254, and 1260) by the white rot fungus 
 Phanerochaete chrysosporium as evidenced by congener-specific analysis. Appl Environ Microbiol. 61;7(1995):2560–5. 
Yamagishi K, Kitano M, Morinaga E, Iwamura T, Matsubara T, Nagae N. Perception of dioxin and other risks in Japan: replication and extension. Percept Mot Skills 
 88;3 Pt 1(1999):1009-18.  
Yamaguchi N. Uncertainty in risk characterization of weak carcinogens. Ann N Y Acad Sci. 895(1999):338-47.  
Yang JZ, Agarwal SK, Foster WG. Subchronic exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin modulates the pathophysiology of endometriosis in the  cynomolgus 
 monkey. Toxicol Sci. 56;2(2000):374-81.  
Yasuda I, Yasuda M, Sumuda H, Tsusaki H, Inouye M, Tsuga K, Akagawa Y. Effects of in utero and lactational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin on 
 tooth development in Rhesus monkeys. Organohalogen Compds. 60-65(2003):, CD-ROM Vol. 5, Section 4. 
Yasuhara A, Katami T, Okuda T, Ohno N, Shibamoto T. Formation of dioxins during the combustion of newspapers in the presence of sodium hloride and poly(vinyl 
 chloride). Environ Sci Technol. 35;7(2001):1373-8. 
Yasuhara A, Katami T, Okuda T, Shibamoto T. Role of inorganic chlorides in formation of PCDDs, PCDFs, and coplanar PCBs from combustion of plastics, 
 newspaper, and pulp in an incinerator. Environ Sci Technol. 36;18(2002):3924-7. 
Yasuhara A, Katami T, Shibamoto T. Formation of PCDDs, PCDFs, and coplanar PCBs from incineration of various woods in the presence of chlorides. Environ Sci 
 Technol. 37;8(2003):1563-7. 
Yawetz A, Woodin BR, Stegeman JJ. Cytochromes P450 in liver of the turtle Chrysemys picta picta and the induction and partial purification of CYP1A-like proteins. 
 Biochim Biophys Acta 1381;1(1998):12-26.  
Ye D, Quensen JF III, Tiedje JM, Boyd SA. Anaerobic dechlorination of polychlorobiphenyls (Aroclor 1242) by pasteurized and ethanol-treated microorganisms from 
 sediments. Appl Environ Microbiol. 58;4(1992): 1110–4. 
Ylitalo GM, Buzitis J, Krahn MM. Analyses of tissues of eight marine species from Atlantic and Pacific coasts for dioxin-like chlorobiphenyls (CBs) and  total CBs. Arch 
 Environ Contam Toxicol. 37;2(1999):205-19.  
Yoshida K, Ikeda S, Nakanishi J. Assessment of human health risk of dioxins in Japan. Chemosphere 40;2(2000):177-85.  
Yoshida K, Nakanishi J. Estimation of dioxin risk to Japanese from the past to the future. Chemosphere 53;4(2003):427-36. 
Young AL, Reggiani GM. Re: Letter to the editor on "Agent orange and its associated dioxins: assessment of a controversy". Am J Ind Med. 19;3(1991):399-405.  
Young FE. 1989. Weighing food safety risks. FDA Consumer, 23(7):8-13.  
Yu M, Hsu C-C, Gladen BC, Rogan WJ. 1991. In utero PCB/PCDF exposure: relation of developmental delay to dysmorphology and dose. Neurotoxicol Teratol. 
 13:195-202. 
Yu ML, Hsin JW, Hsu CC, Chan WC, Guo YL. The immunologic evaluation of the Yucheng children. Chemosphere 37;9-12(1998):1855-65. 
Yuan Z, Wirgin M, Courtenay S, Ikonomou M, Wirgin I. Is hepatic cytochrome P4501A1 expression predictive of hepatic burdens of dioxins, furans, and PCBs in 
 Atlantic tomcod from the Hudson River estuary?  Aq Toxicol. 54;3-4(2001):217-30.  
Zabel EW, Cook PM, Peterson RE. Toxic equivalency factors of polychlorinated dibenzo-p-dioxin, dibenzofuran and biphenyl congeners based on early life stage 
 mortality in rainbow trout (Oncorhynchus mykiss). Aquat Toxicol. 31;4(1995):315-28. 



 

 

321

 

Zabel EW, Pollenz R, Peterson RE. Relative potencies of individual polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners and congener mixtures 
 based on induction of cytochrome P4501A mRNA in a rainbow trout gonadal cell line (RTG-2). Environ Toxicol Chem. 15;12(1996):2310-8.  
Zabel EW, Walker MK, Hornung MW, Clayton MK, Peterson RE. Interactions of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners for producing 
 rainbow trout early life stage mortality. Toxicol Appl Pharmacol. 1995;134(2):204-13.  
Zabik ME, Booren A, Zabik MJ, Welch R, Humphrey H. Pesticide residues, PCBs and PAHs in baked, charbroiled, salt boiled and smoked Great Lakes lake trout. 
 Food Chem. 55;3(1996):231-9. 
Zabik ME, Zabik MJ. Polychlorinated biphenyls, polybrominated biphenyls, and dioxin reduction during processing/cooking food. Adv Exp Med Biol. 459(1999):213-
 31. 
Zabik ME, Zabik MJ. Tetrachlorodibenzo-p-dioxin residue reduction by cooking/processing of fish fillets harvested from the Great Lakes. Bull Environ Contam Toxicol. 
 55;2)1995):264-9.  
Zacharewski T, Harris M, Safe S, Thoma H, Hutzinger O. Applications of the in vitro aryl hydrocarbon hydroxylase induction assay for determining "2,3,7,8-
 tetrachlorodibenzo-p-dioxin equivalents": pyrolyzed brominated flame retardants. Toxicol. 51;2-3(1998):177-89. 
Zacharewski TR, Berhane K, Gillesby BE, Burnison BK. Detection of estrogen- and dioxin-like activity in pulp and paper mill black liquor and effluent using in vitro 
 recombinant receptor reporter gene assays. Environ Sci Technol. 29;8(1995):2140-6. 
Zacharewski TR, Bondy KL, McDonell P, Wu ZF. Antiestrogenic effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin on 17 beta-estradiol-induced pS2 expression. Cancer 
 Res. 54;10(1994):2707-13.  
Zareba G, Hojo R, Zareba KM, Watanabe C, Markowski VP, Baggs RB, Weiss B. Sexually dimorphic alterations of brain cortical dominance in rats prenatally exposed 
 to TCDD. J Appl Toxicol. 22;2(2002):129-37.  
Zeiger M, Haag R, Hockel J, Schrenk D, Schmitz HJ. Inducing effects of dioxin-like polychlorinated biphenyls on CYP1A in the human hepatoblastoma cell line 
 HepG2, the rat hepatoma cell line H4IIE, and rat primary hepatocytes: comparison of relative potencies. Toxicol Sci. 63;1(2001):65-73.  
Zhang QH, Xu Y, Wu WZ, Schramm KW, Kettrup A. Reduction of polychlorinated dibenzo-p-dioxins and dibenzofurans levels in chloranil from China. Bull Environ 
 Contam Toxicol. 69;3(2002):459-62.  
Zhang QH, Xu Y, Wu WZ, Xiao RM, Feng L, Schramm KW, Kettrup A. PCDDs and PCDFs in the wastewater from Chinese pulp and paper industry. Bull Environ 
 Contam Toxicol. 64;3(2000):368-71. 
Zhao B, Nagy SR, Baston DS, Han D, Nantz M, Kurth M, Springsteel M, Denison MS. Screening and analysis of novel naphthoflavone ligands for the Ah receptor. 
 Organohalogen Compds. 60-65(2003) (CD-ROM).  
Zhao D, Hunter M, Pignatello JJ, White JC. Application of the dual-mode model for predicting competitive sorption equilibria and rates of polycyclic aromatic §
 hydrocarbons in estuarine sediment suspensions. Environ Toxicol Chem. 21;11(2002):2276-82. 
Zhou XC, Cao L. High sensitivity microgravimetric biosensor for qualitative and quantitative diagnostic detection of polychlorinated dibenzo-p-dioxins. Analyst 
 126;1(2001):71-8.  
Ziegler TL, Pillai UA, Smith RL, Kattnig MJ, Liebler DC, Mayersohn M, Sipes IG. Absorption and disposition kinetics of 3,3',4,4'-tetrachloroazoxybenzene in the male 
 Fischer 344 rat. Drug Metab Dispos. 24;9(1996):1009-14.  
Zober MA, Ott MG, Papke O, Senft K, Germann C. Morbidity study of extruder personnel with potential exposure to brominated dioxins and furans. I. Results of blood 
 monitoring and immunological tests. Br J Ind Med. 49;8(1992):532-44.  
 
*  
 
+ selected references to be added from Organohalogen Compds. from 2000 and 2001 
+ additional sorces on prevention: 
KEMI, Alternatives to POPs, the Swedish input to the IFCS Expert Meeting on POPs in Manila 17-19 June 1996 
Dioxins and related compounds - Status and regulatory aspects in Germany. Environ Sci Pollut Res. 2;2(1995):117-21. 
Bernes C. Persistent Organic Pollutants: A Swedish view of an international problem. Swedish EPA 1998. 147 p. 
Roots O. Use of Persistent Organic Pollutants in Estonia. Min Environ, Estonian Environ Inform Centre 1996. 5 p. 
Protopopov E. Information on Persistent Organic Pollutants: Russian Federation. Min Protect Environ Nat Resources 1996. 1 p.- Stobiecki S. 
Progress and developments on unwanted pesticides in Poland. Inst Plant Protect, Min Agr. 1996 
 
Lilienthal H, Winneke G. 1991. Sensitive periods for behavioral toxicity of polychlorinated biphenyls: determination by cross-fostering in rats. Fundam Appl Toxicol. 
 17:368-75.  
 
 



 

 

322

 

Annex 1. Possible dioxin-like compounds in relation to the principles of WHO in assigning TEF 
values  
 
- Note: WHO-TEW assignment principles are as stated in van den Berg et al. (1998)  

 
2378-PCDD/Fs 

- 2378-TCDD (TCDD) is the model dioxin, the properties and toxicity of other DLCs being defined based on it 
- in addition, 6 other PCDDs and 10 PCDFs have the 2378-chlorinated substituent configuration 

 
DL-PCBs   

- The congeners with no or one chlorine in ortho position (but sufficient amount of chlorines in the lateral 
positions) have a coplanar structure that is rather similar to that of PCDD/Fs 

- Especially some 0-o congeners bind to AhR and elicit dioxin-like biochemical and toxicological effects  
- PCBs accumulate in food-chains, including especially those in aquatic environments. 

 
PBDD/Fs and PCBDD/Fs (polybromo- or bromochlorodibenzo-p-dioxins and -dibenzofurans) 

- Structurally eligible as dioxins, although Br modifies pharmacokinetic and toxicological properties (Birnbaum 
et al. 2003) 

- Are persistent and bioaccumulative and act as PCDD/Fs (Weber and Greim 1996, IPCS 1998) 
- Based on AhR binding and toxicity (Birnbaum et al. 1991, IPCS 1998), TEFs have been suggested for 2378-

PBDD/Fs, even above that of TCDD (Hornung et al. 1996), but also for 1378-TBDD (Zacharewski et al. 1988, 
Hornung et al. 1996b). 

 
Non-2378-chlorinated PCDD/Fs  

- Although generally without dioxin toxicity and metabolizable, some of these have been shown to bind to AhR 
and thus exert some similar activity (e.g. Kobayashi et al. 1992) 

- These congeners may also interact with 2378-PCDD/Fs and potentially function as precursors  
  

PFDD/Fs (Polyfluorodibenzo-p-dioxins and dibenzofurans) 
- Have similar structure as PCDD/Fs except for different substituent atom radius 
- TFDD binds to AhR and elicits dioxin-type responses in vitro but is readily metabolised and may thus not be 

bioaccumulative and causing much risk (Weber et al. 1995) 
 

Alkylated PCDD/Fs 
- Methyl and dimethyl derivatives of 2,3,7,8-TCDF has been found in recipients of pulp and paper industry 

(Rappe et al. 1990, Jonsson et al. 1993, see also review by Paasivirta 2000) 
- The biological and environmental fate properties of these and other alkylated dioxins have not been studied in 

detail but they may be expected to have similarities with those of PCDD/Fs. 
 

Polybrominated biphenyls (PBBs) 
- Structurally, are comparable to PCBs (IPCS 1994) 
- Also the persistence, bioaccumulation and effects are generally similar to those of PCBs 
- Although there is little information on the toxicity of specifically dioxin-like (coplanar) PBBs, they may be 

assumed to possess properties justifying the inclusion of DL-PCBs. 
 
Non-coplanar PCBs and PBBs 

- Some display sufficient AhR binding and related bioactivity (e.g. AHH induction) to have prompted 
suggestions of (low) TEF values (Safe 1990, Ahlborg et al. 1994, Kennedy et al. 1996), including even higher 
chlorinated congeners for birds (cf. review of Kannan 2000) 

- Bioaccumulate and may make up much of total TEQs e.g. in human blood (e.g., Koopman-Esseboom et al. 
1994). 

- May interfere with the toxicity of dioxins and DL-PCBs and overlap with dioxin-like congeners also through 
transformation reactions and formation of dioxin-like congeners (Robertson et al. 1983, Millis et al. 1985, ref. 
IPCS 1994). 

 
PCNs (polychlorinated naphthalenes) and PBNs (polybrominated naphthalenes) 

- Have slightly similar structures as PCDD/Fs and PBDD/Fs, with two rings but no O bridges 
- Weak AhR binding and enzyme induction indicate possible dioxin toxicity (Campbell et al. 1991, 1998, 

Cockerline et al. 1991), in vivo e.g. in chicken (Engwall et al. 1994) and salmon (Akerblom et al. 2000); the 
same may be assumed for PBNs  

- TEFs of up to 0,0001 have been found for some PCNs in in vitro bioassays (Hanberg et al. 1990, Blankenship 
et al. 2000, Villeneuve et al. 2000) 
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Polychlorinated terphenyls (PCTs) 
- Comprise 8149 possible congeners of chlorinated diphenylbenzenes (m-, p- and o- forms, cf. Fig. 1/1) that are 

only slightly dioxin-like structurally, having three benzene rings 
- Elicit chronic toxicity (Cecil et al. 1975, Leece et al. 1986, Toftgard et al. 1986) but have not been confirmed 

to possess appreciable dioxin toxicity 
- The identification with dioxins is indirect and pragmatic; PCTs have similar properties and uses as PCBs and 

have been controlled in connection with these (see e.g. IPCS 1989). 
 

Polychlorinated azobenzenes (PCABs), azoxybenzenes (PCAOBs) and hydrazobenzenes (PCHBs) 
- Have rather similar structures to PCDD/Fs, bind to AhR, and elicit toxicity e.g. to thymus (Poland et al. 1976, 

Hsia and Kreamer 1979, Nikolaidis et al. 1988, van Birgelen et al. 1999)  
- Raisanen and Salkinoja-Salonen (1983) quote data on 3,3'4,4'-TCAOB, 2,3',4,4'-TCAB and 3,3',4,4'-TCHB 

having 69, 16 and 11 % of the AHH induction ability of TCDD, respectively.  
 
Polychlorinated and polybrominated diphenyl ethers (PCDEs and PBDEs) 

- Some have been proposed to be included in TEF schemes e.g. by Safe (1989), Hornung et al. (1996) and 
Koistinen (1997, cf. Meerts et al. 2003). Chen et al. (2001) showed that many PBDEs bind to AhR and elicit 
EROD activity. However, a similar planarity and effects do not occur (Pijnenburg et al. 1995, Hallgren et al. 
2001, Harju et al. 2002), and PCDEs and PBDEs have greater water solubility that reduces their persistence 
and enhances metabolism and excretion. 

- Peters et al. (2003) reported lack of EROD induction (a marker of CYP 1A1 induction) as a result of exposure 
to PBDEs; these results supported the notion that PBDEs do not exert AhR mediated dioxin-like effects and do 
not warrant TEF assignment.  

- PCDEs and PBDEs may contribute to formation of dioxins under some conditions, such as in waste 
incineration (e.g. Soderstrom and Marklund 2002). 

 
Polychlorinated and polybrominated dibenzothiophenes (PCDTs, PBDTs) and thianthrenes (PCTAs, PBTAs)  

- As sulfur analogs of dioxins, have one or more S instead of O between the benzene rings 
- Are probably persistent and bioaccumulative (see review by Sinkkonen 2000) 
- Toxicity is poorly known (Kopponen et al. 1994, Behnisch et al. 2001, Denison and Nagy 2003); Raisanen and 

Salkinoja-Salonen (1983) quote data on 2378-TCDT and 2378-TBTA having AHH-inducing potency of 19 
and 2 % of that of TCDD. 

 
Nitro-polychlorinated dibenzo-p-dioxins (Nitro-PCDDs) 

- Some of these (2-Nitro-3,4,7,8-TCDD and 2-Nitro-1,3,4,7,8-PeCDD) were found to have competitive ligand 
binding EC50s only 5 and 3 times less than TCDD in the murine hepatic AhR binding assay (Schneider et al. 
1995). 

 
Polychlorinated biphenylenes (PCBPs) 

- Structurally resemble PCDD/Fs 
- Have been shown to accumulate e.g. in Baltic Sea biota (Buser et al. 1985) 
- Little is published about their activity, but Raisanen and Salkinoja-Salonen (1983) quote data showing 2,3,6,7-

TCBP to have an AHH induction potency even greater (111 %) than TCDD. 
 

PAHs (polyaromatic hydrocarbons without halogens)  
- Many PAHs, mainly those with 5 or 6 benzene rings,  bind to AhR (Billiard et al. 2002) and elicit dioxin-type 

activity (Willett et al. 1997, Bosveld et al. 2002); also (in vitro) REPs have been obtained (Villeneuve et al. 
2001) 

- Due to the greater metabolism (e.g., Jones et al. 2000), the persistence and biomagnification are lower than for 
PCDD/Fs. 

- Data have been published on the significant share of polyaromate fractions in the total dioxin toxicity in Baltic 
Sea samples (Brunstrom et al. 1992, Engwall et al. 1997; cf. 3.5.4) 

  
Chlorinated PAHs 

- 2378-Tetrachloroanthracene that structurally resembles TCDD has been mentioned as a DLC (Raisanen and 
Salkinoja-Salonen 1983), quoting data that show AHH induction activity of 3,5 % relative to TCDD 

- Chlorinated pyrenes, found e.g. as chlorination products, may be added to this group (Ishaq et al. 2003, Puszyn 
and Falandysz 2003) although having some different modes of toxic action 

- Polychlorinated fluorenes (PCFLs) have been tentatively evaluated as a planar potential group of dioxin 
analogues (Falandysz et al. 2000); they are however estimated to be thermodynamically unstable 

- Hu et al. (1995) identified e.g. dichloroanthracene and tetrachlorofluoranthene in petrochemical catalyst rinse 
water as DLCs potentially accounting for Bio-TEQs exceeding  the TEQs of PCDD/F or DL-PCBs. 
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Tetrachlorobenzyltoluenes (TCBTs)  
- TCBT isomers 3,3',4,4'-Cl4-2Me (TCBT87) and 3,3',4,4',Cl4-5Me (TCBT88) have been suggested to cause 

dioxin-type toxicity based on molecular properties (van Haelst et al. 1997, see review of Paasivirta 2000).  
 
Tetrachlorostilbenes (TCSTBs) 

- Schneider et al. (1995) found AhR binding activity for 3,3',4,4'-TCSTB of ca. one order of magnitude below 
that for TCDD  

 
Hexachlorobenzene (HCBz) 

- Elicits toxicity in some bioassays used for detecting and quantifying dioxin toxicity  
- Is persistent and bioaccumulative and present e.g. in human milk at high levels (refs.)  
- Proposed to be defined as a DLC due to e.g. AhR binding, CYP1A1 induction and porphyrin accumulation 

(Van Birgelen 1999). The proposal was refuted by SCF (2000) based on toxicological and structural 
differences from PCDD/Fs (cf. 5.1). 

- HCBz is a precursor of PCDD/Fs (see below). 
 

Methyl sulfone and hydroxylated metabolites of PCBs (MeS2-CBs and OH-CBs) 
- Among metabolites of DLCs, MeS2-CBs and OH-CBs have been found to be of particular toxicological 

significance due to their persistence, body retention and toxicity (Letcher et al. 2000, Larsson and Bergman 
2000, Hovander et al. 2002, Guvenius et al. 2003, Norstrom 2003); the mechanisms and AhR mediation are 
unclear 

- The higher solubility of some metabolites, while enhancing excretion, may increase the distribution to 
vulnerable tissues and aggravate effects at least transiently 

- In addition, phenolic (e.g. hydroxylated) and other metabolites of yet other DLCs, including PCDD/Fs, may 
have toxicoloxical significance; much of these are included in the assessment of the parent compounds. 

 
Alkylamines 

- Nagy et al. (2002) tested a multitude of 1,5-dialkylamino-2,4-dinitrobenzene derivatives (some of which are 
anthropogenic, some natural) for AhR binding by high-throughput in vitro screen, finding many compounds 
with appreciable activity 

 
Natural dioxin-like compounds and endodioxins 

- Rapidly increasing amounts of natural compounds has been found that bind to and agonize AhR and elicit 
associated dioxin-like activity that may warrant considering them as DLCs, e.g. indole-3-carbinol (I3C), its 
diindolylmethane (DIM) derivative, and indolo(2,3-b)carbazole (ICZ) that are common in cruciferous plants 
like broccoli  

- Some of these such as ICZ have been show to elicit dioxin-type responses in vitro (d'Argy et al. 1989) but not 
in vivo (Pohjanvirta et al. 2002) 

- More recently many new groups of biogenic DLCs have been identified, mainly other tryptophan derivatives 
than ICZ including malassezin (a dermal yeast product); the potent natural dyes indigo and indirubin; 
brominated indoles and β-carbolones; flavonoids (flavones, benzoflavones and related compounds); 
halogenated dimethyl bipyrroles; dinaphtho(2,3-b,5,6-b)dioxin; and retene (Nagy et al. 2002, Denison and 
Nagy 2003, Baston et al. 2003, Baumgart et al. 2003, Denison et al. 2003, Hahn et al. 2003, Zhao et al. 2003)  

- Also some prostaglandins have been shown to be weak AhR agonists (Seidel et al. 2002) 
- While at least some of these these compounds are readily metabolized and excreted (e.g. indigo and indirubin, 

cf. Sugihara et al. 2003), some are present continuously and at high levels in food and in human serum, relative 
to PCDD/F levels and potencies, and may add to and modify the latter (e.g., Safe 2003; cf. 3.4) 

- Also many AhR antagonists have been identified (potentially inhibiting dioxin toxicity); some of them have 
even agonist (i.e. dual) activity. 

 
DLCs that may have particular importance in the Baltic Sea include, in addition to 4-PeCDF, CB-126, CB-118, 
PeCDD and TCDF (cf. 3.1): 
• TCDD (high potency, persistence and biomagnification, found in herring; well-studied) 
• 6-HxCDD (medium potency, high persistence and biomagnification, elevated in herring) 
• 1-PeCDF (medium potency, high persistence and biomagnification, elevated in herring) 
• 6-HxCDF (medium potency, high persistence and biomagnification, elevated in herring) 
• CB-169 (medium potency, high persistence and biomagnification, elevated in herring) 
• CB-77 (medium potency, high levels in some animals in the herring food-chain) 
• TBDD (high potency, persistence and biomagnification, tentative occurrence) 
• BB-77 (medium potency, persistent and biomagnifying, tentative occurrence in Baltic environment)  
• CN-66/67 (modest potency, high persistence and bioaccumulation, high levels in some biota). 
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    …         …        …        …  
 
 
    2378-PBDDs     2378-PBDFs      0-o PBBs      1-o PBBs 
    (Polybromodibenzo-p-dioxins and -dibenzofurans)     (non-ortho and mono-ortho polybromobiphenyls)     
 
 
    …         …        …        … 
 
 
    TCAOBs      PCNs       para-PCTs      2-o-PCBs  
    (Tetrachloroazoxybenzene)  (Polychloronaphthalenes)   (Polychloroterphenyls)   (di-ortho-PCBs, some) 
 
 
    …        …        …        … 
 
 
    TCABs       2378-TCHBs      2378-PCDTs     2378-TCTAs  
    (Tetrachloroazobenzenes)  (Tetrachlorohydrazobenzenes) (Polychlorodibenzothiophenes) (Polychlorothiarenes)  
 
 
    …        …         
 
 
    PCDEs       PBDEs       TCBTs       2367-PCBPs    

  (Polychloro- and polybromodiphenyl ethers)      (Tetrachlorobenzyltoluenes)  (Polychlorobiphenylenes) 
  
  …        …        …        … 
     

 
    2-Nitro-3478-PCDDs    3,3',4,4'-TCSTB     Dimethyl-TCDF     OH-PCBs  
             (Tetrachlorostilbene)            (Hydroxy-PCBs)   
 
   
    …        …        …        …     
   
 
    HCBz       BbF        BkF        BaP 

  (Hexachlorobenzene)    (Benzo(b)fluoranthene)   (Benzo(k)fluoranthene)   (Benzo(a)pyrene) 
 
 
  ...        ...        ...        ... 
 
 
  ICZ (indole(3,2-b)-carbazole)  Indirubin       Tryptanthrin       

 
 
Fig. 1/1. Molecular structures of some groups or representatives of dioxins and confirmed or proposed dioxin-like 
compounds (DLCs). Those groups included in the WHO-TEFs (uppermost row) are highlighted, and important 
connections between groups by chemical reactions have been indicated by arrows. 
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Fig. 1/2. 2,3,7,8-TCDD toxicity equivalency (TEF) of relative potency (REP) values for some halogenated dioxin-like 
and candidate dioxin-like compounds or mixtures. The ranges of measured potency values are shown in dark; some 
values have been calculated from relative potency data (from Vaughan 2003). 
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Annex 2. Considerations of chemical, bioassay and physical methods and data quality in analysis of 
DLCs   
 
A. Sampling 

 
In one of the few field studies specifically addressing error in the levels of Baltic Sea POPs, Pettersen et al. 
(1999) demonstrated that there is considerable patchiness and sampling-related variation in PCB and PAH levels 
in Baltic sediments, and that this applies also to the contents of carbon and lipids. It was recommended that 
several samples are taken at each location and pooled. Van Bavel et al. (1996) reported a standard deviation of 
up to 30 % for PCBs in bottom fauna in replicate samples from the same station. 
 
In food monitoring, Rose and Startin (2003) stressed that most of the older studies until early 1990's and some of 
the recent ones were based on rather limited numbers of samples. The use of composite samples is a cost-
efficient way of obtaining robust measures of average concentrations but does not give any information on the 
distribution of concentrations in the individual samples; it may also have the disadvantage of placing great 
reliance on single analyses of the pooled samples.  
 
Eppe and de Pauw (2002a) have estimated on the basis of analytical validation data that most of  the total 
uncertainty in PCDD/F analysis of food and feed stems from lack of precision, homogeneity of samples being a 
much smaller contributor to uncertainty, based on ISO 17025 definitions and requirements. However, this only 
accounts for inhomogeneity of a food and feed product stream; when the inhomogeneity of environmental media 
and of the animal species sampled are included, unrepresentativeness of sampling emerges as a major factor. 
 
For food intake estimation multiple sources of sampling error are present, including (cf. Rose and Startin 2003): 
a) the proportion of food that is imported and the variation in countries of origin; b) regional variation apart from 
the former, e.g. in the species of fish marketed and used; c) seasonal variation; d) variation in diets and intakes 
between segments of population such as age groups. Many of these sources of variation operate at the level of 
food production (e.g. in fish in the sea), in the handling chain including procession and marketing, and finally in 
consumption stage. These factors of data quality are dealt with in more detail in the section on intake assessment.     

 
B. Chemical analysis of DLCs 

 
Generally, GC-MS (or MS-MS) have been used for high-resolution and high-quality analysis of PCDD/Fs; 
GCxGC (e.g. Harju et al. 2003) as well as LC-LC-GC (Haglund et al. 2000) for screening purposes have also 
attracted interest. In all cases, the pretreatment is a crucial step, involving extensive cleanup and fractionation. 
The method of extraction (pre-treatment) has been shown to be highly important also for Baltic Sea fish e.g. by 
Ewald et al. (1998) who concluded that for comparisons of congener data the same extraction should be used.  
 
In international round tests of HRGC/HRMS analysis for PCDD/Fs and DL-PCBs, RSDs of 34-253 % have been 
reported for sediment samples, being higher than for fly ash, soil and sludge samples (Van Bavel 2003). The 
results were influenced by outliers especially inn the case of the sample with highest RSD; excluding outliers, 
RSDs of 17-34 % were obtained. 
   
Analytical quality for dioxins in fish has been shown in round tests to vary by congener, concentration level and 
matrix, being poorer for fatty fish. For salmon, values of 6-38 ppt TEQ were reported when 15 ppt was the 
consensus value (Lindstrom et al. 2002). In general, it was concluded that dioxin data at background levels in 
fish foods are not comparable beyond an expected deviation of at least 50 % between laboratories. On the other 
hand, comparability may be lower in lean fish ue to the lower levels (Ewald et al. 1998). Matsuda et al. (2004) 
reported on proficiency testing of determination of dioxins in food, noting the RSDs of ca. 10-15 % to be mainly 
caused by standard solutions and to match those found by Van Bavel (2003). For seafood, certified standard 
materials were not initially available and were prepared from sea bass; the RSD for these samples was 11 %. 
This is below those for salmon cited above, possibly due in part to the extent and design of the proficiency 
testing. The reported lower comparability of congener specific measurements of PCBs in lean Baltic Sea fish 
than in fatty fish (Ewald et al. 1998) seems mainly to be due the lower concentration levels in the former. 
 
As the concentrations of DLCs are regularly low in many matrices, data often contain non-detects. Limits of 
detection (LOD) and quantitation (LOQ) vary between studies, further complicating statistical treatment. The 
resulting truncation affects the quality, structure and analysis of data (see e.g. Kiviranta et al. 2004). Sensitivity 
is also related to identification of substances. Rose and Startin (2003) noted that different laboratories analysing 
the same samples, or even interpreting the same raw data, may arrive at differing conclusions about which 
congeners are present at measurable levels, and at quite different LOD values for other congeners, although their 
'positive' results (for those congeners present at higher levels) may agree well. 
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Orazio et al. (2003) found in a US-Russian inter-laboratory study that the greatest variability in chemical 
analysis of fatty fish (carp) PCDD/Fs and DL-PCBs is typically seen for PCBs 77, 126, and 81; congener 81 is 
particularly troublesome because of coelution with PCB 87 on most columns. The relative standard deviations on 
wet weight basis for these congeners were up to 100 %, while they were ca. 15 % e.g. for 4-PeCDF and still 
more on lipid weight basis, due to the contribution of variation in lipid weight determinations.  
 
The frequency of non-detects varies by compound, being often great for toxicologically important congeners. 
Aggregation of data to TEQs reduces non-detects of these aggregate measures as in many cases some of the 
TEF-integrated congeners are present above LODs or LOQs; however, this data transformation introduces other 
sources of error (Rose and Startin 2003). Various approaches have been used to non-detects, mostly replacing 
them by zero, LOD or 0.5 LOD depending e.g. on the desired conservativeness of estimates; in all cases 
comparisons of total TEQ data representing different LODs and calculation methods can be extremely 
misleading (Rose and Startin 2003). Hoogerbrugge and Liem (2000) demonstrated that the substitution by 0.5 
LOD reduces systematic, standard and relative standard deviation over substitution by 0 or LOD; however, best 
results were obtained by multiple imputation, utilizing results of other congeners based on Monte Carlo sampling 
from normal distributions around means. More theoretically sound approaches could include to use skewed (e.g 
log-normal or approximate log-logistic) distributions, and basing estimates of statistics on extrapolation from the 
frequency distribution above the point of truncation, e.g. by using maximum likelihood estimation (Helsel 1990). 
 
Quality assurance and quality control prescriptions in EU directive for determination of dioxins in food and 
feeding-stuffs (cf. Annex 11).  

 
 
Table 2B1. Criteria for conformation of identity and acceptance of quantification in the USEPA and UK HRGC-MS 
methods for PCDD/F analysis (from Kwon et al. 2003).  
 
Signal-to-noise ratios  
-≥ 2.5 for each CDD or CDF detected in a sample extract and ≥ 10 for all CDDs/CDFs in calibration standard (USEPA) 
- > 2 for all relevant standards >20 for internal quantification standard (IQS); measured response significantly greater than that for blank (UK) 
Ion abundance ratios  
-The ratio of the integrated areas within the ±15% of the theoretical ion abundance ratio, or within ±10% of the ratio in the midpoint calibration or 
calibration verification (USEPA) 
- Isotope ratio within ±15% of mean for standards (UK). 
Retention times  
-The relative tR of the peak for 2,3,7,8-CDD/CDFs within the established criteria limit; the tR of peaks representing non 2,3,7,8-CDD/CDFs within 
the tR windows established; the absolute tR of the 13C-1,2,3,4-TCDD and 13C-1,2,3,7,8,9-HxCDD internal standards in the verification test within 
±15 s of the tR obtained during calibration (USEPA) 
- Simultaneous (+2/-0s or +2/-0 scans) response for analyte and matching internal standard; identical tR (±2s or ±2 scans) for analyte and 
matching external standard; for Hp- and OcC can be increased to ±4s or ±4 scans; the relative tR of CDDs/CDFs and labelled compounds in the 
verification test within the established limit (UK). 
Recovery  
-The recovery of each labelled compound within the given limit. If the recovery of any compound falls out side of given limits, method performance 
is unacceptable for that compound in the sample (USEPA) 
- Correct use of IQS are automatically corrected for recovery and sensitivity validation and should be an integral part of quantification; the use of 
internal sensitivity standards is not essential, and the recovery of IQSs can alternatively be assessed by an external standard method (UK). 
Smoothing  
- Must be investigated as part of initial validation, and the parameters described in the method document and applied consistently (UK) 
Analytical time limit  
-12-hour period of operation is recommended (USEPA) 
 
 
 

 
 
Fig. 2B1. Coefficient of variation for repeatability (CVr, black dots) and for reprodicibility (CVR, open dots) as 
functions of concentration level in analysis of WHO-TEQDFP in animal feedingstuffs (Eppe and de Pauw 2002b). 
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C. Bioassays and their relationships with chemical analyses 
 

Increasingly, bioanalysis of DLCs is made to complement and replace chemical analysis (Zhou and Cao 2001, 
Hoogenboom 2002, cf. Liem 1999 and Behnisch 2000, 2004). These methods, e.g. the common DR-CALUX 
luciferase expression bioassay but also others such as EROD induction based assays have been applied to abiotic 
matrices such as sediments (Fig. 2C1) and especially to biological samples (Engwall et al. 1997) including 
human tissues (Van den Heuvel et al. 2002). They are able to capture more extensively the compounds eliciting 
dioxin-like bioactivity, but not distinguish them. As TEF values are consensus (and  more highly subjective) 
estimates of the relative potency integrating various in vitro and in vivo responses, the bioassays most commonly 
used such as the DR-CALUX assay is based on binding to AhR and thus produces method-specific relative 
potencies for the various congeners that differ from TEF values (see Behnisch et al. 2001, Besselink et al. 2003).   
 
Reproducibility of dioxin bioassays can be low due e.g. to specificity; also coverage of analysis can be limited. 
The DR-CALUX method had a CV of 4–50 % in milk at levels of 15–3 pg TEQ g-1 lw but 97 % at 1 pg TEQ g-1 
lw, and a recovery of ca. 70 % (Bovee et al. 1998), i.e. higher than for chemical analysis of TEQs in 
feedingstuffs (cf. Fig. 2B1). Behnisch et al. (2002) concluded that bioassays suffice for screening purposes. In 
soil, EROD based bioanalysis was found to overestimate but immunoassay to underestimate the GC/MS-ITEQ 
(Roy et al. 2002); immunoassay was deemed more useful due also to the lack of false negatives.  
 
Recently many comparative studies of bioassays, especially the DR-CALUX method, and chemical analysis of 
dioxins have been published. Scippo et al. (2003) in evaluating the DR-CALUX biassay in food and feed 
according to the requirements of the directives 2002/69 and 2002/70 reported a relative standard deviation (RSD) 
of 5–30 % for repeatability, while the RSD for reproducibility was 29 %; in this case the results were better for 
cod liver than some other food items and within the tolerable range; also the sensitivity (LOD) was deemed 
sufficient. Similar results were obtained by Pence et al. (2003) although there was considerable scatter between 
Bio-TEQs and GC-HRMS based TEQs that also was affected by the method of treating non-detects. Osman et 
al. (2003) found good correlation between DR-CALUX-TEQs and GC-HRMS based TEQs for the planar 
fraction but lower for the non-planar fraction in human adipose tissue samples.    
 
In fish oil, the CALUX-TEQ values correlated rather well with GC-HRMS based TEQs although the latter were 
on the average 0.7 of the former, due e.g. to DLCs not identified by chemical analysis (Besselink et al. 2003). On 
the other hand, Windal et al. (2003a) produced data showing that CALUX-based Bio-TEQs were up to one order 
of magnitude higher than GC-HRMS results for mussels while in common porpoises the match was better; the 
difference in both types of samples may have been due largely to PCBs captured by bioassays. Thus, the 
relationship between Bio-TEQs and GC-HRMS TEQs depends also on species and matrix. In human blood 
plasma, Van Wouwe et al. (2003) showed that although CALUX-TEQs correlated with GC-HRMS TEQs with a 
slope of 0.99, there was much scatter and generally the Bio-TEQs were higher (Fig. 2C2, left). Notably, the 
CALUX/GC-HRMS ratio was higher at low concentrations (Fig. 2C2, right). This would decrease the utility of 
the bioassay in screening for the specific WHO dioxins but increase the information on non-identified DLCs at 
these levels of body burden that are most commonly encountered in the population.   
 

 

 
 
Fig. 2C1. Left: Correlations between results of the simple Ah-immunoassay screening and chemical analysis by GC-MS 
for three sediment samples. The CVs for the samples 1, 2 (with higher concentrations, combined in the upper graph) 
and 3 (in the lower graph) were 34, 36 and 86 %, respectively (Kobayashi et al. 2003a). Right: Corresponding 
correlations between Ah-I and GC-MS TEQs in wastewater samples.  
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Van Wouve et al. (2003) have applied a correction constant of 0.7 to conversion of CALUX based to HRGC-MS 
based TEQ values in human plasma. However, such correlation can not be generalized to other tissues and 
species. For instance, Windal et al. (2003a) observed that the ration CALUX/HRGC-MS based TEQs was ca. 3 
in samples of common porpoise, while it was as high as 8 in mussels and starfish, indicating that much more 
DLCs other than PCDD/Fs and DL-PCBs were present in these samples.  
 
 

 
 

Fig. 2C2. Comparison of CALUX bioassays of the dioxin fraction and chemical (GC-HRMS) analyses of the WHO-
PCDD/Fs (left); CALUX/GC-HRMS ratio as a function of concentrations in human plasma samples (roght) (Van 
Wouwe et al. 2003).   
 
 

 
 
Fig. 2C3. Relationships between TEQ values based on CALUX bioassay and chemical analysis, respectively, in some 
marine species (Windal et al. 2003a).  
 
 

 
 
Fig. 2C4. TEQ values in 28 food samples tested in the CALUX bioassay and determined by GC/MS (including 
PCDD/Fs and dioxin-like PCBs). Note the discrepancy between the two methods especially in fish oil (samples 24-29) 
(Cederberg et al. 2002). 
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As to other bioassays, Usuki et al. (2003) found that the Ah-immunoassay method, shown by others to give good 
correlation with chemical analysis in several non-biotic environmental matrices (Kobayashi et al. 2003a), caused 
both false negatives and false positives in samples of human plasma, although the correspondence was generally 
significant.   
 
Quality assurance and quality control prescriptions in EU directive for determination of dioxins in food and 
feeding-stuffs (cf. Annex 11).  

 
Scippo et al. (2003) investigated the applicability of CALUX determinations of TEQ levels in food and 
feedstuffs in relation to the requirements set in CEC directives 2002/69 and 2002/70, finding them to be met; the 
RSD for repeatability ranged 5-30 % and the RSD for reproducibility was 29 %.  
 
Engwall et al. (2003) published preliminary results of a inter-laboratory comparison of bioassay-based TEQ 
determinations of cod liver oil samples. Several of the laboratories were able to provide analysis with low (<10 
%) relative standard deviation, using various methods including other bioassays than the common DR-CALUX 
method. The authors noted that in order to reduce the risk for false negatives, the TEQ contribution in the 
bioassays of partial AhR agonists and antagonists like 1- and 2-o-PCBs requires further attention, but stressed 
that non-additive interactions are a limitation in the chemical analysis based WHO-TEF approach to and not in 
the bioassay approach that always reflects the combined effect of all AhR-interacting compounds.  
 

 
D. Other measurements 

 
In exposure assessment based on fish and on body burdens, an important specific data quality issue is the fat 
content measure. Fat content is not always reported and therefore data cannot be compared and combined; this is 
the case e.g. with much of the data in the EU SCOOP project on PCDD/Fs in food items and in the exposure 
calculations based on it (SCF 2000). Even when fat content is reported, its precision and accuracy may be low, 
depending on sample and method. Thus, when expressing levels of dioxins on lipid basis, their accuracy is 
subject to an additional error, as demonstrated in the Swedish dioxin survey (de Wit et al. 1990, Ewald et al. 
1998). Rose and Startin (2003) noted that in an interlaboratory quality assessment of PCDD/F analysis of human 
milk, an easier task than with fatty fish, less than half the participants achieved deviations <10 % from the 
accepted value. They also pointed out that as fish fat content varies seasonally, it may cause variation in dioxin 
levels even if the body burden is constant. In some matrices the reproducibility of fat analyses may be relatively 
good; Grimvall et al. (1997) reported that the correlation coefficient between gravimetric and enzymatic lipid 
measurements in human plasma was 0.82 (significance not given) and the slope near 1 (0.98); for practical 
reasons, enzymatic determinations were recommended. However, Ewald et al. (1998) showed that lipid analysis 
increases the variability in lipid-normalized PCBs levels in Baltic Sea fish. For focused exposure assessment and 
modelling, physiological parameters are needed that may require specific measurements in the organisms.  
 
For quantitative estimates of dioxin fluxes, the flows of carriers have to be measured. This may significantly 
alter the overall uncertainty in assessment. Measurements vary according to the flux, from well-defined 
stationary point source emissions to diffuse and mobile emissions and other material flows. Fluxes also vary in 
regularity, constancy, continuity and turbulence. For some sources such as flue gas, detailed schemes and 
standard protocols exist for estimating and reducing uncertainty in a multi-stage chain of events and operations 
(Luthardt et al. 2003). In addition to dioxin levels, a host of other entities need to be measured and many other 
factors considered in overall quality control to assess and manage measurement uncertainty; many of these other 
factors are related to sampling (cf. above). For measurements in natural flows e.g. in watercourses also detailed 
guidance exists for measurement. Standards are available also for intake assessment (see later). Such approaches 
to measurement quality may be at a general level applicable and useful in quantitative estimation of other, less 
well known fluxes, but the level of detail and of information will be much lower and the uncertainties 
correspondingly higher.       
 

  … 
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Annex 3. Relevant information on formation and emissions of dioxins and DLCs 
 
A. Formation and precursors 
 
Chlorophenols 

 
2,4,5-TCP (2,4,5-Trichlorophenol) is an important dioxin precursor. TCDD is formed in the synthesis of 2,4,5-
TCP e.g. from 1,2,4,5-tetrachlorobenzene; most of the TCDD remains in distillation residues. Many accidental 
and occupational exposures to dioxins have occurred in 2,4,5-TCP based industries (Sweeney et al. 1990). In 
Baltic Sea countries (excluding German factories outside the catchment), 2,4,5-TCP production has not been 
reported. 2378-PCDD/Fs have also been synthesized for analysis by pyrolysis of chlorophenols and subsequent 
chlorination (Pohland and Yang 1972; ref. IPCS/WHO 1989). 
 
Other chlorophenols such as 2,4-DCP, 2,4,6-TCP, 2,3,4,6-TeCP and PeCP, produced industrially by catalytic 
chlorination of phenols or by alkaline hydrolysis of chlorobenzenes, form dioxins. PeCP has been reported to be 
among the most dioxin contaminated PCPs, forming predominantly highly chlorinated dioxins, mainly the low-
toxic congeners OCDD and OCDF. However, based on TEQs, the congeners contributing most to overall dioxin 
toxicity in PeCP brands used in EU have been HpCDD and in some cases 6-HxCDD (Palmer et al. 1988, ERM 
1997). PeCP has been used as a fungicide and anti-stain agent in wood and as a fungicide in masonry, textiles 
(especially for heavy duty), leather and cork (e.g. in mats and interiors).  
 
Treated products have contained PeCP or its sodium salt (NaPeCP) or laurate (PeCPL). PeCP use as a biocide 
was banned in Sweden and Denmark in late 1970's and in Finland in 1980's, and restricted in the EU in 1991 by 
the Directive 91/173/EEC (ERM 1997), allowing use only professional and remedial timber and surface 
treatment on a case by case basis and as PeCPL in industries. A PeCP-Na solution containing very high TCDD 
and PeCDD levels was applied extensively on wood in Russia, including North-Western regions, for nearly 30 a 
until 1987, and heavy contamination is found at sawmills (Troyamskoya et al. 2003). PeCP is still in limited use 
in some EU countries and uses may continue in new member states. It is also imported to EU in products like 
textiles, leather and wood, with dioxin impurities (Malisch 1994, ERM 1997).  
 
The mixture Ky-5 was produced by the alkaline process and used extensively in Finland and also in Sweden 
from ca. 1950's to 1980 for wood preservation. It contained 2,3,4,6-TeCP, 2,4,6-TCP and PeCP ratios ca. 8:1:1 
(Vartiainen et al. 1995, Assmuth and Vartiainen 1994, Persson et al. 2003, Bergqvist et al. 2004). The mixture 
forms highly chlorinated PCDFs so predominantly that these despite their relatively low toxicity often represent 
the bulk of the total dioxin toxicity (e.g., Assmuth and Vartiainen 1995). The rate of formation of toxic PCDD/Fs 
is lower than that for 245-TCP, and reportedly lower than that in other kinds of chlorophenol synthesis (Raisanen 
and Salkinoja-Salonen 1983), but is increased in thermal processes such as burning of treated wood. Also the 
large quantities of mixture produced, e.g. in a Finnish plant discharging to river Kymijoki, make this an 
important group of precursors in terms of accumulated pool and flux of dioxins in the Baltic Sea (cf. 3.2).  
 
Chlorophenols form dioxins also upon pyrolysis and burning (Rappe 1978, ref. IPCS/WHO 1989). This may 
occur e.g. in sawmills burning impregnated wood and other wastes for energy, and in small-scale burning of 
chlorophenol-containing wood e.g. in homes and saunas having incomplete burning conditions in stoves and 
causing relatively direct and exposures of humans. Accidental sawmill fires have been found to emit especially 
OCDD and other highly chlorinated PCDD/Fs (refs.).  

 
Chlorinated phenoxy acid herbicides 

 
2,4,5-T (2,4,5-Trichlorophenoxyethanoic acid) has been produced in Germany and Russia as well as in BT-Kemi 
in Teckomatorp, Skåne (Bergqvist et al. 2004), and been used in large quantities in Baltic Sea countries (e.g., 
Raisanen and Salkinoja-Salonen 1983 and Finnish yearly statistics for sales of pesticides, herbicides and 
biocides). 2,4,5-T was used extensively from 1930's until 1980's in Western countries (and possibly later in 
Eastern countries) as a herbicide e.g. on roadsides and clear-logged forests. It contains variable but often high 
amounts of PCDD/Fs, especially TCDD, also in European brands (Rappe et al. 1978). Dioxins have been found 
in both 2,4,5-T, in its n-butyl-, butoxy ethyl- and iso-octyl-esters, and in its salts, especially dimethylamine salts. 
 
2,4,5-T was the key ingredient in the herbicide "Agent Orange" that was produced for massive use as a defoliant 
in Vietnam War, causing heavy dioxin contamination of the Vietnamese environment and citizens and also of 
some American and Australian military persons including spreaders in operation Ranch Hand (Ketchum 1999). 
Agent Orange batches contained 0.02 – 47 (on average 2) ppm TCDD (IPCS/WHO 1989). However, higher 
TCDD contents can be calculated e.g. from data on a test spreading area that received a load of 2.8 kg TCDD, as 
much as all Seveso (Young 1983, ref. IPCS/WHO 1989).  
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Industrial 2,4,5-T production especially from 2,4,5-TCP (see above) has caused the worst accidents involving 
dioxins, in Seveso, Germany and US (Sweeney et al. 1990).  
 
2,4,5-T forms dioxins in subsequent thermal reactions. Upon combustion, 1 g TCDD was produced from 1 kg of 
2,4,5-T salts at 400 – 450 oC, only 0.2-3 mg from 2,4,5-T esters at 500 – 850 oC (IPCS/WHO 1989).      
 
2,4-D (2,4-Dichlorophenoxyethanoic acid) and its derivatives, e.g. isooctyl esters, have also been used 
extensively as an herbicide (Norstrom et al. 1979, Huwe et al. 2003), sometimes in formulations with 2,4,5-T (as 
in Agent Orange), and is still used in small amounts in some Baltic Sea countries, e.g. Finland. TCDD levels of 
6.8 ppb were measured in 2,4,-D (Hagenmaier et al. 1986). Schechter et al. (1997) also reported TEQs of up to 
850 ppt in 2,4,D formulations. Huwe et al. (2003) reported levels of up to 3 ppb of TEQ in 2,4-D formulations 
from 1993, measured both by GC-MS and CALUX bioassay, while levels in 2,4-D dimethylamine were much 
lower. Also 2,4-D and its esters and salts may form dioxins subsequently and at higher rates e.g. in thermal 
processes of 2,4-D treated plants and other materials, including fires. 
 
In addition to 2,4,5-T and 2,4-D and their esters and salts, several other structurally closely related chlorinated 
phenoxy acid herbicides and biocides that have been produced and used particularly during precious decades 
may form PCDD/Fs. Such chlorinated phenoxy acid derivatives include (IPCS/WHO 1989, Huwe et al. 2003): 
- Esters of 2-(2,4,5-trichlorophenoxy)-propanoic acid, 'Fenoprop' 
- Ethyl ester of 2-(2,4,5-trichlorophenoxy)-2.2-dichloropropionic acid, 'Erbon' 
- 0,0-Dimethyl-0-2,4,5-trichlorophenyl phosphonothioate, 'Fenochlorphos'  
- 0-Ethyl-0-2,4,5-trichlorophenyl ethylphosphonothioate, 'Trichloronate' 
- 2,4-DB and 2,4-DP (2,4-dichlorophenoxy butyric acid and propionic acid) and their salts 
- Methyl-5-2,4-dichlorophenoxy-2-nitrobenzoate, 'Bifenox' 
- 2,4-dichlorophenoxyethyl sulfate, 'disul sodium', 'Sesone' 
- Mixture of MCPA-2EH ester, 2,4-D isooctyl ester and fenoxaprop-p-ethyl, 'Tiller' 
- Quizalofop-p-ethyl ('Assure II'), with high Bio-TEQ but low GC-MS TEQ values (Huwe 2003) 
- Hovander et al (2002) reported the identification of Triclosan (5-chloro-2-[2,4-dichlorophenoxy] phenol), a 

common bactericide, in human plasma.  
 
The present or previous and cumulative use of such brands and substances in Baltic Sea countries is  unknown 
(Kallio-Mannila, oral communication), but may not have been significant in Finland.  

 
Other chlorinated herbicides and biocides 

 
Propanil (3,4-dichloropropionanilide), diuron, linuron, and neburon are aromatic amide herbicides that have 
been found to be contaminated by TCAB and TCAOB (DiMuccio et al. 1984, Singh and Bingley 1991). Of 
these, linuron is still in use e.g. in Finland. Also the structurally related 3,4-dichloroaniline has been found to 
contain such DLCs (Hill et al. 1981, cf. McMillan et al. 1988, 1990).  
 
Chlorinated diphenylether herbicides such as CNP (1,3,5-Trichloro-2-(4-nitrophenoxy)benzene, 
'chloronitrofen') and NIP (2,4-Dichloro-1-(4-nitrophenoxy)benzene, 'nitrofen') have contained PCDD/Fs 
(IPCS/WHO 1989). It was calculated based on dioxins in sediments and transport models that CNP use 
especially in 1970's contributed a cumulative load of 440 kg TEQ in Japan, more than PeCP or incineration 
(Masunaga et al. 2001). By comparison, the fluxes were low from NIP, TPN (tetrachloro-iso-phthalonitrile, 
'chlorothalonil'), 2,4-D and MCPA (2-methyl-4-chloro-phenoxyacetic acid), the latter two being still in use also 
in Baltic Sea countries. The most dioxin-contaminated of these herbicides, CNP, is however not used much in 
Baltic Sea countries (?). 
 
Hexachlorophene, a bactericide produced from 2,4,5-TCP, was used widely e.g. in hospitals for disinfection 
also in Sweden and Finland in brands like Phisohex and Sanitval (Isobac 20 elsewhere). TCDD levels of up to 
4,7 ppb in some batches were reported (Ligon and May 1986, ref. IPCS/WHO 1989) but were lower after 
additional purification. Hexachlorophene production was the source of the severe dioxin contamination of horse 
tracks in Missouri in 1973 and later in Times Beach, Missouri and in nearby waste sites. In both cases, waste oil 
from this process had been spread for dust control, and caused e.g. the sickness and death of many horses and 
partial evacuation and massive cleanup of residential areas (Kimbrough et al. 1977, ref. IPCS/WHO 1989). 
 
Lindane (γ-hexachlorocyclohexane, or γ-HCH, and technical mixtures containing it) has been shown to produce 
dioxins. Soil levels of up to 14 ppb TEQ remain at open-air production sites closed down in 1955 in Brazil 
(Braga et al. 2002). Lindane has also been confirmed to form PCDD/Fs on heating in presence of H2O2 (Jan and 
Buser 1989). These findings are potentially important with a view of the large cumulative use of lindane also in 
Baltic Sea countries (see e.g. Detzel et al. 1998). 
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Huwe et al. (2003) found levels of 0.8 ppb Bio-TEQ in a formulation containing the chlorophenoxy pesticide 
MCPA together with bromoxynil octanoic acid ester. It was evident that most of this dioxin-like response was 
due to the latter (and probably consisted of brominated dioxins), not to TCDD, as the GC-MS based TEQ value 
was only 0.3 ppt TEQ (cf. above).  

 
Chlorobenzenes (CBz's) 

 
HCBz is a widely used biocide used against wheat bunt and fungi. It forms mainly HpCDD/Fs and OCDD/Fs of 
lower toxicity (Villeneuve et al. 1974, ref. IPCS/WHO 1989). HCBz has been used also in Baltic Sea countries 
as a bactericide and biocide. It is persistent and bioaccumulative and forms a predioxin reserve. 
 
1,2,4,5-TeCBz is used in the production of 2,4,5-TCP and may in this process give rise to dioxins. 
 
CBz's form dioxins in subsequent thermal reactions, especially when uncontrolled. Buser et al. (1979, ref. 
IPCS/WHO 1989) found that >1 % of PCDD/Fs were formed in pyrolysis of a series of chlorobenzenes. 
Consequently, CBz's have contributed to high PCDD/F contamination in fires involving CBz-containing 
transformers. In the Binghamton office fire in New York State in 1981 it was assumed that PCDDs were formed 
from CBz's that comprised 35 % of the transformer oils (Buser and Rappe 1984, ref. IPCS/WHO 1989).   

 
CBz's were among the toxicants at waste sites such as Love Canal in Niagara Falls, NY, prompting the 
'Superfund', CERCLA (Comprehensive Environmental Responsibility, Compensation and Liability Act) and 
SARA (Superfund Amendments and Reauthorization Act) legislation for remediation of thousands of sites, 
many of them contaminated also by dioxins. Similar contamination cases and remedial responses involving 
dioxins to varying degrees in addition to other chloro-organic contaminants occurred from early 1980's at many 
sites throughout the industrialized world, e.g. at the Georgswerder landfill in Hamburg (due also to chlorophenol 
production) and at the waste dump and other areas of the BT-Kemi site in Skane. 

 
 
Table 3A1. Formation of PCDD/F homologues from thermolytic reaction of 690 mg benzene + FeCl-Si complex (from 
USEPA 2000, based on Nestrick et al. 1987). Figures have been rounded to one signifying digit. 
Homologue groups Mass produced (ng) Percent yielda Homologue groups Mass produced (ng) Percent yielda 
TCDD 100 9 E-6 TCDF 10000   9 E-4 
PeCDD 200 1 E-5 PeCDF  20000 1 E-3 
HxCDD 200 1 E-5 HxCDF 30000   2 E-3 
HpCDD 10 5 E-6 HpCDF   40000 1 E-3 
OCDD 20 9 E-7 OCDF 70000   4 E-3 
ΣCDDs incl. DCDD, TriCDD 700 4 E-5 ΣCDFs  incl. DCDF, TriCDF 200000 1 E-2 
aPercent yield = (number of moles of CDD or CDF/moles benzene) x 100 
 
 
 

 
 
Fig. Regression between PeCBz and I-TEQ values I emissions from a unicipal solid waste incinerator (Lavric et al. 
2002).  
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PCBs and PBBs 
 
In addition to including dioxin-like PCBs, PCBs include and form PCDFs, thus being a multi-precursor group. 
In the European PCB brands Phenochlor DP-6 and Clophen A 50 and A 60, especially the toxic congeners 
TCDF and 4-PeCDF were present, at levels of up to 3.3 ppm (TCDF in A50) and 1 ppm (4-PeCDF in A 60, and 
4-PeCDF in both brands (Bowes et al. 1975 and Rappe et al. 1985, ref. IPCS/WHO 1989, cf. Annex 3C).  
 
PBBs contain traces of PBDD/Fs, analogously with PCDD/Fs in PCBs. PBBs also produce PBDD/Fs and 
PBCDD/Fs especially on pyrolysis and burning (refs). 
 
PCDFs are formed secondarily from PCBs under pyrolytic conditions e.g. in transformer fires and uncontrolled 
burning of PCB-containing materials (Buser et al. 1978, ref. IPCS/WHO 1989). The Binghamton office fire 
produced high concentrations of PCDD/Fs (> 2 mg in g soot, especially TCDF and PeCDFs), and PCDFs were 
mainly produced also in transformer fires in Europe that involved PCBs and chlorobenzenes (Rappe et al. 1985, 
ref. IPCS/WHO 1989). Even mineral oil filled capacitors in Scandinavian fires and explosions produced 1-5 µg 
total PCDFs per m2 (Rappe et al. 1986, ref. IPCS/WHO 1989).  
 
It has been shown by models and sediment data that the relative impotance of waste incineration as a source of 
DL-PCBs has increased in relation to emissions from PCB products (Fig. 3A1; cf. 3A2). 
 
PCDEs are a source of PCDD/Fs in pyrolytic conditions (IPCS 1989, Koistinen 2000); rates of PCDF formation 
similar to those from PCBs have been reported, and TCDD is formed from PCDE153. PCDEs form PCDD/Fs 
also in photochemical reactions, e.g. TCDF from PCDE118 and, importantly, 4-PeCDF from PCDE138; even 
OH-PCDEs have been shown to form PCDD/Fs photochemically. Most of these studies have been conducted in 
organic solvents, and their occurrence and rates in environmental conditions have not been reported. 

 
 
Fig. 3A1. Time trends of measured and modeled CB 126 levels in Tokyo Bay, and the model-calculated relative 
contribution of PCB product (Kanechlor) and waste incineration emissions (Ogura et al. 2002).  
 
 
PCDEs and PBDEs  

 
PBDEs may similarly contain, and form especially in incineration, PBDD/Fs and PBCDFs (Thoma et al. 1986 
and 1987, Soderstrom  and Marklund 2002). PBDEs as a source of bromodioxins are particularly interesting, as 
PBDEs have been used widely in brominated flame retardants (BFRs) (de Boer et al. 2000, de Wit 2002; cf. 
KemI 1994, Hileman et al. 1989, ref. IPCS 1998). Formation of the most toxic TeBDD/Fs and peBD/Fs from 
PBDE seems to be in general higher than from other BFRs such as TBBPA and DBDE (IPCS 1998). Wichmann 
et al. (2002) found that the formation of PBBD/Fs from PBDEs depended on the type of plastic containing the 
PBDEs.   
 
Apart from forming PCDD/Fs and PBDD/Fs, PBCEs and PBDEs in themselves elicit some dioxin-like 
biological activity. 
 

PVC and VCM 
 
PVC production from VCM (vinyl chloride monomer) may cause PCDD/F contamination, although PCDD/Fs 
have not been found in virgin PVC resin (Wagenaar et al. 1998). Appreciable amounts of PCDD/Fs have been 
found in wastes and recipient of a VCM factory on Southern Finnish coast (Isosaari et al. 2002, Isosaari 2004, 
Bergqvist et al. 2004).    
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In waste incineration, PVC-containing wastes cause PCDD/F emissions. The relative emissions depend on 
process; they can be high in uncontrolled open burning (Fig. 3A2) but much lower in high-tech incinerators. 
Temperature incfluences formation (Fig. 3A3). Lenoir et al. (1991) reported that considerable PCDD/Fs were 
formed in fluidized bed incineration only when >3 % PVC was included in the PE feed, and Wickstrom and 
Marklund (2001) found that the total Cl content and combustion disturbances were the key factors in such 
processes.  
 
On the other hand, it has also been preliminarily reported (Fig. 3A4) that PVC in model waste incineration did 
not greatly increase PCDD/F formation or alter homologue profile or TCDF and PeCDF composition as 
compared to inorganic Cl (as HCl); this was taken to be due to formation of HCl also from PVC, the key 
interrelated governing variables including CO formation, temperature in combustion region, and thus 
combustion conditions. Also Ishibashi et al. (2002) noted that HCl also from non-PVC sources increased 
PCDD/F emissions. Moreover, it has been shown that formation from PCPs (ultimately from phenols and Cl) 
was more important than PVC in PCDD/F formation at incineration (Wang et al. 2003). Launhardt et al. (1998) 
reported elevated PCDD/F formation from PVC-coated wood as compared with untreated wood; however, 
Kolenda et al. (1994) demonstrated that combustion of both NH4Cl and PVC coated plywood formed PCDD/Fs. 
Meharg et al. (1997) and (Vikelsoe and Johansen 200X) reported PCDD/F formation in field and experimental 
fires, respectively; the latter showed that formation was much less than from PCPs.  
 
Thus, the formation of PCDD/Fs from PVC is a complex and variable process. 

 
 

 
 
Fig. 3A2. Empirical relationships between PVC content of waste and dioxin emissions factor in uncontrolled barrel or 
home burning of municipal solid waste or corrugated cardboard with PVC according to experiments (Neurath 2003). 
 
 

 
 
Fig. 3A3. The relative share of PCDD/F and DL-PCB congeners in emissions from PVC combustion at different 
temperatures in an experimental vertical electric muffle furnace (from Kim et al. 2003).  
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Fig. 3A4. Formation of TCDF and PeCDF congeners in incineration of PVC and other Cl-containing wastes (from 
Hatanaka et al. 2004).  
 
 

Considering that PCDD/F formation from PVC has been found to be particularly great in incomplete 
combustion, it is logical that PVC forms PCDD/Fs upon pyrolysis (Marklund et al. 1986) of PCDDs; mainly 
less toxic congeners were formed, while PCDFs included tetra and penta congeners. Shibata et al. (2003) 
reported that extremely high PCDD/F formation was obtained at 200 oC with CuO as catalyst. Also other 
incomplete combustion processes involving PVC may be dioxin sources. 

 
Other haloaromatic and halogenated compounds 

 
It has been considered possible on the basis of PCDD/F congener patterns that chloroaniline ('chloroanil') based 
textile dyes in addition to PCPs have contributed to high levels of PCDD/Fs in textiles (see ERM 1997, Hansen 
2000). This dioxin source was confirmed and its reduction studied by Zhang et al. (2002). The presence of 
PCDD/Fs in dioxazine dyes such as Direct Blue 106 and pigments such as Violet 23 has also been reported 
(Williams et al. 1992, ref. Engwall et al. 1999).  
 
Other haloaromatic compounds may form dioxins, especially upon incineration, uncontrolled burning and 
pyrolysis. This was shown for instance for brominated styrenes and bromobenzenes by Wichmann et al. (2002).  
 
Chlorinated solvents, even though usually not aromatic but alkyl compounds, may contain or form PCDD/Fs 
(Detzel et al. 1998). 

 
It is possible that chlorinated paraffins (CPs) still used extensively, largely in high-temperature open processes 
e.g. in steel industry, under some conditions form dioxins (see Detzel et al. 1998). 
 
Dioxins are formed in appreciable quantities in chloralkali process especially with the traditional graphite 
electrode process. Several of these facilities have operated in Sweden and Finland e.g. for Cl2 production in pulp 
and paper industry, also on Baltic coast and discharging to marine sediments (Bergqvist et al. 2004, cf. Annex 
4). Also chlorate production gives rise to PCDD/Fs.  
 
HCl production is a source of PCDD/Fs (Bergqvist et al. 2004). 
 
Many organic substances have also been found to be able to produce dioxins in sunlight. Examples include the 
main ingredient in Irgasan DP300, 2,4,4-TC-2'-OH-diphenylether (Kanetoshi et al. 1988), DBDE (a flame 
retardant) forming PBDD/Fs in UV light Watanabe et al. 1987), TBBP-A (also a flame retardant), and 
brominated polyethene and epoxy resin plastics (Wichmann et al. 2002). 

 
Chlorination 
 

Chlorination of pulp and paper by hypochlorite and other chlorides is a known source of PCDD/Fs (e.g. Rappe 
et al. 1989.). PCDD/Fs are present in bleached paper at pg g-1 levels (LeBel et al. 1992). 
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Water chlorination has been reported to produce PCDD/Fs (Lamparski et al. 1984, Meyer et al. 1989, cf. 
Hutzinger et al. 1986) e.g. by chlorination of phenolic compounds and condensation to dioxins (Onodera et al. 
1983, 2003). However, it has been found that raw water contained higher TEQ levels than treated water (Magara 
et al. 2003). Hypochlorite itself may be contaminated by PeCP at ppb levels and thus may be a PCDD/F source 
(Ohlsson, ref. in Engwall et al. 1999). Part of the PCDD/Fs in sewage may be produced in hypochlorite 
bleaching in households. Some of these reactions resemble formation of PCDD/Fs from pulp and paper 
chlorination (e.g., Rappe 1990, Naf et al. 1992).  

 
Metal industry 
 

Metal industry, both ferrous and non-ferrous metals, has ben found to constitute a key source of dioxin 
emissions, being among the dominant industrial sources in EU generally and in many Baltic Sea countries. IN 
particular, emissions from sinters and from secondary metal smelters have been in focus (see e.g. Table 3A2).  
 

Other precursors especially in incineration and combustion 
 
PCDD/Fs are formed in incineration of wastes of various kinds, including domestic waste, other municipal solid 
wastes, sewage sludge, medical waste, other hazardous wastes, and industrial wastes (e.g., IPCS/WHO 1989, 
USEPA 1994, Huang and Buekens 1995, Thomas and Spiro 1995, Eduljee and Dyle 1996, Quass and Fermann 
1997, Quass et al. 2004,  Detzel et al. 1998, Fiedler 1998, cf. 3.2). Also de novo formation on fly ash and soot 
takes place. Incinerated haloaromatics are important precursors (cf. above). The products and yields depend on 
waste qualities and on burning type and conditions. It has been shown that in addition to PVC, many other 
poilymers cause emissions of PCDD/Fs and additionally of DL-PAHs (Table 3A3). 
 
 

Table 3A2. PCDD/Fs emissions of sintering and melting furnaces in the iron and steel foundries, and from non-ferrous 
metal smelters (combined and modified from Kim et al. 2003 and Kim et al. 2003b; only those congeners contributing 
>10 % to total TEQ emissions in some source category are shown). Figures have been rounded to one signifying digit. 
  
2378-PCDD/F  Ferrous metal industry             Non-ferrous metal industry   
congeners  Sintering furnace   Electric furnace         electric furnace 
    Iron (n=8)     Steel (n=26)     Alloy (n=6)    Lead smelting (n=6)  Zinc smelting (n=4) 
    ng TEQ  % of total ng TEQ   % of total ng TEQ  % of total ng TEQ  % of total ng TEQ  % of total 
    Nm3     Nm3     Nm3     Nm3     Nm3   
4-PeCDF   0.3          50   0.04   40   0.01  50   0.06   30   0.008   40 
6-HxCDF  0.05   8   0.007   7   0.002   8   0.01   6    0.003   10 
4,6-HxCDF  0.05   8   0.007   7   0.002   8   0.01   7   0.003   10 
PCDFs    0.5          80   0.08   80   0.02   80   0.1         60   0.02   80 
PeCDD   0.05   9    0.009   10    0.002   9   0.03   20   0.002   8 
PCDDs   0.1          20   0.02   20   0.005   20   0.07   40   0.005   20 
PCDD/Fs   0.6          100   0.01   100   0.02   100   0.2          100   0.02  100 

 
 
Table 3A3. Levels of TEQs (pg g-1 sample) and dioxin-like PAHs (ng g-1 sample) in polymer and paper samples and in 
emissions from an incinerator apparatus (Takasuga et al. 2003). Figures have been rounded to one signifying digit. 
 
Sample       Blank   PE    PET   Nylon   Newspaper  PP    ABS   PVC 
TEQ       0.6         1    4    0.07   5    1            0.6         100 
Benzo[a]anthrathene    <RL   90000   <RL   90000   30000   100000        60    40 
Chrysenea      <RL   100000   <RL   100000         40000   100000        70    20 
Benzo[b]fluoranthene   50    140000          40    200000         50000   200000        100     40 
Benzo[k]fluorantheneb   <RL   50000   <RL   40000   10000   60000   20    <RL 
Benzo[a]pyrene     <RL   100000    <RL   200000         40000   200000         20    <RL 
Indeno[1,2,3-cd]pyrene   <RL   90,000   <RL   100000         30000   100000         20    <RL 
Dibenzo[a,h]anthrathenec  <RL   9000   <RL   9000   4000   10000   <RL   <RL 
Explanations of abbreviations: RL=reporting limit; PE=polyethylene; PET=polyethylene terephthalate; PP=polypropylene, ABS=Acrylonitrile butadiene styrene, 
PVC=polyvinylchloride; aAlternatively triphenylene; bAlternatively benzo[j]fluoranthene; cAlternatively dibenzo[a,c]anthracene.  
 
 

Fuel combustion in both industrial and redimential ovens is an ackowledged dioxin source. The quantities 
burned are lower than in large power plants but emission control capacity is also lower. The emission factors for 
industrial wood burning were 20-40-fold less than for residential burning of clean wood, at 0.5-0.9 and 20 ng 
WHO-TEQDF kg-1 wood, respectively (USEPA 2000, cf. Table 3A4 below).  
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Also in coal burning, the emission factors for residential ovens were higher, although depended much on coal 
quality, being highest for anthracite and bituminous oil. In residential burning the TEQDF emissions seem on the 
average greatest from coal, 4-fold higher than from wood ovens (Table 3A4). However, combustion of waste 
wood and particularly chlorophenol-treated wood in small domestic ovens caused appreciable dioxin emissions. 
The emission factors for the dioxin-like and carcinogenic BaP was 100- to 50000-fold higher than for TEQs and 
were high also from clean wood (Table 3A4).  
 
The emission factors for both industrial and small-scale oil burning seem smaller, ca. 0.1 ng l-1 oil (USEPA 
2000, Table 3A5). In addition to 2,3,7,8-chlorinated congeners, plenty of other dioxins are emitted also from this 
source. Combustion of fuels produces dioxins especially if they contain elevated levels of chlorine (see e.g. 
compilation by Hansen 2000). Salt coal e.g. in briquettes produced from brown coal from the Southern Baltic 
Sea coast has caused PCDD/F formation upon burning (Thuss et al. 1997).  

 
 
Table 3A4. Emission factors for soot from combustion tests (De Fré et al. 2003, Wevers et al. 2003).  
 
     Dioxins in ng TEQ/kg      Benzo(a)pyrene in mg/kg  
     from soot from combustion tests  from soot from combustion tests 
Sources    avg    avg  low   high   avg    avg   low   high 
Woodstoves   5                0.04 
- wood       20  2  90      1  0.1  5 
- wood + waste     400  4  1000     4  0.2         5 
- treated wood     2000         0.3 
Open fireplaces   3          0.05 
Coal stoves    0.7          80   1  300   0.01   1  0.3         5 
Oil heaters    0.1                0.01 
 
 
Table 3A5. Emission factors for 2,3,7,8-chlorinated congeners and for all homologues from oil-fired residential 
furnaces (from USEPA 2000, based on USEPA 1997). Figures have been rounded to one signifying digit. 
 
Congener/congener group Mean emission factor (pg/l oil)  Congener/congener group Mean emission factor (pg/l oil) 
2,3,7,8-TCDD 60 Total TCDD 10 
OCDD  70 Total PeCDD 80 
2,3,7,8-TCDF 50 Total HxCDD 70 
OCDF 30 Total TCDF 60 
Total I-TEQDF  150 Total PeCDF 700 
  Total HxCDF 400 
  Total HpCDF 200 

 
 
Automotive traffic is a source of dioxins from combustion engines both with diesel oil and gasoline especially 
with lead, due to the chlorine present e.g. in scavengers, and without catalytic converters (cf. compilation of data 
by USEPA 2000, especially Marklund et al. 1990, Hagenmaier et al. 1990, Schwind et al 1991, Hutzinger et al. 
1992). Average emission factors of >500 pg WHO-TEQ l-1 were measured for leaded gasoline but only 100 pg 
WHO-TEQ l-1 for unleaded and 20 pg WHO-TEQ l-1 for exhaust catalytic converters. The WHO-TEQDF 
emissions from diesel trucks were generally higher than from diesel cars. Up to 100-fold higher emissions were 
measured from diesel driven trucks at 50 km/h than at 90 km/h (USEPA 2000, ref. Lew 1993, 1996). However, 
the total yields of formation in relation to the other key precursors and processes are generally smaller.  
 
Uncontrolled (backyard) burning has in recent years often been considered a major (even the greatest) dioxin 
source (Neurath 2003). Only recently have measurement-based emission factors been produced (Wevers et al. 
2004 and references therein), being at 3.5-45 ng TEQ/kg depending on waste (garden or household waste). 
Bergqvist et al. (2004) have studied emissions from backyard burning, finding …  
 
Dioxins are formed from inorganic chlorine in the presence of suitable precursors and conditions, e.g. in hot dip 
galvanizing processes from ZnCl2, NH4Cl and HCl (Fabrellas et al. 2003), and from CuSO4 and kelp (marine 
macroalgae) mixtures produced as feedstuff ingredients (Ferrario et al. 2003). This is similar to PCDD/F 
formation from HCl and other inorganic Cl in waste incineration (see above). 
 
Due to the presence of elements catalyzing formation (probably de novo) of PCDD/Fs in CCA-treated wood, 
high emissions from combustion of such wood in comparison to untreated wood have recntly been measured 
(Tame et al. 2003, 2004). This may present an important source of PCDD/Fs in Baltic Sea countries as the use 
as well as domestic and other small-scale combustion of CCA wood preservatives has been rather wide-spread, 



 

 

340

 

and there is still a considerable pool of such wood to be treated. This also presents an example of the complex 
linkages between dioxins and other chemicals and problems, and the need to consider broadly precursors in 
preventive as well as down-stream risk management.   
 

Organic recyclates and wastes and landfills 
 

As the primary sources of dioxins are increasingly controlled and reduced, secondary fluxes e.g. in wastes  
become relatively more important. Many waste materials, including recycled organics, may thus be secondary 
dioxin sources. The quantitative importance of some materials has been estimated e.g. for Germany by Joas et al. 
(2003). Especially straw and animal wastes, notably fish processing wastes, carry a considerable dioxin flux. 
 
A considerable additional load is circulated to agricultural soil and other sludge use areas (Fig. 3A5). These will 
gradually leach to watercourses and thus also to the Baltic. Thus, sludge recycling provides only partial and 
temporary interception of fluxes to the sea, and besides prosents problems for the agricultural systems.  
 
In addition to being introduced to sludge from sewage, in both residential and industrial waste waters and storm 
waters (in co-sewerage), PCDD/Fs have also been found to form in sewage sludge in some studies; de Souza 
Pereira et al. (2003) reported high formation in the oil fraction upon thermal treatment of municipal sludge 
especially from 2,3-chlorophenol.  

 
 
 

 
 
Fig. 3A5. I-TEQs in depth profiles of differently sludge dressed soils (logarithmic scale). Explanations: Preserved: 
Recreational natural area not cultured for >50 a, no sludge; Low sludge: Cultured field, given with 0.7 t sludge dw/ha/a 
(recommended amount); High sludge. Cultured field amended with 17 t dw/ha/a during many years (Vikelsoe 2002). 
 
 

 
 
Fig. 3A6. Left: Dioxin-like content as BioTEQs, in fractionated residues of organic waste after mesophilic (37°C) or 
thermophilic (55°C) anaerobic digestion; Right: acid-resistant dioxin-like content in fractionated residues of organic 
household-waste after anaerobic mesophilic (37°C) or thermophilic (55°C) digestion (from Olsman et al. 2002a).  
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Landfills may be a source of dioxins if disposed in large quantities. Dioxins are also formed in landfill fires and 
possibly lower-temperature processes. The relative importance of landfills is likely to grow as dioxins are 
removed from waste streams. Landfills are also potential sources of PBDD/Fs due to their inclusion in or 
subsequent formation from BFR and other organobromide wastes. Important factors influencing PBDD/F 
formation and emissions include the type of landfill (for hazardous, municipal, mixed or other wastes such as 
sludges and soils), the corresponding quality of the wastes disposed (e.g., inert wastes only or also organic 
wastes); disposal technology (e.g., liners; covering); redox conditions and the balance between aerobic (acid) and 
anaerobic digestions processes; water economy; and, notably, gas collection and treatment (cf. Assmuth 1995). 
 
According to preliminary results, DLCs are also formed in organic wastes, especially polyaromatic DLCs in 
anarerobic digestion in thermophilic processes, and in both mesophilic and thermophilic processes into the acid-
fast fraction (Fig. 3A6).  

 
Preindustrial and natural formation 
 

PCDD/Fs have been formed already before the industrial synthesis and use of the above precursors, as seen e.g. 
in PCDD/Fs historical sediments. PCDD/Fs are also present in old deposits such as kaolinite containing ball 
clay. Forest fires and other fires have been suspected as a natural (or human-influenced semi-natural) source; 
however, estimates of its importance in total PCDD/F balances have decreased (refs.). 
 
The biogenic formation of PCDD/Fs e.g. from PCPs catalyzed by enzymes in horseradish has been shown 
experimentally (e.g. Morimoto and Tatsumi 1997), and also PCDD/F-producing (and metabolizing) organisms 
have been identified. Nevertheless, it is clear that by far most PCDD/F formation has been and still is due to the 
anthropogenic production and treatment (especially in thermal processes) of chlorinated compounds. 

 
Formation of other dioxin-like compounds 

 
• PBDD/Fs and PCBDD/Fs: Many of the sources are similar to those of PCDD/Fs, i.e. thermal processes 

involving Br and aromatic C structures; PBDD/Fs have had no intentional production. A notable source is 
waste incineration producing both PBDD/Fs and PBCDD/Fs (Soderstrom and Marklund 2002). The 
formation of PBDD/Fs is more efficient than that of PCDD/Fs (Marklund and Soderstom 2003); however, 
the weaker Br-C bond contributes to thermal breakdown. As with PCDD/Fs, incomplete burning of 
precursors is a significant source. PBDD/Fs are formed especially from PBDE (see above) but also from 
DBDE (Watanabe et al. 1987), TBBPA and other BFRs (Hutzinger and Thoma 1987). Unlike PCDD/Fs, 
PBDD/Fs have no confirmed natural source (IPCS 1998). Based on the data reviewed by IPCS (1998), 
especially ABS plastics treated with OBDE, PBT plastics treated with DBDE and polyurethane treated with 
PBDE have contained high levels of the TBDD/F and PeBDD/F. In plastic casings and circuit boards of 
electrical appliances, 4-PeBDF levels of up to 32 ppb and 6.5 ppb, respectively, and 2378-TBDF levels of 
up to 1.2 and 11 ppb have been measured, based on UBA (1992) data. 

 
• DL-PCBs: Of the over 1 Mt PCBs produced and used in the West, most came from US in Aroclor mixtures 

and in Europe from Clophens produced in Germany; 0.18 Mt were produced in the Soviet Union and some 
in Poland (Chlorofen). Evidence has been published that for some DL-PCBs emissions from waste 
incineration may exceed emissions from PCB formulations (see 3.2), and part of these may form in 
incineration and are not transmitted in the wastes burned. Also Brodsky et al. (2003) have found emissions 
of CB118 from energy production and metal industry.  

 
• coPBBs: PBBs have been used as flame retardants as mixtures (Hutzinger and Thoma 1987, IPCS 1994) 

including in most cases minor amounts of coPBB congeners. It is estimated that >10000 t of PBBs were 
produced worldwide, but production figures from some countries known to have produced PBBs are not 
available (IPCS 1994). PBBs were manufactured in the US (Firemaster), in Germany until the mid-1980s, 
and in France until at least the mid-1990s. PBBs may still be produced in Asia (Lassen et al. 1999). The 
share of coPBBs in these products is not known. 

 
• PCNs and PBNs: PCNs were produced since early 1900's mainly for electrical appliances (Jakobsson and 

Asplund 2000) especially in Halowax 1014 mixture. PCNs are also found in PCBs as impurities (Weistrand 
et al. 1992, Haglund et al. 1993) and are formed secondarily e.g. in catalysed thermal processes such as 
aluminum recycling (Sinkkonen et al. 2004). PBNs have been identified in the Firemaster mixture that was 
produced earlier in US and contained mainly PBBs (IPCS 1994); they may have similar properties as PCBs.  

 
• PCTs were produced in US, France, Germany, Italy and Japan until the early 1980s when all production is 

thought to have ceased; cumulative world production is estimated at 60,000 t in 1955-1980 (UNECE 2002). 
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• PCABs, PCAOBs and PCHBs are formed e.g. as impurities in chloroanilide herbicides (Hill et al. 1981, 
DiMuccio et al. 1984, Singh and Bingley 1990, 1991). 

 
• PCDTs, PBDTs, PCTAs and PBTAs: Formation and emissions have been noted in waste incineration 

(Sinkkonen et al. 1992, 1995) and aluminum recycling (Aittola et al. 1996, Sinkkonen et al. 1994, 2003)  
 

• Dioxin-like PAHs: PAHs are formed especially in combustion, but dioxin-like PAHs have rarely been 
specified. They have been produced at high rates e.g. in burning of PE, PP, ABS and other plastics (ref.) 

 
• HCBz has been used widely as a bactericide, e.g. in Finland and Sweden in 1970's in hexachlorophene 

formulations. 
 
 

 
 
Fig. 3A7. BioTEQs in solutions of DeBDE in toluene (2 ug/ml) after irradiation with three different UV-spectra, and in four 
different controls, showing the formation of dioxin-like compounds in light (Olsman et al. 2002b). Note the erroneous 
placement of the labels of the bars to the right (UV-ABC in fact gave the highest and No UV gave no measurable Bio-TEQs). 
 
 
 

 
 
Fig. 3A8. PXDD/F profiles, as the sum of congener groups, in air emissions from combustion experiments using 
different proportions of Cl and Br in feedstock (Marklund and Soderstrom 2003). 
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B. Potentially relevant High Production Volume chemicals in EU containing Cl or Br  
 
Source: IUCLID CD-ROM (Edition 2 - 2000), List of the 2604 EU High Production Volume Chemicals, www.ecb.jrc.it/ 
- Notes: Excluding inorganics HPV chemicals whose name does not indicate Cl or Br contents, and slags, distillates and other 
chemical produts, mixtures or residues that may or may not contain Cl or Br  
- mainly organohalogens have been selected; listing does not indicate that a compound necessarily is strongly or directly dioxin-
forming; on the other hand, exclusion from the list does not necessary indicate lack of such potential  
- aromatic compounds have been indicated; those with estimated or confirmed high dioxin-forming potential such as halogenated 
phenolics and benzenes have been underlined) (To be completed and elaborated e.g. by the Epiwin v3.10 QSAR program suite) 
- IUCLID ID, CASN and EINECS code numbers are given 
 
0008 55-56-1 200-238-7 chlorhexidine 
0010 56-23-5 200-262-8 carbon tetrachloride 
0022 58-25-3 200-371-0 chlordiazepoxide 
0025 58-56-0 200-386-2 pyridoxine hydrochloride 
0026 58-89-9 200-401-2 gamma-HCH or gamma-BHC 
0027 58-93-5 200-403-3 hydrochlorothiazide 
0028 58-94-6 200-404-9 chlorothiazide 
0029 59-50-7 200-431-6 chlorocresol 
0054 67-66-3 200-663-8 chloroform 
0065 71-55-6 200-756-3 1,1,1-trichloroethane 
0068 74-83-9 200-813-2 bromomethane 
0072 74-87-3 200-817-4 chloromethane 
0077 75-00-3 200-830-5 chloroethane 
0078 75-01-4 200-831-0 chloroethylene 
0083 75-09-2 200-838-9 dichloromethane 
0090 75-29-6 200-858-8 2-chloropropane 
0092 75-34-3 200-863-5 1,1-dichloroethane 
0093 75-35-4 200-864-0 1,1-dichloroethylene 
0094 75-36-5 200-865-6 acetyl chloride 
0097 75-45-6 200-871-9 chlorodifluoromethane 
0100 75-54-7 200-877-1 dichloro(methyl)silane 
0102 75-63-8 200-887-6 bromotrifluoromethane 
0104 75-68-3 200-891-8 1-chloro-1,1-difluoroethane 
0105 75-69-4 200-892-3 trichlorofluoromethane 
0106 75-71-8 200-893-9 dichlorodifluoromethane 
0113 75-87-6 200-911-5 trichloroacetaldehyde 
0117 76-03-9 200-927-2 trichloroacetic acid 
0118 76-13-1 200-936-1 1,1,2-trichlorotrifluoroethane 
0120 76-15-3 200-938-2 chloropentafluoroethane 
0134 78-87-5 201-152-2 1,2-dichloropropane 
0139 79-00-5 201-166-9 1,1,2-trichloroethane 
0140 79-01-6 201-167-4 trichloroethylene 
0142 79-07-2 201-174-2 2-chloroacetamide 
0145 79-11-8 201-178-4 chloroacetic acid 
0151 79-34-5 201-197-8 1,1,2,2-tetrachloroethane 
0158 79-94-7 201-236-9 2,2',6,6'-tetrabromo-4,4'-isopropylidenediphenol 
0160 80-07-9 201-247-9 bis(4-chlorophenyl) sulphone 
0186 85-56-3 201-615-9 2-(4-chlorobenzoyl)benzoic acid 
0191 87-56-9 201-752-4 mucochloric acid 
0195 88-06-2 201-795-9 2,4,6-trichlorophenol 
0198 88-53-9 201-839-7 5-amino-2-chlorotoluene-4-sulphonic acid 
0199 88-66-4 201-849-1 1-chloro-2-(dichloromethyl)benzene 
0201 88-73-3 201-854-9 1-chloro-2-nitrobenzene 
0205 89-61-2 201-923-3 1,4-dichloro-2-nitrobenzene 
0208 89-98-5 201-956-3 2-chlorobenzaldehyde 
0222 91-94-1 202-109-0 3,3'-dichlorobenzidine 
0226 93-65-2 202-264-4 2-(4-chloro-2-methylphenoxy)propionic acid 
0229 94-74-6 202-360-6 (4-chloro-2-methylphenoxy)acetic acid 
0230 94-75-7 202-361-1 2,4-D 
0236 95-49-8 202-424-3 2-chlorotoluene 
0237 95-50-1 202-425-9 1,2-dichlorobenzene 
0238 95-51-2 202-426-4 2-chloroaniline 
0244 95-74-9 202-446-3 3-chloro-p-toluidine 
0245 95-76-1 202-448-4 3,4-dichloroaniline 
0248 96-18-4 202-486-1 1,2,3-trichloropropane 

0250 96-24-2 202-492-4 3-chloropropane-1,2-diol 
0254 96-34-4 202-501-1 methyl chloroacetate 
0257 97-00-7 202-551-4 1-chloro-2,4-dinitrobenzene 
0270 98-07-7 202-634-5 alpha,alpha,alpha-trichlorotoluene 
0272 98-09-9 202-636-6 benzenesulphonyl chloride 
0273 98-13-5 202-640-8 trichloro(phenyl)silane 
0279 98-56-6 202-681-1 4-chloro-alpha,alpha,alpha-trifluorotoluene 
0284 98-87-3 202-709-2 alpha,alpha-dichlorotoluene 
0285 98-88-4 202-710-8 benzoyl chloride 
0291 99-54-7 202-764-2 1,2-dichloro-4-nitrobenzene 
0292 99-63-8 202-774-7 isophthaloyl dichloride 
0298 100-00-5 202-809-6 1-chloro-4-nitrobenzene 
0301 100-20-9 202-829-5 terephthaloyl dichloride 
0308 100-44-7 202-853-6 alpha-chlorotoluene 
0327 102-36-3 203-026-2 3,4-dichlorophenyl isocyanate 
0342 104-88-1 203-247-4 4-chlorobenzaldehyde 
0345 105-39-5 203-294-0 ethyl chloroacetate 
0347 105-48-6 203-301-7 isopropyl chloroacetate 
0357 106-43-4 203-397-0 4-chlorotoluene 
0359 106-46-7 203-400-5 1,4-dichlorobenzene 
0360 106-48-9 203-402-6 4-chlorophenol 
0364 106-75-2 203-430-9 oxydiethylene bis(chloroformate) 
0366 106-89-8 203-439-8 1-chloro-2,3-epoxypropane 
0367 106-93-4 203-444-5 1,2-dibromoethane 
0373 107-05-1 203-457-6 3-chloropropene 
0374 107-06-2 203-458-1 1,2-dichloroethane 
0375 107-07-3 203-459-7 2-chloroethanol 
0413 108-77-0 203-614-9 2,4,6-trichloro-1,3,5-triazine 
0418 108-90-7 203-628-5 chlorobenzene 
0429 109-69-3 203-696-6 1-chlorobutane 
0430 109-70-6 203-697-1 1-bromo-3-chloropropane 
0485 111-91-1 203-920-2 bis(2-chloroethoxy)methane 
0521 115-96-8 204-118-5 tris(2-chloroethyl) phosphate 
0530 118-74-1 204-273-9 hexachlorobenzene 
0531 118-79-6 204-278-6 2,4,6-tribromophenol 
0540 120-36-5 204-390-5 dichlorprop 
0545 120-82-1 204-428-0 1,2,4-trichlorobenzene 
0546 120-83-2 204-429-6 2,4-dichlorophenol 
0550 121-30-2 204-463-1 4-amino-6-chlorobenzene-1,3-disulphonamide 
0555 121-73-3 204-496-1 1-chloro-3-nitrobenzene 
0558 121-86-8 204-501-7 2-chloro-4-nitrotoluene 
0559 121-87-9 204-502-2 2-chloro-4-nitroaniline 
0588 124-63-0 204-706-1 methanesulphonyl chloride 
0595 126-99-8 204-818-0 2-chlorobuta-1,3-diene 
0598 127-18-4 204-825-9 tetrachloroethylene 
0607 131-09-9 205-010-0 2-chloroanthraquinone 
0610 133-49-3 205-107-8 pentachlorobenzenethiol 
0612 134-80-5 205-156-5 amfepramone hydrochloride 
0673 328-84-7 206-337-1 3,4-dichloro-α,α,α-trifluorotoluene 
0675 330-54-1 206-354-4 diuron 
0676 330-55-2 206-356-5 linuron 
0677 333-41-5 206-373-8 diazinon 
0679 353-59-3 206-537-9 bromochlorodifluoromethane 
0681 393-75-9 206-889-3 4-chloro-3,5-dinitro-α,α,α-trifluorotoluene 
0684 438-41-5 207-117-8 chlordiazepoxide hydrochloride 
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0711 541-73-1 208-792-1 1,3-dichlorobenzene 
0713 542-75-6 208-826-5 1,3-dichloropropene 
0725 563-47-3 209-251-2 3-chloro-2-methylpropene 
0739 594-42-3 209-840-4 trichloromethanesulphenyl chloride 
0743 598-78-7 209-952-3 2-chloropropionic acid 
0747 611-06-3 210-248-3 1,3-dichloro-4-nitrobenzene 
0748 611-75-6 210-280-8 bromhexine hydrochloride 
0749 612-83-9 210-323-0 3,3'-dichlorobenzidine dihydrochloride 
0753 618-62-2 210-557-3 3,5-dichloronitrobenzene 
0771 650-51-1 211-479-2 TCA 
0775 683-18-1 211-670-0 dibutyltin dichloride 
0782 719-59-5 211-949-7 2-amino-5-chlorobenzophenone 
0784 760-23-6 212-079-0 3,4-dichlorobut-1-ene 
0788 764-41-0 212-121-8 1,4-dichlorobut-2-ene 
0812 926-57-8 213-138-3 1,3-dichlorobut-2-ene 
0823 999-81-5 213-666-4 chlormequat chloride 
0829 1085-98-9 214-118-7 dichlofluanid 
0839 1163-19-5 214-604-9 bis(pentabromophenyl) ether 
0938 1570-64-5 216-381-3 4-chloro-o-cresol 
0943 1653-19-6 216-721-0 2,3-dichlorobuta-1,3-diene 
0947 1689-99-2 216-885-3 2,6-dibromo-4-cyanophenyl octanoate 
0948 1698-53-9 216-917-6 4,5-dichloro-2,3-dihydro-2-phenylpyridazin-3-one 
0949 1698-60-8 216-920-2 chloridazon 
0958 1824-74-4 217-359-6 7-chloro-1,3-dihydro-5-phenyl-2-oxo-2H-1,4-

benzodiazepin-3-yl acetate 
0962 1897-45-6 217-588-1 chlorothalonil 
0963 1912-24-9 217-617-8 atrazine 
0964 1928-43-4 217-673-3 2-ethylhexyl 2,4-dichlorophenoxyacetate 
0967 2100-42-7 218-267-9 1-chloro-2,5-dimethoxybenzene 
0968 2157-19-9 218-467-6 1,4,5,6,7,7-hexachlorobicyclo[2.2.1]hept-5-ene-2,3-

dimethanol 
0975 2392-48-5 219-244-6 4-chloro-1-(2,4-dichlorophenoxy)-2-nitrobenzene 
0976 2402-79-1 219-283-9 2,3,5,6-tetrachloropyridine 
0981 2431-50-7 219-397-9 2,3,4-trichlorobut-1-ene 
0982 2431-54-1 219-398-4 1,2,4-trichlorobut-2-ene 
0989 2524-03-0 219-754-9 O,O-dimethyl phosphorochloridothioate 
0990 2524-04-1 219-755-4 O,O-diethyl phosphorochloridothioate 
0994 2712-93-8 220-310-1 dichlorofluoromethanesulphenyl chloride 
1004 3033-77-0 221-221-0 2,3-epoxypropyltrimethylammonium chloride 
1009 3194-55-6 221-695-9 1,2,5,6,9,10-hexabromocyclodecane 
1017 3327-22-8 222-048-3 (3-chloro-2-hydroxypropyl)trimethylammonium chloride 
1019 3438-16-2 222-343-7 5-chloro-o-anisic acid 
1021 3506-09-0 222-501-5 ()-[2-hydroxy-3-(naphthyloxy)propyl]isopropylammonium 

chloride 
1022 3520-72-7 222-530-3 4,4'-[(3,3'-dichloro[1,1'-biphenyl]-4,4'-diyl)bis(azo)]bis[2,4-

dihydro-5-methyl-2-phenyl-3H-pyrazol-3-one] 
1023 3542-36-7 222-583-2 dichlorodioctylstannane 
1032 3926-62-3 223-498-3 sodium chloroacetate 
1033 3982-91-0 223-622-6 thiophosphoryl trichloride 
1037 4116-10-3 223-907-5 2-chloro-N-methyl-3-oxobutyramide 
1050 5039-78-1 225-733-5 [2-(methacryloyloxy)ethyl]trimethylammonium chloride 
1052 5102-83-0 225-822-9 2,2'-[(3,3'-dichloro[1,1'-biphenyl]-4,4'-diyl)bis(azo)]bis[N-

(2,4-dimethylphenyl)-3-oxobutyramide] 
1053 5111-65-9 225-837-0 6-bromo-2-naphthylmethylether 
1056 5160-02-1 225-935-3 barium bis[2-chloro-5-[(2-hydroxy-1-naphthyl)azo]toluene-

4-sulphonate] 
1059 5216-25-1 226-009-1 alpha,alpha,alpha,4-tetrachlorotoluene 
1062 5321-31-3 226-181-8 (2-chloro-2-oxo-1-phenylethyl)ammonium chloride 
1063 5329-12-4 226-217-2 2,4,6-trichlorophenylhydrazine 
1070 5468-75-7 226-789-3 2,2'-[(3,3'-dichloro[1,1'-biphenyl]-4,4'-diyl)bis(azo)]bis[N-(2-

methylphenyl)-3-oxobutyramide] 
1071 5567-15-7 226-939-8 2,2'-[(3,3'-dichloro[1,1'-biphenyl]-4,4'-diyl)bis(azo)]bis[N-(4-

chloro-2,5-dimethoxyphenyl)-3-oxobutyramide] 
1076 6258-06-6 228-391-5 sodium 1-amino-4-bromo-9,10-dioxoanthracene-2-

sulphonate 
1078 6358-64-1 228-782-0 4-chloro-2,5-dimethoxyaniline 
1079 6358-85-6 228-787-8 2,2'-[(3,3'-dichloro[1,1'-biphenyl]-4,4'-diyl)bis(azo)]bis[3-

oxo-N-phenylbutyramide] 

1091 6940-53-0 230-086-7 1-chloro-2,5-dimethoxy-4-nitrobenzene 
1311 10436-39-2 233-920-8 1,1,2,3-tetrachloropropene 
1376 13547-70-1 236-920-6 1-chloro-3,3-dimethylbutan-2-one 
1383 13705-05-0 237-239-7 2,4-dichloro-6-(methylthio)-1,3,5-triazine 
1401 14861-17-7 238-932-7 4-(2,4-dichlorophenoxy)aniline 
1407 15545-48-9 239-592-2 chlorotoluron 
1416 15972-60-8 240-110-8 alachlor 
1423 16484-77-8 240-539-0 (R)-2-(4-chloro-2-methylphenoxy)propionic acid 
1424 16673-34-0 240-722-5 N-[2-[4-(aminosulphonyl)phenyl]ethyl]-5-chloro-2-

methoxybenzamide 
1441 17639-93-9 241-624-5 methyl 2-chloropropionate 
1442 17691-19-9 241-680-0 sodium 4-chloro-3-nitrobenzenesulphonate 
1443 17700-09-3 241-705-5 4-nitro-1,2,3-trichlorobenzene 
1452 18818-64-9 242-597-2 7-chloro-1,3-dihydro-1-methyl-5-phenyl-2-oxo-2H-1,4-

benzodiazepin-3-yl acetate 
1489 25167-93-5 246-695-6 chloronitrobenzene 
1490 25168-05-2 246-698-2 chlorotoluene 
1508 25637-99-4 247-148-4 hexabromocyclododecane 
1513 26172-55-4 247-500-7 5-chloro-2-methyl-2H-isothiazol-3-one 
1552 28479-22-3 249-050-7 3-chloro-p-tolyl isocyanate 
1562 29450-45-1 249-636-2 2-ethylhexyl (4-chloro-2-methylphenoxy)acetate 
1566 29797-40-8 249-854-8 dichloromethylbenzene 
1571 30744-85-5 250-321-7 N-[5-[[4-[2,4-bis(1,1-dimethylpropyl)phenoxy]-1-

oxobutyl]amino]-2-chlorophenyl]-4,4-dimethyl-3-oxo-2-[4-
[[4-(phenylmethoxy)phenyl]sulphonyl]phenoxy]valeramide 

1581 32536-52-0 251-087-9 diphenyl ether, octabromo derivative 
1582 32588-76-4 251-118-6 N,N'-ethylenebis(3,4,5,6-tetrabromophthalimide) 
1583 33286-22-5 251-443-3 (2S-cis)-3-acetoxy-5-[2-(dimethylamino)ethyl]-2,3-dihydro-

2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one 
monohydrochloride 

1588 34256-82-1 251-899-3 2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-
methylphenyl)acetamide 

1590 34893-92-0 252-276-9 1,3-dichloro-5-isocyanatobenzene 
1594 36727-29-4 253-168-4 3,5,5-trimethylhexanoyl chloride 
1595 36734-19-7 253-178-9 3-(3,5-dichlorophenyl)-2,4-dioxo-N-isopropylimidazolidine-

1-carboxamide 
1597 37138-23-1 253-358-7 disodium 4,4'-bis[(6-anilino-4-chloro-1,3,5-triazin-2-

yl)amino]stilbene-2,2'-disulphonate 
1600 38051-10-4 253-760-2 2,2-bis(chloromethyl)trimethylene bis(bis(2-

chloroethyl)phosphate) 
1607 39878-87-0 254-668-5 (-)-alpha-(chloroformyl)benzylammonium chloride 
1610 40843-73-0 255-106-1 4-(2,4-dichlorophenoxy)phenol 
1616 43121-43-3 256-103-8 1-(4-chlorophenoxy)-3,3-dimethyl-1-(1,2,4-triazol-1-

yl)butanone 
1621 50471-44-8 256-599-6 N-3,5-dichlorophenyl-5-methyl-5-vinyl-1,3-oxazolidine-2,4-

dione 
1626 50910-55-9 256-841-0 2-amino-3,5-dibromobenzaldehyde 
1628 51218-45-2 257-060-8 2-chloro-2'-ethyl-N-(2-methoxy-1-methylethyl)-6'-

methylacetanilide 
1630 51338-27-3 257-141-8 methyl 2-(4-(2,4-dichlorophenoxy)phenoxy)propionate 
1639 55512-33-9 259-686-7 O-(6-chloro-3-phenylpyridazin-4-yl) S-octyl thiocarbonate 
1642 56966-52-0 260-480-4 5-chloro-2-(2,4-dichlorophenoxy)aniline 
1665 61789-71-7 263-080-8 Quaternary ammonium compounds, benzylcoco 

alkyldimethyl, chlorides 
1679 63449-39-8 264-150-0 Paraffin waxes and Hydrocarbon waxes, chloro 
1794 65078-77-5 265-378-3 2,3-dichloro-6-nitroaniline 
1835 67129-08-2 266-583-0 2-chloro-N-(2,6-dimethylphenyl)-N-(1H-pyrazol-1-

ylmethyl)acetamide 
1845 67747-09-5 266-994-5 N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl]-1H-imidazole-

1-carboxamide 
2147 70513-65-4 274-630-1 Ethane, 1,2-dichloro-, distn. residues, vinyl chloride manuf.
2148 70513-66-5 274-631-7 Ethene, chloro-, distn. residues, 1,2-dichloroethane 

dehydrochlorination 
2173 74070-46-5 277-704-1 2-chloro-6-nitro-3-phenoxyaniline 
2180 83261-15-8 280-349-5 isobutyl (S)-2-chloropropionate 
2237 85422-92-0 287-196-3 Paraffin oils, chloro 
2240 85535-84-8 287-476-5 Alkanes, C10-13, chloro 
2241 85535-85-9 287-477-0 Alkanes, C14-17, chloro 
2255 85681-74-9 288-212-1 Alkanes, C10-13, chloro, dehydrochlorination products, 

distn. residues 
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B. Emission factor and activity rate estimates  
 
1. Dioxins 
 
Table 3B1. TEQDF-WHO98 emission factors used to develop national emission inventory estimates of dioxin releases to 
air (mainly from USEPA 2000, for 1995 emissions) (To be completed) 
 
Emission Source      TEQDF-WHO98         Units       Activity rate data, Baltic Sea area 
         emission factor 1995              FI  SE  DK  POL 
Waste Incineration     USEPA 2000  Other refer. 
               
Municipal waste incineration     43.4a           ng TEQ/kg waste burned 
Hazardous waste incineration    3.88           ng TEQ/kg waste burned 
Boilers/industrial furnaces     0.65           ng TEQ/kg waste burned 
Medical waste incineration     633a           ng TEQ/kg waste burned 
Crematoria        17f            µg TEQ/body 
Sewage sludge incineration     7.04           ng TEQ/kg dry sludge burned 
Tire combustion       0.281          ng TEQ/kg tires burned 
Pulp and paper mill sludge incinerators  b 
Power/Energy Generation 
Vehicle fuel combustion - leadedb    53            pg TEQ/km driven 
     - unleaded   1.6           pg TEQ/km driven 
     - diesel    182           pg TEQ/km driven 
Wood combustion   - residential   2f            ng TEQ/kg wood burned 
     - industrial   0.60 - 13.2          ng TEQ/kg wood burned 
Coal combustion   - utility    0.078          ng TEQ/kg coal burned 
Oil combustion   - industrial/utility  0.23           ng TEQ/L oil burned 
Other High Temperature Sources 
Cement kilns burning hazardous waste  1.11 to 30.7e          ng TEQ/kg clinker produced 
Cement kilns not burning hazardous waste  0.29           ng TEQ/kg clinker produced 
Petroleum refining catalyst regeneration  1.59           ng TEQ/barrel reformer feed 
Cigarette combustion      0.00044 - 0.0030        ng TEQ/cigarette 
Carbon reactivation furnaces    1.2f            ng TEQ/kg of reactivated C 
Kraft recovery boilers      0.028          ng TEQ/kg solids burned 
Backyard burning          4.5 (plant), 35 (waste)x   ng TEQ/kg solids burned 
Minimally Controlled or Uncontrolled Combustion 
Backyard barrel burning     76.8f           ng TEQ/kg waste burned 
Metallurgical Processes 
Ferrous metal smelting/refining 
- Sintering plants       0.62 - 4.61         ng TEQ/kg sinter 
Nonferrous metal smelting/refining 
- Primary copper       <0.31f           ng TEQ/kg copper produced 
- Secondary aluminum smelting    22.4           ng TEQ/kg scrap feed 
- Secondary copper smelting    d            ng TEQ/kg scrap consumed 
- Secondary lead smelters     0.05 - 8.81         ng TEQ/kg lead produced 
Drum and barrel reclamation     17.5           ng TEQ/drum 
Chemical Manuf./Processing Sources 
Ethylene dichloride/vinyl chloride   0.95a,f          ng TEQ/kg EDC produced 
... 
 
a Different emission factors were derived for various subcategories within this industry; the value listed is a weighted average; b Included within total for Wood 
Combustion – Industrial; c Emission factor of 0.60 ng TEQDF-WHO98/kg used for non-salt-laden wood; emission factor of 13.2 ng I-TEQDF/kg used for salt-laden wood;  
d Facility-specific emission factors were used ranging from 3.6 to 16,900 ng TEQDF-WHO98/kg scrap consumed; e Emission factor of 1.11 ng TEQDF-WHO98/kg used 
for kilns with APCD inlet temperatures less than 450 F; emission factor of 30.7 ng TEQDF-WHO98/kg used for kilns with APCD inlet temperatures greater than 450 F; f 
Congener-specific data were not available; the I-TEQDF emission factor was used as a surrogate for the TEQDF-WHO98 emission factor; Wevers & al. 2004. 
 
 
C. PCDD/F emission estimates 
 
1. PCDD/Fs 
 

Estimates of PCDD/F emissions from EMEP (LRTAP) countries, including all Baltic Sea countries, have been 
produced by MSC-E (Fig. 3C1, 3C2). These are largely based on national estimates submitted to UNEP and are 
fraught with the uncertainties in these data (cf. 3.2) and in emission factors and other models. However, some of 
the estimates of atmospheric deposition based on these emission estimates match rather well (within an order of 
magnitude, in some cases within a factor of 2) of measured values for atmospheric deposition.  
 
Many uncertainties and discrepancies have been noticeable in emissions estimates (cf. 3.2). For instance, the 
original Swedish emission estimate for UNEP regarding iron and steel was very small in comparison with other 
countries. In the separate Swedish inventory by de Wit (1995), included in the annexes of the same UNEP report, 
the estimated emissions from iron and steel (to both air and water and products) were up to 20-fold greater, and 
total Swedish were 3-7 times greater. Estimates in this UNEP report were also lacking for many other sectors 
and countries known to be not insignificant. Some other inventories produced still more unreliable data. That for 
Europe (Berdowski et al. 1998) within a POPs emission assessment assumed that the level of technology would 
not differ between the various countries, even between Western and Eastern European countries in sectors and 
periods where decisive differences were known to exist in source processes and controls. This was noted by 
Fiedler (1999), and use of such estimates was discouraged.  
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Fig.  3C1. Development of PCDD/F emissions Iin TEQs) from Baltic Sea countries based on official reports to EMEP. 
Mainly primary emissions to air are included. Note the large share of emissions from Poland and its recent increase. 
 
 

 
Russia                Sweden 
 

 
Poland                Denmark 
 
Fig. 3C2. Indicative time trends of estimated PCDD/F emissions from some Baltic Sea countries, covering mainly 
primary emissions to air (MSC-E 2004).  
 

 
 
Fig. 3C2. Estimated areal emissions of PCDD/Fs from Russia, covering mainly primary emissions to air (MSC-E 2004).  
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Table 3C1. Estimated PCDD/F emissions (g TEQDF a-1) for various years and source categories in Baltic Sea countries, 
mainly from Quass et al. (1997, 2004), Danish inventories for new member states, and reports for UNEP (Fiedler 1999, 
2004) (mainly air emissions), Wenborn et al. (1999) (mainly land emissions) and Bergqvist et al. (2004) (all Swedish 
emissions, including estimates of cumulative emissions not included here). Cf. text, footnotes and Annex 3. 
  
Emission source 
category 

FI 01 (air)a, 
94 (all)b, 
94 (solids) 

SW 04 (all)c 
(01 air, 94 
solids) 

DK 01 (air), 
01d (95) (all),  
94 (solids) 

D (01) 94e 

(air),  
94 (solids) 

PL 00f 

(all), 01 (air)
LI 00f 

(all), 01 
(air) 

LA 00f 

(all), 01 
(air) 

EST 00f 

(all), 01 
(air) 

RUS 
(01 air) 

BEL  
01g 

(air) 

Total 

Mines ? 5-6 A ? ? ? ? ? ? ? ?  
Iron/steel, all (2.5 A ?) 2-5 A 

<100 S 
6-20 (40)  200  ? 3  

Sintering plants <2 S (<0.9 S)   0.3-30 S     
El. furnace steel 0.3-6 S (2-30 S)  3-70 S     
Primary Cu prod. 0.04-4 S (<4 S)  0.1-10 S     
Secondary Cu 0.1-10 S   1.3-300 S     
Secondary Pb/Zn -  (20-100 S)  80-900 S     
Primary Al - (<0.4 S)  <2 S     
Secondary Al  1-9 S (0.8-7 S) 0.6-5 S 20-200 S     
Non-Fe metals, all (5-20 ?) 5-6 A, 2 S 0.2-0.5 A 50-90 A 

200-300 
combined 
Fe and non-
Fe industry 

0.2-0.4 
comb. Fe 
and non-
Fe ind. 

7-20 
comb. Fe 
and non-
Fe ind. 

 ?   
Pulp & paper prod.  1-80 S 1 A, 1-60 S 0.02-2 S 1-70 S     ?   
Minerals (cement) <2 S (6-10 ?) <2  2 A, <40 S ? ? ? ? ? ?  
Asphalt mixing ? <0.4 A 0.1 ? ? ? ? ? ? ?  
Petrochemical ? 1-90 (all) ? ? ?  ?  ?   
VCM/PCE prod. (past)  10 S, 9 W  ?     ?   
Cl-alkali product 
(cumul. emissions) 

? 30-100 S, 
30-80 W 

         

Cl-biocide product 0.4-90 S (0.6-100)  1-300 S 9-2000 S ?       
Chlorination/OCl- ? ? ? ? ? ? ? ? ? ?  
Other industries ? ? ? ? ? ? ? ? ? 3  
Coal power plants 0.1-5 S <15 (<20) A 0.4-3 A 5 A, 1-70 S 80-400    ? 0.7  
Coal burn/industry <0.9 S <0.6 S 0.2-9 S 0.1-30 S ? ? ? ? ? ?  
Coal burn/domest.   <0.5 S 0.6-80 S ? ? ? ? ? ?  
Oil burn/ domestic ? ? ? ?        
Biofuel use, all ? <20 A, 

<100 S 
5 (1-8)         

Wood burn/industry 0.4-4 S (0.6-7 S) 0.4-4 S 5.3-60 S     ?   
Wood burn/ dom. 0.6-40 S <8 A, < S 0.06-4 S 0.5-40 S     ?   
Small power, all 15 (20) A (4) 0.3-20 (40i) 7 ? 2-6 2-6 8-20 ? ?  
Industry power/all 5 A  ? ? 6 ? ? ? ? ? 10  
Municipal solid/mix 
waste incineration 

1-5 A 
10-50 S 

1 A, 160 S 60-400(100) A 
50-200 S 

32 A, 
400-2000 S 

? 0.7-10 0.4-3 0.5-0.9 ? ?  

Haz waste inciner. 0.3 0.02 A 1 <10 S 100-300 ? ? ? ? ?  
Med waste inciner. 2-5 A, <1 S (0.2-0.5 S) 0.9-2 S 3-8 S ? ? ? ? ? ?  
Other incineration  (<0.2 S)  <5 S  ? ? ? ? ? ?  
Waste disposal 2 Aa,  

20-180 S 
9-100 S 3-30 S 90-1000 S 40 3-4 2 4 ? ?  

PCBs stockpiles  ? ? ? ? ? ? ? ? ? ?  
Sewage sludge ? <0.6 W, 

<10 S (…)j 
1-9 S  7-100 S 20k ? ? ? ? ?  

Compost prod. 0.1-1 S (0.2-2 S) 1-5 7-70 S        
Waste/stromwater ? ? (0.3-1) ? ? ? ? ? ? ?  
Traffic, transport 1-10 (1-3 A) 0.2-2  5 3-5 ? ? ? ? ?  
Landfill fires  3-20 A ?  4-30 ? ? ? ? ?  
Uncontr. burning <4 S (<6 S) (1-30) 0.1-60 S ? ?  
Accidental fires 0.4-200 S <0.3 A 

(<400 S) 
2-50; <200 S 0.7-3000 S 

200-700 40-70 20-70 5-40 
? ?  

PCP use/stocksl <400 2-50 S 5-200 ? ? ? ? ? ? ?  
2,4,5-T/2,4-D usem <100 ? ? ? ? ? ? ? ? ?  
All pesticide use 0.2-10 S (0.3-20 S) 0.7-30 S 5-300 S ? ? ? ? ? ?  
Runoff in rivers >50n ? ? ? ? ? ? ? ? ?  
Manure/biomass ? ? (<10) ? ? ? ? ? ? ?  
Total, to air 30  80 300 500 10 (10) (10) 700 20  
Total, all routes            
To BS catchmento            
Explanations: Figures are rounded to one signifying number; A=to air, S=to soil, waste etc solids, W=to water;  
Notes: Some source category definitions depart from official e.g. SNAP categories; some sources overlap (involving double counting) and include secondary sources; 
some old estimates are included (in parentheses); estimation procedures and system boundaries vary; some countries are only partly on Baltic Sea catchment while 
long-range transport from outside these countries are omitted; and in all countries sources may be missing or underestimated while other estimates may be 
exaggerated; therefore, the comparisons of countries (as well as sources) are to made with great caution;  
Additional sources (cf. Annex 3): Pacyna & al. 2003 and aForsell for CORINAIR, unpubl. 2003, bHolopainen 1993; dBergqvist et al. 2004; dJensen 2003, Hansen 
2000; eDetzel et al. 1998; fUnpubl. data by Lassen & al. 2002; gKakareka 2002; iTop estimate for pit coal including solid residues, Hansen 2000; jFrom Bio-TEQs of 4 
sewage treatment plants, Engwall et al. 1999; kDudzinska & Czerwinski 2003; lAverage based on cumulative amounts in PCPs, use of 40 a and estimated 50 % 
emissions, Swedish estimate for amount left at sawmills; mAverage based on cumulative amounts in products, use of 30 a and estimated 50 % emissions;  nVerta & al. 
2003; nEstimates for 2001 based on officially submitted data (in parenthses, unofficial estimates), MSC-E 2004; oRough measure of emissions potentially entering the 
Baltic, estimated from the range of total emissions by the share of land area on catchment, omitting retention and decay and deviations in wind transport. 
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2. DL-PCBs 
 
Total PCB uses, pools, fluxes and emissions 

 
Because PCBs have been industrially produced, some of their sources can be identified more readily than those 
of PCDD/Fs. However, in some respects PCB emissions are even more poorly known due e.g. to their 
widespread, historical and heterogeneous uses (Alcock et al. 1998, 1999, 2001). DL-PCBs originate in 
commercial mixtures such as Aroclors (US) and Clophens (European) and the corresponding brands in former 
Soviet states. The uses of PCBs have included (IPCS 1993, Detzel et al. 1998, Oberg 1994/2001): 
• Closed applications: transformer oils and capacitor oils (industrial and consumer scale) 
• Semi-open applications: sealants in housing, softeners and additives in high-tension cables, light bulbs 
• Open applications: inks, paints and varnishes; plastics additives, self-copying papers.  
 
According to Oberg (1994/2001), by far the greatest pools in Sweden were associated with PCBs used as 
sealants in housing. Of the pool of 150–620 t PCBs in buildings (mainly 1960'-1970's houses) 2–5 % were 
assumed to be replaced yearly, giving a flux of 3–30 t a-1 to construction waste. The congeners in these sealants 
are mainly non-dioxin-like (e.g. Johansson et al. 2003). Construction wastes also have received a smaller flux 
from insulating windows (a fraction of the pool of 50–100 t) and from PCB-containing plastic flooring (a 
fraction of the pool of 5-10 t). As the treatment technology for construction wastes was often been low, large 
subsequent emissions may occur to the Baltic Sea.   
 
Most emissions estimates are for early 1990's and have decreased since then. Emissions are still caused from 
open and closed uses in appliances of industrial and consumer size. As PCBs are being phased out, the product-
based sources include stockpiles, waste disposal and other secondary sources.   
 
In Sweden, ΣPCBs emissions have been estimated at 40 t a-1 in 1970, decreasing to 5 % by 1990. Of the 20 t 
PCBs that remained in light bulbs, ca. 5 % was removed yearly to municipal solid wastes, representing most of 
the estimated PCB flux of 500–700 kg a-1 in these wastes. The rest was treated as hazardous waste; in both cases 
high-level incinerators reduce emissions (Oberg 1994/2001). Considerable pools and fluxes exist also in sealants 
in buildings (Johansson et al. 2003). 
 
In Denmark, an estimated 600–1200 t of PCBs have been used during 1950–93 in electric appliances (Jensen 
2003). The yearly emissions have been estimated to have peaked in 1970 at 25 t a-1; these estimates seem to 
include almost the whole amount used given by Jensen (2003).  
 
For Finland, a peak estimate of 20 t a-1  total PCBs emissions (1970) has been given, with subsequent 
proportional decreases much like in Sweden and Denmark.  
 
In West Germany, total PCB emissions from closed applications (electric appliances) have been estimated at 
140 t a-1 in early 1990's (Detzel et al. 1998) and to have diminished to 40 t a-1 by 1995. Emissions from open 
applications were estimated to have been 77 t a-1 in 1972, most from large capacitors, decreasing steadily to 12 t 
a-1 in 1998 (Detzel et al. 1998). The total emissions of over 300 t a-1 in 1970 have correspondingly decreased to 
some 60 t a-1. From industrial processes such as secondary steel production the total PCB emissions in 1990's 
were estimated at ca. 300 kg a-1 (Detzel et al. 1998). However, the TEQ emission is probably negligible. A total 
PCB emission of altogether 3200 t a-1 was estimated for firing places in 2000, most of it from industrial firing 
places and power stations but an appreciable share also from small-scale burning (Detzel et al. 1998, etc. refs.).  
 
PCBs have been produced in USSR (AMAP 2000) and were imported for use in other Eastern Baltic Sea 
countries. Russia still produces PCBs for power transmission. Inventories (AMAP 2000, UNIDO 2001, Klinsky 
2004) disclose that the Soviet PCBs consisted mainly of Sovol (in paints, varnishes and lubricants), Sovtol (in 
transformers), and TCB (in capacitors). Of the total 180 000 tons of PCBs estimated to have been produced in 
1939-1993, a minor part was found in PCB-containing equipment. Roughly 8 000 t was estimated to have been 
released from transformers and capacitors; other releases may have occurred. Of the regions that lie in the Baltic 
Sea catchment, the PCB uses, stockpiles and wastes were concentrated in St. Petersburg area, with over 1 000 t 
PCBs accumulated in transformers and capacitors; additional stockpiles have been suspected (Klinsky 2004). No 
data have been found on the congener distribution in these brands that roughly correspond to Aroclors.  
 
The total emissions from Baltic states and Poland have been estimated to be much smaller than those in Western 
Baltic Sea countries. However, recent stockpile inventories in Latvia (Roska 2004) have estimating that some 90 
t PCBs are present in identified capacitors.  
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Table 3C2. Estimated historic and cumulative PCB emissions in Baltic Sea countries (from Münch and Axenfeld 1996, 
cf. footnote). Note the exaggerated precision in these data, considering the uncertainties in emission share estimates. 
 

Estimated yearly emissions (kg a-1) Country   
1948 1956 1962 1970 1975 1980 1985 1990 1993-5 

Cumulative 
total, kg 

Denmark (0)  (8000)  (16000) 24971 20546 10522 10387 1011 1026  
Estonia (0) (30)  (60)  86 118 127 113 175 135  
Finland (0)  (8000)  (16000) 23451 19283 9852 9983 2670 2721  
Germany E (0)  (30000)  (60000) 90896 70205 36858   35449 10085    
German W (0) (103000) (206000) 311264 253604 127368 124736 33171 

  
42462  

Latvia (0)  (9)  (18)  28 25 23 21   135 126  
Lithuania (0)   (8)  (16)  24 26   43 42 200 178  
Poland (0)  (215) (430) 637 791  978 1007 2488 2374  
Russia  (700) (1400)  2094   2437 2504 2548 8871 8072  
Sweden  (14000)  (27000) 41163 33743 17029   16960 1991 2022  
Sources: Münch J, Axenfeld, F 1996 (cited by HELCOM Baltic Marine Environment Protection Commission: Polychlorinated biphenyls (PCBs) - A compilation and 
evaluation of the information given by the Contracting Parties with the focus on legislative situation, current uses, stockpiles and releases. Working Document July 
2001, submitted by C Füll); Corresponding specific country information on trends of area-specific emissions (g km-1 a-1), MSC-E, www.msceast.org. Estimates have 
been extrapolated to pre-1970 levels assuming linear increase to 1970 from start of use and emissions in ca. 1940. 
 
 
DL-PCBs 
 

Emission sources, processes, factors and quantities are poorly known especially for DL-PCBs (see e.g. Detzel et 
al. 1998). Crude estimates can be based on their contents in the PCBs used (Table 3C3). 

 
 
Table 3C3. Means (in parentheses, ranges) of the relative share of important non-ortho, mono-ortho and di-ortho PCBs 
(in wt-% for 0-o CBs in Aroclors, mol-% for others) in Aroclor (A), Clophen (C) and Sovol, Sovtol and TCB mixtures 
(based on data from various years compiled by Kannan 2000, IPCS 1993, Beliveau 2003 and Schulz et al. 1989, their 
TEF-WHO values, and the resulting crude approximations of TEQs of these mixtures, in part from Van Gerven et al. 
2004). The figures have been rounded to one signifying digit. The dominant congener in total TEQs is shown in bold. 

 
Congener TEFmam A1242 A1248 A1254 A1260 C30 C40 C50 C60 Sovola ST TCBa 

CB77 0.0001 0.3 (0.2-0.5) 0.5 (0.3-0.7) 0.09 (0.02-0.3) 0.02 (<-0.1) 0.4 0.7 < < (0.09)  (0.3) 
CB81 0.0001 0.06 (<-0.3) 0.02 (0.02-0.03) 0.002 < < < < < (0.002)  (0.06) 
CB126 0.1 0.006 (<-0.03) 0.003 (<-0.01) 0.03 (<-0.2) 0.2 (<-2) < < 0.08 0.5 (0.03)  (0.006) 
CB169 0.01 < < 0.000009 < < < < 0.05 (<)  (<) 
CB105 0.0001 0.6 (0.3-0.9)  4 0.07 0.5 1-4 2 0.1 ≈3  (0.6) 
CB114 0.0005 <  0.3 <-0.03 < 0.2 < < (0.3)  (<) 
CB118 0.0001 2  6-8 0.6-2 0.4 3 10 27 ≈6-8  (2) 
CB123 0.0001 <-0.4  0.8 < 0.6 0.6 0.9 < (0.8)  (0.2) 
CB156 0.0005 0.09  2 0.4-0.9 < 0.2 1 1 (2)  (0.09) 
CB157 0.0005 <  <-0.2 0.03-0.1 < 0.1 0.3 0.2 (0.1)  (<) 
CB167 0.00001 <  0.2 0.2-0.3 < 0.08 0.4 0.5 (0.2)  (<) 
CB189 0.0001 <  < 0.1-0.1 < < < 0.4 (<)  (<) 
CB170 (0.0001)            
CB180 (0.00001)            
CB128 (…)   1 0.5 < 0.7 3 2    
CB138 (…) 0.08-0.5 0.2 3-4 5-6 0.4 1 4 8    
CB153 (…) 0.02-0.7 0.1 3-4 8-10 0.6 1 4 10    
Mean TEQ mg kg-1 5  20 15     (20)  (5) 
Explanations:  Estimates of contents in the Soviet brands Sovol and PCB is based on semiquantitative analysis for PCBs 118 and 105, and for 
other congeners on the similarity in homologue distributions with Aroclors 1254 and 1242, respectively (Ivanov and Sandell 1992). 

 
 

Estimates for non-product sources 
 

Hirai et al. (2003) compared cumulative emissions of DL-PCBs in Japan based on a fugacity model and data on 
environmental levels (cf. Ogura et al. 2002), finding that municipal waste incineration dominated over PCB-
containing products, stockpiles, landfills and fires as a source of especially PCB 126 and PCB 169, while the 
latter sources were more important for most other DL-PCBs including PCB 118. Sakai et al. (2001) likewise 
found that for PCBs 126 and 189 the TEQ emissions were similar to those deposited in PCB-containing wastes 
(cf. Sakai et al. 1999). Also Ling and Hou (1998) and Helm and Bidleman (2003) found a major emission share 
for DL-PCBs from waste incineration. However, Van Dever et al. (2004) estimated that an incinerator 
contributed <3 % of the local load of PCBs from product wastes, and still less to PCBs in the food supply. 
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D. Characteristics of emissions of other dioxin-like compounds 
 

• CoPBBs: PBBs have mainly been studied in connection with the accidental addition of Firemaster BP-6 
based PBBs in animal feed in Michigan, US (IPCS 1999). Some studies or inventories of the uses of PBBs 
in flame retardants have been made, also in connection with another Nordic Council of Ministers project 
(IVL etc refs). However, these as most assessments and data productions on brominated flame retardants 
have addressed PBDEs and HBDE, not the PBBs that have been used less and are already in a phase-out 
process. 

 
• PCNs: Jarnberg (2000) presented estimates based on relative composition of the different homologue groups 

in technical PCNs and simple equilibrium calculations that 25 % of the PCNs produced have until now been 
dispersed to the environment, i.e. approximately as much as of PCBs (30 %). These estimates do not 
account for other formation processes (e.g. in incineration and from PCBs), or many environmental fate 
processes and their variations. PCNs have been found in PCB mixtures, especially Clophen A30 and A40 
(Haglund et al. 1993) The congeners with dioxin-like toxicity have not been analyzed separately, and their 
emissions have not been estimated. The homologue groups that include the most potent dioxin-like 
congeners, penta-, hexa- and hepta-CNs, have comprised ca. 17, 7 and 2 % of the total PCN load, 
respectively. Falandysz et al. (1996) concluded on the basis of congener profiles that the main source of 
PCNs in Southern Baltic Sea biota was atmospheric deposition. 

 
• PCTs: Altogether 60 000 t were produced since 1929 to be used much like PCNs (in synthetic resins, 

lubricants, coatings, inks, sealants, fire retardants and vaxes requiring high heat capacity and dielectric 
properties) 

 
• PCABs, PCAOBs and PCHBs: The levels in chloroanilide herbicides  (Hill et al. 1981, DiMuccio et al. 

1984, Singh and Bingley 1990, 1991) have been … 
 

• PCDTs, PBDTs, (PCTAs and PBTAs: Quantitative estimates of emissions have not been published, but 
based on levels in fluxes from waste incineration (Sinkkonen et al. 1992, 1995) and aluminum recycling 
(Aittola et al. 1996, Sinkkonen et al. 1994, 2003) may be estimated at … 

 
• Dioxin-like PAHs: Data have been produced recently on the formation of several dioxin-like PAHs from 

uncontrolled low-technology burning of plastics (ref.). On the basis of this, uncontrolled burning seems an 
important source of many dioxin-like PAHs, especially the following: … 
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E. Root cause analyses in the Report of 4th Workshop on Policy, Social and Economic Issues Assessing 
Persistent Toxic Substances, Geneva, April 12-15, 1999 for GEF PDF-B Regionally Based Assessment of 
Persistent Toxic Substances (UNEP 1999) 

Web source:  
 
Example of root cause analysis for contamination of coastal zone, estuaries and marginal seas.  
 

Problem Root cause(s) 

 1st order 2ND order 3RD order 4TH order 5TH order 

1. Contamination of 
marine coastal 
waters and species 

     

(a) Contamination by 
pesticides 

1. Runoff from agriculture, 
silviculture and vector 
control uses 
 
2. Atmospheric deposition  
  
3. Direct release to water 
(aquaculture, industrial/ 
water treatment, dock/pier 
treatment products, 
municipal waste, anti-fouling 
products) 

1. Pest control 
activities  
  
2. Pest control 
activities 
 
3. 
Volatilization 
from local 
land mass 

1. Intensification 
of agriculture 
  
2. Intensification 
of agriculture 

1. Increased demand for 
food and protein due to 
increased pop’n 
2. Increased demand for 
food and protein due to 
increased pop’n 

Lack of population controls and 
lack of internal costing of 
environmental consequences 

 
 
Partial root cause analysis: PTS run-off/input from pesticides used for: 
 

1st order Agriculture Silviculture 

2nd order Pest control practices 
Agricultural practices 
Resistance  
economics 

Pest control practices 
Silvicultural practices 
resistance 
economics 

3rd order Intensification of agriculture Yield maintenance 

4th order Increased demand for food/protein due to increasing 
population 
Increased demand for cash crops (exports) 

Meet demand for fiber, lumber, shorter replacement time, energy 

5th order Lack of: 
population controls  
internal costing of environmental consequences 

Increased growth: 
population, growth-centered development, consumption 
Lack of internal costing of environmental consequences 

 
 
Partial root cause analysis: PTS input from pharmaceuticals 
 
  CONTAMINATION OF MARINE COASTAL WATER AND SPECIES BY PTS 

1st Order Human health products 

2nd Order Hormone-based birth control pharmaceuticals 

3rd Order Lack of preferable/ acceptable alternative products/processes 

4th Order Prevention of pregnancy, disease 

5th Order Societal pressures on/ education of women 
Personal/internal expectations 

6th Order Policy conflict in terms of access to birth control, environmental contamination issue, population management 
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F. 'Hotspots' in the Baltic Sea area with possible relevance for dioxin and PCB emissions 
(including selected hotspots on the HELCOM JCP list and additional hotspots based on other information;  
to be completed e.g. by data from other Baltic Sea countries on specifically dioxin-related hotspots) 
 
JCP Nr Area/sub-basin Country  Site name       Site type      Notes, estimated relevance for DLCs  
 Hotspots on JCP list 
1   Bothnian Bay   Swe  Rönnskärsverken      industry (metal smelter) 
2   Bothnian Bay   Fin  Metsä-Botnia Oy Kemi     industry (pulp & paper) 
3   Bothnian Sea   Swe  Husum Kraft Mill (1)     industry (pulp & paper) 
4   Bothnian Sea   Swe  Östrand (1)       industry (pulp & paper) 
5   Bothnian Sea   Swe  Vallvik (1)       industry (pulp & paper) 
7   Bothnian Sea   Fin   Outokumpu Group Harjavalta  industry (metal smelter)   potentially PCDD/Fs from steel mill incl. scrap metal 
11   Lake Saimaa   Fin   YPT Joutseno      industry (pulp & paper)   emissions through R Vuoksi, L Ladoga and R Neva 
12   Lake Saimaa   Fin   Kaukas Lappeenranta     industry (pulp & paper)   emissions through R Vuoksi, L Ladoga and R Neva 
13   Lake Saimaa   Fin   Enso-Gutzeit Kaukopää    industry (pulp & paper)   emissions through R Vuoksi, L Ladoga and R Neva 
14   Lake Ladoga   Rus   Syasstroi       industry (pulp & paper)   emissions through L Ladoga and R Neva 
15   Lake Ladoga   Rus   Volkhov        industry (Al)     emissions through L Ladoga and R Neva 
16   Gulf of Finland  Fin   Sunila Oy Kotka      industry (pulp & paper) 
17   Gulf of Finland  Fin   Helsinki Region      municipal 
18 X  Gulf of Finland  Rus   St. Petersburg      connection sewers 
19 X  Gulf of Finland Rus   St. Petersburg (Urban) (3)   municipal & industrial 
20 X  Gulf of Finland  Rus   St. Petersburg (Suburban)    municipal & industrial 
22   Gulf of Finland Rus   St. Petersburg      industry (metal plating) 
23   Gulf of Finland Rus   St. Petersburg      hazardous waste 
25 X  Gulf of Finland  Est   Narva        power plants (oil shale) 
26   Gulf of Finland  Est   Kohtla Järve area      municipal & industrial 
27   Gulf of Finland  Est   Kehra        industry (pulp & paper) 
28 X  Gulf of Finland  Est   Tallinn        municipal & industrial 
29   Gulf of Finland  Est   Tallinn        industry (pulp & paper) 
31   Estonian Coast  Est   Haapsalu       municipal & industrial 
33 X  Gulf of Riga   Est   Pärnu        municipal & industrial 
34   Gulf of Riga   Est   Paide        municipal & industrial 
38 X  Gulf of Riga   Lat   Sloka        industry (pulp & paper) 
39 X  Gulf of Riga   Lat   Latbiofarm       industry (pharmaceutical) 
41 X  Gulf of Riga   Lit   Siauliai        municipal & industrial 
42 X  Daugava    Lat   Riga (WWTP Phase II)     municipal & industrial 
43   Daugava    Lat   VEF Plant (Riga)      industry (metals) 
44   Daugava     Lat   RER Plant (Riga)      industry (metals) 
45   Daugava     Lat   Riga        industry (various) 
46 X  Daugava     Lat   Daugavpils       municipal & industrial 
48 X  Latvian Coast   Lat   Liepaja (3)       municipal & industrial 
49 X  Nemunas     Rus   Sovetsk        industry (pulp & paper) 
50 X  Nemunas     Rus   Neman        Industry (pulp & paper) 
51 X  Nemunas     Lit   Kaunas        municipal & industrial 
53   Nemunas     Lit   Kedainiai       municipal & industrial 
54   Nemunas     Lit   Kedainiai       industry (chemicals) 
55   Nemunas     Lit   Panevezys       municipal & industrial 
57   Nemunas     Lit   Marijampole       municipal & industrial 
58   Nemunas     Lit   Alytus        municipal & industrial 
59 X  Nemunas    Lit   Vilnius / Grigiskes      municipal & industrial 
61   Nemunas    Bel   Grodno        municipal & industrial 
62   Lith. Coast   Lit   Mazeikiai       oil refinery / marine terminal 
63 X  Lith. Coast   Lit   Klaipeda        municipal & industrial 
64   Lith. Coast   Lit   Cardboard Factory      industry (paper) 
65   Lith. Coast   Lit   Palanga        municipal 
67 X  Kaliningrad   Rus   Kaliningrad       municipal & industrial 
68   Kaliningrad   Rus   Pulp & paper No 1      industry (pulp & paper) 
69   Kaliningrad   Rus   Pulp & paper No 2 (4)     industry (pulp & paper) 
70   Kaliningrad   Rus   Kaliningrad       hazardous waste 
71   Kaliningrad   Rus   Oil bunkering station     industry 
74 X  Baltic Coast   Pol   Koszalin-Jamno WWTP    municipal & industrial 
75 X  Baltic Coast   Pol   Gdynia-Debogorze WWTP   municipal & industrial 
76.1  Baltic Coast   Pol   Gdansk-Wschod      municipal 
76.2 X  Baltic Coast   Pol   Gdansk Refinery      industry (oil refinery) 
77 X  Vistula    Pol   Frantschach Swiecie     industry (pulp & paper) 
78 X  Vistula    Pol   Bydgoszcz-Fordon WWTP   municipal & industrial 
79   Vistula    Pol   Bydgoszcz-Kapusciska     industry (chemical) 
80 X  Vistula    Pol   Torun        municipal & industrial 
81 X  Vistula    Pol   Wloclawek -Anwil Plant     industry (Chemical) 
82   Vistula    Pol   Warsaw - Czajka WWTP    municipal & industrial 
83.1 X  Vistula    Pol   Warsaw - Poludnie WWTP    municipal & industrial 
83.2 X  Vistula    Pol   Warsaw - Siekierki Plant    industry (power plant) 
84   Vistula    Pol   Warsaw - Pancerz WWTP    municipal & industrial 
85  Vistula    Pol   Lublin - Hajdow WWTP     municipal & industrial 
86 X  Vistula    Pol   Krakow - Plaszow WWTP    municipal & industrial 
87.1 X  Vistula    Pol   Krakow - Kujawy WWTP    municipal & industrial 
87.2 X  Vistula    Pol   Krakow – Tadeusz Sendzimir   industry (steel) 
88.1 X  Vistula/Odra   Pol   Katowice -Bytom/ Bytom   municipal & industrial 
88.2 X  Vistula/Odra   Pol   Katowice -Gliwice/ Waterworks  municipal & industrial 
88.3 X  Vistula/Odra   Pol   Katowice Reg Waterworks    municipal & industrial 
88.4 X  Vistula/Odra   Pol   Katowice - Tychy/ Reg Wastew  municipal & industrial 
88.5 X  Vistula/Odra   Pol   Katowice - Duo-Stal in Bytom  industry (metallurgical plant) 
88.6 X  Vistula    Pol   Katowice Steel/Dabrowa Gornicza industry (steel plant) 
88.7 X  Vistula    Pol   Czechowice Refinery     industry (oil refinery) 
88.8 X  Vistula/Odra   Pol   Przyjazn/Dabrowa Gornica   industry (coking plant) 
89   Vistula   Pol   Jaworzno Organika Azot Plant  industry (chemical) 
90   Vistula    Pol   Zgierz - Boruta Dyestuffs    industry (chemical) 
91   Vistula    Pol   Oswiecim - Dwory Plant    industry (chemical) 
92   Vistula    Pol   Bukowno -Boleslaw Works    industry (metals) 
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JCP Nr Area/sub-basin Country  Site name       Site type      Notes, estimated relevance for DLCs  
 
93   Vistula    Bel   Brest        municipal & industrial 
94 X  Vistula    Ukr   Lvov        municipal & industrial 
97.1 X  Oder/Odra   Pol   Szczecin –Pomorzany WWTP  municipal & industrial 
97.2 X  Baltic coast   Pol   Szczecin – Przetowo WWTP   municipal & industrial 
98.1 X  Oder/Odra   Pol   Szczecin - Police Plant     industry (chemical) 
98.2 X  Baltic coast   Pol   Szczecin - Skolwin Mill     industry (pulp & paper) 
99.1  Oder/Odra   Pol   Poznan - Centralna WWTP    municipal & industrial 
99.2  Oder/Odra   Pol   Poznan - Left R Bank WWTP   municipal & industrial 
100 X  Oder/Odra   Pol   Lodz WWTP       municipal & industrial 
101   Oder/Odra   Pol   Zielona Gora WWTP     municipal & industrial 
102.2 X  Oder/Odra   Pol   KGHM Cu works,  Zukowice   industry (heavy metals) 
102.3 X  Oder/Odra   Pol   KGHM Cu works, Legnica   industry (heavy metals) 
103   Oder/Odra   Pol   Wroclaw WWTP      municipal & industrial 
104   Oder/Odra   Pol   Brzeg Dolny, Rokita Plant   industry (chemical) 
107   Refer to 88  Pol   Katowice-West      municipal & industrial 
108   Refer to 88  Pol   Katowice-West      industry (coke, steel, fertilizer) 
109 X  Oder/Odra   Czc   Ostrava        municipal & industrial 
110 X  Oder/Odra   Czc   Ostrava Area       industry (chem, pulp & paper etc)    
114   Arkona Basin   Ger   Greifswald       municipal & industrial 
115   Arkona Basin   Ger   Neubrandenburg      municipal & industrial 
116   Arkona Basin   Ger   Stralsund       municipal & industrial 
117   Arkona Basin   Ger   Stavenhagen - Malchin     municipal & industrial 
119   Belt Sea    Ger   Lübeck        municipal & industrial 
120  Belt Sea    Ger   Wismar        municipal & industrial 
121   Belt Sea    Ger   Rostock        municipal & industrial 
123   The Sound   Den   Copenhagen       municipal 
126   Göta älv River  Swe  Skoghall        industry (pulp & paper) 
127   Kattegat    Swe  Göteborg       municipal 
130   Swedish Coast Swe  Stockholm       municipal 
131   Bornholm Basin  Swe  Nymölla        industry (pulp & paper) 
 Possible or confirmed 'hotspots' not on JCP list 
-  Gulf of Finland Fin  Hamina (Fredrikshamn)    Tervasaari sawmill    (SE Finland REG inventory) 
-  Gulf of Finland Fin  R Kymijoki from Kuusankoski   PCP, Cl, pulp & paper   40 g TEQ a-1 to sea –03 (Verta04)  
-   Gulf of Finland Fin  Kotka       landfill, pulp & paper mills   also sewage emissions (Salo01) 
-   Gulf of Finland Fin  Myllykoski      Sunila paper mills     (SE Finland REG inventory) 
-   Gulf of Finland Fin  Vehkalahti      Summa pulp & paper mills  (Salo01 compilation, SE Finland REG inventory) 
-   Gulf of Finland Fin  Loviisa (Lovisa)     chemical harbour    much chemicals from (EU-RUS) transito shipping 
-   Gulf of Finland Fin  Pernaja (Bernå)     sawmill      (Salo01 compilation) 
-   Gulf of Finland Fin  Borgå landskommun    sawmill      (Salo01 compilation) 
-  Gulf of Finland Fin  Sköldvik       previously VCM; oil refinery  30 g I-TEQ in sea sediments (Isosaari02)  
-  Bothnian Bay  Fin  Kokkola (Gamlakarleby)    zinc factory      (Salo01 compilation) 
-  Bothnian Bay  Fin  Haukipudas      2 sawmills     (Salo01 compilation) 
-  Bothnian Bay  Fin  Pietarsaari (Jakobstad)    pulp & paper mills    (Salo01 compilation) 
-  Bothnian Bay  Fin  Oulu (Uleåborg)     pulp & paper, Cl-alkali, sawmill also other chemicals, peat powerplant 
-  Bothnian Bay  Fin  Veitsiluoto      pulp & paper      
-  Bothnian Bay  Swe  Skelleftehamn      Cu & Pb smelter    0.1 g TEQ a-1 to near sed. –90 (Naf92) 
-  Bothnian Bay  Swe  Luleå       steel mill      sludge/ash TEQs (deWit00, Bergq04) 
-  Bothnian Sea  Fin  R Kokemäenjoki from Äetsä   Cl-alkali        
-  Bothnian Sea  Fin  Rauma (Raumå)     pulp & paper mills      (Salo01 compilation) 
-   Bothnian Sea  Fin  Kaskinen (Kaskö)     pulp mills      (Salo01 compilation) 
-  Bothnian Sea  Fin  Merikarvia      Merikarvia sawmill    (Salo01 compilation)  
-  Bothnian Sea  Fin  Pori  (Björneborg)     sawmills      also emissions from R Kokemäki (Salo01)  
-  Bothnian Sea  Fin  Vaasa (Vasa)      Kronvik sawmill    W Finland REG inventory  
-  Bothnian Sea  Fin  Närpes        Näsby sawmills    W Finland REG inventory  
-  Bothnian Sea  Fin  Pori (Björneborg)     sawmills      also emissions from R Kokemäki (Salo01)  
-  Bothnian Sea  Swe  Iggesund       pulp & paper     1 g TEQ a-1 to near sed. –90 (Naf92) 
-  Bothnian Sea  Swe  Härnösand      Cl-alkali      Bergq04 
-  Bothnian Sea  Swe  Sundsvall      Al smelter, chlorate    <0.2/0.3 g TEQ a-1 to air/sludge (Bergq04)  
-  Bothnian Sea  Swe  Hudiksvall      industry      25-62 pg TEQ g-1 sedim dw (Bergq04) 
-  Bothnian Sea  Swe  Skutskär       Cl-alkali      20-120 g TEQ to water (Bergq04) 
-  Bothnian Sea  Swe  Örnsköldsvik      Cl-alkali      10-70 g TEQ to water (Bergq04) 
-  Bothnian Sea  Swe  Köpmanholmen     Cl-alkali      2-10 g TEQ to water (Bergq04)  
-  Archipelago Sea Fin  Naantali (Nådendal)    Neste Ltd oil refinery & shipyard also sawmill (Salo01 compilation) 
-  Archipelago Sea Fin  Taivassalo      Hakkenpää sawmill    (Salo01 compilation) 
-  Archipelago Sea Fin  Turku (Åbo)      Pansio-Perno shipyard    also oil harbour (Salo01 compilation) 
-   Baltic Proper  Swe  Nynäshamn      oil refinery     low emission estimate Naf92 
-  Baltic Proper  Swe  Oxelösund      steel mill      240 g TEQ total (Bergq04, cf. Naf92) 
-  Sounds   Swe  Teckomatorp, BT Kemi    2,4,5-T+2,4-D prod. +  wastes unknown PCDD/Fs quantity (Bergq04) 
-  Kattegat   Swe  Halmstad       secondary steel mill   small TEQs emissions (Bergq04) 
-  Kattegat   Swe  Helsingborg, Kemira Kemi AB  HCl plant      0.2 g TEQ to water –03 (Bergq04) 
-  Kattegat   Swe  Göteborg, Preem      oil refinery     30 mg TEQ in sediment (Berq04) 
-  Kattegat   Swe  Mölndal/Göteborg archipelago  Al, brass smelter    0.1 g TEQ a-1 to air (Bergq04)    
-  Kattegat   Swe  Stenungsund, Hydro Polymers  PVC, Cl-alkali     3-15 g PCB-TEQ a-1 2001 (Bergq04)  
-  …
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Annex 4. Physico-chemical and biological properties and fate models of TCDD, 4-PeCDF, PCB 
126 and 4-PeBDF 
 
A. Key physico-chemical properties 
 
Property TCDD 4-PeCDF CB 126 CB 118 4-PeBDF(PeBDFs) 
CASN 1746-01-6 57117-31-4 57465-28-8   
  Physico-chemical properties of environmental behaviour 
Melting point Tm oC (method) 305 (Rordorf 1987)u 196 (Rordorf 1989)u 161 (Bolgar 1995)   
Entropy of fusion ∆SF 69u 90u 56.5 (default, Mackay 

& al. 1991) 
  

Fugacity ratio at 25 oC F(25) 4.07E-4 (from ∆SF, 
Paasivirta & al. 1999) 

1.96E-3 (from ∆SF, 
Paasivirta & al. 1999) 

0.15 (extrapolated, 
Paasivirta & al. 1999) 

  

Henry's law constant H, atm-m3 
mol-1 (25 oC) 

3.29E-05 (Mackay & al. 
1992), 2.48exp (2.79) 
kPa m3 mol-1 r   

4.98E-06 (Rordorf –89), 
3.24exp (2.59) kPa m3 mol-1 

r   

5.40E-05 (Dunnivant 
1992) 

  

Saturated vapour pressure of 
subcooled liquid PL, mmHg (25 oC) 

1.5E-09 (Rordorf –97, 
Mackay & al. 1992), 
antilog 3.93 (4.24) Par, 
6.17E-4 (from Eizer & 
Hites 1988, Paasivirta 
& al. 1999) 

2.6E-09 (Rordorf –89, 
Mackay –92), antilog 4.71 
(4.26) Par, 1.53E-4 (Eizer 
& Hites 1988), 1.91E-4 
(from Eizer & Hites 1988, 
Paasivirta & al. 1999) 

2.96E-07 (Foreman 
1985), 4.45E-4 
(Paasivirta & al. 1999) 

 (8.3 Pa) (predicted)w 

Saturated vapour pressure of 
subcooled solid PS, (25 
avoja69oC) 

2.51E-07 (Paasivirta & 
al. 1999) 

3.74E-07 (Paasivirta & al. 
1999) 

6.68E-05 (Paasivirta & 
al. 1999) 

  

Water solubility S, ng l-1 (25 oC)  19 (measured, 
confirmed, Marple  
1986, Mackay & al. 
1992), antilog 7.45 
(7.41) mol l-1 r 

236 (23 oC) (Friesen 
1990), antilog 7.47 (7.68) 
mol l-1 r 

1030 (Abramowitz 
1990, cf. Murphy 1987)

 (8.7 mol/l) (predicted)v 

log Kow 6.8 (Mackay & al. 
1992), 6.96r, 7.15 (from 
Govers & Krop 1998 
and SL by Paasivirta et 
al. 1999)  

6.5 (Mackay & al. 1992), 
7.11r, 6.90 (from Govers & 
Krop 1998 and SL by 
Paasivirta et al. 1999) 

6.89 (Hawker & 
Connell 1988a), 6.58 
(from Hawker & 
Connell 1988a and SL 
by Paasivirta et al. 
1999) 

 (7.7) (predicted)v 

log Koa … … 12.6 (-10 oC), 10.6 (20 
oC)q 

  

log Koc, sorption coefficient water-
organic carbon 

    (5.5 mol/l) (predicted)v 

log Ksw, sediment-water partition 
coefficient 

7.68exp, 7.95r  8.05exp, 8.20r    4.8 (ug/g:ug/ml), all 
PeBDFsx 

atmospheric half-life, d 7, 8c (7 oC) 21, 28c (7 oC) (125c, 7 oC)  1.5 (for TeBDF in 
sunlight on solid film, 
Buser 1988. 

   Structural, electric and thermodynamic molecular properties 
Molecular weight M, g mol-1 322 340 326   
Molar volume 206u 212u 225u    
Molecular polarizability α 159g 168g 160q    
Dipole moment µ 0.023g 0.244g 0.276q    
Heat of formation -32.6g -2.06g 18.0 kcal q    
E of lowest occupied mol orbital 
Elumo, eV 

-0.845f, -0.785g -1.11f -1.02f; -1.08q   

E of highest occupied mol orbital 
Ehomo, eV 

-8.74f, -8.80g  -9.22f, -9.07g -9.201f, -9.02q    

Total energy eV -3336g -3343g -3081q    
Electronic energy eV -18441g -18340g -16553q    
Largest negative atomic charge on 
C, Qc- 

-0.136g -0.161g -0.149q    

Most positive net atomic charge 
on H, QH- 

  0.128q    

Most positive net atomic charge 
on Cl, QCl+ 

0.106g 0.137g 0.126q    

Geometric analog of Wiener 
topological index G/W 

5.31f 6.00f 7.69f    

Zero-order molecular connectivity 
0Χv 

… … …   

1st-order molecular connectivity 
1Χv 

… … …   

aReferences: From IPCS (1998), drawn from various sources; bHarner & Bidleman, J Chem Eng Data 43;1(1998):40-6 and Burreau & al., Environ Toxicol Chem 
16;12(1997):2508-13, ref. IPCS (2001); cSinkkonen & Paasivirta (2000) based on various studies; dBrown & Wagner 1990; eBrown & al. (2002); fMekenyan & al. 
(1996); gChen & al. (2001); pDe Fre & Van Cleuvenbergen 2000; qChen & al. (2003); rGovers & Krop (1998); uRuelle & Kesselring (1997); vFiedler & Schramm (1990); 
wWatanabe & Tasukawa (1990); xWatanabe (1988). 
 
B. Key biological properties (To be completed) 
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Property TCDD 4-PeCDF CB 126 CB 118 4-PeBDF(or PeBDFs)
aquatic/aquous half-life, d 
(temperature) 

21, yearly mean air 
tempp (170c, 7 oC) 

12, yearly mean air 
tempp (675c, 7 oC) 

(2500c ,7 oC)   

sediment half-life, d (temperature) (37500c, 7 oC) (23000c, 7 oC) 2920d± 730, …oC 
(3650c ,7 oC)  

  

log BCF to fish (sp., measured, 
lw/lw) 

5.24 (5.48) (guppy, 
Govers –96) 

5.14 (4.79) (Govers –96)    

BAF, plankton to fish (sp.) lw/lw or 
ww/ww 

4.0 (guppy) 4.4 (guppy)    

BAF, planktivor fish to predator 
fish (sp.) 

1.7e, 4.7 (rainbow) 2.5-4.1f (rainbow)    

BAF, fish to bird (sp.) lw/lw or 
ww/ww 

     

BAF, fish to bird of prey (sp.) 
lw/lw or ww/ww 

     

BAF, fish to seal (sp.) lw/lw or 
ww/ww 

     

BSAF (biota-sediment 
accumulation f, sp.) 

0.059 (lake trout)s, 12 
(sea bass, lw/Cw)t  

0.095 (lake trout)s, 3 
(sea bass, lw/Cw)t 

3.21 (lake trout)s, 71 12 
(sea bass, lw/Cw)t  

  

gut adsorbtion human adult, % 
(sex, dose) 

97m 98m 99m   

gut adsorbtion human infant, % 
(sex, dose) 

     

gut adsorbtion rat, % (strain, sex, 
age, dose) 

     

partition coefficient liver-blood 
human (sex, age, dose) 

9.8n 45n 9.0n   

partition coefficient kidney-blood 
human (sex, age, dose) 

3.1n 2.1n 0.75n   

partition coefficient fat-blood 
human (sex, age, dose) 

247n 336n 152n   

partition coefficient muscle-blood 
human (sex, age, dose) 

17n 38n 7.2n   

partition coefficient richly 
perfused-blood (sex, age, dose) 

4.1n 3.5n 6.8n   

partition coefficient skin-blood 
human (sex, age, dose) 

2.5n 2.6n 3.7n   

percent body burden in liver 
(species, sex, age, dose) 

250 (monkey 120 pg/g), 
270 (rat 1 pg/g)  

58o (monkey 89 pg/g)    

elimination constant from human 
liver, ke (age, sex, dose) 

     

body half-life adult human, d (sex, 
age, dose) 

2260h (hi-D) 3610h (hi-D)    

body half-life infant human, d 
(sex, age,  dose) 

     

body half-life human fetus, d (sex, 
age, dose) 

     

body half-life monkey, d (sex, 
age, dose) 

     

body half-life seal, d (sex, age, 
dose) 

     

body half-life rat, d (strain, sex, 
age, dose) 

22k (Han/Vistar)  
21k (L-E), 29l (CR L-E), 
20l (T L-E) 

    

body half-life mouse, d (strain, 
sex, age, dose) 

8.0-14i, 11j (C57BL/6J)  
12.6j (B6D2F)  
24j (BDA/2J) 

    

body half-life bird, d (species, sex, 
age, dose) 

     

body half-life fish, d (species, sex, 
age, dose) 

32-39 (Coregonus sp.),  
32-39e (Oncorh. m.) 

82-180e (Oncorh. m.)    

aReferences: From IPCS (1998), drawn from various sources; bHarner & Bidleman, J Chem Eng Data 43;1(1998):40-6 and Burreau & al., Environ Toxicol Chem 
16;12(1997):2508-13, ref. IPCS (2001); hFlesch-Janys & al. (1996); iLaung & al. (1990); jGasiewicz & al. (1983); kPohjanvirta & al. (1990); lViluksela & al. (1996); 
mMaruyama & al. (2003), from data of McLachlan & al. (1993) and Liem & Theelen (1997); nMaruyama & al. (2003), from data of Iida & al. (1999a,b) on Japanese 
persons, or from structure-property models; oCarrier & al. (1995a) from data of Neubert & al. (1990) and Kociba & al. (1978); BCF and part of Kow values are from 
Baum (1997); pDe Fre & Van Cleuvenbergen (2000); qChen & al. (2003); rGovers & Krop (1998); sUSEPA (1995); tNaito et al. (2003), lipid-normalized biota 
contents/carbo-normalized sediment contents; uRuelle & Kesselring (1997); … 
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Annex 5. Relevant characteristics of the Baltic Sea and adjacent systems 
 
A. Basins 
 
Table 5A1. Basic data on the Baltic Marine Area and its five main sub-areas (HELCOM 2002). Figures have been 
rounded to one signififying digit.  
 
Sub-area Sea area km2 Sea volume km3 Max depth m  Average depth m Freshwater input km3 

a-1 

Baltic proper (BP) 200 10000 500 60 100 
Gulf of Bothnia (GB) 100 6000 200 60 200 
Gulf of Finland (GF) 30 1000 100 40 100 
Gulf of Riga (GR) 20 400 >60 30 20-60 
Belt Sea-Kattegat 40 800 100 20 40 
Total Baltic Marine Area 400 20000 500 50 700 
 
 
B. Catchment and runoff 
 

The Baltic Sea catchment extends from temperate to sub-arctic zone and is influenced by a humid marine 
climate. As the catchment is also much larger than the sea, it receives much soft-water. An average of 15 000 m3 
s-1 runs off annually to the Baltic (ca. 40 % to GB, 20 % to GF and 20 % to BP). The mean annual flow from 
Neva is 2 490 m3 s-1 (to GF), followed by Vistula 1 080 and Nemunas 660 (to BP), Daugava 630 (to GR), Oder 
570 (to Arkona Sea), Gota Alv 570 (to Kattegat) and Kemijoki 550 m3 s-1 (to BB), together making up 44 % of 
the total runoff.  
 
 

Table 5B2. Division of the Baltic Marine Area catchment among Baltic Sea states (states which have ratified the 
HELCOM Convention and Belarus). Source: HELCOM 2002. Figures have been rounded to one signifying digit.  
 
Country land 

area, 
1000 
km2 

area on 
catchment 
to BB, 
km2 

area on 
catchment 
to BS, 
km2 

area on 
catchment 
to AS, 
km2 

area on 
catchment 
to GF, 
km2 

area on 
catchment 
to GR, 
km2 

area on 
catchment 
to BP, km2 

area on 
catchment 
to W BS, 
km2 

area on 
catchment 
to 
Sounds, 
km2 

 area on 
catchment 
to KAT, 
km2 

Total area 
on BS 
catchment 

FI 300 100 40 9 100      300 
RUS >    300 20 20 (Kalinin)    300 
EST     30 20 1    50 
LAT     3 50 10    60 
LIT      10 50    60 
POL       300    300 
GER        20 10   30 
DEN       1 10 2 20 30 
SWE  100 200    80  3 60 400 
BEL      30 60    80 
Total   300 20 9 400 100 600 20 5 90 2000 
 
 
C. Water quality 
 

Of the average content of ca. 200-300 µM C l-1, 95 % in the open sea is dissolved (DOC), but particulate carbon 
(POC), including newly discovered fractions, may also be important in dioxin cycling (Hagstrom et al. 2001).   

 
D. Sedimentation and resuspension 
 

In some estuaries with abundant sedimentation, sediment accumulation rates of over 1 cm a-1 and 1-4 g m-2 d-1 

(in GF at 64–74 m depth) are found  while they are ca. 1 mm a-1 in remote offshore accumulation bottoms 
(Jonsson et al. 1993, Kankaanpaa et al. 1997). Accumulation bottoms cover ca. 25–30 % in GF; much of the rest 
may be characterized as transport bottoms.  

 
The simulated values e.g. in BB at depths of 7–23 m ranged from 2 to 20 g m-2 d-1, while the measured net 
sedimentation was 2–8 g m-2 d-1 (Juntura et al. 1996). Sedimentation generally increased by depth especially 
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beyond 12 m, but the influence of depth was not clear as also other conditions play a role. Kankaanpaa et al. 
(1997) postulated that storm winds e.g. in GF may induce resuspension at 80 m depths to at least 10 m above the 
bottom through currents. 
 
Rates of sedimentation for seven prominent PCBs of 6–50 ng Σ7PCB m-2 d-1 were reported from GF 
(Kankaanpaa et al. 1997); the upper range was judged to have been influenced by resuspension (to a height of 10 
m above bottom) and the lower figure to be more representative of the downward flux. The rates at 29 m depth 
toward Neva mouth were much smaller despite higher PCB concentrations in sedimenting material. Based on 
data from other sediment trap studies of ΣPCBs by Perttila and Haahti (1986) and Østfeldt et al. (1994), and 
taking into account the 30 % share of the Σ7PCBs of the ΣPCBs in Aroclor 1254 and 1260 and Clophen A50 and 
A60 mixtures, ΣPCBs sedimentation seemed to have decreased, in conformity with trends in ΣPCBs deposition 
and levels.  
 
Based on these sedimentation figures, the ΣPCB flux to GF sediments estimated by Kankaanpaa et al. (1997), 60 
ng ΣPCB m-2 d-1 (in accumulation bottoms) and 60 kg a-1 for the whole GF, was 9 % of the atmospheric 
deposition of ΣPCBs (670 kg a-1) to the whole Baltic Sea given by Baltscheffsky (1997), and 10-27 % of the 
atmospheric depositions estimated for GF from Finnish monitoring data and figures given by Pacyna et al. 
(1996, ref. Kankaanpaa et al. 1997) in the POPCYCLING-Baltic project, for combined deposition and runoff 
influx.  

 
E. Wastewater loads 
 

The total discharge from industry directly to the Baltic Marine Area in 1995 was 600 Mm3 a-1 from Finland, 500 
from Sweden, 400 from Denmark, 300 Mm3 a-1 from Poland  and 200 from the Russian Federation, these 
comprising the bulk of the total of 2000 Mm3 a-1 direct industrial discharges to the area (62 m3 s-1, i.e. 0.4 % of 
runoff). These discharges have gone through wastewater treatment by various methods. 
 
The relevant industrial wastewaters included the following discharges in 1995 (HELCOM 2003): 
• Pulp and paper industry 900 Mm3 a-1, mainly 24 Swedish and 9 Finnish but also Russian, Latvian and 

Polish plants (see Tuomisto et al. (2004), causing discharges of PCDD/Fs e.g. from chlorobleaching  
• Iron and steel industry 200 Mm3 a-1, of which 100 Mm3 a-1 from one plant in Finland discharging into BB 

and most of the remainder from Sweden into BP, potentially including PCDD/Fs (cf. Annex 3)  
• Chemical industry 200 Mm3 a-1, with Poland and Finland as the main countries; this branch includes some 

plants with potentially noteworthy dioxin discharges  
• Petrochemical industry 30 Mm3 a-1, of which 20 Mm3 a-1 from two Finnish refineries to GF and Archipelago 

Sea; the former earlier included a VCM plant that has caused considerable PCDD/F discharges but is a 
minor dioxin emitter in the overall GF dioxin budget (Isosaari 2004); also other potential PCDD/F emissions   

• Non-ferrous metal industry, mainly two Finnish plants discharging 20 Mm3 a-1 to BB; these industries are 
potential dioxin dischargers e.g. due to the metal-catalyzed PCDD/F formation 

 
In addition, in the large and heterogeneous category 'other industry', discharging ca. 500 Mm3 a-1 of which ca. 
400 Mm3 a-1 from Denmark, various potentially dioxin-discharging plants are included. 
 
Municipal wastewater is discharged to the Baltic in quantities almost twice those from industry. The 15 million 
sewer-served inhabitants discharged 4000 Mm3 a-1 (on average 100 m3 s-1, i.e.,  close to 1 % of runoff) to Baltic 
Marine Area in 1995 (HELCOM 2003). Of this ca. 500 Mm3 a-1 was untreated, mainly from Petersburg and 
Kaliningrad. The discharge of organic matter approximated by BOD7 was 100000 t a-1, the bulk of which was 
discharged to GF (mainly from Petersburg that far outweighs the loads from both Tallinn and Helsinki) and to 
BP (mainly from Kaliningrad, Gdansk and Gdynia, and Szczecin). These discharges, especially of organic 
matter, carry diffuse loads of dioxins and DLCs, and also act as carriers for these compounds.  

 
F. Dredging 
 

The amount of material dredged from the Baltic Marine Area during 1994-98 was 20 Mt in Latvia, 13 Mt in 
Lithuania, Germany and Denmark, 10 Mt in Poland and ca. 5 Mt in the other four countries possessing coast in 
the actual Baltic Sea (HELCOM 2003). The total dredged amount of 90 Mt (or as many Mm3) is equivalent to 
roughly 5.107 m2, i.e. 50 km2 (10 km2 a-1), assuming a mean depth of 2 m for dredged sediment (greater in 
construction of passages, smaller in maintenance dredging). However, a still larger area is indirectly affected by 
dredging. The regular maximum dredging depth is around 15 m. Most of the material is disposed in the sea, 
causing relocation and reburial of associated dioxins but even resuspension especially as dredging takes place in 
the shallow parts of the sea. 
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G. Key species in aquatic food-chains, their biomass and production, and their ecological relationships 
 
Autotrophic producers 
 

• Phytoplankton consists of especially diatoms (in the spring) and dinoflagellates. The composition depends 
on the time and location and on nutrient, light and mixing conditions  

• Cyanobacteria form an important group of planktic (and sessile) autotrophs that cause blooms in surface 
water, some producing toxins. Many cyanobacteria are able to fix atmospheric nitrogen.  

• Macrophytes cover much of the shallow bottoms often forming distinct colonies dominated by algae (such 
as bladder-wrack, Fucus vesiculosus, and eelgrass, Zostera marina). They sorb and retain dioxins, modulate 
currents, and provide a habitat for many species subject to dioxin risks.  

 
Primary and intermediate consumers 
 

The key primary consumers may be divided in the following principal groups on the basis of food chain position: 
 Species of microzooplankton that graze on phytoplankton, especially flagellates that graze on small (<10 

µm) algae and ciliates that graze on small and some larger algae (Hagstrom et al. 2001)  
 Microzooplankton consumers in heterotrophic food chains, especially ciliates grazing bacteria (Wallberg 

et al. 2001) 
 Mesozooplankton grazing on the above groups including autotrophs, microzooplankton and bacteria, 

including e.g. the crustacean Acartia and Temora species and Keratella and other rotifers   
 Macrozooplankton grazing on some of the above, including e.g. larger species of Mysis 
 Benthic insects including juvenile stages, e.g. Chironomid larvae   
 Planktivorous fish, including herring and sprat. Herring spawns in shallow (1-3 m) open littoral bottoms 

and as adult feeds mainly on planktic crustaceans, especially Limnocalanaus grimaldii, Mysis relicta, 
Pontoporeia affinis and Eurytemora hirundoides, depending on season, age and area (Parmanne et al. 1997). 
Sprat food is smaller and more marine as they concentrate in BP and SBS. In addition, stickleback is an 
important plankton feeder in some areas (e.g. in GF, Peltonen et al. 2003), as is whitefish in GB. 

 Benthic fish feeding on mussels, polychaete worms and other invertebrates, e.g. flounders, gobys, and 
bream in coastal areas 

 Birds feeding on herring and sprat and similar surface-dwelling fish, especially  
- gulls (herring gull, lesser black-backed gull, common gull)  
- terns (common tern, small tern, Caspian tern in isolated areas, Arctic tern in the Northern parts)  
- black cormorants that have increased strongly  
- guillemot as an important species in POPs monitoring, although comprising a small population only 

 Birds feeding on benthic organisms such as mussels, including especially eider duck and some other 
ducks (also transitional migrating species) and, in the coastal zone, many waders, especially in the Southern 
and Soutwestern parts of the Baltic including Danish straits and Kattegat.  

 
Detritus feeders 
 

- Bivalve molluscs (especially the mussels Macoma balthica and Mytilys edulis) 
- Polychaete worms (especially Tubifex sp.) 
- Other groups and species of macrozoobenthos, e.g. crustaceans 

 
Upper level consumers 
   

Top consumers are crucial for dioxin risks as they accumulate dioxins over their longer life spans and include the 
sensitive species. In the Baltic sea they may be divided in the following functional groups: 
• Predatory fish, including  

o in the coastal zone especially pike, perch and pike-perch,  
o in the pelagic area cod, salmon and sea trout, and  
o in the benthic zone e.g. eel and eelpout.  

• Birds of prey, including principally the sea-bound white-tailed sea eagle that has recovered after a period of 
virtual elimination from Baltic Sea fauna, and osprey that is distributed also in inland areas 

• Marine mammals, including grey seal, ringed seal and harbour seal (in Southern Baltic) and harbour 
porpoises in S-SW parts. Grey seal feeds mainly on herring or cod (Olsson et al. 1994), porpoises on herring 
(Ishaq et al. 2000, ref. Berggren 1995). After periods of reproductive disorders and declines, many seal 
stocks have recovered (albeit with variations) and even cause losses and nuisance to fishers. 

• Piscivorous terrestrial mammals in the coastal areas, mainly the mustelids otter and minks that have 
escaped from mink farms; both feed predmominantly on fish but the latter also on bird eggs 

• Humans, omnivorously consuming mainly herring but also many other fish (cf. above and Annexes).   
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Decomposers   
 

Chemotrophs and heterotrophic bacteria play a potentially decisive role for dioxin cycling (Broman et al. 1992). 
This has been studied experimentally with non-dioxinlike PCBs; 57 % of PCB 153 was bound to this fraction (< 
2 µm) in the pelagic plankton sampled in Baltic Proper (Wallberg et al. 2001).  

  
 
Table 5G1. Basic Ecopath parameters for food web components in the Baltic Sea in 1974 (B, biomass; P/B, production 
to biomass ratio; Q/B, consumption to biomass ratio; EE, ecotrophic efficiency; and BA, biomass accumulation rate). 
Codes for each taxonomic pool are used in subsequent tables and figures (from Harvey et al. 2003). Figures have been 
rounded to one signifying digit.  
 
Pool      Code   B (t km-1)  P/B (yr-1)  Q/B (yr-1)  EE   BA (t km-2 yr-1)  U/C 
 
Spring phytoplankton  Sp.Phy   20    70    –    0.2  0     – 
Su/Au phytoplankton   SA.Phy   20    100   –    0.5   0     – 
Bacteria     Bact   4    100   200   1   0     0.2 
Microzooplankton   Mi.Z   1    200   500   1   0     0.5 
Mesozooplankton   Me.Z   4    80    300   0.8   0     0.3 
Pelagic macrofauna   P.Ma   3    8    30    0.5   0     0.2 
Benthic meiofauna   B.Me   5    6    30    0.9   0     0.3 
Benthic macrofauna   B.Ma   50    0.3    10    0.4   0     0.5 
Juvenile sprat    J.spr   3    0.6    20    0.2   0.6     0.2 
Juvenile herring    J.her   5    0.5    10    0.6   0.3     0.2 
Juvenile cod    J.cod   1    0.5    3    0.6   0.05    0.2 
Adult sprat     A.spr   5    0.6    10    0.5   0.5     0.2 
Adult herring    A.her   7    0.4    8    0.3  0.8     0.2 
Adult cod     A.cod   0.7    1    2    0.9   0.1     0.2 
Seals      Seal   0.0005   0.1    13    0.9   0.00004   0.2 
 
 
Table 5G2. Estimated proportions of prey (rows) in the diets of predators or consumers (columns) in the Baltic Sea in 
1974 (Harvey et al. 2003). Figures have been rounded to one signifying digit.  
 
Prey    Predator or consumer 
     Bact  Mi.Z  Me.Z  P.Ma  B.Me  B.Ma  J.spr  J.her  J.cod  A.spr  A.her  A.cod  Seal 
 
Detritus     1         1   0.7 
Spring phytoplankton   0.08    0.2     0.3 
Other phytoplankton   0.1   0.8   0.3 
Bacteria      0.8 
Microzooplankton     0.3 
Mesozooplankton       0.5       1   0.9     1   0.9 
Pelagic macrofauna               0.07      0.1 
Benthic mesofauna           0.04 
Benthic macrofauna               0.03  0.5     0.03  0.2 
Juvenile sprat             0.0009    0.1   0.0009    0.1   0.1 
Juvenile herring                   0.2       0.3   0.2 
Juvenile cod             0.0001      0.0001    0.1   0.07 
Adult sprat                   0.1       0.2   0.2 
Adult herring                   0.02      0.08  0.3 
Adult cod                            0.03 
 
  … 
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H. Fish stocks 
 
Herring has been divided in regional stocks for management purposes, those in BB, BS, GF, BP and SBS 
(Rűgen). The GF herring may be considered one panmictic stock although an Eastern stock with younger fish 
has been discernible; also the older herring from GF move to BP so there is mixing of the stocks (Parmanne et al. 
1997). Herring reproduction and growth differ between Northern and Southern Baltic Sea and BB (Parmanne 
1996, Parmanne 1998). 
 
The development of the herring stock can be illustrated by the spawning stock biomass that has declined from 
700 kt (1980) to ca. 100 kt presently (Fig. 5B1). The total biomass is higher, ca. 1.5 Mt at the end of 2003, of 
which 400 kt in BS (ICES 2004).   
 
The total biomass of the sprat stock at the end of 2003 was 2 Mt (ICES 2004). The spawning stock biomass od 
sprat is nearer the total biomass than in the vcase of herring, and has ranged increased from 200 kt (1980) to  
around 2 Mt (Fig. 5B1).   
 
Cod is separated in two distinct populations, the larger Eastern and the Western. Various estimates have been 
produced for the greater Eastern stock, being ca. 200 kT at the end of 2003 (ICES 2004).   
 
 

 
Fig. 5H1. Retrospective single-species (SS) and multi-species (MS) estimates of standing spawning biomasses (SSB), 
recruitment (R) and fishing mortality (F) in cod (left column), herring (middle) and sprat (right) stocks in the Baltic Sea, 
including the BP, GF and GR (ICES 2003c). R is given at age of 1 a in the spring, F at 4-7 a for cod and 3-5 a for other 
species. Note the correct unit of SBB, being thousands of tons. 
 
 



 

 

361

 

 
 

Fig. 5H2. Development of the mean weight of herring in landings from the Baltic Sea (excluding Gulf of Riga) per age 
class from 1 to 8+ year (ICES 2003c).  
 
 
I. Fisheries 
 

Baltic herring is fished in mixed fisheries with sprat mainly by demersal and pelagic trawls; until 1980's it was 
also commonly fished by trapnets in some areas. The total landings have varied (Fig. 9). They have declined to 
ca. half of those in 1970's, except in BB. Spawning stock biomass has decreased due mainly to reduced weight-
at-age (ICES 2003c, cf. Annex 8C). As herring stocks have been considered suboptimal, fisheries are regulated 
by lowered TACs. There may yet be room for intensive fishing in some areas as the natural mortality has 
decreased due e.g. to cod decline. The size of fish caught plays a role; traditionally larger fish are targeted which 
may also have benefits in terms of population structure, but dioxins in old herring creates disincentive for fishing 
them (see 3.4).  
 
Sprat landings have increased to 60-70 % of the total landings from this fleet, from 20 % pre-1990. Sprat is used 
industrially. There has been incentive for misreporting herring as sprat, impairing the reliability of statistics 
(ICES 2003c). Of the catch of herring and sprat a little under half is used for human consumption, the rest for 
industrial purposes, e.g. as fodder or as processed to fish oil (cf. 3.4). 
 
Salmon is fished in the open sea with driftnets, trap-nets and long-lines (ICES 2003b). A mean catch of 2200 t a-

1 was reported in 1998-2002, most of it by Finland and Sweden and 60 % in the open sea. The catch in rivers 
(only 200 t) is important for tourism. As natural reproduction was decimated by river construction, most of 
Baltic salmon is stocked from hatchery rearing. The GF salmon fisheries are distinguished from the rest of the 
Baltic (ICES 2003b). Due to intensive fishing especially around Aland, in BS and in BB of salmon migrating to 
spawn, wild stocks are threatened (HELCOM 2003). Fish caught in gear are also grazed by seals. ICES and EU 
have imposed general and regional catch restrictions (e.g. for GF from 2004). Also the timing (spring start) of 
fishing is regulated, and selection of natural from hatchery-reared (marked) fish has been imposed. These 
measures have caused much debate and controversy. There are interest conflicts between open sea fishers and 
recreational fishers in the North. In 2004, Baltic salmon fishing in Danish waters was restricted due to high 
dioxin levels.   
 
Cod is fished by demersal and pelagic trawls and gillnets, some by bottom trawls in Southern Baltic. Catches 
have varied with stock status and fishing efforts (Aro 2000). Stocks especially toward Northern Baltic fluctuate 
also naturally, as the eggs require sufficient salinity to survive. There have been serious concerns of over-fishing. 
The Eastern stock is in immediate danger of collapse and landings have contained too many immature fish 
(HELCOM 2003). A simultaneous development is the concentration of the fishing, out-competing traditional 
fishers. Restrictions have been advocated in the form of reduced TAC's and protection areas. Protection plans 
have been based on some assessment of management alternatives (ICES 2003c), but many measures have not 
been adopted by the IBSFC. However, EU has passed emergency regulations (Annex 11) and prepared 
protective measures also in the form of increased minimum size (45 mm) for net meshes in fisheries; this has 
caused considerable concern and criticism e.g. in Finland, based on projected restrictions on also other species.  
 
The total catch in the Eastern stock was 70 kt in 2003 (ICES 2004).   
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Fig. 5I1. Temporal development of total allowable catches (TAC) and landings of herring and sprat in ICES Sub-
Divisions 30-31 (Bothnian Sea and Bothnian Bay) and other areas, and total landings (ICES 2003c).  

 
 
In Southern and Western parts of the Baltic Marine Area, also other species are fished in open-sea fisheries, 
including plaice and saithe (ICES 2003c).  
  
Coastal fishing differs considerably from open sea fishing as to the selection of species fished, the gear used, 
and the areas, methods and time of fishing, etc. The important coastal fisheries in the present connection include 
(see esp. Fiskeriverket 2001):  
• Herring is fished coastally mainly in BB, BS and Archipelago Sea and BP, and to a smaller extent in GF 

using nets and drum or bag nets. The catch is much less than from open sea but this fishery has social 
functions and traditions. It is practiced mainly in spring and autumn according to the spawning and grazing 
migrations. Herring fishers also fish whitefish and at other times fish other species. Fishing especially by 
nets has been pressed by the increased seals grazing on caught fish.  

• Whitefish is a relatively fatty salmonid fish with complex taxonomy and several populations; there is e.g. an 
anadromous river-spawning population making salmon-like migrations, and local sea-spawning populations 
e.g. in the BB. Whitefish is also actively stocked in many coastal stretches. 

• Salmon is fished on the coast and in rivers. As highly valued fish salmon and whitefish are traditionally 
fished by traps in rivers running to BB and BS (and even other Baltic Sea basins), and is also increasingly 
angled recreationally in many of these rivers.  

• Pike, perch and pikeperch are fished mainly in GF and in archipelagos. This is important as a coastal 
livelihood, while these species are not fished in the open sea. In Finnish Archipelago Sea also flounder is 
traditionally fished, as in the Southern Baltic (see below).  

• Cod, eel, flounder and turbot in addition to herring and salmon are fished in the open coasts of BP and in the 
Belt Sea. Coastal cod catches are however small in comparison to industrial open sea cod fishing. By 
contrast, coastal fisheries are a main source of eel, and also supply much flounder.  

• In the Western Swedish coast and in Danish Kattegat the coastal fisheries target eel, various cod fishes and 
flatfishes, herring (oceanic variety) as well as crustaceans (lobster, crayfish).  

 
Recreational fishing in coastal areas is important in terms of the amount of people involved, being e.g. in 
Finland by some measures 20 % of the population (i.e., around one million) and high also in other Baltic Sea 
countries including Sweden (e.g. for salmon) and the Baltic states. This fishing has a different character than 
professional fisheries in terms of dioxin risk management, largely as the risk is voluntary (except for those 
exposed involuntarily in households, e.g. children) and as no fish enters the market, requiring and providing 
associated management mechanisms.  
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Annex 6. Summary of levels, cycling and budgets of dioxins in the Baltic Sea and in adjacent 
systems 
 
A. Abiotic compartments 
 
1. PCDD/Fs in fluxes to the Baltic 
 
1.1  Atmospheric deposition 
 

Data on PCDD/Fs in atmospheric deposition have been compiled in Table 6A1 and Annex 6D, and discussed in 
the text (3.3).  

 
1.2  Wastewaters and sludges 
 

The only data found on PCDD/F contents in industrial wastewater discharges to the Baltic are those compiled by 
Bergqvist et al. (2004) for Swedish pulp and paper industries (chlorobleached sulfate pulp) that ranged 0.2-60 
and <LOD-10  pg N-TEQ l-1 in 1980's and after 1989, respectively. The reported most recent values have been 
0.02 pg N-TEQ l-1.  
 
In municipal wastewaters, TEQ levels have been reported in the Baltic Sea area only by Quass and Fermann 
(1997, ref. Bergqvist et al. 2004), at 0.04-0.5 pg N-TEQ l-1, for the outlet of a treatment plant.  

 
Bergqvist et al (2004) reported concentrations of 0.2-0.3 pg TEQDF l-1 and 0.1-0.6 pg TEQP l-1 in leachates from 
a mixed waste landfill, 0.04 pg TEQDF l-1 and 0.05 pg TEQP l-1 in runoff from PVC-Cu cable incineration wastes, 
<field blank TEQDF l-1 and 0.005 pg TEQP l-1 in runoff from a HCl factory sludge landfill, and 0.004 TEQDF l-1 

and 0.02 pg TEQP l-1 in leachate from a PCB ink waste landfill in Sweden. 
 
Sztamberek-Gola et al. (2003) measured variable TEQ levels in inlets to wastewater purification plants in 
Poland. Most of the dioxin load was due to 4-PeCDF. At all plants the TEQ was greater in the outlet than in the 
inlet. The authors suggested that the low sorption of PCDD/Fs to the sampling device used might explain the 
results; however, also leaching and even formation of PCDD/Fs in the purification process may be involved.   

 
1.3  Runoff 
 

There are very little data on PCDD/Fs in runoff in the Baltic Sea area (cf. Verta et al. 2003, Fig. 6A1, cf. 3.3). 
 
Results have been published from other areas on PCDD/F behaviour in runoff with respect to their distribution 
between particulate and dissolved phases (Fig. 6A1) and the role of flooding for PCD/F runoff (Fig. 6A2).  

 
 
 

  
 
Fig. 6A1. Burden of PCDD/Fs in different river regions and transport between the pools and to the Gulf of Finland in 
2001 (Verta et al. 2003). The pool in Gulf of Finland is taken from Isosaari et al. (2002). 
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Fig. 6A2. The relationship between PCDD/F contents in suspended solids and flood level in River Elbe in summer of 
2002 (from Heininger et al. 2003). 
 
 

 
 

 
 

 
 
Fig. 6A3. The distribution of TEQs (including PCDD/Fs nd DL-PCBs) and of PCDD/F homologues in particulate and 
dissolved phases of runoff from tributaries to Tokyo Bay, and in seawater (from Kobayashi et al. 2003b). Note the 
different units for particulate and dissolved fractions in the uppermost figures, and the dominance of particle-bound 
fraction for higher chlorinated PCDD/Fs.     
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Fig.  6A4. Temporal and regional trends of the air concentrations of sums of seven indicator PCBs and 12 PAHs across 
Central and Northern Europe (Holoubek et al. 2003b). Note the fluctuations between yearly means and the low levels in 
Rörvik (Swedish W Coast) and Pallas (Finnish Lapland) that together may be roughly indicative of levels above the 
Baltic Sea basin.  
 
 
2. DL-PCBs and other PCBs in fluxes to the Baltic 
 

Agrell et al. (2002) have reported atmospheric deposition fluxes of PCBs based on measurements at several 
stations around and in the Baltic. However, in these and earlier empirical studies only PCB 118 and sometimes 
no DL-PCBs have been included. …  

 
Reference data have been reported on seven indicator PCBs (including PCB 188) from Swedish West Coast and 
Finnish lapland (Fig. 6A4).  

 
 
3. PCDD/Fs and PCBs in the Baltic Sea 
3.1  Water phase 
 

Broman et al. (1991) published the only measurements so far of PCDD/Fs in the water phase (particulate and 
apparently dissolved fraction) of the Baltic. They found levels of ca. 2 pg N-TEQ m-3 in particulate and 1 pg N-
TEQ m-3 in dissolved phase, with TCDF and 4-PeCDF usually contributing most.  
 
Schultz-Bull et al. (1995) measured levels of 0.01-12 fg TEQP dm-3  in S BS water (in solution). PCBs 77, 118, 
105 and 156 had the largest contributions to TEQ. 

 
3.2 Sediments 

 
PCDD/Fs have been measured in Baltic Sea sediments in various connections since the 1980's (Table 6A1, Fig. 
6A5). Sampling sites and methodologies as well as general study methodologies have varied. Only a few on the 
sediment samples have been dated.   
 

 
Table 6A1. Levels of concentrations of 2,3,7,8-chlorinated PCDD/Fs in Baltic Sea sediments (pg g-1 dw). S=Surface, 
M=maximum concentration, D=deep layer. From Verta et al. (2004). Figures have been rounded to one signifying digit. 
 
Site  Basin, area Layer 46-HpCDF PeCDD  4-PeCDF TCDD  TCDF  OCDF   OCDD   toxic sum  ITEQ 
     
K15  GF   S   8000   10    9    1    10    6000   200   10000    100 
  R Kymijoki M   30000   50    30    4    20    20000   700   50000    500 
  estuary  D   800   1    4    0.3    3    2000   20    3000    20 
LL3a  GF   S   700   3    10    0.4    8    800   100   2000    20 
  E open sea M   3000   9    20    0.6    10    2000   100   6000    60 
     D   400   1    6    0.1    5    400   20    1000    10 
JML1b  GF   S   100   2    7    0.5    6    100   90    400    10 
  W open sea M   300   5    20    0.8    10    200   100   800    20 
     D   8    0.9    1    0.2    2    20    130   60     2 
SR5  BS   S   40    2    7    0.5    6    60    70    200    8 
  opean sea M   50    3    10    0.7    8    90    90    300    10 
     D   2    0.2    0.6    0.2    0.5   5    4    20     1 
P18  BP    S   100   3    20    1    10    70    300   700    20 
  Gotland   M   100   5    20    0.6    20    200   300   900    30 
  deep  D   3    0.2    0.9    0.06   0.8    9    10    40     1 
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Fig. 6A5. Geographical distribution of the concentrations of the primarily airborne combustion source indicator  4-
PeCDF (2,3,4,7,8-pentachlorodibenzofuran) in Baltic Sea sediments (pg g-1 dw) (Verta et al. 2004). (To be completed). 
 
 

 
 
Fig. 6A6. Distribution of dioxins in different particle size fractions normalized to total sample weight (left), and 
correlation between dioxin and organic carbon (right) in marine sediments in Pohang Bay, Korea (Lee et al. 2003). 
 
 

De Wit et al. (1990) reported data from a core in the deepest point of the Baltic. The level of WHO-TEQDF 
decreased from 25-31 pg g-1 dw in the surface (with indications of reduced immission in the uppermost layer) to 
near-background already at 8-10 cm depth, confirming the data of Kjeller and Rappe (1995) for Gotland Sea. 
Although the sediments were not independently dated, it may be estimated that the upper 4 cm of high PCDD/F 
levels corresponds to the period of the last 40 years.     

 
 

The PCDD/Fs in sediments are distributed to OC. As to particle size fractions, little data have been published. 
Lee et al. (Fig. 6A4) found PCDD/Fs in marine sediments were present predominantly in the 2-5 µm fraction.  
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4. Other dioxin-like compounds in the Baltic Sea 
 

• PBDD/Fs: Hartonen et al. (1997) reported high levels of 0.5 and 2 ng g-1 (probably dw) for TBDD and 4-
PeBDF, respectively, in BP surface sediments (0-6 cm, corresponding to ca. 6-a accumulation). These 
results seem improbably high and are difficult to evaluate as only HRGC was used. Trends of PBDD/F 
accumulation in Tokyo Bay sediments, along with those of DL-PCBs and PBDEs, has been reported (Fig. 
6A7). The levels had increased while those of PCDD/Fs and DL-PCBs decreased, emphasizing the relative 
significance of PBDD/Fs. However, the levels of PBDD/Fs were still orders of magnitude lower than those 
of PCDD/Fs. It seems less likely that PBDD/Fs are yet a significant problem in Baltic Sea sediments. 

 
• PBBs: Only Hartonen et al. (199X) have published data on PBBs in the Baltic. They found PBBs, along 

with p,p'-DDT and its metabolites, to be the most abundant pollutants in all sediment samples. However, the 
HRGC-based analysis, although using advanced pretreatment, was not very sensitive and specific for the 
various congeners (cf. PBDD/Fs). 

 
• PCNs in BS and BB sediments were reported by Lundgren et al. (2003) at levels of 0.3 to 3 ng g-1 dw; the 

highly chlorinated congener classes were more dominant near the coasts. Evaluation of these levels and the 
associated fluxes, being higher in BS (ca. 0.9 µg ΣPCNs m-2 a-1) than in BB (ca. 0.5 µg ΣPCNs m-2 a-1), is 
difficult due e.g. to  the lacking congener-specific information. Jarnberg et al. (1999) reported a dominance 
of 1,2,3,4,5,6,7- HpCN over 1,2,3,4,5,6,8-HpCN in sediments in contrast to the ratio for technical PCNs. 
Some samples showed traces of 2,3,6,7-congeners, indicative of thermal sources, such as municipal waste 
incineration. Their resulta also indicated that photolysis may explain the enhancement of the relative 
abundance of some of the 1,3,5,7- and 1,4,6,7- substituted congeners but not the heptaCN profile. Also 
Ishaq et al. (2003) found PCN profiles in settling particulate matter in GB showing similarities with the 
combined profiles of Halowaxes 1099 and 1014. 

 
• PBDEs have been measured increasingly also in the Baltic Sea. Levels in sediments have ranged … 
  

 

    
 
Fig. 6A7. Gradients of PCDD/Fs, DL-PCBs, PBDD/Fs and PBDEs in dated sediments of Tokyo Bay (Choi et al. 2003). 
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B. Biotic compartments 
 
1. Fish 
 
Herring 
 

The levels of PCDD/Fs and DL-PCBs in Baltic herring, as TEQs and concentrations of key congeners, have been 
summarized in Tables 6B1 and 7B (cf. 3.4). A typical example of the congener distribution isgiven in Fig. 6B1. 
It may be noted that the levels of 4-PeCDF are highest, both in absolute terms and as contributions to the total 
TEQs of the respective groups. Differences in WHO-TEQDFP levels between the various parts of herring due to 
accumulation in skin fat can be clearly seen (Fig. 6B1).   
 
In herring from GF and BS in 1993-94 and 1999, the mean CB153/ΣPCBs was 0.13, CB 126/CB153 was 0.0088, 
CB 126/ΣPCBs 0.00071 and PCB-TEQ/ΣPCBs 0.0001; the ratios were generally greater at high levels (Kiviranta 
et al. 2003). The values reported by Aune et al. (2003) for WHO-TEQP/ΣPCBs in Bornholm herring in 2002 
were within the same ranges. 
 

 

 
 
Fig. 6B1. Median percentages of PCDD/F congeners in Baltic herring in the 1990’s. A: percentages from sum of 
PCDDs (black bars) and PCDFs (white bars), and B: percentages from WHOPCDD/F-Teq (Kiviranta et al. 2002). 
 
 

 
Fig. 6B2. Differences between tissue levels of dioxins in herring (left) and ΣPCBs in salmon (right). Source: Tuomisto 
et al. (2004), based on data from Aune et al. (2003) and Bjerselius et al. (2003). 
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Salmon 
 

• In BB, the range of total dioxin toxicity in the Swedish data from 2001 was 8–20 pg WHO-TEQ g-1 ww, 2- 
to 3-fold lower than corresponding levels in Finnish BB salmon caught in 2002 (20-30 pg WHO-TEQ g-1 
ww). This difference is explained by the 5-fold difference in fat content (4 % in Swedish, 20 % in Finnish 
samples). In both datasets the contribution of DL-PCBs to WHO-TEQs was ca. 50 %. The same situation 
was found for BS. The differences between Finnish and Swedish GB may be partly explained by the time of 
catch in relation to spawn; however, no information on the time of catch was given for Sweden. Larsson et 
al. (1996) reported order-of-magnitude differences in POPs levels in GB salmon depending on fat; they also 
assumed that spawning migrations may partly explain the differences. 

 
• Swedish data have been reported on salmon caught in 2002 in BB for PCDD/Fs only (Bjerselius et al. 2003). 

These samples had no marked difference from the WHO-TEQDF in 2001, being ca. 5 pg g-1 ww, although 
the fat content was twice that in 2001. Assuming that also the contribution of DL-PCBs was similar to that 
in 2001, ca. 10 pg WHO-TEQDFP g-1 ww would have been present in these Swedish salmon from BB in 
2002. As in BB, PCDD/F levels in Swedish BS samples from 2002 were similar to those in 2001 despite 
doubled fat contents (4 to 8 %), and were comparable with the levels in BB during the same period.     

 
•  In GF, 20–30 pg WHO-TEQ g-1 ww were measured in salmon caught in 2002, with fat content of ca. 10 %.  

 
• Most dioxins are located in the anterior and middle stomach and side parts (Bjerselius et al. 2003).  

 
•  In BP and Southern Baltic during 2000-02, for only part of the samples WHO-TEQP have been reported. 

The levels were ca. 10 pg WHO-TEQDFP g-1 ww regardless of fat content that ranged 3-10 %. The Finnish 
samples from Southern Baltic had 6–8 pg WHO-TEQDFP g-1 ww at a fat content of 5–8 %; their WHO-
TEQDF and fat contents were comparable with those in the Swedish data for 2002.   

 
• The Swedish report (SNFA 2004) also compared the levels in Baltic salmon caught in 2001 with those from 

1996; the latter had similar or slightly higher levels. However, it is difficult to evaluate the development. 
 

• No clear correlation between WHO-TEQDF or WHO-TEQP levels and age or gender seemed to exist, 
despite the weak correlation (no significance given) reported by Bjerselius et al. (2003) and further by 
Tuomisto et al. (2004). The relationship seems to vary by area, being often higher in young salmon e.g. in 
the Finnish data (Hallikainen et al. 2004) and showing no uniformity also in all the Swedish data reported 
(SNFA 2004). Also the limited age range studied and the imprecise age determination method play a role. 

 
Other Baltic fish species 
 

• Sprat: Dioxin levels in the Finnish data from 2002 (Hallikainen et al. 2004) were lower than those in GF 
herring (caught also in spring-winter), at 2–6 and 3–10 pg WHO-TEQDFP g-1 ww, respectively, although the 
lipid contents were higher in sprat (8-10 % and 3–10 %, respectively). PCBs represented consistently ca. 50 
% of the total TEQs. Sprat levels exceeded the EU limit value of 4 pg WHO-TEQ g-1 ww only slightly in the 
oldest fish. In Sweden, WHO-TEQDFP have been reported only for sprat from West Bornholm Sea and East 
Gotland Sea (BP) caught in 2002, at 6–8 pg g-1 ww, i.e. higher than in GF. Assuming the 55 % contribution 
of PCDD/Fs to total TEQs in these data is generalizable, the levels in the West Gotland Sea sprat reported 
by Bjerselius et al. (2003) would have been 5-8 pg WHO-TEQ g-1 ww, at a fat content (7-10 %) and weight 
(ca. 10 g) similar to that in GF (age was not determined in most Swedish samples). These WHO-TEQs were 
comparable with those in herring up to the age of 4 a and weight of 35 g, but were higher in older herring 
(see above). Shelepchikov et al. (2003) reported data on sprat and herring (called a big subspecies of sprat, 
'Clupea harengus membras') from Kaliningrad (probably caught in SBS) displaying 4 times higher 
PCDD/F-TEQs in the latter, in both fresh and canned fish. Such variations in dioxin levels in sprat and in 
their relationships to those of herring may reflect regional variability in feeding ecology, e.g. the selection of 
zooplankton in the diet, in addition to variation in levels and fluxes of dioxins. The differing dioxin 
accumulation in sprat as compared to herring is subject to further studies.  
 
Vuorinen et al. (2002) found that the lw based total PCB, PCDD, PCDF and coPCB concentrations 
increased with age in sprat and, after controlling for age, there was a significant positive relationship 
between the fat content and the ww based concentrations, apart from total PCBs. On a lw basis the 
concentration of coplanar PCBs was also higher in sprat than in herring. 

 
•  
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Fig. 6B3. Partial Least Squares Discrimination Analysis of the concentration profiles of the different 2378-chlorinated 
PCDD/Fs and non-ortho PCBs in salmon vs Brown trout, all from SE of Gotland. Coefficient plot with ±95% 
confidence intervals. Note the marked difference between salmon and trout contents of 4HxCDF, HpCDD and PCB81 
in particular (Lundstedt-Enkel et al. 2002). 
 
 

 
 
Fig. 6B6. Mean PCDD/F-TEQ levels in various fish species caught in the Baltic Sea in 2001-2 (Isosaari et al. 2003). 
 
 

• Brown trout: Levels of 7–10 pg WHO-TEQ g-1 ww have been reported from Swedish rivers or estuaries. 
The DL-PCBs contribution was 50–70 %, i.e. roughly as high as for salmon and higher than for herring. 

 
• Whitefish: The data by Hallikainen et al. (2004), Bjerselius et al. (2003) and SNFA (2004) are mainly from 

GB in 2001-02. The levels in pg WHO-TEQ g-1 ww were 1–2 in Swedish and  6–10 in Finnish BB and 2-3 
in Swedish and 3-6 in Finnish BS. The higher Finnish levels particularly in BB are partly due to fat contents 
(1–2 % in Swedish and 3–4 % in Finnish BB, 0.9–1 % in Swedish and 2–5 % in Finnish BS). The slower 
growth of whitefish in Finnish than in Swedish BB (100 g and 400–500 g, respectively, at the age of 5 a) 
also plays a role. This may be related to ecological and taxonomic differences, the Finnish BB stock being a 
dwarf form, but may also reflect higher loading or cycling rates of dioxins.   

 
• Perch: High levels of around 10 pg WHO-TEQ g-1 ww have been reported from Finnish GF coast (Table. 

  
• Pike: Dioxin levels in pike, as a lean fish of ca. 0.5 % fat content, have been relatively low in the Finnish 

coast (0.9–3 pg WHO-TEQ g-1 ww). 
 

• Pikeperch: Levels in Finnish GF coast and Archipelago Sea ranged 2-4 pg WHO-TEQ g-1 ww.  
 

• Flounder: Data have been reported on few samples mainly in GF (Hallikainen et al. 2004). The levels were 
highest in older (6-year old, with a lipid content of 10 %) fish, at 6 pg WHO-TEQ g-1 ww.   

 
• Burbot: low dioxin levels of max. 0.5 pg WHO-TEQ g-1 ww have been measured in Finnish coastal burbot, 

an exceptionally low-fat fish (ref.). 
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• Eel: PCDD/F-TEQ levels in Swedish Southern Baltic coast around Aland in 2000 were low, 0.6-0.7 pg 
PCDD/F-TEQ g-1 ww, being at the same level as those from the West coast in 2001. However, the 
contribution of DL-PCBs was 80–90 % to the total dioxin toxicity of 3-8 pg WHO-TEQ g-1 ww. 

 
• Cod: High PCDD/F and DL-PCB levels in cod liver were reported by Falandysz et al. (2003). The PCB-

TEQ increased from ca. 1 ng g-1 ww in 1970's to 2.3 ng g-1 ww in 1980, to decrease again to ca. 1 ng g-1 ww 
by 1989. PCBs 118, 105 and 126 contributed 47, 19 and 17 %, respectively, to the total TEQs of  0.9-2 ng I-
TEQ g-1 in 1989. However, earlier it was reported that CB-126 had a share of 80 % of total TEQs in canned 
cod liver in early 90's (Falandysz et al. 1992). The reasons for this discrepancy are not clear.  

 
 
Table 6B1. Summary of recent levels of PCDD/Fs and DL-PCBs in Baltic Sea fish, focusing on important species in 
human consumption, and on data that include information on sampled individuals and sampling time and area, and have 
maximum comparability (cf. Table 7B1). Figures have been rounded to one signifying digit. (To be completed) 
 
Species Sex Tissue Area Sampling 

time, mo/yr 
Weight, g Mean age  

a 
Fat % 4-PeCDF,  

pg g-1 ww  
CB 126, 
pg g-1 ww  

WHO-
TEQDF  
pg g-1 ww 

WHO-
TEQDFP  
pg g-1 ww 

Herringa  fillet GF 4-5/1993-4 30 5 2 (1-3) 5 (4-8) 20 (10-20)  7 (5-10) 
Herringa  fillet GF 4-5/1993-4 30 6 2 (1-4) 8 (7-10) 20 (20-30)  9 (8-10) 
Herringa  fillet GF 4-5/1993-4 20 (10-20) 2 3 (1-4) 2 (1-2) 8 (6-10)  3 (2-3) 
Herringa  fillet GF 4-5/1993-4 20 (10-30) 3 2 (0.4-3) 3 (2-3) 10 (6-20)  4 (2-6) 
Herringa  fillet GF 4-5/1993-4 200 (100-300) 8-20 6 (2-9) 9 (5-20) 20 (10-30)   30 (20-50) 
Herringa  fillet GF 1999 30 (30-30) 6 (5-6) 2 (2-3) 10 (7-10) 20 (20-30)  10 (8-10) 
Herringa  fillet GF 1999 50 (40-50) 9 (9-10) 2 (2-4) 10 (10-30) 30 (30-50)  10 (10-30) 
Herringa  fillet BS, FI 1993-4 200 (60-400) 8-20 10 (8-14) 40 (10-60) 100 (70-100)  50 (20-70) 
Herringa  fillet BS, FI 1999 50 (40-60) 8 (6-9) 5 (4-7) 40 (20-40) 50 (40-70)  40 (20-40) 
Herringa  fillet BS, FI 1999 30 (30-30) 5 (4-5) 5 (4-5) 10 (10-14) 30 (20-30)  10 (10-14) 
Herringb  fillet GF/E 4/2002 20 3 5    4 
Herringb  fillet GF/E 4/2002 20 6 3    8 
Herringb  fillet GF/E 4/2002 30 6 4    10 
Herringb  fillet GF/E 4/2002 50 7 4    8 
Herringb  fillet GF/E 4/2002 100 7 10    10 
Herringb  fillet GF/E 10/2002 20 1 9    2 
Herringb  fillet GF/E 10/2002 30 3 9    3 
Herringb  fillet GF/E 10/2002 40 5 9    9 
Herringb  fillet GF/W 3/2002 10 2 5    3 
Herringb  fillet GF/W 3/2002 20 5 4    6 
Herringb  fillet GF/W 3/2002 30 6 6    8 
Herringb  fillet GF/W 3/2002 50 8 5    10 
Herringb  fillet GF/W 3/2002 100 10 5    6 
Herringb  fillet GF/W 10/2002 20 1 8    2 
Herringb  fillet GF/W 10/2002 20 3 9    3 
Herringb  fillet S BS 3/2002 20 2 2    2 
Herringb  fillet S BS 3/2002 50 3 3    3 
Herringb  fillet S BS 3/2002 200 7 10    4 
Herringb  fillet AS 5/2002 20 2 4    3 
Herringb  fillet AS 5/2002 20 4 3    4 
Herringb  fillet AS 5/2002 30 6 3    9 
Herringb  fillet AS 5/2002 40 7 5    20 
Herringb  fillet AS 5/2002 70 10 6    20 
Herringb  fillet AS 10/2002 20 2 8    2 
Herringb  fillet AS 10/2002 30 3 9    4 
Herringb  fillet AS 10/2002 30 3 7    4 
Herringb  fillet AS 10/2002 50 5 6    3 
Herringb  fillet AS 10/2002 100 6 9    5 
Herringb  fillet BS 2-3/2002 20 2 6    3 
Herringb  fillet BS 2-3/2002 20 3 6    4 
Herringb  fillet BS 2-3/2002 30 6 7    10 
Herringb  fillet BS 2-3/2002 50 9 9    10 
Herringb  fillet BS 2-3/2002 60 10 7    20 
Herringb  fillet BS 9/2002 20 2 6    1 
Herringb  fillet BS 9/2002 20 4 6    4 
Herringb  fillet BS 9/2002 30 7 9    10 
Herringb  fillet BS 9/2002 50 9 8    20 
Herringb  fillet BS 9/2002 70 10 10    20 
Herringb  fillet BB 5/2002 20 2 5    4 
Herringb  fillet BB 5/2002 20 3 4    6 
Herringb  fillet BB 5/2002 30 7 5    20 
Herringb  fillet BB 5/2002 40 8 3    20 
Herringb  fillet BB 5/2002 60 9 2    20 
Herringb  fillet BB 9-10/2002 20 1 6    1 
Herringb  fillet BB 9-10/2002 20 3 6    4 
Herringb  fillet BB 9-10/2002 30 5 6    7 
Herringb  fillet BB 9-10/2002 40 7 6    10 
Herringb  fried BS fall/2002   30    20 
Herringb  marinated BS 8/2002   10    20 
Herringb  smoked -skin BS 8/2002   8    20 
Herringb  smoked +skin  BS 8/2002   10    30 
Herringc F fillet+skin BB 2001 20 3 (2-3) 6   1  
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Species Sex Tissue Area Sampling 
time, mo/yr 

Weight, g Mean age,  
a 

Fat % 4-PeCDF,  
pg g-1 ww  

CB 126, 
pg g-1 ww  

 TEQDFP 
(WHO), 
pg g-1 ww 

Herringc M fillet+skin BB 2001 30 3 (2-3) 6   1  
Herringc F+M fillet+skin BB 2001 30 5 (4-6) 5   4  
Herringc F+M fillet+skin BB 2001 20 1 7   0.9  
Herringc F fillet+skin BS 2001 30 3 (2-3) 5   2  
Herringc M fillet+skin BS 2001 30 3 (2-3) 5   3  
Herringc F fillet+skin BS 2001 30 5 (4-5) 4   4  
Herringc M fillet+skin BS 2001 30 5 (4-5) 6   4  
Herringc F fillet+skin BS 2001 60 5 (4-6) 10   10  
Herringc M fillet+skin BS 2001 50 5 (4-6) 10   10  
Herringc F fillet+skin BS 201 100 8 (7-9) 20   20  
Herringc M fillet+skin BS 2001 100 8 (7-9) 20   20  
Herringc F fillet+skin BS 2001 90 6 (5-6) 10   20  
Herringc M fillet+skin BS 2001 90 6 (5-6) 10   20  
Herringc F fillet+skin BS 2001 90 8 (7-9) 10   20  
Herringc M fillet+skin BS 2001 90 8 (7-9) 10   20  
Herringc F fillet+skin BP 2000 40 5 (4-6) 9   7  
Herringc M fillet+skin BP 2000 40 5 (4-6) 8   5  
Herringc F fillet+skin BP 2000 100 8 (7-9) 10   7  
Herringc M fillet+skin BP 2000 90 8 10   5  
Herringc F fillet+skin BP 2000 30 5 9   5  
Herringc M fillet+skin BP 2000 30 5 9   5  
Herringc F fillet+skin BP 2000 100 8 10   10  
Herringc M fillet+skin BP 2000 100 8 20   10  
Herringc F fillet+skin BP 2000 200 10 10   10  
Herringc M fillet+skin BP 2000 200 10 10   7  
Herringc F fillet+skin BP 2000 40 5 4   2  
Herringc M fillet+skin BP 2000 40 5 6   2  
Herringc F fillet+skin BP 2000 90 7 7   3  
Herringc M fillet+skin BP 2000 100 8 6   3  
Herringc F fillet+skin S BS 2002 90 4 10   2  
Herringc M fillet+skin S BS 2002 100 4 10   2  
Herringc F+M fillet+skin S BS 2002 90 4 10   5  
Herringc F+M fillet+skin S BS 2002 70 3 10   5  
Herringc F+M fillet+skin S BS 2002 60 4 4   3  
Herringc F+M fillet+skin S BS 2002 60 2 7   2  
Herringc F+M fillet+skin S BS 2002 50 2 2   2  
Herringc F+M fillet+skin S BS 2002 70 3 2   2  
Herringc F+M fillet+skin S BS 2002 50 na 7   2  
Herringc F+M fillet+skin S BS 2002 50 na 7   2  
Herringd  fillet S BS 1996      2  
Spratb  fillet GF 2/2002 4 1 8    2 
Spratb  fillet GF 2/2002 9 3 10    4 
Spratb  fillet GF 2/2002 9 5 10    6 
Spratb  fillet GF 2/2002 9 8 10    6 
Spratc F+M fillet+skin BP 2002 9 na 10   4  
Spratc F+M fillet+skin BP 2002 10 na 10   3  
Spratc F+M fillet+skin BP 2002 10 na 10   4  
Spratc F+M fillet+skin BP 2002 9 na 10   3  
Spratc F+M fillet+skin BP 2002 9 na 7   3  
Spratc F+M fillet+skin BP 2002 9 na 8   3  
Spratc F+M fillet+skin S BS 2002 9 na 10   4  
Spratc F+M fillet+skin S BS 2002 20 5 (2-8) 10   2  
Spratc F+M fillet+skin S BS 2002 20 3 (2-3) 8   3  
Salmonb  muscle GF 6-7/2002 4000 2 10    20 
Salmonb  muscle GF 6-7/2002 10000 3 10    30 
Herringb  muscle BS 6/2002 7000 2 20    30 
Herringb  muscle BS 6/2002 10000 3 20    30 
Salmonb  muscle BB 6/2002 5000 2 20    20 
Salmonb  muscle BB 6/2002 10000 3 20    30 
Salmonb  musclee S BS 3/2002 3000 2 5    6 
Salmonb  muscle S BS 3/2002 10000 3 8    8 
Salmonc F muscle BB 2001 6000 2 4    8 
Salmonc M muscle BB 2001 3000 1 3    3 
Salmonc F muscle BB 2002 7000 2 6    5 
Salmonc M muscle BB 2002 6000 2 7    5 
Salmonc F muscle BB 2002 10000 3 7    6 
Salmonc M muscle BB 2002 10000 3 8    6 
Salmonc F muscle BS 2001 5000 1 4    5 
Salmonc M muscle BS 2001 6000 2 5    5 
Salmonc F muscle BS 2001 4000 1 5    4 
Salmonc M muscle BS 2001 5000 2 5    4 
Salmonc F muscle BS 2002 5000 2 8    5 
Salmonc M muscle BS 2002 5000 1 8    6 
Salmonc F muscle BS 2002 10000 3 7    6 
Salmonc M muscle BS 2002 10000 3 7    6 
Salmonc F muscle BP 2000 4000 1 9    3 
Salmonc M muscle BP 2000 4000 1 9    3 
Salmonc F muscle BP 2000 4000 1 10    3 
Salmonc M muscle BP 2002 3000 2 5    2 
Salmonc F muscle BP 2002 4000 2 6    3 
Salmonc M muscle BP 2002 4000 2 6    3 
Salmonc F muscle BP 2002 6000 2 9    5 
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Species Sex Tissue Area Sampling 
time, mo/yr 

Weight, g Mean age,  
a 

Fat % 4-PeCDF,  
pg g-1 ww  

CB 126, 
pg g-1 ww  

 TEQDFP 
(WHO), 
pg g-1 ww 

Salmonc M muscle BP 2002 6000 2 10    5 
Salmonc F muscle BP 2002 10000 3 9    5 
Salmonc M muscle BP 2001 7000 2 3    4 
Salmonc F muscle BP 2001 8000 2 3    4 
Whitefishb  muscle GF 9/2002 400 5 2    3 
Whitefishb  muscle GF 9/2002 800 6 4    3 
Whitefishb  muscle BS 5/2002 400 5 2    3 
Whitefishb  muscle BS 5/2002 600 6 5    6 
Whitefishb  muscle BB 10/2002 100 4 4    6 
Whitefishb  muscle BB 10/2002 100 6 3    10 
Whitefishc F muscle BB 2001 500 5 (3-7) 2   1  
Whitefishc M muscle BB 2001 400 5 (4-6) 1   0.7  
Whitefishc F muscle BS 2001 400 5 (3-6) 1   2  
Whitefishc M muscle BS 2001 300 5 (3-6) 0.9   2  
Whitefishc F muscle BS 2001 400 4 (3-6) 1   0.8  
Whitefishc M muscle BS 2001 300 4 (3-6) 1   1  
Whitefish  roe BS         
Sea trout  fillet          
Rainbow  fillet AS         
Perchb  muscle GF 5-6/2002 200 5 3    6   
Perchb  muscle GF 5-6/2002 300 10 3    9  
Perchb  muscle AS 5-6/2002 200 5 1    4 
Perchb  muscle AS 5-6/2002 200 6 1    3 
Perchb  muscle BS 5-6/2002 200 6 0.8    1 
Perchb  muscle BS 5-6/2002 300 10 3    10 
Perchb  muscle BB 5-6/2002 200 4 1    3 
Perchb  muscle BB 5-6/2002 300 7 1    2 
Flounderb  muscle GF 8/2002 200 4 10    3 
Flounderb  muscle GF 8/2002 400 6 10    6 
Pikeperchb  muscle GF 5/2002 700 5 2    4 
Pikeperchb  muscle GF 5/2002 1000 7 1    3 
Pikeperchb  muscle AS 5/2002 500 5 1    2 
Pikeperchb  muscle AS 5/2002 600 7 0.9    2 
Pikeb  muscle GF 7/2002 2000 4 0.5    2 
Pikeb  muscle GF 7/2002 2000 8 0.4    0.9 
Burbotb  muscle GF 2/2002 800 5 0.5    0.5 
Burbotb  muscle BB 2/2002 700 5 0.3    0.2 
Burbote  liver BB         
Cod   liver S BS      (800-1000)f  (900-2300)f 

…  fillet BP       (0.1-0.2)e  
  whole BP       (20)g  
Eel            
…            
References: aKiviranta et al. 2003; bHallikainen & al. 2004; cBjerselius & al. 2003, 2004, SNFA 2004; dKarl & al. 2002; eBergman & al. 1998, on lipid basis; fFalandysz 
& al. 1994, including only PCB-TEQs on lipid basis; gBroman & al. 1992, on lipid basis; … 

 
 

 
 
Fig. 6B4. Left: The relative composition of PCDD/PCDFs; Right: The total amounts of PCDDPCDFs, PCBs, PCNs and 
PBDEs in different food species of Baltic seals (Koistinen et al. 2002). (To be completed) 
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Fig. 6B5. The relative share of various dioxin-like PCB of all non-ortho or mono-ortho congeners in a benthic food 
chain of the Gulf of Bothnia (from Lundgren et al. 2004). 
Seals 
 
 

 
 
 
Fig. 6B7. Levels of p,p'-DDT, sum PCBs, TCDD, and sum TEQ, on extractable lipid basis, in pooled blood samples 
from Atlantic seals (open symbols) or the Baltic (closed symbols), six weeks before (pre), and at days 8 and 15 of the 
fasting experiment (from De Swart et al. 1996). Note the 3-fold and 6-fold differences between TEQ and p'p'-DDT 
levels, respectively.   
 
 

De Swart et al. (1996) also published data on TEQ levels in harbour seal blood lipids and in blubbers, in 
comparison with those in herring in their feed. While the TEQ levels in Baltic herring were 10-fold higher than 
those in the North Sea, there was only 3-fold difference in levels in seals (approximately similar in blubber and 
blood), indicating the ability of seals to metabolize and excrete DLCs.  

 
 

 
Fig. 6B8. Concentrations of PCDDs+PCDFs in livers of white-tailed sea eagles collected from 1979 to 1998 from East 
Germany. One sample in 1979 with the highest concentration was removed from the graph (Kannan et al. 2002). 
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Birds 
 

In white-tailed sea eagle, the temporal development of PCDD/F levels in liver has been reported from Eastern 
parts of Germany, including Baltic Sea coast but also inland areas (Fig. 6B8). No clear trend can be seen, as 
declines have been observed already during previous decades repeatedly. Apparently many factors influence the 
accumulation of  PCDD/Fs in eagle liver.  
 

General bioaccumulation in food-chains 
 

Del Vento and Dachs (2002) modelled bioaccumulation by phytoplankton and bacteria based on data by Dachs 
et al. (1999), finding them to be greater in small organisms (up to 10000 m3 kg-1) but only around 100 m3 kg-1 in 
10-mm sized organisms.  

 
In Lake Ontario trout, biota-sediment accumulation factors for TCDD were estimated at 0.15 and 0.22 for eggs 
and females, respectively, and were very similar for 4-PeCDF (0.16 and 0.27), while the corresponding estimates 
for PCB 126 were 4.2 and 6.8 and for PCB 169 5.6 and 13, i.e. an order of magnitude higher (Cook et al. 2003).   

 
According to USEPA (1995), the order of magnitude is the same for TCDD. In Baltic biota, the 4-PeCDF BMFs 
between the key species for human fish consumption, herring and salmon, are assumed to be of the same order. 
Biota-sediment accumulation factor of TCDD for sea bass has been higher (Naito et al. 2003).  
 
 

Table 6B2. Summary of data on levels of dioxins and key congeners in important Baltic Sea fish consuming and other 
wild species. Means and ranges in pg TEQ g-1 fw or pg TEQ g-1 lw (in parentheses). (To be completed) 
 
Species/community Tissue Area Period PCDD/F-TEQs PCB-TEQs WHO-TEQs Bio-TEQs 4-C5DF CB-126 CB-118 
Common mussel muscle BP  a       
Blue mussel muscle BP 

Kat 
 
1998 

 
0.4 (30)a 

      

Gray seal adult M blubber  1985-90 (10)g       
Gray seal adult F blubber  1985-90 (20)g       
Gray seal adult plasma BB 1996-98    0.2 (0.04-0.4)j    
Gray seal juvenile blubber  1985-90 (20)g       
Ringed seal adult 
M 

blubber  1985-90 (200)g       

Ringed seal adult blubber 
plasma 

BB 
BB 

1996-98 
1996-98 

 6-8j   
0.1 (0.1-0.4)j 

   

Ringed seal juv blubber  1985-90 (70)g       
Harbour seal blubber          
Harbour porpoise blubber S BP 1992        
Harbour porpoise blubber S BS 1998 10 (3-20)i       
Guillemot eggs S BP 1969-79 

1988-94 
(3000, 2000-
4000)g  

      

Black cormorant  S BP 1992        
White-tailed sea 
eagle 

muscle 
egg 

S BP 
S BP 

 
87-91 

(3000)h  
(60000)l 

    
(100000)l 

 
(20000000)l 

References: aBroman & al. 1992; cBergman & al. 1998; Isosaari & al. 2000; gWHO/IPCS 2002 Global assessment of endocrine disrupting compounds; hde Wit 1994, 
ref. IPCS 2002; iBergek et al. 1992; jNyman et al. 2003; kFalandysz et al. 1994; lHelander et al. 2002;  
 
 
Other DLCs in Baltic Sea species 
 

PCNs have been found in Baltic Sea plankton, mussels, fish, fish-eating birds and mammals (Asplund et al. 
1990, Jarnberg et al. 1993, 1997, 1999, Falandysz and Rappe 1996, Falandysz et al. 1996a-c, 1997, 1998; Ishaq 
et al. 1998, Jakobsson and Asplund 2000, Lundgren et al. 2003a) at 1–1000 ppb lw (C4N–C7N), but levels are 
generally declining. The levels of the toxicologically important highly chlorinated homologues were generally 
highest in sea trout, whitefish roe and perch, reaching 'TEQs' (based on in vitro enzyme induction activities) of 
0.55 (perch) to 0.76 pg g-1 lw (trout), which corresponds to 0.06-0.15 pg PCN-TEQ g-1 ww (ref.). The levels in 
herring were 0.02–0.06 pg PCN-TEQ g-1 ww. That is, the roughly estimated relative dioxin toxicity of PCNs was 
ca. two orders of magnitude below that of PCDD/Fs and DL-PCBs. In contrast, in liver of harbour porpoises 
from Swedish West coast the principal PCN congener pair, CN 66/67, was more important than DL-PCBs in 
terms of 'TEQs', reflecting selective retention of these PCNs (Ishaq et al. 2000). The levels of ΣPCNs reported by 
Lundgren et al. (2003b) from GB (Table 6B3) were below the means in earlier studies by Jarnberg et al. (1993), 
Falandysz  et al. (1997), Falandysz and Rappe (1996), and Lundgren et al. (2002), being perch 19, herring 0.98-
29, four-horned sculpin 0.47-1.9 ng/g lw, suggesting lower PCN contamination in GB. 
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Falandysz et al. (2000) compiled lipid-based data on the contributions of PCNs, DL-PCBs and PCDD/Fs to 
TEQs or corresponding relative enzyme potency (for PCNs) in several Baltic Sea species or groups of biota, 
mainly from the Polish coast (Table '1' below). These data are limited e.g. for herring and include species not 
consumed much by humans, but indicate the relative significance of the various compound groups in terms of 
dioxin toxicity, and of the situation with regard to DLCs in the Baltic ecosystem. On the basis of these data, 
PCBs are the dominant group, even to a greater extent e.g. in herring than in the more extensive surveys by food 
and health authorities (see above). The contribution of PCNs to the (tentatively quantified) total TEQs has been 
less, also below that of PCDD/Fs, but not insignificant in some crab, perch, cod and above all flounder samples. 
Remarkably high total TEQs (due mainly to PCBs), 4-5 times greater than in herring from the same area, have 
been measured e.g. in flounder and stickleback (an important food source of salmon).  
 

 
 
 

Table 6B3. Average PCN levels (pg/g lw) in fish samples collected in the Gulf of Bothnia (from Lundgren et al. 2003). 
 
Type of sample  Perch        Whitefish Whitefish roe  Herring            Seatrout 
Location   HF   UM   HL   GB   HL    HL     SR5(es)  SR5(ls)  SR5(a)  F9(a)   HL 
ΣPCNs    250  240  220  1200  660   2900    460   580   410   500   3000 
PCN-TEQ   0.055  0.077  0.029  0.55  0.19   0.68    0.093   0.21   0.18   0.18   0.76 
N samples  4   2   1   2   5    1     4    4    3    2    1 
Lipids (%)   10   8.0   15   11   7.6    19     24    25    22    33    20 
Explanations: HF=Harufjarden (near Northern Sw BB coast), UM = Umea (Sourhern Swedish BB coast), HL=Hornlandet, miidel of Sw BS coast; GB=Gavlebukten, 
Southern Sw BS coast); SR5=mid-BS, F9=mid-BB.   

 
 

• PCTs: PCTs have been measured in emissions from aluminum recycling (Sinkkonen et al. 2004; cf. Hale et 
al. 1998). PCTs have been found to accumulate in biota in remote environments (Galceran et al. 1996, 
Gallagher et al. 1993). However, there are no data from the Baltic Sea. 

 
• PCABs, PCAOBs and PCHBs: No data have been found on these compounds. 

 
• PBDD/Fs: A composite sample of osprey from Sweden has been analyzed for PBDD/Fs and PXDD/Fs 

(Jansson et al. 1993). The levels were below the LODs of 0.2–20 ppt ww (lower for Te and Pe congeners). 
Malmvarn et al. (2003) provided additional data supporting the occurrence of a TriBDD congener in Baltic 
algae, noting that previously De Jong et al. (1992) had published results of PBDD/F occurrence in marine 
biota, finding them in mixed fish and mussel samples. However, the conection with TrBDD with dioxin-like 
toxic congeners is unknown. Watanabe et al. (2003) published a preliminary report of PBDD/Fs in common 
cormorant liver and egg and in gizzard shad (a fish species) samples; the levels ranged 0.021-0.47 in liver 
(mean: 0.11), 0.031-0.16 in egg (mean: 0.095), and 0.020 ng g-1 lw in fish. However, in all samples, 2,3,7,8-
PBDD/Fs were typically below the limit of quantification, and their behavior differed from that of 
chlorinated dioxins and furans. CoPBBs were not specifically analyzed. 
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• PBBs: Have been reported to accumulate in Baltic Sea fish (Andersson and Blomkvist 1981), but congener-
specific data have not been found. 

 
• PCDTs, PBDTs, PCTAs and PBTAs: No data for biota have been found (cf. Sinkkonen et al. 1994, 

Sinkkonen 2000). 
 

• PCBPs: PCBPs have been tentatively identified in Baltic Sea biota (Buser et al. 1985).  
 

• PCDEs and PBDEs: PBDEs are increasingly present in many tissues of interest also in humans and in the 
Baltic (e.g., Norén and Meironyte 2000) due to the partly ongoing use of brominated flame retardants 
especially (de Boer et al. 2000, de Wit 2002; cf. KemI 1994). Bergman et al. (2000) compiled data on levels 
of PBDEs in wildlife, reporting grey seal blubber mean levels of 650 ng g-1 lw for BDE47 and 40 ng g-1 lw 
for BDE99. Hallikainen et al. (2004) reported total PBDE levels of 6 - 8 ng g-1 ww for salmon (from BB), 
0.5 – 3.5 ng g-1 ww for herring, and less for other Baltic coastal fish species. However, congeners were not 
specified and as such the data cannot be used for toxicological evaluation.   

 
• PAHs and related substances: There is little substance specific data on PAHs although they are a classical 

group of contaminants also in the Baltic, and many dioxin-like PAHs are often not among those analyzed. 
Data on 2378-Tetrachloroanthracene that is structurally rather TCDD-like and has been mentioned as a 
dioxin-like compound have not been found in the Baltic Sea. Data have been published on the significant 
share of polyaromate fractions in the total dioxin toxicity measured by Bio-TEQs in Baltic Sea samples 
(Brunstrom et al. 1992, Engwall et al. 1997). It is unclear to what substances these toxicities are to be 
ascribed and whether they comprise common PAHs or e.g. chlorinated PAHs or other polyaromatic 
compounds. 

 
• TCBTs: The data on alkylaromatic chlorohydrocarbons including TCBTs are mainly from pulp and paper 

mill discharges and recipients (Paasivirta 2000); no data have been found for biota or elsewhere in the Baltic 
Sea area for the two isomers, TCBT87 and TCBT88, suggested to cause dioxin-type toxicity based on 
molecular properties (van Haelst et al. 1997).  

 
• MeS2-CBs and OH-CBs: High MeS2-CBs levels of 1- 100 ppm have been measured in Baltic Sea grey seal 

and ringed seal blubber and liver, and 1.5 ppm of 4-OH-CB107 in grey seal blood coagulate, being more 
than in human plasma in Baltic Sea countries  (see Letcher et al. 2000) 

 
• Bio-TEQs: Bio-TEQs based on AhR binding or enzyme induction bioassays, most commonly by ghe DR-

CALUX method, have been increasingly measured also in biological tissue samples from the Baltic Sea 
area.  

 
• Other related substances: In little terns on SBS (Belt Sea) coast, Thyen et al. (2000) reported relatively 

low POP levels but great inter-individual and seasonal variation, assumed to be due especially to differing 
feeding habits. Of the POPs analyzed by Strandberg et al. (1998) in Baltic herring and perch in Northern and 
Southern BS, the levels of dieldrin and chlordanes were the highest (30-170 ng g-1 lipid). In addition, HCHs 
and DDTs were present in measurable quantities. 

 



 

 

378

 

C. Calculations of dioxin and PCBs pools, fluxes and budgets in the Baltic Sea  
 
(in units of g PCDD/F-TEQ and g PCDD/F-TEQ a-1if not mentioned otherwise)  
 
 Influxes 
Atmospheric   - 0.13 pg l-1 (rural South Finland, Verta & al. unpubl) * 630 mm a-1 * 415 000 km2 = 0.082 ng m-2 a-1 = 34 g a-1 

bulk deposition  - 1.6 ng m-2 a-1 = 700 g a-1 based on air sampling in open coastal station for 64 d (Broman et al. 1991, Engwall et al. 1999)  
     - 1.3 ng m-2 a-1 = 500 g a-1 based on sediment levels in a rural lake (Isosaari et al. 2002a) 
     - 65 g a-1  from the key contributor to total I-TEQ in fish, 4-PeCDF, according to calculations by Pekar & al. (1999)  
     - 0.9 pg m-2 d-1 winter, 2.4 pg m-2 d -1 summer, mean ca. 0.58 ng m-2 a-1 = 240 g a-1 (DMU 2002, ref. Jensen 2003)   
     - PCDF bulk depos. in snow on sea ice, Umea (Marklund & al. 1991) >2350 pg m-2 5-mo-1 = >5.7 ng m-2 a-1 = >2600 g a-1  

     - cf. bulk deposition of PCDD/Fs (rural S Germany, Wallenhorst & al. 1997) = 6 pg m-2 d-1 = 2200 ng m-2 a-1 

     - cf. bulk deposition of PCDD/Fs and DL-PCBs (rural Japan, Ogura & al. 2001) = 5.2 ng m-2 a-1 

     - ΣPCBs deposition on GF estimate 60 kg a-1 (Kankaanpaa et al. 1997) and on BS 700 kg a-1 (Baltscheffsky & et al. 1997) 
 
River runoff   in heavily contaminated R Kymijoki, ca. 40 g a-1 

     no data found on water or waterborne solids in other rivers; for ΣPCBs, estimated at 41 % of bulk deposition  
     - cf. estimated at 5 kg a-1 for total PCBs (not toxicity-weighted) from river Wistula (Falandysz et al. 1999) 
 
Industrial discharge >10000–15 000 g from PCP wood presevative production cumulatively in R Kymijoki to GF (Isosaari et al. 2002b) 
(direct to sea)  - from VCM production to GF (past emissions) ca. 300 g based on sediment data (Isosaari et al. 2002a) 
     - from pulp and paper mill to BS ca.    g based on sediment data (includes airborne from the source area) (Naf et al. 1992) 
     - from chloralkali industry 
 
Munic wastewater … 
Direct runoff    no data found on water or waterborne suspended solids; for ΣPCBs, estimated at 47 % of bulk deposition  
Danish Sounds  no data found on water or waterborne suspended solids; for ΣPCBs, estimated at 32 % of bulk deposition  
Resuspension   no data or simulations found; for ΣPCBs estimated at 644 % of bulk deposition  
Sed-water diffusion  no data or simulations found; for ΣPCBs estimated at 18 % of bulk deposition  
Vapor absorption  no data found; for ΣPCBs, estimated at 7.5 % of bulk deposition 
 
 Outfluxes 
Volatilization   no data or simulations; for ΣPCBs estimated at 300 kg a-1 =  % of bottom deposition (Wania & al. 2001) 
Danish Sounds   no data or simulations; for ΣPCBs estimated at 160 kg a-1 =   % of bottom deposition (Wania & al. 2001) 
Decay (water/sed)  no data or simulations; for ΣPCBs estimated at 19 kg a-1 =   % of bottom deposition (Wania & al. 2001) 
Bottom deposition  - 4200 g N-ITEQ a-1 (based on offshore sediment trap in Aland Sea, 100 m depth, 15 above bottom for 2 mo (Broman 1991) 
     - 4000 g a-1 based on 7 sediment traps in Swedish BS (Naf et al. 1992) 
     - 140 pg m-2 d-1 = 20000 g a-1(Engwall et al. 1997) dor PCDD/Fs, based on offshore sediment trap in 15 m depth  
     - cf. for Sum PCBs estimated at 3000 kg a-1 (Wania & al. 2001) 
Sediment burial  no data or simulations; for ΣPCBs estimated at 400 kg =   % of bottom deposition (Wania & al. 2001) 
Fish landings  herring and sprat ca. 3 pg g bw-1 * 700 000 t a-1 = ca. 2 g a-1 
     - cf. for ΣPCBs estimated at 30 kg a-1 (Mackenzie & al. 2004) = 1.5 % of bottom deposition 
 
 Pools 
Sediments:  
- Gulf of Finland  >10000–15000 g mainly from samples with heavy industrial PCDD/F load, subtracting airborne load (Isosaari et al. 2002b) 
- Bothnian Sea 
- Baltic Proper 
- South Baltic 
- Belt Sea 
- Sw sea area   27 ng ΣPCBs g-1 median surface content * 0.25 sedimentation bottom fraction * 360000 km2 * 0.3 cm a-1 sedimentation  
     * 44 a accumulation period * 0.5 = 170000 t ΣPCBs to depth of zero PCBs (Bergqvist & al. 2004) = 240000 t ΣPCBs for Baltic 
      
Total    - estimated at 30000 g TEQ in a preliminary survey by a Swedish dioxin working group (SNV 1987, ref. Paasivirta 1990) 
 
Water    21 g N-I-TEQ (Broman et al. 1991) in mixed surface layer (to 20 m) in open BS (based on sediment traps in Swed coast) 
 
Planktic algal mass - cf. DL-PCBs  
Bacterial biomass 
Zooplankton mass 
Total plankton mass 
Macrozoobenthos mussels ca. 1 pg g ww-1 * … 
Macrophytes 
Herring biomass  ca. 3 pg g ww-1 * 1 500 000 t = 3 10-12 g g ww-1 * 1.5 1012 g = 5 g 
Sprat biomass  ca. 1 pg g ww-1 * 2 000 000 t = 10-12 g g ww-1 * 2 1012 g = 2 g 
Cod biomass  ca. 10 pg g ww-1 (whole body) * 200000 t = 10-11 g g ww-1 * 2 1011 g = 2 g  
Total fish biomass  ca. 10 g 
       
Total biota 
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Annex 7. Information on dioxin exposures and pharmacokinetics with particular reference to Baltic 
Sea fish 
 
A. Catch, production and consumption data for Baltic Sea fish and other fish products in Baltic Sea countries 
 
1. Finland 
 
Catch and production  
 
  - see Table 7A1. 
 
Dietary fish consumption 
 

The key source of information on Finnish dietary hanits, the Findiet study (Mannisto et al. 2002) explained in the 
main text, was based on two-day food recall survey among ca. 2000 adult Finns. Fish dishes were consumed by 
39 % of both males and females. 
 
In connection with a study of the total dietary intake of nutrients, antioxidants and contaminants in Finland 
(Kumpulainen, unpublished 2001), data on total fish consumption was reported from marked basket studies in 
1986, the average consumption per capita being 38 g d-1 in 1986 and 27 g d-1 in 1997. Some of the difference is 
due to methods, but may indicate some decline in fish consumption (confidence limits and variation or test 
statistics were not provided). The 1997 figure is lower than the consumption (in the whole population) in the 
2002 food recall study cited above, both for women and especially men. The only specification in the 1997 study 
was that between consumption of fresh and frozen fish (22 g d-1), processed fish dishes (4.5 g d-1) and 
crustaceans (0.6 g d-1 ).    

 
Fish consumption estimates have also been produced on the basis of catch and marketing data. The fish 
consumption statistics of the Finnish Wildlife and Fisheries Research Institute give amounts of fish available for 
human consumption, taking into account foreign trade and use for fodder. According to these statistics, next to 
cultured rainbow trout, herring consumption is greatest among Finnish fish (i.e. fish caught and landed in 
Finland), all of this herring coming from the Baltic. Of the other major fish species in human consumption 
specified (pike, perch, whitefish, vendace), it may be estimated that the share of fish originating from the Baltic 
is the same as the proportion of sea catch to total catch; thus the estimated consumption from the Baltic (in 2001) 
was herring 1.1, perch 0.53, whitefish 0.49 and pike 0.45 kg a-1 per person (fillet weight). In addition, cod, 
salmon, pikeperch, bream, flounder and roach are caught from the Baltic in Finland. Estimates for the market-
based consumption of these species are not available. For salmon it may be assumed that the entire Finnish 
professional catch of 440 t a-1 (2001) from the Baltic is used for human consumption in Finland (cf. Table 7A1).  

 
Regional variation: Herring fillets were listed among the 10 most popular fish dishes only in the Helsinki area 
(ranked 9th), while the other most popular fish dishes in the region did not include wild Baltic fish. Salted salmon 
(including Baltic and imported cleaner salmon) was ranked 3rd in SW Finland, and fish casserole often based on 
herring was 6th. In the Oulu area on BB coast, salted salmon was ranked 1st and marinated trout or salmon 3rd; 
both of these include Baltic and non-Baltic fish. In inner parts of the country no dishes containing Baltic fish 
were in the top 10. The most popular fish dish overall was clean fodder-fed rainbow trout in various forms, 
consumed in all parts of the country. Thus, consumption of Baltic Sea fish with high dioxin levels is 
concentrated on the coastal areas. The average consumption in these regions was highest in SW Finland where 
the consumption among old men was high, and in the Helsinki area where also young men and women ate much 
fish, while these groups consumed little fish especially in the Oulu area (BB).  
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Table 7A1. Finnish fish catches, imports and exports. Figures have been rounded to one signififying digit.  
 

Catch or production  
t a-1  (2001) 

Fish for human consumption g person-
1 a-1  (2002) 

Species/product, specifications  

Pro, Baltic 
Sea 

Pro,  
inland 

Recr,  
Baltic 
Sea 

Import 
t a-1 

(2001) 

Export 
t a-1 

(2001) Whole 
population 
(live w) 
 

Whole 
popul 
(fillet w) 

Fish 
consumer
s  
(fillet w) 

Baltic herring, BS, fillet, skinned         
Baltic herring, unspecified fillet 20 industr        
Baltic herring, BS, smoked whole 1 industr        
Baltic herring, BS, smoked skinned         
Baltic herring, canned         
Baltic herring, all human consum 30 000  1000   8 3  
Baltic herring, all incl. industrial 80 000    9 300 (RU,)    
Atlantic herring, smoked         <  
Atlantic herring, canned       2  
Sprat 20 000    3 600 (RU,)    
Salmon, AS, fillet         
Salmon, AS, whole         
Salmon, GF         
Salmon, BP-S         
Salmon, all Baltic 400 10 200      
Salmon, Atlantic/Pacific    9000   5  
Sea trout, Baltic 90 10 300      
Rainbow trout, cultured 10 000  60   8 4  
Rainbow trout, fugitive 70        
Whitefish, Finnish 900 400 900   2 1  
Whitefish, roe         
Whitefish, Atlantic    900  3 2  
Vendace 100 3000 90   2 2  
Vendace, roe         
Pike 200 100 2000   4 2  
Perch 800 300 3000   5 2  
Pikeperch 400 80 600      
Smelt 500 300 70      
Bream 200 100 800      
Ide 30  300      
Roach 200 1000 1000      
Burbot 100 40 200      
Flounder 100  400      
Eel         
Cod 2000        
Cod, liver         
Cod, roe         
Saithe, frozen fillet    4000   2  
Saithe/Arctic fish, prepared    3000     
Ocean fish, breaded    900     
Tuna/sardine, canned    7000   4  
Shrimps    3000   1  
Other crustaceans and mollusks    700     
Fish ball/casserole (not just fish)       6 200 
Fish soup, prepared (not just fish)       10 200 
All fish/products, women       30 90 
All fish/products, men       50 100 
All fish/products, both sexes       40 100 
Sources: Finn Game Fisheries Res Inst fisheries and fish cinsumption statistics 2002; Mannisto et al. (eds.) The National FINDIET 2002 study by National Public 
Health Institute; Hallikainen et al. (2004) 
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2. Sweden  
 
General diet studies 
 
  The Riksmaten 1997-98 study is the key source of information on Swedish diets (cf. text in section 3.4).   
 
  … 
 

Food intakes by Swedes have also been measured in a market basket study (unpublished, ref. SCOOP 2000). 
 
Specific studies of fish consumption in relation to contaminant exposure 
 

Svensson et al. (1991a) interviewed 250 randomly selected subjects from a cohort of 2896 fishermen from the 
Swedish East coast and 8477 fishermen from the West coast along with 250 referents from the general 
population. The data showed that fishermen ate almost twice as much fish as the referents. The blood levels of 
mercury were twice as high, and the plasma selenium levels were 10-15 % higher in the fishermen than in the 
referents. There was however no difference between fishermen from East or West coast with respect to these 
variables. Fishermen from the east coast ate more fatty fish than fishermen from the west coast. 

 
3. Germany 
 
Fish consumption 
 

Human dietary fish consumption data for Germany are available (SCOOP 2000, supplement and references 
therein), but data fish specifically from the Baltic have not been found. For comparative purposes, total fish 
consumption statistics are given (Table 7A2).  

 
 
Table 7A2. Consumption of fish and seafood (in g d-1) by young age classes in West Germany (Adolf et al. 1994, ref. 
AUH 1995; means and in parentheses medians and 95th percentiles. Figures have been rounded to one signififying digit.  

  
Gender Age class, a Fish consumption  Smoked fat fish and  conserves Other fish products Crustaceans and mussels
Female 4-6 6 (0-30) 0.3 (0-4) 1 (0-4) 0.2  
 7-9 7 (0-30) 0.5 (0-6) 1 (0-7) 0.0 
 10-12 7 (0-30) 0.6 (0-3) 2 (0-10) 0.2 
 13-14 7 (0-40) 0.4 (0-6) 1-0 (0-3) 0.1 
 15-18 8 (0-40) 0.8 (0-4) 2 (0-9) 0.2 
Male 4-6 7 (0-30) 0.2 (0-1) 0.8 (0-0.8) 0.1  
 7-9 6 (0-30) 0.4 (0-6) 1 (0-6) 0.1 
 10-12 8 (0-40) 0.8 (0-3) 1 (0-6) 0.1 
 13-14 9 (0-40) 0.6 (0-7) 1 (0-8) 0.2 (0-3) 
 15-18 9 (0-50) 1 (0-7) 2 (0-20) 0.3 (0-0.4) 
Source: Adolf T, Eberhardt W, Hartmann S, Herwig A, Heseker H, Matiaske B, Moch KJ, Rosenbauer J. Ergebnisse der Nationalen Verzehrsstudie (1985-1988) über 
die Lebensmittel- und Nahrstoffaufnahme in der Bundesrepublik Deutschland. Wissenchcaftlicher Fachverlag Dr. Fleck, Niederkleen 1994. (Ref. AUH 1995. 
Standards zur Expositionsabschatzung. Bericht des Ausschlusses für Umwelthygiene. Arbeitsgemeinschaft der leitenden Medizinalbeamtinnen und -beamten der 
Länder. Hrsg. Behörde für Arbeit, Gesundheit und Soziales, Hamburg.)   
 
4. Reference data from other countries 
 
  Fish consumption by small children has been studied intensively in US (Table 7A3). 
 
 
Table 7A3. Distributions of per capita intake of fish (in g kg-1 d-1) by children and juveniles of various age classes in the 
United States (USEPA 2002, based on USEPA 2000). Figures have been rounded to one signififying digit.  
 
Age class, 
a 

Percent 
consuming 

Mean Standard 
error 

25th 
percentile 

Median 90th 
percentile 

95th 
percentile 

Max 

0-1 20 0.1 0.05 0 0 0.3 0.5 5 
1-2 60 0.4 0.04 0 0.08 0.8 2 10 
3-5 60 0.3 0.03 0 0.07 0.7 2 10 
6-11 60 0.3 0.03 0 0.06 0.5 1 7 
12-19 60 0.2 0.02 0 0.06 0.4 1 5 
Sources: Child-specific exposure factors handbook. USEPA ORD NCEA, Washington, D.C. 2002. EPA-P-00-002B, Sep 2002. Interim report. (Ref. USEPA 1996. 
Daily average per capita fish consumption estimates based on the combined USDA 1989, 1990 and 1991 continuing survey of food intake by individuals (CSFII) 
1989-91 data, vol. I and II. Preliminary draft report, Office of Water, Washington, D.C.)   
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B. Compilation of data for dioxins and related PCBs in fish food products especially from the Baltic Sea  
 
Table 7B1. Selected occurrence data on dioxins, furans and dioxin-like PCBs in food – UPDATE 24-11-20041 (from 
CEC, based on Member State reports). The figures have been rounded to one signifying digit. Values >10 have been 
shown in bold. Note the high levels in some eggs and livers, in fish oil before the passing of EU regulations and in fatty 
Baltic fish, particularly processed Baltic herring, and the 3- to 4-fold difference between Baltic and other comparable 
fish (particularly herring).  
 
Food     n   PCDD/F-TEQs      PCB-TEQs       Total TEQs 
       mean  median 90 % 95  % mean  median  90th % 95th %  mean median 90th % 95th % 99th % 
 
Meat/ruminants  (70)  0.5   0.4  0.8   1  0.6   0.5   1  1    1   0.9   2   2   3 
meat/poultry   (36)  0.5   0.4   0.8   1   0.6  0.3   0.9   2    1  0.6   2   3  6 
meat/pigs    (34)  0.2   0.1  0.3  0.4  0.2  0.1  0.3   0.4    0.4   0.3   0.7   0.8   0.9 
Animal fat    (14)  0.3   0.2   0.6   0.7   0.2   0.2   0.3   0.4    0.4   0.4   0.9   1  1 
Liver/terr animals  (16)  3   1   7  9   0.8   0.5   2   3   4   2  8  10  10 
Milk     (190)  0.7   0.6   1  2  1  1   2  3   2  2  3  5  9 
Eggs2     (272)  0.8   0.5   2  3  0.8   0.3   2  3   2  0.8   4  6  10 
- cage     (102)  0.5   0.4   0.7   0.8  0.4   0.3   0.7   1   0.9  0.7   1  2  4 
- free range/barn etc (170)  1  0.6  3  3  1  0.3  2  4   2  0.9   6  8  10 
Vegetable oil   (17)  0.2  0.2   0.3  0.3  0.2  0.2  0.3  0.6   0.4  0.4  0.5   0.8   1 
Fish oil 2000-1 (<EC) (50)  3  1  6  8  10  8  20  30   10  9   30  30  40 
Fish oil 2002-3 (>EC) (55)  0.6   0.5  1  2  2  2  6  7   3  2  6  9  10 
Baby food (animal)  (87)  0.2  0.2  0.3  0.5  0.2  0.1   0.6   0.7    0.4  0.3  0.9  1  2 
Baby food (veg/fish)* (19)  0.008  0.004  0.02  0.03  0.01 0.003  0.04 0.08  0.02 0.008  0.05 0.1  0.1 
Infant formulae   (95)  0.1  0.1  0.2  0.2  0.1   0.1  0.1  0.1   0.3   0.3  0.3  0.3  0.4 
Fruits/veget/cereals*  (50)  0.04  0.03  0.1  0.1  0.02  0.02  0.03  0.03   0.06  0.05  0.2  0.2  0.2 
Fish total/wild+farm (426)  0.6  0.3  1  2  1  0.9   3  4   2  1  4  5   10 
- wild     (215)  0.6  0.2   2  2  1  0.5  3  6   2  0.7  5  7  20 
- farmed    (211)  0.5  0.4  0.9   1  1  1  3  4   2  1  4  5  6 
- herring    (53)  1  1  2  3  2  2  3  4   3  3  5  6  9 
- non-herring fish  (373)  0.4  0.3  0.9  1  1  0.8  3  4   2   1  4  5  10 
*mackerel    (5)   0.2  0.2  0.3  0.4  0.8  0.6  1  1   1  1  1  1  1 
*eel     (12)  1  1  3  4  5  4  7  8    6  5  9  10   10 
Baltic fish    (340)  5  3  10  20  3  2  8  10   9  5  20  30   30 
- Baltic herring   (173)  8  5  20  20  4  3  8  10   10  8  30  30  40 
- processed herring  (14)  10  10  20  20  5  5  8  9   20  20  20  30  30 
- pike-perch    (39)  1  0.7  2  4  1  0.9  3  3   2  2  5  7  10 
- salmon    (22)  7  6  10  20  9  8   10  20   20  10  30  30  30 
- other fish5    (89)  2  1  4  4  2  2  4  6   4  3  8  9  10 
 
Average, median, 90th percentile and 95th percentile (ng WHO-TEQ/kg fat except fish, fruits, vegetables ad cereals and baby food based on grain 
vegetables and fish reported on fresh weight – *-) for different food types sampled between 1997 and 2003 (upperbound concentrations) 
 
1 Based on data contained in the report “Dioxins and PCBs in Food and Feed: Data available to DG SANCO – Joint Report DG SANCO / DG-JRC-
IRMM” and data submitted after 31 January 2004 by the EU-Member States (only data from 1998/1999 onwards have been taken into account). 
2 Data sheets from France mentioned “eggs” moved to the category of “free range” 
5 Burbot, sprat, bream, white fish, roach, vendace, flounder, smelt, sprat, eel, brown trout, whitefish, cod. The three samples of River lamprey are 
not included (high levels) 
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Table 7B2. Occurrence data for dioxins and related PCBs in fish food products as reported by the participating countries 
(SCOOP 2000) (Cf. Table 6B1 and 3.4). Data have been rounded to one signifying digit. Baltic Sea samples are in bold. 
 
                   No. samples  Fat    TEQ pg/g ww   <LOD=  PCBs 
ID  Species/food, part Country rep/sel Origin    Description   Year  coll. pool anal   %  basis  PCDD/F PCB  x * LOD 
        
114  fish oil    NL   rep   var countries   raw (food ind)   1990  10  1  10   100  fat   3   4   1   nor 
115  fish oil    NL   rep   var countries   refined (food ind)  1990  7  1  7   100  fat   1   1   1   nor 
12 burbot liver   SV   rep   BB        1989  15  5  3   50  whole  90   10   1   nor 
13  burbot muscle SV   rep   BB         1989  15  5  3   0.7  whole  0.9   0.3   1   nor 
473 cod     DE   rep   retail        1987  1  1  1    fat   40     0.5   - 
261  cod     UK   rep   UK landed fish market     1995  30  1  30   0.5  fat   7   10   1   all 
474 cod     DE   rep   Norway, North Sea     1997  195  15  13    whole  0.05    0  - 
35  cod liver    NO   rep   N Norway open sea     1994  75  25  3   60  whole  5   60   1   all 
232  cod liver   DK   rep   Baltic, Bornholm      1987  6  1  6   70  fat   40     0  - 
200  cod liver oil   UK   rep   England retail   bottled    1996  5  1  5   100  fat   4   20   1   all 
32  cod liver oil   NO   rep   production site  processed  1994  15  5  3   100 whole  0.5   3   1   all 
33  cod muscle   NO   rep   Norway open sea      1989  50  25  2   0.3  whole  0.1     1   - 
34  cod roe    NO   rep   N Norway open sea     1994  25  25  1   3  whole  0.2   3   1   nor 
511  crab hepatopancr NO   rep   S & W coast  background areas  1996  165  15  11   10 whole  10   8   1   nor 
17  eel     SV   sel   Baltic Sea       1992  5  1  5   20  whole  10    1   nor 
203  eel     UK   rep   whole UK commercial fisheries   1996  10  1  10   20  whole  2   8   1   all 
476  eel     DE   rep   Lower Saxony      1997  5  1  5    whole  2     0.5  - 
118  fatty sea fish   NL   rep   nation-wide mixed (DNFCS)    1990  8  4  2   20  fat  7   10  1   nor 
231  herring    DK   rep   Baltic, Bornholm      1987  7  1  7   20  fat   60     0  - 
6  herring    FI   rep   Baltic Sea       1991  1200 12  100   4  whole  8   8   0  nor 
37  herring    NO   rep   Norway open sea      1993  100  25  4   20  whole  0.9   3   1   all 
266  herring    UK   rep   UK landed fish market     1995  10  1  10   10  fat   20   60  1   all 
483 herring    DE   rep   Atlantic, N Sea, BS retail    1997  825  15  55    whole  0.8     0  - 
329 herring muscle SV   rep   BB mixed       1998  20  20  1   5  whole  2   1   1   all 
330  herring muscle SV   rep   Sw W coast mixed      1998  14  14  1   10  whole  0.7   1   1   all 
328  herring muscle  SV   rep   natl market basket      1999  6  6  1   6  whole  4   1   1   nor 
2  herring, muscle  SV   rep   BS         1988  120  20  6   8  whole  8   9   1   nor 
3  herring, muscle  SV   rep   Sw W Coast       1989  30  15  2   20  whole  2   3   1   nor 
11  herring, muscle  SV   rep   BS/BB        1990  170  17  10   9  whole  10   10   1   nor 
326  mixed fish   SV   rep   natl market basket      1999  8  4  2   6  whole  0.4   0.6   1   all 
332  pike muscle   SV   rep   natl market basket      1999  8  8  1   0.4  whole  0.9   0.7   1   all 
36  plaice    NO   rep   N Norway    open sea  1994  25  25  1   0.6  whole  0.2   3   1   all 
263  plaice    UK   rep   UK landed fish market     1995  13  1  13   1  fat   20  40  1   all 
485  plaice    DE   rep   North Sea       1997 45 15  3    whole  0.3     0  - 
15  plaice, muscle  SV   sel   Sw W Coast       1989  45  15  3   0.8  whole  0.4   0.4   1   nor 
325  rainbow trout   SV   rep   nat mixed    farmed  1998  5  5  1   3  whole  0.8   1   1   all 
20  salmon    SV   sel   BS mixed       1992  10  1  10   20  whole  20     1   nor 
31  salmon, farmed  NO   rep   N Norway fish farms     1994  75  25  3   20  whole  1   4  1   all 
268  salmon    UK   rep   UK landed fish market     1995  12  1  12   10  fat   6   20   1   all 
22  salmon    SV   rep   BS mixed       1996  57  19  3   6  whole  7   9   1   all 
331  salmon, farmed  SV   rep   Norway market basket     1999  8  8  1   10  whole  1   1  1   all 
488  salmon, farmed  DE   rep   Norway, retail       1997  135  15  9    whole  0.4     0   - 
498  (brook) trout   DE   rep   Lower Saxony      1997  9  1  9    whole  0.6     0.5   - 
500  trout    DE   rep   retail        1997  5  1  5    whole  0.3     0  - 
5  trout (rainbow)  FI   rep   unknown hatching station    1993  5  5  1   9  whole  2   0.5   0  nor 
260  trout (rainbow)  FI   rep   S Finland       1999  40  5  8   8  whole  0.7   1   1   all 
14  whitefish, muscle  SV   rep   BS/BB       1989  42  14  3   4  whole  7   5   1   nor 
16  whitefish, muscle  SV   sel   BS         1992  6  2  3   3  whole  3     1   nor 
 
 

 
 
Fig. 7B1. Left: TEQDFP and TEQDF levels in Baltic fatty fish and in Swedish breast milk in relation to EU limit values 
for TEQDF in food; Right: fresh weight and lipid weight based TEQs of these same food items (Lindstrom et al. 2002).   
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C. Dioxin intake estimates 
 
Table 7C1. Dietary intake of dioxins and PCBs in adult or total population in Baltic Sea countries as compiled to the 
SCOOP (2000) report and other sources. Data have been rounded to one signifying digit. 
 
Country  Survey     Period  Sex/Age  Region   Occurrence  Mean intake (pg TEQ/d) per kg bw     Treatment 
               data   D/Fs  CBs  total  D/Fs  CBs   total of nondetects 
 
FI   Finnrisk     1992  M&F 25-64  4 major reg  1991   100  na           nd=0 
FI   Finsurvey    1997  M&F 25-64  5 major reg  1991-9   60   50   100  1   0.9   2   nd=LOD 
FI  Market basketa  1997    5 major reg 1997  60  60  120  0.8  0.8  1.6  nd=0, LOQ 
SE   Riksmaten 1997-98 1997-8  M&F 18-74  all Sweden  1998-9   80   60   100  1   0.9   2   nd=LOD 
SE   Market Basket   1999        1999  80   60   100  1   0.8   2   nd=LOD   
DK  Danish dietary habits 1985  M&F 15-80  all Denmark  1987   300  na           nd=0 
DE  Report of Nutrition  1985-9  M&F adults  all Germany  1986-9   200  na   2         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F adults  all Germany  1987-90  100  na   2         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F adults  all Germany  1987-90  100  na   2         nd=0.5LOD 
DE   Report of Nutrition 1985-9  M&F adults  all Germany  1986-91  100  na   2         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F 25-50  all Germany  1991-5   100  na   1         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F adults all Germany  1993-6   60   na   0.9         nd=0.5LOD 
DE   Duplicate diet study  1994  M&F adults  Saxony-Anh  1994   60   na   0.9         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F adults  all Germany  1995   70   na   1         nd=0.5LOD 
DE   Report of Nutrition  1985-9  M&F adults  all Germany  1995-8   40   na   0.5         nd=LOD 
DE   Report of Nutrition  1985-9  M&F 25-50  all Germany  1996-8   50   na   0.7         nd=0.5LOD 
NO   NORKOST 1997  1997  M&F 16-79  all Norway     30   100  100        nd=LOD 
… 
References: aKiviranta & al. 2004; … 
 
 

For Sweden, estimates of WHO-TEQ intakes from fish and total diet have been produced for the general (adult) 
population also stratified by gender and age (Table 7C2): 

 
 
Table 7C2. Summary of statistics for estimated intakes of PCDD/Fs and PCBs from various categories of fish and total 
diet (pg WHO-TEQ d-1) among all and young (<20 a) Swedish females and males, and the contributions of fatty Baltic 
Sea fish and all fish to total intakes (based on Lind et al. 2002a). Data have been rounded to one signifying digit.   

 
Average, SW Median, SW 95th percentile, SW Dietary category  

F F<20 M M<20 F F<20 M M<20 F F<20 M M<20 
Fatty Baltic Sea fish 30  30  10  20  100  100  
Other fatty fish 20  20  8  8  50  60  
Other fish 7  7  6  5  30  30  
All fish, aggr. (indiv. data) 50 30 60 (40) 40 30 (50) 20 30 (40) 30 100  200  
Total diet 90 60 100 90 70 50 80 70 200  200  
% fatty BS fish of all fish 60  60  40  50  90  70  
% fatty BS fish of diet 30  30  20  20  70  60  
% fish of diet 60 50 50 90 40 40 40 40 80  80  

 
 
 
Falandysz et al. (1994) estimated intakes of 5 pg TEQ d-1 by children and 40 pg TEQ d-1 by adults due to PCBs 
118, 105 and 126 from cod liver oil, and Falandysz et al. (2002) 80-100 pg TEQP per capita or 1-2 pg TEQP kg-1 
from fishmeal of Gulf of Gdansk in the 1990s. 
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D. Human body burdens 
 
1  PCDD/Fs and DL-PCBs 
1.1  Human milk 
1.1.1 Sweden 
 

Norén and Meironyte (2000) reviewed empirical studies of PCBs, PCNs, PCDD/Fs, PBDEs, MeS2–PCBs and 
pesticides in human milk in the Stockholm area (on Baltic Sea coast) since 1967 until 1997, noting that a 
decrease to half the original level was attained in the range of 4-17 a periods. Contrary to the organochlorides, 
the levels of PBDEs have increased from 1972 to 1997, indicating a doubling in ca. 5 a. Lunden and Norén 
(1998) reviewed the data on PCNs and PCBs from 1972 to 1992, noting 2- to 5-fold decreases for 1-o-CBs.   
 
Glynn et al. (2001) studied associations between levels of PCB and PCDD/DFs (expressed as TEQs) in breast 
milk from 27 women (primiparas, 22-35 a) who donated breast milk in 1996-99 together with 183 other 
primiparas from Uppsala, Sweden. Both dioxin-like and non-dioxinlike Pe- to Hp-chlorinated PCBs could be 
used as markers of TEQs in this group. The strong positive association between DL-PCB/PCDD/Fs and non-
dioxin-like PCBs makes it difficult to separate AhR-dependent effects from non-AhR dependent effects. With 
the use of regression equations and concentrations in breast milk samples collected in 1994, TEQs were 
estimated in the 1994 samples. Comparisons between estimated and measured concentrations indicated that 
associations between concentrations of marker substances and TEQs should be determined separately within 
each study population, in order to obtain reliable TEQ exposure assessments from PCB markers. It was also 
shown that Pe- to HpCBs could be used as markers of TEQs  in mother's milk in primipara women. Analyzing 
time trends for 1995-2001 of DL-PCBs, PCDD/Fs and PCB 153 and PCB 180 in human milk from Uppsala, 
Glynn et al. (2003) reported that levels of indicator PCBs and 1-o-PCBs had decreased significantly, those of 
PCB-TEQs and also WHO-TEQs had not (cf. Table   ).  

 
1.1.2 Finland 
 

Kiviranta et al. (1999) reported from randomly sampled human milk samples from Southern (20) and Eastern 
(64) Finland that the levels of PCDD/Fs and PCBs in Southern Finland were considerably higher, being the same 
as in Central Europe while the level in Eastern Finland was similar to levels in Norway and eastern Europe. The 
levels of PCDD/Fs and PCBs showed a significant decrease from 1987 to 1994, being 36 and 49 %, respectively, 
in primiparae mothers' milk and slightly greater in Eastern than in Southern Finland. 

 
Vartiainen et al. (1997) found in 167 randomly sampled human milk samples a level of PCDD/Fs and PCBs ca. 
25% higher in Southern than in Eastern Finland. The level of PCDD/Fs in Finland as a whole was the same as in 
Sweden, 30-50% lower than in Central Europe but about 45% higher than in Norway or Russia. The PCB 
concentrations in Southern Finland were at the same level as in the Netherlands, and in Eastern Finland at the 
same level as in Norway. The levels of PCDD/Fs and PCBs decreased with increasing number of children: the 
third child was exposed to about 70% of the amount of PCDD/Fs and PCBs as compared with the first child, and 
the eighth to tenth child to about 20%.  

 
Hagmar et al. (1998) found CB-153 concentrations in women's blood in SW Finnish archipelago to be lower 
than those reported in other recent investigations, presenting the explanation  that the decline during the last 
decades of PCBs in Baltic Sea fish has resulted in less impact of fish intake on the body burdens of PCB in 
relatively young women (median 30 a) as compared with older females. 

 
1.1.3 Other Baltic Sea countries 
 

Becher et al. (1996) found that the total TEQs, including DL-PCBs, ranged 45-49 pg TEQ g-1 lw in Lithuania, 
being slightly higher than in Norway. Dioxin-like PCBs, mainly PCBs 126, 156, 114, 118 and 170, contributed 
2-3 times more to the total TEQs than PCDD/s. PCDD/F-TEQ  levels had decreased by ca. 37% since 1985/86, 
while the levels of total PCBs has remained unchanged or only slightly decreased. 

 
Clench-Aas et al. (1992) found a mean N-TEQ in mother's milk of 15-18 pg g-1 lw in Norway and Denmark and 
20-24 pg g-1 lw in Sweden. The highest values of PCDD congeners were observed in industrialized areas of 
Sweden and of PCDF congeners near a magnesium factory in Norway.  

 
PCB-TEQ levels of 2.1-2.4 pg g-1 (probably ww) have been reported from Poland and PCDD/F-TEQ of 0.45 pg 
g-1 (probably ww) from Lithuania (ELICC 2003, 2004). 
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1.2  Serum 
1.2.1 Sweden 
 

Svensson et al. (1991) reported that TCDD levels were 3-fold higher in high fish consuming Swedish men 
(fishermen) than those in moderate fish consumers and 5-fold higher than non-consumers, while there was no 
difference between the cohorts with respect to Hg. There were consistent and statistically significant associations 
between the reported amount of fish eaten and the plasma levels of several of the PCDD/Fs. Svensson et al. 
(1995) later reported in a subcohort that fishermen from the East coast had higher blood levels of PCBs and 
PCDD/Fs than both the westcoast fishermen and the referents.  
 
Rylander et al. (1997) found mean levels of PCB153 of 960 (80-4300) pg g-1 ww (160, 20-780 ng g-1 lw) in 
plasma from 192 fishermen's wives from Swedish East coast. The level was significantly influenced by age, total 
lactation time and place of living during childhood and adolescence (fishing village vs. other place) that probably 
reflected early life consumption of contaminated fish from the Baltic. 
 
Asplund et al. (1994) concluded from investigations of serum PCBs that fish from the Baltic Sea was a major 
source of exposure to these compounds in Swedes. Comparing with PCDD/F levels determined earlier in 29 of 
the subjects, the PCB contribution to N-TEQs among high fish consumers was almost 80%. 
 
Glynn et al. (2000) specifically studied levels of 1-o-PCBs and their WHO-TEQP levels in serum of 1200 
Swedish men of mean age 68, drawn from 790 men aged 40-75 a randomly sampled in Uppsala, an inland town 
but located near the Baltic coast, and a subsequent subpopulation that participated in a dietary assessment. The 
mean WHO-TEQP level was 16 ppt lw (5-30, SD 5.7), coming mainly from CB 156 that was also found to 
correlate significantly (p<0.001) with 1-o TEQs, suggesting its use as an indicator of this group of PCBs in 
serum of men. Glynn et al. (2000) concluded that in this population PCB 156 could be used as a marker for the 
1-o-PCB TEQs in serum; the non-dioxinlike PCB153 was a marker of all PCBs, as in mother's milk.  
 
Guvenius et al (2003) analyzed PCBs, OH-CBs, PCP and PBDEs in maternal and cord blood plasma and in 
breast milk in Swedes, reporting ΣPCBs levels of 1,560, 277, and 4,310 pg g-1 ww, respectively; on lipid basis 
the levels were comparable in maternal blood plasma and breast milk. The OH-PCBs constituted up to 26% of 
the total PCB levels in maternal blood plasma and 53% in cord blood plasma, with levels of 120 and 88 pg g-1 
ww, respectively, and in breast milk 3 pg g-1; the ratios of ΣPCBs to OH-PCBs were 13, 3, and 1,400 in 
maternal, cord plasma, and breast milk, respectively. It was noted that prenatal exposures continue after birth via 
breast milk, although levels of OH-PCBs in breast milk are low compared with levels in blood plasma. It was 
concluded that exposures to both PCBs and PBDEs as well as to the endocrine-modulating phenolic compounds 
are of concern and implicate a potential risk for developmental disturbances. 
 
The temporal development of body burdens were further studied with the aid of the indicator congener PCB 153 
in relation to human body index, i.e. body fat (Fig. 7D1). It could be seen that some of the decline of PCB levels 
could be due to altered body fat stores.  

 
 

 
 
Fig. 7D1. Relative change of PCB 153 and body mass index between 1991 and 2001 in 39 Swedish males (r=-0.39, 
p=0.01) (from Wallin et al. 2003). 
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1.2.2 Finland 
 
Kiviranta et al. (2003) measured plasma PCDD/Fs and PCBs in fishermen from the Finnish Baltic Sea area and 
inland lake area. The levels clearly correlated with the frequency of fish meals and consumption of Baltic fatty 
fish. The PCDD/Fs reached the median of 170 (max. 420) pg g-1 lw TEQ for Baltic Sea fishermen. TCDD levels 
(4.9-110 pg/g lw) reached levels in Seveso in 1976. The median WHO-TEQDFP of Baltic Sea fishermen was 290 
(max. 880) pg/g lw. There was a noted individual variation in fishermen's congener patterns that could be 
associated with those in the fish species that the fisherman reported they had consumed. Linear regression 
models for ln WHO-TEQDF, ln WHO-TEQP, and ln WHO-TEQDFP explained 48%, 60%, and 53% of the 
variability, respectively. Age was the only significant predictor of ln WHO-TEQDF, whereas age, amount of fish 
eaten, and place of residence were significant predictors of ln WHO-TEQP, and ln WHO-TEQDFP. 
 
Alaluusua et al. (2002) found that the levels in mothers to infants with neonatal teeth (ca. 19 pg WHO-TEQ g-1 
lw) were comparable with the general population in Finland at that time.    

    
Of non-dioxinlike PCBs that correlate with PCDD/Fs, Rylander et al. (1997) found in 192 fishermen's wives 
from the Swedish east coast a mean CB153 level of 960 (80-4300) pg/g ww and 160 (20-780) ng/g lw. The 
plasma CB 153 level was significantly influenced by age, total lactation time and place of living during 
childhood and adolescence (fishing village vs. other place). 

 
1.3  Adipose fat 
 

Vartiainen et al. (1995) reported PCDD/F and PCB levels in adipose fat of 7 persons aged 44-82 from Southern 
Finland living near a sawmill and using water contaminated by chlorophenols for 20 years, and 7 matched 
controls from Middle Finland. There was only a minor difference in both PCDD/F and PCB levels which seemed 
to reflect the general difference in background levels between the locations, not chlorophenol-related PCDD/Fs. 
The levels in the persons from Southern Finland presumed to have consumed higher amounts of Baltic herring 
than the controls  displayed means of 110 and ranges of 89-180 ppt (pg g-1) lw WHO-TEQ, ca. 50 % from 
PCDD/Fs and 50 % from PCBs; 4-PeCDF, PeCDD, CB 126, CB153, CB138 and CB180 contributed most to the 
total WHO-TEQ values (Vartiainen et al. 1995). However, these TEQs for PCBs were based on earlier TEFs; 
recalculated to WHO-TEQP the levels were … Koistinen et al. (1995) measured comparable I-TEQs of 65-84 ppt 
lw (from PCDD/Fs only) in the adipose of 3 deceased persons aged ca. 40 who had lived in the Helsinki area; 
also in these samples, 4-PeCDF and PeCDD were the PCDD/F congeners contributing most to TEQs.   
 
Wingfors et al. (2000) reported mean levels of 29 (max. 81) ppt WHO-TEQDF lw and 18 (max. 52) ppb WHO-
TEQP in tissue fat of 26 Swedes from inland Orebro area of mean age 68 a, who had no known particular 
occupational exposure to these compounds; the exact tissue was not reported however (for the reference country, 
Spian, they included blood and adipose but these were pooled in the analysis). Also here 4-PeCDF, PeCDD and 
CB 126 contributed most to TEQs. These TEQ levels are only ca. half of those measured in Finland 5 a earlier, 
which may be due partly to differences between countries (cf. serum and mother's milk data), partly to declining 
trends, and also to differences between the populations studied and sampling and measurement methods. 

 
Falandysz et al. (1994a) measured PCBs in human adipose from Gdansk and the inland town Skierniewice. 
TEQs of 13 detectable DL-PCBs in Gdansk and Skierniewice inhabitants were 210 and 190 pg g-1 lw, 
respectively, including 45 and 59 of 0-o, 142 and 110 of 1-o and 24 and 16 pg g-1 lw of 2-o CBs. These levels 
were ca. 10-fold higher than the Finnish and Swedish data on DL-PCBs cited above, and indicate a much higher 
contamination by DL-PCBs in Poland. There was no marked difference in TEQ levels between the coastal and 
inland populations, suggesting that other sources than Baltic fish were mainly responsible. A fingerprint of PCB 
composition in the samples was virtually the same for human adipose tissue taken in 1990 from Gdansk and in 
1979 from Skierniewice, in spite of geographic variations and sampling intervals. The authors additionally 
reported elevated total PCB levels in autopsy samples from persons who died in liver cancer. Falandysz et al. 
(1994b) also studied 0-o PCBs in adipose tissues of Poles, reporting levels of …  
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Table 7D2. Summarizing evaluation of the body burdens (in ng TEQ g-1 lw) of key DLCs and indicator PCBs in some 
human populations in Baltic Sea countries, with particular reference to recent data on intake of Baltic Sea fish. Data 
have been rounded to one signifying digit. (To be completed) 
 
Popu-
lation 

Age Tis-
sue 

lipid 
% 

WHO-
TEQDF 

WHO-
TEQP 

WHO-
TEQDFP 

TCDD 4-PeCDF PeCDD CB 126 CB156 CB118 CB153 

 serum            General, 
FI (urban) pri-

mip. 
milk  20  

(8-30) 
20  
(6-30) 

40  
(10-80) 

3  
(1-6) 

20  
(5-30) 

6  
(2-10) 

90  
(30-200) 

8  
(2-10) 

20  
(5-40) 

90  
(20-200) 

 serum     .003c (.001-
.004) 

   20a  
(8-50) 

40a  
(4-100) 

300a  
(20-600) 

General, 
SW 

pri-
mip. 

milk  9d  
(5-20) 

10d  
(5-20) 

20d 

(10-40) 
1d  
(0.3-2) 

7d  
(3-20) 

3d  
(1-5) 

50d  
(20-100) 

6d  
(2-10),  
10b  

20d  
(5-60), 
20b  

70d  
(30-200), 
100b  

 serum            Fatty fish 
eaters, FI  milk            

 serum     .008c (.002-
.01) 

      Fatty fish 
eaters, 
SW  milk            
No-fish 
eaters, 
SW 

 serum     0.002c 
(.001-.003) 

      

General, 
LA 

 milke    50        

References: aGlynn & al. 2000; bLunden & Noren 1998; cSvensson & al. 1991; dGlynn & al. 1998; eBecher & al. 1995; … 
 
 
2  Other dioxin-like compounds 
 

• PBDD/Fs: No data have been found of PBDD/F levels in human populations in the Baltic Sea countries 
• PCNs: PCNs are found also in human blood in Baltic Sea countries (Weistrand et al. 1995). These levels 

reflect the body burdens retained after metabolization that is notable for some PCNs (Ruzo et al. 1976, Oishi 
et Oishi 1983).  

• PBBs: PBBs have been measured in human serum in Swedish populations (Rosen et al. 1995) and in fish-
consuming cohorts elsewhere (Blanck et al. 2000, de Boer et al. 2000). However, little is known of 
particularly the dioxin-like PBB congeners in relation to human consumption of Baltic Sea fish. 

• PCB metabolites: Bergman et al. (1994) reported from a study of PCB metabolites in humans (in Sweden), 
seals and rats that only a few metabolites, dominated by 4-OH-2,3,3',4',5-PeCB and 4-OH-2,2'3,4',5,5',6-
HpCB, were found in the blood samples. The concentrations of OH-PCB were almost in the same range as 
the most persistent PCB congeners both for seals and humans. Hovander et al. (2002) later identified 38 
OH-PCB in male blood plasma. 

• PBDEs:  
- Norén and Meironyte (2000) published results from Swedish serum plasma monitoring showing that, in 

contrast to the declining levels of most other organochlorides including PCDD/Fs and PCBs, the levels 
of PBDEs had increased during 1972-97, indicating a doubling every 5 years. Sjodin et al. (2000) 
showed that for BDE47 no significant relationship between plasma levels and age was observed, fish 
consumption having the largest relative effect on plasma levels. It was conjectured that this may be 
because exposure to BDE47 has been more recent than that to PCBs and DDE or because the biological 
half-life of BDE47 may be shorter.  

- In Germany, PBDE levels in human plasma display a possibly rising trend during 1985–99 for the most 
abundant congener, BDE47, whereas no trend can be seen for BDE99, BDE100 and BDE153, the levels 
of which were lower in the latest than in the previous reviewed survey. Only a minor part of this 
population comes from the Baltic Sea area and consumes Baltic Sea fish (Kermani et al. 2000).  

- Koistinen et al. (1995) found PCDEs levels in Finnish human adipose tissue similar to those reported 
for human tissues from North America, ranging 2-8 ng g-1 lw for PCDEs 99, 147+153 (co-eluting) and 
206. Later data have been reported … 
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E. Toxicokinetics 
 
1  General and modeling considerations 

 
Most pharmacokinetic models are deterministic but some treat variation and stochasticity explicitly (Salvan et al. 
1999, Bortot et al. 2002). Some are mass balance models (Schrey et al. 1998, Rohde et al. 1999) while others are 
theory and mechanism based. Some of the latter have relied on standard assumptions of (pseudo-) first-order 
kinetics and a single (whole-body) compartment, finding no evidence for deviation from these assumptions and 
establishing a reasonable correspondence with measurements, within the limits of the model domain and purpose 
(Flesch-Janys et al. 1996). However, some models specify several compartments. Some models include non-
linear functions where dose dependency is accounted for (Carrier et al 1995a,b) which is highly importance 
given the dose-dependency of pharmacokinetics (Neubert 1997/98). 
  
Model complexity and detail do not necessarily correlate with model precision and accuracy (and relevance). For 
instance, the multi-compartment model of Maruyama (2002a,b) for Japanese body burdens displayed 
considerable variation between observed and simulated values, while the match was much better in the model of 
Carrier et al. (1995a,b), of intermediate complexity. For the purpose of interspecies dose conversions for risk 
assessment, also traditional one-compartment first-order kinetic models may suffice for some purposes (see SCF 
2001, based on data by Hurst et al. 2000a,b). However, model parameterization and input data, domain of 
application, and criteria for sufficiency with respect to other sources of uncertainty require attention. Carrier et 
al. (1995a,b) make a strong case for their robust, generally applicable and theoretically well-founded non-linear 
model that was validated for several mammalian species (rats, monkeys, humans).  
 
Most models address pharmacokinetics in rats and in humans (see text), but models have been devised also for 
other animals including birds (Drouillard et al. 2001) and fish, also within bioaccumulation modelling (Gobas et 
al. 1988, Jones et al. 2001, Fitzimmons et al. 2001).  

 
For PCBs, Alcock et al. (2000) devised a model of human lifetime exposure, taking into account changes in age, 
body composition and environmental levels, that successfully reconstructed the lifetime PCB 101 burden of the 
UK population for individuals born between 1920 and 1980. They found that the year in which an individual was 
born largely determined the shape and magnitude of exposure profile, as observed trends with age represent an 
historical legacy of exposure and are not simply a function of equal yearly cumulative inputs. This is true also of 
PCDD/Fs. Therefore, long-term body burdens need to be measured and estimated in particular. 

 
 
2. Absorption 
2.1 General  
 

Absorption of dioxins is governed primarily by the physical properties of lipophilicity and solubility (e.g. 
Birnbaum 1985). However, dioxins and DLCs are absorbed by organisms to variable degrees depending on 
congener, matrix, route of administration, species and state of organism, and dose (see Van den Berg et al. 1994 
and Geyer et al. 2002). In oral administration that represents in the majority of cases the bulk of total exposures, 
absorption of up to 90-95 % of TCDD/F congeners in food have been reported, whereas it has been low for 
higher chlorinated congeners of greater molecule size.  
 

2.1  Human studies 
 
PCDD/Fs in human milk are absorbed by infants up to 97–99 % on TEQ basis (Jodicke et al. 1992, Korner et al 
1993, Dahl et al. 1995), to lower degree for hepta- and octachlorinated congeners. Abraham et al. (1996) found 
that fecal excretion of the main T- to Hx-congeners was <9% of the intake at age of 1 and 5 mo, indicating 
almost complete intestinal absorption during breast-feeding.  
 
Moser and MacLachlan (2001) showed that the net absorption of PCDD/Fs, PCBs and HCBz in adults varied 
widely with the dietary intake; high intake resulted in near-100 % absorption, low intake in a net excretion 
several times greater than the intake.  
 
Absorption of PCDD/Fs and DL-PCBs specifically from fish has been studied relatively little. The influence of 
the physico-chemical properties of congeners on absorption is clearly seen e.g. with PCBs, exhibiting significant 
correlation between Kow and absorption (Fig. 7E1). Also molecular size may be involved.  
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Fig. 7E1. Dietary absorption of PCBs in humans as regressed on log Kow from data compiled by Fries and Vohees 
(2003).  

 
 

2.2  Supportive animal models 
 

In rats, Abrahams et al. (1989) reported that 7 d after application the rate of absorption was 90% of the 
administered dose or even higher for almost all of the PCDDs/PCDFs in the mixture. Brewster and Birnbaum 
(1987) found that >70% (of an oral dose of 0.1-1.0 µmol PeCDF/kg bw was absorbed by the gastrointestinal 
system, while OCDD has much lower absorption; it never exceeded 10% of the administered dose in rats studied 
by Birnbaum and Couture (1988) and Norback et al. (1975). 
 
The effect of dose can be seen e.g. in the data of Diliberto et al. (1990) and Kedderis et al. (1992) on TBDD in 
oral (sub-acute) exposure of rats, varying from  47 % at 250 µg kg-1 bw to 72 % at 0.5 µg kg-1 bw dosage. 
 
Absorption of PBDD/Fs is not well known (see review of Mennear and Lee 1994 for TBDD in rat).  
 
Absorption in wildlife species has been studied especially in fish and birds but usually only indirectly; often it is 
difficult to know whether patterns are caused by absorption or selective metabolism (see e.g. Falandysz et al. 
1996 for PCNs). Niini (1996) on the basis of studies of Lake Ontario food-chains concluded that dietary 
absorption was not an important variable in the retention of PCBs, but was for PCDD/Fs. 
 

  Thomas et al. (2003) reported close to 100 % absorption of PCB congeners in grey seals.  
 
Absorption (and adsorption) of dioxins in other organisms, including plankton, have been studied little although 
this could be important to eludidate food-chain fate (Wallberg and Andersson 1999).  
 
 

3. Disposition and tissue storage 
3.1  General 
 

Also the disposition of dioxins and DLCs in the body depends on species, congener and conditions. While most 
studies analyze specifically TCDD, some include several PCDD/Fs. The disposition of dioxins, mainly TCDD, 
has been studied most intensively in rats and to a considerable extent also in mice and monkeys. As 
pharmacokinetics in rats in relation to that in humans are a basis of human risk assessment and TDI definitions, 
they need to be discussed in some detail, mainly with regard to their implications and role in risk and uncertainty 
assessment. Models of CB 126 pharmacokinetics have been devised e.g. for mouse (Lee et al. 2002). 

 
Dioxins are distributed in mammals mainly between liver and adipose (fat) tissue. Blood contains little of the 
total body pool but is essential in the inter-tissue distribution (see e.g. the review by Birnbaum 1988 and ICPS 
1998 and the data utilized and discussed by Carrier et al. 1995a). In addition, some disposition takes place to 
other tissues, including skin, muscles, nervous tissue and glands, notably thymus and adrenals.  
 
During reproductive cycle considerable amounts of body dioxins circulate to placenta and fetus, and around 
parturition to mammary gland for breast-feeding. In birds, amphibians and fish, a large part of body dioxins are 
analogously distributed to gonads (eggs, roe) upon reproduction (refs.). In mammals, DLCs are in general readily 
able to cross the placental barrier in blood. They then accumulate in the fat of the fetus. The importance of 
accumulation in the brown fat in fetus and in infants has been stressed e.g. by Rozman et al. (1987).  
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3.2  Humans 
 

In humans, data are available on disposition in adults mainly in occupational exposure studies, much less in 
background exposure levels and in younger individuals (see e.g. Patandin et al, 1997, 1999, Carrier et al. 1995a).  
 
Patandin et al. (1999) showed that breast-feeding for 6 mo made up 12-14% of the cumulative dietary PCB and 
dioxin exposure of Dutch children until reproductive age, the main food sources of PCBs and dioxins after 
weaning in young children being dairy products, processed foods, and meat and meat products; the influence of 
fish intake could not be noticed (cf. Fig. 7E2). The authors concluded that strict regulations and enforcement 
could reduce the maternal body burden and thereby the in utero and lactational exposure. They specifically urged  
that strategies should be directed toward reducing PCB and dioxin intake through the food chain at all ages and 
by lowering the consumption of animal products and processed foods, not by discouraging breast-feeding.  
 
The same group (Nawrot et al. 2002) reported that the duration of breast-feeding was still a significant predictor 
of the serum level of PCBs at 16-18 a of age. In addition, in these adolescents the serum concentration of PCBs 
increased with higher concentrations of serum lipids, whereas it declined with the body fat content, probably 
explaining the higher level of serum PCBs in boys. Host factors were found to be the most substantial 
determinants of serum PCBs, and should be taken into account in studies dealing with the contributions of 
environmental exposure to the body burden of PCBs and adverse health effects of these compounds. 
  
 

  
 

Fig. 7E2. The relationship between the cumulative intake of dioxins and duration of breast-feeding period in a cohort of 
normal population of Dutch children (Patandin et al. 1999).  
 
  

Relatively few quantitative models have been presented of the pharmacokinetics of dioxins in children. Lorber 
and Phillips (2002) building on the model of Kreuzer et al. (1997) investigated how elimination half-life and its 
expression (lipid-based or other) influence modelled development of dioxin body burden from birth, along with 
breast-feeding and initial concentration (Fig. 7E3).  

 
 

 
 
Fig. 7E3. Left: Comparison of the selected half-life in the body with lipid-based half-life (6) and modeled half-life (3) 
for TCDD; Middle: Demonstration of the model for evaluating impacts on lipid concentrations of infants resulting from 
various nursing scenarios during the first 10 years of life; Right: Sensitivity analysis showing how a doubling of dose 
affects the infant body burden in a 6-month breast-feeding scenario and how a higher initial infant body burden (Co) 
affects the body burden during the first 10 years of life (from Lorber and Phillips 2002). 
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3.3  Non-human animals 
 
Brewster studied the disposition of 4-PeCDF in adult male Rhesus monkeys given a single iv dose of 34 ug (0.1 
mumol)/kg. Within 20 min, 4-PeCDF was eliminated from blood and was distributed to the liver, skin, adipose, 
and muscle tissues. 
 
Hagenmaier et al. (1990) studied transplacental disposition of dioxins between mother and fetus in monkeys. 
They found that deposition of PCDD/Fs into fetal liver was very low for most of the 2378-congeners, highest 
deposition being observed for TCDD and PeCDD; fetal liver seems largely unable to accumulate PCDD/Fs. In 
contrast, levels of 2378-PCDD/Ps in adipose tissue of the newborn were >1/3 of the levels in adults; those of 
OCDD and OCDF were ca. 3-fold higher in the newborn. Transfer of some of the 2378-PCDD/Fs to the 
offspring via mother's milk was considerable, leading to hepatic concentrations in the suckled infant at the end of 
the 33-day nursing period well above corresponding concentrations in the dam; 2- to 4-fold higher 
concentrations were found in the infant's liver for TCDD/F and for PeCDD than for the dam's liver. 
 
In rats, Abrahams et al. (1989) reported that 7 d after subcutaneous administration all 2378-substituted congeners 
were found in the liver, whereas only a few non-2378-congeners could be measured in minor quantities. 
However, during ongoing absorption (13-14 h after injection) evidence was obtained that some of the non-2378-
congeners do reach substantial concentrations in liver shortly after administration. to be displaced later. The 
2378-congeners also predominated in adipose; however, most of the non-2378-congeners were also detected. 
The amount deposited in liver as percentage of administered dose differed for the various 2378-substituted 
congeners, ranging from <10% for OCDD or TCDF to 60-100% for P5CDD or the H6CDDs. Thus, the 
liver/adipose ratio ranged from <3 for TCDD or TCDF to >40 for 46-HpCDD, 4-PeCDF, 6-HxCDF, or 6-
HpCDF. Birnbaum and Couture (1988) found that OCDD, while poorly absorbed, can accumulate upon low-
dose repeated exposure. 
 
The disposition and toxicokinetics of PCDD/F mixes icluding 4-PeCDF in rat have been studied in detail by 
Chen et al. (2001) who concluded e.g. that as the behavior of each congener was dose-dependent, extrapolation 
of high-dose experimental data should be used with caution. 
 
In mice, Diliberto et al. (1999) have shown the importance of CYP1A2 as well as the genetic disposition (of 
various strains) for the disposition of PCDD/Fs and PCBs, including 4-PeCDF. Studying the toxicokinetics and 
effects of a PCDD/F mix in mice, DeVito et al. (1997) concluded that the relative potency of the PCDD/Fs was  
influenced not only by the relative binding affinity to the AhR but also by differences in pharmacokinetic 
properties, even proposing the use of different TEFs based on toxicokinetics and suspectibility. DeVito et al. 
(1998) likewise concluded that the differences in disposition between PCDD/Fs and PCBs in mice suggest that 
pharmacokinetic differences between congeners is important in the relative potency of these chemicals. 

 
 
4. Metabolism, excretion, elimination half-lives and mass balances 
4.1 PCDD/Fs 
4.1.1 Humans 
  

Among PCDD/Fs the metabolism of TCDD has mainly been studied. Often metabolism is addressed indirectly 
in overall body retention, turnover and mass balance. The often-quoted (terminal) biological (body) half-life (t1/2) 
of TCDD in adults, 7-9 a, is based mainly on data from Seveso and occupational cohorts (cf. below).  
 
Excretion results from enzymatic metabolization to soluble products via urine, bile and feces, and in non-
metabolized form from gastrointestinal tract (Moser and McLachlan 2002). A variety of dioxin metabolites can 
be found, in hydroxylated form or as conjugates (see Hu and Bunce 1999). Quantitative descriptions of body 
elimination half-lives are difficult as excretion from the main organs liver and adipose does not conform to the 
expected semi-logarithmic form but is biphasic, is often not identical even from these tissues, is dose-dependent 
and varies between species and strains (IPCS 1998).    
 
Moser and MacLachlan (2002) examined the influence of dietary intake, concentration in human tissue,  
physical-chemical properties, and sorption properties of the feces on the predicted net mass transfer of PCDD/Fs 
and PCBs. The model was parameterized and tested using data from ca. 800 measurements of net 
absorption/excretion in 14 volunteers. The largest discrepancies were observed in cases of net excretion as the 
model could not account for the individual and temporal variability in the sorption properties of the feces. 
 
Schrey et al. (1998) studied dietary PCDD/F intake and fecal excretion by a mass balance approach and 
duplicate food sampling in 14 adults. The mean intake was 49 (23–96 pg I-TEQ d-1) lower than earlier estimates. 
The mean fecal excretion was 98 (40-200) pg I-TEQ d-1, being twice the amount of the PCDD/F-intake. 



 

 

393

 

Rohde et al. (1996) produced estimates of t1/2 in occupationally exposed persons due to fecal clearance, ranging 
from 10 (OCDD) to 33 a (4-PeCDF). Comparing these with the overall half-lives due to all clearance processes, 
calculated body burdens and blood levels measured over several years, the fecal clearance of non-metabolized 
PCDD/Fs contributed on average from 37% (TCDD) to 90% (OCDD) to the total elimination.  
 
Elimination of dioxins is age-dependent. Wittsiepe et al. (2000) showed that the relationship concentration in 
blood = A x ageB is most pronounced for lower chlorinated PCDD and for 4-PeCDF. Kreuzer et al. (1997) 
simulated that the t1/2 of TCDD is short in infants of ca. 5 mo and increases to ca. 10 a between 40 and 60 years 
of age. In the model of Van der Molen et al. (2000) the elimination rate is given by the (constant) specific 
elimination rate multiplied with the ratio between the lipid weight of the liver and of the total body; body 
composition, body weight and intake are assumed to depend on age. The elimination rate is thus not constant: for 
49-year-old males, the rate estimates for TCDD, PeCDD and 4-PeCDF were 0.09, 0.06, and 0.07 a-1, 
respectively, based on cross-sectional data, and 0.11, 0.09, and 0.09 a-1 based on longitudinal data. The 
elimination rates decrease with age between 0.0011 and 0.0035 a-1 for PCDDs; for furans the average decrease is 
0.0033 a-1. 
 
Jodicke et al. (1992) found little excretion of the Cl4- to Cl6-congeners from 3-mo old breast-fed infants. Also 
Korner et al. (1993) reported that although PCDD and PCDF levels in infant feces were on a fat weight basis in 
the range of the corresponding concentrations in mothers' milk, the fecal excretion for all congeners was (in  
TEQs) only 1 and 3%, respectively (cf. Dahl et al. 1995). Abraham et al. (1996) studied fecal excretion and 
pharmacokinetics of PCDD/Fs in two breast-fed infants and one formula-fed infant during the 1st y of life. In 
breast-fed infants, fecal excretion of the main tetra- to hexachloro congeners was below 9% of the intake at age 
of 1 and 5 mo, while excretion rates were much higher for the hepta- and octachlorinated compounds. Despite 
much lower PCDD/F intake after weaning, concentrations in stool fat did not decrease substantially. It was 
concluded that concentrations in fecal fat reflect those in body fat. Additionally, PCDD/PCDF concentrations 
were measured in blood fat of all infants at the age of 11 mo. I-TEQs in the formula-fed infants were less than 
25% of maternal values and ca. 10 times lower than in the infants breast-fed for 6-7 mo. In the latter, a distinct 
accumulation was found for the tetra- to hexachlorinated congeners compared with maternal concentrations. We 
conclude that accumulation of PCDDs and PCDFs in infants is as high as expected on the basis of intake data 
and assuming complete absorption and negligible elimination during the 1st y of life. 
 
The clearance and accumulation of TCDD (and thus other PCDD/Fs with varying similitude) also depend on 
concentration, i.e. is a non-linear process. This has been included in the non-linear set of models of Carrier et al. 
(1995a,b), shown to be broadly applicable based on both theory and empirical data across species (rat, monkey, 
human) and duration of exposure (acute, sub-acute, sub-chronic). These models are important in order to 
deriving dose-response relationships and in scaling between dose levels. Aylward et al. (2003) presented model 
results using serum data from occupational and Seveso cohorts and adjusted parameterizations of the Carrier et 
al. (1995a,b) pharmacokinetic model accounting e.g. for non-metabolized elimination as modeled by Moser and 
McLachlan (2002). While these data do not specifically address Baltic Sea fish consumers, the models have been 
shown to be generalizable across exposure durations and species (Carrier et al. 1995a,b).  
 
 

   
 
Fig. 7E4. Left: Apparent elimination half-life for serum TCDD with constant body weight and fat based on the Carrier 
et al. (1995a,b) model adjusted by data from Seveso and a NIOSH occupational cohort; model values for the hepatic 
elimination coefficient ke correspond to the mean and 95 % confidence interval in the Seveso data for 19 individuals. 
Right: Effect of elimination rate functions on the historical TCDD concentration-time profile in the NIOSH cohort, 
illustrating how small changes in hepatic elimination rate produce large variations in estimated peak (and cumulative) 
exposure (From Aylward et al. 2003).  



 

 

394

 

It can be seen from these simulations (Fig. 7E4, left) that at background levels the elimination t1/2 is much higher 
than the conventional constant t1/2 assumption, while at high exposures elimination is faster, as has been found in 
empirical studies in humans. It can also be seen that the variation in the elimination rate due e.g. to individual 
differences also influences the t1/2, in many dose ranges by over 50 %. The authors also compared elimination 
curves based on various assumptions (Fig. 7E4, right).  
 
The implications of this for quantitative risk assessment are potentially great. The increased estimates of the 
historical doses, taking into account elimination faster than traditionally assumed in high exposures, suggested 
that the cancer potency estimates based on the occupational cohorts might overestimate the cancer potency 
estimates by an order of magnitude or more. The model results of Aylward et al. (2003) also suggested that the 
margin of exposure between highly exposed cohorts and current background general-population exposures is 
probably much greater than previously estimated. However, the authors did not fully discuss the fact that at low 
exposures higher t1/2 are obtained than traditionally expected. Although this will not affect the area-under-the 
curve in cumulative exposure as much in relative terms (cf. Fig. 7E4, right), it can still increase the risks in these 
populations (at least in some sensitive segments).       

 
4.1.2  Non-human mammals 

 
Metabolism and excretion of DLCs has been mainly studied with TCDD in rats. Some studies have detailed the 
distribution in various tissues, especially liver and adipose, and their temporal development (Fig. 7E5).  
 
Viluksela et al. (1996) showed in L-E rats that dilution by growth can be a more important factor in determining 
the toxicokinetics and toxicity of TCDD in rodents than is excretion. 
 
Also in non-human animals differences between congeners are found in excretion, as in absorption and 
disposition. Van den Berg et al. (1989) suggested that besides metabolism, structure specific binding to the AhR 
and cytochrome P-450 complex might also be responsible for the selective liver retention. 

 
The average t1/2 of TCDD in humans is ca. 150 times that of rats (e.g. Geyer et al. 2002), while the difference per 
life length is much smaller (ca. 5 times). Rats and many other animals metabolize and excrete dioxins more 
intensively than humans. For instance, in adult Rhesus monkeys a minimum whole body t1/2 of ca. 38 d was 
obtained (Brewster et al. 1998). For 4-PeCDF, Brewster and Birnbaum (1987) published data corroborating the 
structure-activity information that the Cl substituent in the 4th carbon hinders metabolization, contributing to the 
persistence and bioaccumulation of this congener.  
 

 

 
 

Fig. 7E5. Left: Typical kinetics of TCDD in rat tissues after single high dose (USEPA 200, from Abraham et al. 1988); 
Right: kinetics of TCDD in rat after sustained chronic low-dose exposure (Hurst et al. 2000). (To be completed) 
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Using the equation log t1/2H(uman) = 1.34 log t1/2R(at) + 1.25 established for 50 xenobiotics, the following t1/2H 
for adults were obtained by Geyer et al. (1996): 13 a for PeCDD, 26-45 a for 4-HxCDD, 80-100 a for 4,6-
HpCDD and 110-130 a for OCDD.  
 
Emond et al. (2004) developed a physiologically based model for pharmacokinetics in the rat by modifying the 
model by Wang et al. (1997) to include four maternal compartments (liver, fat, placenta and rest of the body) and 
the placental and separate foetal compartment during gestation. The model validation used experimental data 
from acute and sub-chronic exposures prior to and during gestation. The model predicted the TCDD tissue 
concentrations of the maternal compartments within the standard deviation of the data, overestimating the foetal 
concentrations by ca. a factor of two at low sub-chronic exposures, but predicting the foetal tissue concentrations 
within the range of the data at the higher exposures. It was envisioned that the model may provide a framework 
for the development of a human model to estimate fetal TCDD concentrations in human health risk assessments. 
 
In some species of seals, considerable metabolism of DLCs has been observed. OH-CBs were first reported from 
Baltic Sea seals and guillemots (Jansson et al. 1975). Seals have a heightened ability to metabolize PCBs 
(Jansson et al. 1993). This is species-specific; higher levels of PCBs and metabolites are found in ringed seal 
than in grey seal in the Baltic (Olsson et al. 1994). Bergman et al. (1994) showed that in plasma of grey seals, 
mainly 4-OH-CB107 was found among the analyzed 1-o or 0-o metabolites. Methyl sulfone metabolites may 
also be important; they have been found in Baltic seals at levels exceeding those in all other species and 
environments (Letcher et al. 2000), at times comprising 25 % of ΣPCBs in blubber and 100 % in liver. 
 
Among marine mammals, harbour porpoise has been found to lack metabolic capacity for PCBs (Bruhn et al. 
1995) while seals are able to metabolize and then excrete PCBs e.g. in OH-PCBs (Kannan 2000). 

 
Birds 
 

A considerable portion of TCDD and other PCDD/Fs in birds are transferred to eggs and thereby to the 
offspring. In addition, PCDD/Fs are present and metabolized especially in liver as in other animals, and 
accumulate also in other fatty tissues such as breast muscle in some species.  
 
Pharmacokinetics have been studied experimentally mainly in chicken (refs.) and to some degree in American 
kestrel (ref.). Jones et al. (1994) reported data from double-crested cormorants indicating that there can be 
significant elimination of PCBs and DLCs (as measured by TEQs) during early development; after the chicks 
began thermoregulating, the rates of accumulation, expressed as a concentration, normalized to body weight, 
became greater. Thus, the most exposures and risks may occir during the perinatal period. 
 
… 
 

Fish 
 
In fish, TCDD kinetics have been studied in rainbow trout. Jones et al. (2001) reported assimilation rate during 
100-d exposure of 10-30%, less than during shorter exposures. Lipid-normalized BMFs for muscle ranged from 
0.38 to 1.5, consistent with 1.0 predicted by fugacity theory.  
 
… 
 

3.2  Dioxin-like PCBs 
 
Humans 
 

Sjödin et al. (1998) obtained a significant correlation only by comparing the level of the metabolite 4-OH-CB107 
to the combined levels of its parent compounds CB-105 and CB-118 in serum of heavy Baltic fish consumers.  
 
… 
 

Non-human animals 
 

Also in wildlife pronounced differences have been found between groups and species in pharmacokinetics of 
DL-PCBs. Murk et al. (1994) showed that mammals and birds were able to metabolize CB77 at a rate that 
correlated with their EROD activity, but no CB77 metabolism was observed in fish, despite elevated EROD 
activity in trout.  
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The toxicokinetics of PCBs in animals consumed by humans such as rainbow trout and other Baltic Sea licing 
fish species, are of special interest. It can be seen (Fig. 7E6) that the level of exposure as well as the form of the 
elimination model(s) greatly influence how much dioxins remain in fish.    

 
Congener-specific variations in metabolism are also found in mustelids (Leonards et al. 1998, Smit et al. 1998, 
Traas et al. 2001). Seals have a higher capacity to metabolize many DL-PCBs than many other mammals (Bruhn 
et al. 1995).  
 

 

 
 
Fig. 7E6. Non-linear regression curves of decrease in the level of ΣPCBs with time in trout muscle at different levels of 
exposure. Curves 1: combined clearance and dilution functions; Curves 2: clearance function only). Regressions were 
carried out on 35-data sets: the scattered data points are the mean values of Low, Medium, and High exposures. All 
subsets were corrected for interferences on congener signals as accounted for by background signals in the control and 
exposure groups at the start (from Brambilla et al. 2003). 

 
 
3.3  Other dioxin-like compounds 

 
PBDD/Fs 

 
TBDD metabolism has also been studied in rats. In general, several metabolites and processes are similar to 
those with TCDD; the dioxin ring opening route seems to be favoured more in TCDD. Metabolites have been 
found in bile and faeces (IPCS 1998). The main metabolites identified were hydroxybromodibenzo-p-dioxins 
and a dihydroxytetrabromoether formed by aromatic hydroxylation and hydrolytic debromination.  
 
Some of the differences in metabolism of dioxins in some model systems such as rats can be readily explained 
by the structural properties such as the Cl substitution pattern. However, even then there are great inter-species 
and even inter-strain differences in metabolism, the structural and mechanistic basis of which are not evident. 
Metabolism as well as effects vary still more among PBDD/Fs (Birnbaum et al 2003) for which the standard 
substituent-based QSPR and QSAR models do not seem to hold.    
 
Human studies of PBDD/F retention and elimination are rare. Zober et al. (1992) measured an elimination t1/2 of 
2.9–11 a (mean 5.9 a) for TBDD and .1–1.9 a (mean 1.5 a) for TBDD among workers exposed to PBDD/Fs. 
Slow TBDD retention was also showed by Schecter and Ryan 1990) who found markedly elevated levels of 
TBDD 35 a after exposure in the blood of a chemist who had synthesized TBDD; a t1/2 could not be calculated.    
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Annex 8. Summarizing evaluations of biological effects of dioxins, with particular reference to 
Baltic Sea fish 
 
A. Action mechanisms, pathways and processes 
 
1 The aryl hydrocarbon receptor complex and associated transcription and regulation 

 
The existence of the AhR was shown by Poland and Kende (1976; cf. Thorgeirsson and Nebert 1977). Hahn 
(e.g., 1997, 1998, Hahn et al. 2003) delineated its forms and functions in a comparative evolutionary perspective. 
AhR is present in all vertebrates (Powell et al. 2000) and highly conserved e.g. among terrestrial and marine 
mammals (Kim and Hahn 2002). Expression of human AhR was first reported by Hayashi et al. (1994). AhR has 
been identified in several tissues, e.g. thymus, in addition to its key site, liver. It belongs to a family of 
transcriptional regulatory proteins playing key roles in development, rhythmicity, and homeostasis. The normal 
cellular function of the AhR is not yet known; Rannug et al. (2003) hypothesized a relation with responses to 
light. AhR is a complex composed of a ligand binding subunit and the ARNT (e.g., Masten and Shiverick 1996).  
 
Polymorphisms in the AhR between and within various animal groups (Abnet 1999b, Karchner et al. 2000, 
Andreasen et al. 2002, Pollenz et al. 2002, Hansson et al. (2003) contribute to variations in sensitivity and add to 
the complexity of dioxin effects but also help elucidate them: the AhR can be used as a marker of sensitivity for 
dioxins. For instance, Kim and Hahn (2002) found that the harbour seal AhR bound TCDD with an affinity at 
least as high as that of the mouse AhR, suggesting that this seal species may be sensitive, and exemplifying the 
value of effect specifications and mechanistic information for risk assessment.  

 
Stuctural polymorphism is compounded by functional variability. Simanainen et al. (2003) in rat strains of 
differing sensitivity to dioxins provided support for the concept of two different AhR-mediated signaling 
pathways leading to type I and II endpoints. Rats with the AhR(hw/hw) genotype showed a ecreased efficacy for 
type II endpoints, but B(hw) allele had only a minor effect on efficacies for most endpoints.  
 
There are also AhR independent modes and pathways of action (see Ahlborg et al. 1992, Brouwer et al. 1995). 
Evidence exists especially for protein kinase linked mechanisms (e.g., Enan and Matsumura 1995, 1996). 
Several mitogen-activated protein kinase (MAPK) pathways are activated by dioxins as well. Tan et al. (2000) 
demonstrated that this did not require the AhR. Cytokines also participate in the mediation of 
reproductive-endocrine phenomena and regulation of endometrial growth (Rier et al. 1995, cf. below). Further, 
Endo et al. (2003) found support for AhR and androgen receptor independent mechanism in the effects on DL-
PCBs on human prostatic cells and suggested that the modulation of post-transcriptional targets may account for 
some of the endocrine disrupting properties of such PCBs.  
 

 

 
 
Figure 1. TCDD-AhR interaction and signal transduction (from Concerejo 2003). 
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The AhR and transcription and regulation mechanisms based on it interact with other regulatory systems; e.g. 
Kuil et al. (1998) showed that the progesterone receptor can strongly interfere with transactivation mediated by 
the AhR. Nevertheless, for practical purposes the AhR can be taken to represent a central common denominator 
of dioxins and their effects.  

 
 
2  Enzyme induction, other biochemical responses and effect markers 
 

The dioxin-elicited induction of certain drug metabilizing enzymes of the P450 family such as CYP1A1, 
CYP1A2 and CYB1B1 especially in the liver is clearly one of the most sensitive and central responses observed 
in a variety of animal species including humans at body burdens a low as 1-10 ng TCDD kg-1. These enzymes 
may be responsible for both enhancing and protecting against toxic effects. The role of CYP1A2 has been in 
focus. There are considerable polymorphisms also in humans in CYP1A1 and CYP1A2 that may be associated 
with differences in susceptibility to dioxins.  
 
CYP1A2 has been shown to be a key factor in phrmacokinetic and toxicity of PCDD/Fs e.g. in mice. Hamm et 
al. (1998) reported that both EROD and MROD are subject to metabolism of TCDD and 4-PeCDF by non-
CYP1A2 sources, and the apparent contribution of CYP1A1 activity to methoxyresorufin metabolism makes 
MROD unsuitable for differentiating CYP1A1 and CYP1A2 activities. 
  
The known ability of TCDD and other DLCs to directly or indirectly alter the levels or activity of hormones such 
as testosterone, gonadotropin-releasing hormone and thyroid hormones and their respective receptors may affect 
growth patterns that are the major cause of adverse consequences from dioxin exposure (Birnbaum 1994).  
 
As the mechanistic basis of dioxin action in its complexity is being unravelled, markers of effects (as well as 
markers of exposures) are developed and may be better interpreted. These may be divided in markers of actual 
effects and markers of susceptibility (e.g. targeting genetic variation in sensitivity). Effect markers directed to 
various points in action pathways are used, from allround markers of basic systemic responses (e.g. of AhR 
binding) to specialized markers of well-defined effects, and are applied in vivo or in vitro. Also bioassays of 
dioxin toxicity, i.e. Bio-TEQs, may be seen as markers of effects (and as markers of exposures serving as an 
alternative to chemical measurements, see e.g. Van den Heuvel et al. 2003). Some markers are classical, 
particulary the assays for induction of hepatic mixed-function oxydase (mainly AHH and EROD) activity.  

 
 
3  Epidermal growth factor and other growth factors 

 
Changes in epidermal growth factor (EGF) receptor have been observed in tissues from dioxin-exposed animals 
(see below). EGF and its receptor possess diverse functions relevant to cell transformation and tumorigenesis; 
changes in these may be related to several dioxin-induced responses such as reproductive and developmental 
effects. EGF binding is one of the critical regulatory events resulting in enhanced differentiation caused by 
dioxins. Effect on EGF are also used in screening for potential DLCs (e.g., Nagy et al. 2002).  
 
TCDD induces hyperkeratinization in cultured normal human epidermal cells and and modulates EGF binding to 
basal cells in the human keratinocyte line, associated with a decrease in high-affinity EGF receptors, EGFR 
(Osbourne et al. 1987, Hudson et al. 1986). This is reflected in humans also in vivo, in chloracne and associated 
hyperkeratinisation. The EGF related mechanisms have been studied e.g. in persons accidentally exposed to 
PCDF and PCB containing rice oil; the binding properties of EGF to its receptor were not altered by the 
exposure, but EGF-stimulated autophosphorylation of the EGFR was decreased significantly in placentas from 
exposed women and this effect was strongly correlated with decreased birth weight (Lucier et al. 1990). 
Hyperkeratinisation has also resulted from TCDD exposure in  monkeys (Brewster et al. 1988). 
  
Newsted and Giesy (1993) observed (EGFR) ligand binding and protein kinase activity in hepatic plasma 
membranes of TCDD-treated rainbow trout; the results were consistent with the hypothesis that the mode of 
action of TCDD on the EGF receptor is in part mediated through the protein kinase C activity. It also suggests 
that the toxic mode of action of TCDD is similar in rainbow trout and mammals. 
 
The effects of dioxin on EGF proliferation or differentiation are associzated with estrogen modulating activity 
(see below, and Safe et al. 1991), and have also been linked to other developmental and profilerative effects, 
including neoplastic effects (tumours). EGF is involved in the developmental of TCDD also in mink (Aulerich et 
al. 1988). However, these linkages are still poorly known. For instance, the results of Huskhka and Greenlee 
(1995 indicated that TCDD suppresses DNA synthesis in rat hepatocytes via a novel pathway that is non-
responsive to estradiol and does not involve a decreased ability of hepatocytes to recognize (bind) EGF. 
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Evidence has been gathered that the modulation of EGFR by dioxins is related to the effects mediated by AhR 
and estrogen receptor (see below), e.g. based on TCDD hepatocarcinogenicity in female rats (Kohn et al. 1994).  
TCDD has also been shown to modulate cytokine gene expression in human keratinocytes, including IL-1 beta, 
TGF-alpha and TFG-beta 2. The results of Lang et al. (1998) indicate that cell types found in human lung and 
peripheral blood vary in susceptibility to TCDD, with the lung epithelium being highly susceptible, but 
expression and production of specific cytokines such as IL-6 and IL-8, which may potentiate inflammatory 
processes and/or work as mitogens, dis not appear to be influenced by TCDD in these systems. 
 
Lucier (1991) in his review concluded that humans are more sensitive to the effects of TCDD and related the 
halogenated aromatics on EGFR (as seen in EGF-stimulated autophosphorylation) and on glucocorticoid 
receptor (GCR, as as reflected in its binding capacity) than are rats, although the relationship of these 
biochemical changes to the carcinogenic effects of TCDD and its analogs is not clear. 
 
 

4  Sex hormone and other hormonal modulation 
 
Interest in sex hormone modulation by dioxins has been largely related to the pivotal effects of low-level 
prenatal exposure to TCDD on sexual development in rats (cf. 9.B); see e.g. Romkes et al. (1987). The 
mechanistic basis of these effects in relation to sex hormones has been discussed by Gray et al. (1998).  
 
Many DLCs and related compounds as well as associated non-DL-PCBs and DDT compounds have effects on 
sex hormones, including both (weak) estrogenic, anti-estrogenic or anti-androgenic activity. For instances, 
Sonneveld et al. (2003) reported antagonistic effects of TCDD on ER by the specific and sensitive CALUX 
reporter cell line bioassay. In addition to PCDD/Fs and DL-PCBs (Nesaretnam et al. 1996, 1997), e.g. PAHs 
(BaP, chrysene, BaA) have been found to substantially induce in vitro estrogenic and TCDD-like activities that 
were mediated by the estrogen and Ah receptors (Clemons et al. 1998). Also OH-PCBs bind to ER and have 
been suspected of involvement in sexual development effects in wildlife (e.g., Kester et al. 2000).  
 
Sex hormones influence not only reproductive effects (see e.g. Boersma et al. 2000), but also other effects 
conditioned by sex hormones, such as e.g. to lowered bone density (see e.g. Glynn et al. 2000, cf. Lind et al. 
2000) and blood pressure (Lind et al. 2004), and breast cancer (e.g., Muto et al. 2002, cf. below).  
 
TCDD and other DLCs have been shown to bind to estrogen receptors (ER) in several systems and exert slight 
estrogenic or, particularly, antiestroigenic effects. These effects of TCDD can not be classified clearly as 
antiestrogenic (e.g. Chaffin et al. 1996, cf. Safe et al. 1991, Ramamoorthy et al. 1999).  
 
Safe and Krishnan (1997) related that AhR agonists also modulate several endocrine pathways, and TCDD and 
related compounds inhibit estrogen (E2)-induced responses in rodent mammary and uterus and in human breast 
cancer cell lines, but the mechanisms of interaction between the TCDD- and E2-induced signaling pathways are 
complex. They also noted that the antiestrogenic and antitumorigenic activity of AhR agonists has been used to 
prepare relatively non-toxic alkyl PCDFs which have clinical potential for treatment of mammary cancer.  

  
However, receptor binding and subsequent hormonal modulation do not have to (and often do not) translate into 
overt effects. The complexity of the hormonal (and associated neuroendocrinological and immunological) 
system needs to be taken into account, e.g. linked subsystems, feed-back and compensating (also opposite) 
mechanisms, and variations related to species, strain, sex, age, individual, tissue and cell types (e.g., 
Grochowalski et al. 2001; cf. review of Assmuth and Louekari 2000). For instance, Bookstaff et al. (1990) 
concluded that the mechanism by which TCDD prevents the compensatory increase in plasma LH concentrations 
in male rats is by increasing the potencies of androgens (and estrogens) as feedback inhibitors of LH secretion. 

 
As to humans, Ahlborg et al (1995) concluded that the hypothesis that human exposure to environmental levels 
of dioxins and related organochlorines would lead to an increase in estrogen-dependent formation of mammary 
or endometrial tumors was not supported by the existing in vitro, animal and epidemiological evidence, although 
could not be conclusively rejected. Noting that decreased incidence of both breast and endometrial cancer has 
been reported in women exposed to high levels of TCDD in Seveso (see below), Safe and Zacharewski (1997) 
concluded on the basis of the dietary intake of hormone or antihormone mimics derived from natural compounds 
in food that the estrogenic contribution of organochlorine compounds is small (see also Kroes et al. 2000); 
however, this conclusion rests e.g. on the assumption that the toxicokinetics and thus long-term delivered doses, 
as well as hormone modulating mechanisms, of these groups of compounds are similar.  
 
Mechanistic models have to be refined. McKinney and Waller (1998, cf. Waller et al. 1995) stressed that the 
difficulty in classifying endocrine system modulators by chemical structure may in large part be due to lack of 
understanding of mechanisms of action, and that developments in understanding nuclear receptor mechanisms of 
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hormone action support a more complex mechanism, possibly involving dimerization/aggregation events leading 
to multimeric receptor complexes in agonist action. They stated that haloaromatics are of particular concern as 
hormone mimics as they often have similar molecular recognition factors but in many cases relatively more 
flexible structures, similar bulk physico-chemical properties controlling uptake and distribution, and are more 
resistant to metabolism and elimination. Specifically, evidence was discussed for a nuclear heterodimerization 
model for dioxin action involving structural transition. Thus, specificity also as to mechnisms is needed. For 
instance, Abrahams et al. (2003) showed that the estradiol and TCDD effects on polymorphonuclear (PMN) cell 
superoxide production were estrogen and AhR mediated, concluding that estradiol and TCDD influence PMN 
oxidative burst through receptor mediated events, and that such altered PMN function may have profound effects 
upon the normal endometrial cycle (cf. below 9.B).  
 
Reproductive effects of DLCs may not have to be ER mediated and otherwise estrogen related. This was shown 
for TCDD-induced reproductive effects in rat already by Bjerke et al. (1994). Maclusky et al. (1998) concluded 
that the disruptive effects of low dose dioxin exposure on sexual differentiation of the rat brain are probably not 
mediated through blockade of estrogen responses, but may instead involve subtle developmental changes in 
other endocrine systems, perhaps also affecting the feedback control of adrenocortical function. Akerblom et al. 
(2000) suggested that the negative effects of PCNs on ovaries in Baltic salmon, including delayed development, 
were not similar to those of estrogen or xenoestrogens (cf. Williams et al. 1998). The results of Smeets et al. 
(1999) indicated that the antoestrogenic activity of DLCs in carp hepatocytes was AhR mediated. Janz et al. 
(1996) concluded that ER and plama estradiol are not biomarkers of TCDD toxicity in several bird species (cf. 
Fry 1996).  
 
ten Tusscher and Koppe (2004) in a review of the studies of developmental effects of low-level perinatal 
exposure of children to PCDD/Fs and PCBs concluded that transient effects of dioxin exposure on thyroid 
hormone metabolism have been found shortly after birth, and that in animal studies in utero exposure has led to 
effects on brain development due to abnormal induction of liver enzymes that resulted in lower testosterone and 
estrogen levels, interfering with brain development. Thus, modulation of thyroid functions may be a primary 
effect. 
 
ER modulating effects that have been linked to PCBs and their metabolites occur e.g. in terns at levels related to 
gonadal abnormalities (Hart et al. 1998). The results of Sakamoto et al. (2003) serum estrogen concentration and 
gonadal somatic index indicated that dioxins may inhibit the reproductive functions in common carps in a 
dioxin-contaminated river (cf. 9.B). 

 
 
5  Mixture toxicity and interactions 

 
It was shown by Keys et al. (1986) that non-2378-chlorinated PCDFs antagonize the receptor-mediated enzyme 
induction activity of TCDD presumably via competitive displacement from receptor. Such nonadditive effects 
are known to exist especially between dioxin-like and non-dioxin-like PCBs, as discussed e.g. by Van den Berg 
et al. (1994) and Hestermamnn et al. (2000). For instance, Leece et al. (1987) noted synergistically increased 
hepatic monooxygenase induction activities at the lower doses between CB 77, CB 126 or CB 169 and the non-
dioxin-like CB 153; Sargent et al. (1991) demonstrated synergistic effects of CB 77 and CB-52 on altered 
hepatic foci in rats; and the results of Schmitz et al. (1995) suggested a moderate synergistic enhancement of the 
inducing potency of PCBs by less potent PCBs. There is also evidence of considerable enhancement of the 
occurrence of liver nodules and carcinomas in mice by simultaneous exposure to PCTs and HCBz (Shirai et al. 
1978).  
 
On the other hand, Davis and Safe (1988, 1989) established the antagonistic action of Aroclor 1254 on TCDD. 
Also Harper et al. (1995) found that the TEF approach overestimated the toxicity of many Aroclor mixtures due 
to antagonistic interactions of the PCBs, while it was useful in determining the immunotoxicity of Aroclor 1260. 
Wolfle (1997-98) showed in vitro that PCB 153 had antagonistic effect on TCDD tumorigenicity in vitro, 
suggesting that the TEF approach may be insufficient to estimate the tumor-promoting activities of PCDD/Fs 
and PCBs in mammalian tissues in which diortho-substituted PCBs are greatly accumulated.  
 
The mechanistic basis of such non-additive effects is unfolding. Suh et al. (2003) found that the antagonistic 
activity of TCDD and di-ortho (non-dioxin-like) PCBs on inhibition of antibody responses in B cells occurs 
through interference with agonist activation of the cytosolic AhR complex. Still, e.g. Haag-Gronlund (1998) 
concluded that the significance to human risk assessment of the relatively weak antagonism observed between 
PCB 153 and dioxin-like PCBs was unclear considering other uncertainties in the TEF concept, and that a 
change of the concept is not motivated. 
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Another approach to resolve the difficulties of variability in effects between the different congeners is to 
establish in more detail their specific relative potency also in vivo. This can be aided by focusing on the 
congeners that are of most significance based on exposures and potencies. An example of this is the 
demonstration of the TCDD-like toxicity of 4-PeCDF in comparable dose ranges in monkeys (Brewster et al. 
1988). Such congener-specific studies of the effects (as well as of sources, emissions, fate and controls) also 
interact with models of mixture phenomena, and thus have general utility.  
 
An important approach to grasping the joint action of dioxins is the use of bioassay-based TEQ values instead of 
chemical measurements and TEF assignments to each congener. Van Overmeire et al. (2001) pointed out that by 
using such biological measures the contribution of antagonistic as well as synergistic effects which violate the 
additivity principle can be detected. Bio-TEQs also have to advantage of avoiding errors arising from such 
differences in environmental fate and exposure, including pharmacokinetics, between congeners and receptor 
organism systems that deviate from those approximated by TEFs. Nevertheless, much of dioxin investigation 
and assessment will need to relie on indirect evaluations of the actual effect of the compounds, and then also on 
TEFs. Another way round the mixture assessment problem is the use of indicator or representative congeners, 
e.g. 4-PeCDF and CB 126 in the case of Baltic Sea biota. 

 
There is also a possibility of synergism or antagonism between dioxins and other chemicals, harmful or 
beneficial ones. This adds to the overall complexity and uncertainty in dioxin risks and their management, but 
also to opportunities. For instance, Jensen et al. (2000) found in vitro  synergistic activity between 2,3,3',4,4'-
PCB triphenyltin; interactions with methyl mercury are also conceivable.  
 
 

Table 8A1. Compilation of empirical data on mixture effects of DLCs. (To be completed) 
 

Substance 
group 

Non-additive interactions (0 = none, + = synergism, - = antagonism; in parentheses, in vitro effects) 

 PCDDs PeCDFs 0-o CBs 1-o CBs >1-o CBs Aroclors DLC mixes BS DLC 
mix 

PCDDs TCDD,PeCDD,HxCDD,HpCDD: 
0, rat EROD etc biochem 
markersm 

       

PeCDFs PCDDs+4-PeCDF: 0, rat 
ovulationl 

PeCDF, HCDF: 
0, mouse 
hydronephrosisk 

PCDFs, CB169: 
0, mouse 
hydronephrosisk

     

0-o CBs TCDD+CB 126: 0, medaka 
SFMc; 
PCDDs+CB 126, CB 77: 0, rat 
ovulationl 

     CB 126, 
BaP: -, 
flounder 
ERODi 

 

1-o CBs   CB156,169: -, 
mouse liver 
deposit/elimind 

     

>1-o CBs PeCDD,CB153: ±, mouse liver 
toxicokine; 
TCDD,PeCDD+CB153: -, rat 
liver retentionh 

4-
PeCDF,CB153: 
±, mouse liver 
toxicokine  

CB 126,153: -, 
rat hepatic 
tumoursf ;  
CB 126,153; 0, 
rat pup 
toxicoking  

CB153,156: 
+, mouse 
ERODd ; 
CB105,153: -
, rat hepatic 
tumoursf 

    

Aroclors         
DLC mixes       food mix of 

PCDD/Fs, 
DL-PCBs: 0, 
rat rprdj 

 

BS DLC mix     CB153: -a, 
rat hepatic 
tumours 

A1260: -b, 
rat thyroid, 
retinol 

  

References: avan der Plas & al. 1999; bvan der Plas & al. 2001; cKim & Cooper 1998 (SFM = sac fry mortality); dde Jongh & al. 1993a; ede Jongh & al. 1993b; f Haag-
Gronlund & al. 1998, Dean & al. 2002; gLee & al. 2002; hvan der Plas & al. 1998; iWassenberg & al. 2003; jHamm & al. 2003 (deviations from additivity based due to 
transfer to pups); k Birnbaum & al. 1987b; lGao et al. 2000; mViluksela & al. 1998; … 
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B. Human studies and supportive data from experimental animal models 
 
1. Developmental effects 
1.1  Tooth development 
1.1.1  General 

 
A sensitive effect of TCDD is altered development of teeth. It has been found in rats, monkeys and humans, and 
is among the few developmental effects of dioxins in humans that has been considered confirmed in non-
occupational settings. Teeth develop by interaction between ectoderm and mesenchyme in a process genetically 
regulated but sensitive to environmental factors. Once teeth have formed, they undergo no remodeling and 
therefore any disturbances lead to permanent defects (e.g., Alaluusua et al. 2003). As teeth are also physically 
very stable, they enable study of the effects of dioxins and other factors on the past early-life development.  
 

1.1.2  Human studies 
 
In humans, the association of tooth development with dioxins has been studied in Finns exposed to mother's milk 
(Alaluusua et al. 1996) and to Baltic Sea fish in both general populations (Alaluusua et al. 1999) and in residents 
in a contaminated area assumed to consume increased amounts of dioxin-laden fish (Holtta et al. 2001). While in 
the latter case no association could be found, a significantly elevated incidence of neonatal teeth was noted with 
increasing WHO-TEQ levels in Finnish mother's milk in the general population. Alaluusua et al. (2003, 2004) 
also reported an increaded prevalence of developmental dental defects in the Seveso population, consistent with 
the experimental animal and lactation studies. High-exposure Seveso cohort also had an increased prevalence of 
congenitally missing permament teeth (nonsyndromatic hypodontia), suggesting TCDD is one of the agents 
associated with this developmental defect. 
 

1.1.3  Non-human animals 
 
In experimental animals, rat studies have shown that lactational exposure to TCDD results in the arrest of the 
third molar and incisor development and mineralization defects (Kattainen et al. 2001, Lukinmaa et al. 2001, 
Kiukkonen et at. 2002) as well as defective dentin and enamel formation (Alaluusua et al. 1993). The mechanism 
has been shown to be AhR mediated in rats (Gao et al. 2004), and the timing of the onset of effect has been 
specified (Miettinen et al. 2002); the most critical window of sensitivity for the third molar was during early 
morphogenesis, from tooth initiation to early bud stage, response increasing if exposure was started several days 
before this window or  continued thereafter. TCDD also impacts mouse early tooth development in organ culture 
(e.g. Partanen et al. 2004 and earlier work by the same group).  
 
Yasuda et al. (2003) preliminarily reported disturbed tooth development effects on Rhesus monkeys (stillborn or 
postnatally dead) after in utero and lactational exposure to 300 ng TCDD kg-1 (ca. three times the LOAEL of 
TCDD in the studies of reproductive developmental effects by Gray et al. 1997), suggesting that tooth 
development is a sensitive endpoint of dioxins in primates.  
 
Juvenile minks fed diets containing 24 ppb CB 126 or 2.4 ppb TCDD for 7 wk developed loose and displaced 
incisors and grossly more prominent canine teeth; withdrawal of the toxicants from the diets failed to alleviate 
the lesions which continued to be progressively more severe (Render et al. 2001).  
 
Deformed bills have frequently been found in association with exposure to DLCs and other contaminants in fish-
eating wild birds especially in the Great Lakes area (see below). However, these developmental mechanisms 
have distinct differences, also as to the tissues involved. 

 
1.2 Development of other bones 
1.2.1  Humans 

 
There are some recent tentative results for such effects in humans. Rylander et al. (2003) found support in 
fishermen's wives for an association between vertebral fractures but not all fractures or osteoporotic fractures 
and intake of Baltic Sea fish, a proxy for exposure through residence on West or East coast. They pointed out 
that also many other factors may be important in the etiology of such fractures and in the dramatic increase in 
osteaoporosis during the recent decades in Western countries. Despite the multi-factoriality (and multi-
dimensionality) of bone development and the lack of information on mechanisms and regulating factors, 
collectively the data point to a possible association also in segments of human populations, and thus give cause 
for concern. As to beneficial effects of fatty seafish on bone development, see below (4.5).      
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1.2.2  Non-human animals 
 
In rats, CB 126 impaired bone strength and altered bone composition (decreased humerus and femur length, 
water content and torsional stiffness) at a body burden of 384 ng kg-bw-1 (Lind et al. 2000a). It was later shown 
that a 300 ng kg-bw-1 dose of CB 126 increased trabecular density and cortical thickness in female rats after 12-
wk exposure but reduced the trabecular area, maximum torque and stiffness of the humerus and serum 
osteocalcin; the effects were not mediated via the decreased vitamin C or increased vitamin A level (Lind et al. 
2000b). Continuous TCDD exposure in a similar fashion reduced tibia growth, strength and stiffness in rats 
(Jamsa et al. 2001). In female offspring of cross-bred WLC rats having no dioxin resistance genes, a single oral 
dose of 1 ng TCDD g-1 in corn oil in utero or lactationally significantly reduced strength of tibia, femur and 
femoral neck, stiffness of tibia and femur, tibia length and cross-section, and cortical bone mineral density 
(Miettinen et al. 2003). Stern et al. (2003) reported reduced stiffness in the femoral metaphysis in Long-Evans 
(but not Han-Wistar) rats at doses of 0.17 ng TCDD g-1 and above; no LOAEL was established. The authors 
pointed out that AhR has been shown to modify the estrogen receptor and retinoid systems, known to be 
important regulators of bone turnover and homeostasis.   
 
In juvenile minks, osteolysis of alveolar bone adjacent to mandibles and maxilla caused by CB 126 and TCDD 
in diet has been found to be related to tooth development disorders; similar but less severe changes developed in 
adult mink fed TCDD (Render et al. 2001, see above). 
 
Effects of DLCs on bone structure and properties have been studied experimentally based on observed 
associations between impaired skull bone development and PCBs in Baltic Sea seals (Bergman et al. 1992).  

 
1.3 Growth and birth weight 
1.3.1  Humans 

 
Growth retardation in humans in association with dioxins, PCBs or dioxin-like PCBs has been reported mainly 
in association with in utero exposure among Great Lakes and Baltic Sea fish consumers and in Holland. 
However, according to the evaluation of Kimbrough and Krouskas (2001), none of the publications they 
reviewed provided clinical evidence that PCBs and related chemicals adversely affect weight (or immune or 
thyroid function) in children born to healthy mothers; the studies reporting greatest differences between groups 
found a negative association only in breast and formula-fed infants combined; correlations between PCB 
exposure or polluted fish ingestion and birth weight were inconsistent; in none of the papers were normal 
reference values provided; and, overall, the statistically significant differences accounted for little of the 
variance.  
 
Lowered birth weight was reported in early 1980's in populations exposed to PCBs and other organochlorines in 
fish from Lake Michigan area (Fein et al. 1984). The most significant differences (p<0.001) were for head 
circumference (35.3 cm in low-PCB and 34.6 cm in high-PCB group), and neuromuscular maturity (20.0 in non-
fish eaters and 18.5 in fish eaters). The authors also noted that the reduction in birth weight between fish-eaters 
and non-fish eaters (190 g) and between high and low serum PCB level groups (160 g) were significant at a level 
of p<0.05, and in the range of that found in relation to maternal smoking during pregnancy. Swain (1988) 
evaluated these and other findings from Lake Michigan mothers and their newborn infants, noting that the 
infants born to mothers consuming much fish were smaller and had reduced head circumferences and were more 
often classified within the `worrisome' category. She later (1991) concluded based on an evaluation of criteria 
for causal inference that in this cohort, maternal exposure to PCB and infant size at birth and gestational age 
affirmed the causal hypothesis, while studies from other geographic locales tended to be only supportive. 
However, in these studies the PCBs were not specified, and the effects could have been due to non-dioxinlike 
congeners (or to still other correlating contaminants) (cf. 4.2.2). 
 
Rylander et al. (1995, 1996) studied birth weight in children born to fishermen's wives in Swedish East and West 
coast, the former exposed to higher levels of dioxins and PCBs in fish (from the Baltic). They first found that 
women in the East Coast cohort gave birth to an increased number of infants weighing <3 000 g, while the 
opposite was seen in the West Coast. Infants in the former cohort had significantly lower birthweights than those 
in the latter (medians 3 530 and 3 610 g, p< 0.001). Even after adjustment for potential confounders, East coast 
affiliation showed an increased risk for low birthweight (OR 1.44, 95% CI 1.18 - 1.76). The effect was more 
conspicuous for boys (OR 1.95) and heavy smokers (OR 3.00). They concluded that the results support, but do 
not prove, an association between high consumption of fish from the Baltic and an increased risk for low 
birthweight. In the second study, a high total current intake of fish from the Baltic (≥ 4 meals per month) by 
mothers increased the risk of low birthweight especially of boys (OR 3.4, 95% CI 1.1 - 11). No such effects were 
found with the estimated fish intake during the period of birth, but mothers grown up in a fishing village had an 
barely significantly increased risk of having an infant with low birthweight (OR 2.1, 95% CI 1.0 - 4.3). 
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According to the authors, these results provided further support for an association between a high consumption 
of contaminated Baltic fish and an increased risk for low birthweight.   
 
Patandin et al. (1998) found in the offspring of Dutch mothers that in utero exposure to environmental levels of 
PCBs is negatively associated with birth weight and postnatal growth until 3 mo of age. However, laos in this 
case the PCBs associated with these effects were not specified. Postnatal PCB and dioxin exposure was not 
negatively associated with growth rate in the breast-fed group.  
 
In the study of the Yu-Cheng mothers accidentally exposued to PCDFs, Lucier et al. (1990) found that the 
significant decrease in epidermal growth factor receptor in placentas from exposed women was strongly 
correlated with decreased birth weight. 

 
Vartiainen et al. (1999) in a study of donors of mother's milk in Finland found that birth weight, especially of 
boys, slightly decreased with increasing concentrations of I-TEQ, 4-PeCDF, PeCDD and TCDD, but when the 
analysis was restricted to primiparae, there was no statistically significant correlation. No correlation was found 
between the weight of the child and PCB-TEQs or individual PCB congeners in the whole material or among 
primiparae, or among boys or girls. 

 
1.3.2  Non-human animals 

 
Reduced growth is a well-known effects of dioxins in animal models, as well as in perinatal stages and in adults. 
TCDD has been found to cause decreased birth weigth, in addition to offspring mortality and miscarriages, in 
many experimental, captive and wild animals, e.g. in sensitive minks even though masked by poor breeding 
(Hochstein et al. 2001), and in rodent studies, often associated with other developmental effects on fetuses.  
However, these results are not direclty applicable to humans due in part to the non-specificity of such effects and 
the several poissble causal chains. 

 
1.4 Cleft palate  
1.4.1 Humans 
 

No published in vivo studies have been found of dioxin-induced cleft palate in humans, except for some findings 
reported among congenital anomalies in Vietnam (Natsume et al. 1998), believed by the authors to result from 
the massive scattering of defoliants, including dioxin. Barrow et al. (2002) refer to a study of cleft palate in 
offspring of agricultural workers exposed to TCDD that has not been localized at this writing. These authors 
identified the related human ARNT2 gene, and showed by genomic structural analysis and mutational screening 
in infants with nonsyndromic CPO (cleft palate only) or CL/P (cleft lip/palate) in the Iowa Birth Defects 
Registry that although a common amino acid polymorphism was found, no obvious disease-causing mutations 
were detected by SSCP analysis, concluding that no association was demonstrated with CPO (n = 45) and CL/P 
(n = 37).   

 
1.4.2  Non-human animals 
 

Among teratogenic malformations of the fetus, cleft palate is a classic endpoint of TCDD and related compounds 
in rodents. It has been studied in rats, with pronounced strain differences (Huuskonen et al. 1994), but especially 
in the dioxin-sensitive C57BL/6N mice.  
 
Abbott et al. (1989, 1999) have shown in human cell cultures and Abbot and Birnbaum (1991) in organ cultures 
in vitro that TCDD alters embryonic palatal medial epithelial cell differentiation in a way similar to that in mice. 
Moriguchi et al. (2003) have produced a transgenic knock-in mouse with human AhR (hAhR) that exhibited cleft 
palate in fetuses. However, Abbott et al. (1999) concluded that when the morphological, cellular, and molecular 
responses to TCDD between mouse and human are compared, it seems highly unlikely that human embryos 
could be exposed to sufficient TCDD to achieve changes in palatal differentiation that would lead to cleft palate.  
 
TCDD and related PCDFs are potent mouse teratogens inducing cleft palate and hydronephrosis at doses below 
those at which overt toxicity occurs. Cleft palate has been used extensively as an in vivo effect in gauging the 
relative developmental toxicity of the various DLCs as well as their mixtures (e.g., Nagao et al. 1993). However, 
Mayura et al. (1993) demonstrated that the relative potency of DL-PCBs to TCDD is lower as measured by cleft 
palate induction than by immunosuppression.   
 
Cleft palate induction by PCDFs was studied by Birnbaum et al. (1987) in C57BL/6N mice. 4-PeCDF was the 
most teratogenic with an ED50 of 36 µg kg-1 for cleft palate and 7 µg kg-1 for hydronephrosis, ca. 4 times as 
potent as 1PeCDF and 10 times as potent as HCDF but 1/10 as potent as TCDD. Both chemicals caused 
hydronephrosis and cleft palate in the absence of any overt toxicity. Hydronephrosis occurred at doses 
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approximately fivefold lower than those causing cleft palate. The combination of 4-PeCDF and HCDF was 
additive for terata based on probit analysis. In addition, the combination of CB 169 (0-60 mg/kg) and 4-PeCDF 
appeared additive.  
 
Birnbaum et al. (1991) determined that the potency of brominated dioxins relative to TCDD for the induction of 
cleft palate was TBDD, 0.24; TBDF, 0.10; 1PeBDF, 0.004; and 4PeBDF, 0.005. When compared to the relative 
potencies of PCDFs, it was concluded that bromination decreases the teratogenicity of TBDD relative to TCDD 
and of 1- and 4PeBDF relative to the chlorinated isomers; however, substitution of bromines for chlorines 
increases the potency of TBDF relative to TCDF. This finding has importance for the risk assessment of 
PBDD/Fs, emphasizing the relative importance of TBDF in such effects.  
 
d'Argy et al. (1987) determined the ED50 of CB77 for cleft palate induction in C57BL/6 mice to be ca. 100 mg 
kg-1, as compared to 30 µg kg-1 for TCDD, whereas the AhR binding affinity and in vitro lymphoid cell 
inhibition potency of CB77 is only 100 times lower than that of TCDD; the larger difference in in vivo toxicity 
was explained by rapid metabolism and excretion of TCB. Mayura et al. (1993) reported an estimated relative 
potency of CB 126 compared to TCDD on the basis of cleft palate and hydronephrosis in the range of < 0.07-
0.04.   
 
Biegel et al. (1989) demonstrated in C57BL/6J mice that HxCB or 4,4'-diiodo-2,2',5,5'-TeCB (I2-TCBP) 
partially antagonized TCDD-mediated cleft palate and immunotoxicity, and HxCB antagonized TCDD-mediated 
hepatic EROD induction, thus being like Aroclor 1254 partial antagonists of TCDD.  
 

1.5 Other teratogenic effects 
 
Teratogenic effects of TCDD are highly species and tissue specific (Couture et al. 1990). A few other 
malformations of the developing embryo in association with exposure to TCDD or other DLCs have been noted 
in non-human animals, mainly mice, at doses below maternal toxicity. Couture et al. (1989) found 4-PeCDF to 
be maternally and fetally toxic in rat regardless of the gestation day of exposure but to induce terata only at doses 
where overt toxicity was observed, in contrast to previous studies in the mice where teratogenic effects were 
observed at nonfetotoxic dose levels. It was thus concluded that mouse may be a more sensitive model for 
evaluating specific toxic responses induced prenatally following exposure to related compounds.  
 
Hydronephrosis has been particularly common and found at relatively low doses, below those causing cleft 
palate in mice by some DLCs including PBDD/Fs (Birnbaum et al. 1991). Striking inter-strain and endpoint-
specific teratogenicity has been noted in rats (Huuskonen et al. 1994): while cleft palate was caused in Long-
Evans and not in Han-Wistar rats, the opposite was true of hydronephrosis. The homozygous hAHR fetuses as 
well as the fetuses possessing Ahr(b-1) or Ahr(d) of the humanized knock-in mouse model of Moriguchi et al. 
(2003) developed embryonic hydronephrosis. 
 
Another teratogenic effect of dioxin is thymus hypoplasia in mice (Couture et al. 1990). This is not surprising as 
thymic atrophy and involution, related to immune effects, are among the hallmark effects of TCDD and other 
dioxins, and serve as a key in vivo information basis for definition of TEFs.  
 
In wildlife, congenital malformations have been observed in birds in connection with the syndrome essentially 
including developmental disorders in Great Lakes area (see below).  
 
Raisanen and Salkinoja-Salonen (1983) quoted Swedish studies in 1970's showing a 5-fold incidence of 
handicapped children born to nurses in six hospitals who were exposed to hexachlorophen formulations, as 
compared with nurses in control group (15 % and 3 %, respectively). However, neither the endpoints nor the 
exposurer have been specified. 

 
1.6 Neurological, cognitive and behavioural development 
1.6.1  Human studies 

 
Adverse effects have been reported on neurological and cognitive development in association with perinatal 
exposure to dioxins, PCBs and related compounds in utero or in lactation in several populations also at moderate 
levels of exposure (see e.g. reviews by Birnbaum and Tuomisto 2000, Boersma and Lanting 2000, ten Tusscher 
and Koppe 2004). These effects have ranged from subtle and  transient to severe, significant and persisting. 
Breast feeding has often been found to alleviate these effects. Ten Tusscher and Koppe (2004) concluded that 
effects on IQ and behaviour have been documented in children on both sides of the Atlantic but non-dioxin-like 
PCBs have often been implicated, and that interference with thyroid hormone metabolism in the mother, in the 
fetus and in the newborn could be responsible for such effects on brain development.  
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Significant neurodevelopmental effects, including impaired visual recognition, memory and learning, verbal 
ability and IQ, were found in populations consuming fish from Great Lakes contaminated by PCBs, dioxins and 
other compounds (e.g., Fein et al. 1984, Jacobson et al. 1985, 1990, Jacobson and Jacobson 1996, 1997, Schantz 
et al. 2001, Stewart et al. 2000, 2003). Results were also published on hypotonia and hyporeflexia of neonates 
(Rogan et al. 1986) and developmental delays in gross motor functions in older children (Gladen et al. 1988) in 
relation to prenatal exposure to PCBs due to consumption of contaminated Atlantic seafood In North Carolina. 
 
Poor specification of exposure in terms of congeners is a common limitation in these studies for drawing 
conclusions on the roles of DLCs in the effects noted. Stewart et al. (2000) reported significant linear 
correlations between the levels of most highly chlorinated (7–9 Cl) PCBs in cord blood and performance 
impairments on the habituation and autonomic clusters of the score among neonates of mothers who consumed 
Lake Ontario fish, whereas such correlations were not found the moderately chlorinated (4–6 Cl) congeners 
including the DL-PCBs except for CB189 (see also Stewart et al. 1999). In the other Great Lakes including Lake 
Michigan, non-dioxin-like PCBs have also been abundant (Anderson et al. 1998, Humphrey et al. 2000) and may 
thus be responsible for neurodevelopmental effects. This was stressed also by Seegal (1999) who pointed out 
that cognitive deficits in children exposed perinatally to fish-based contaminants may be due either to 
contaminants other than PCBs (themselves a heterogeneous group) or to interactions between PCBs and other 
neurotoxicants in fish. Interactions between PCBs and MeHg in relation to neurological effects have been 
reported from the Great Lakes (Stewart et al. 2003), as from elsewhere (Grandjean et al. 2001). In addition, 
inefficient study designs, treatment of confounders and small sample sizes constraint the inference from these 
studies. In Germany, results have been published on negative effects on neurodevelopment and IQ up to an age 
of 42 mo in association with perinatal exposure to PCBs (Walkowiak et al. 2001), but all the congeners 
measured were non-dioxinlike.  
 
Evidence for neurological, cognitive and behavioral effects associated with more well-characterized near-
background exposure to PCBs and dioxins in mother-infant pairs has been published from long-term studies in 
Rotterdam and Groningen. The exposure consists of PCDD/Fs and PCBs of which the most abundant were non-
dioxinlike congeners (e.g. CB138, CB153, CB180) with phenobarbital type of activity. Prenatal PCB exposure 
had a small negative effect on the psychomotor score at 3 mo, and PCB and dioxin exposure in lactation at the 
age of 7 mo; the mental outcome at 7 mo was positively influenced by breastfeeding per se, and perinatal 
exposure did not influence this (Koopman-Esseboom et al. 1995). Some of the effects were transient (Huisman 
et al. 1995, Lanting et al. 1998). However, some effects persisted: at 42 mo, a negative relation was found 
between IQ and ΣPCBs in maternal blood at end of pregnancy, with IQ reductions of 2 to 6-8 points, and 
attention during free play was reduced relative to cord and maternal PCB levels (Patandin et al. 1999). Overall 
cognitive functioning was negatively infuenced, as was the verbal comperension score, in accordance with the 
study of Jacobsen et al. (1990). Hyperactivity and slower mean reaction times in relation to PCB levels in 
children at 42 mo were also reported by Patandin et al. (1999), and are consistent with similar side effects of 
phenobarbital use in childhood as pointed out by ten Tusscher and Koppe (2004). At the age of 7 a, more left-
handed children, more lateralisation between the hands in left-handed girls, and better coordination between 
hands in left-handed boys were found in the Rotterdam group in relation to higher prenatal PCB exposure 
(Vreugdenhil et al. 1999). Less masculinized play among boys was also reported (Vreugdenhil et al. 2002). 
However, even in these studies the relative contribution of dioxin-like and non-dioxinlike compounds has not 
been extensively analysed. 
 
Ilsen et al. (1996) in a smaller group of mothers and their children from Amsterdam/Zaandam reported subtle 
effects on neurological development (motor function) in children at background perinatal exposure to dioxins. In 
22 out of 29 items studied, less suboptimal scores were obtained in the high-exposure group; in five items the 
difference was significant; total and sub-total scores revealed lower suboptimality with a wider range in the high-
exposure group. It was hypothesized that the effect may be due to the thyroxine-agonizing effect of dioxins, and 
it was pointed out that enhanced maturation has been described also in amphibian tadpoles due to low doses of 
TCDD. The health significance of this enhanced maturation effect, displaying different qualities from some other 
findings of retarded development, is not evident. In a follow-up study at the age of 8-12 a, ten Tusscher (2002, 
ref. ten Tusscher and Koppe 2004) found an association between perinatal exposure to dioxins and a delay in 
brain maturation, with possible cerebral damage, while psychological tests revealed an increase in behavioral 
and social problems. However, such effects may at least partly be due to other factors.   
 
Human data on effects on neurological development also are available from accidental exposure to DLCs in the 
Yusho episode in 1968 in Northern Kiushu, Japan as a result of rice oil contaminated with PCBs and particularly 
PCDFs, and a similar case in 1978-79 in Taiwan, Yu-Cheng ('oil disease') (Rogan et al. 1988). The 
developmental effects on children, including both deformations and functional retardation, have been regarded as 
the most tragic aspect of these local epidemics (Aoki 2001). In Yu-Cheng, children exposed to PCBs in utero 
and lactationally were reported to have poor cognitive development such as severe effects on IQ (Chen and Hsu 
1994). From animal studies, alterations in thyroid hormone status (cf. below), modulation of protein kinase C, 
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and changes in dopamine levels were proposed as possible mechanisms for the adverse effects of PCBs and 
PCDFs on brain development. The observations in these victims have general relevance also as they have greatly 
increased the understanding of the behavior and effects of PCBs and PCDFs in humans. However, dose levels in 
these cases were high, and their direct applicability in the assessment of risks from exposure to PCDD/Fs and 
DL-PCBs in Baltic Sea fish is limited mainly to high fish consumers.  
 
These effects can have a physiological basis in thyroid functions, known to be important in neurological 
development and in the development of cognitive abilities, and associated with both PCDD/Fs and PCBs in 
studies particularly in experimental animals (see below). This was studied in the same cohort by Koopman-
Esseboom et al. (1994) who found that higher PCDD, PCDF, and PCB levels in human milk, expressed as 
TEQs, correlated significantly with lower plasma levels of maternal tT3 and tT4, and with higher plasma levels 
of TSH in the infants 2 wk and 3 mo after birth; infants exposed to higher TEQs had also lower fT4 and tT4 
levels at 2 wk (cf. Pluim et al. 1992, 1994a). Ten Tusscher and Koppe (2004) stressed that as the early fetus is 
dependent on maternal T4 and the lower T4 levels in the mother and other thyroid effects caused by dioxins and 
PCBs might negatively influence brain development before and shortly after birth. Effects of dioxins on thyroid 
functions and homeostasis are discussed below in more detail. 
 

1.6.2  Non-human animals 
 
There are complementary data on motor, cognitive and behavioral effects mainly in rats and monkeys. In 
particular, effects of PCBs (Aroclor mixtures) have been reported. However, many of the the developmental 
neurological effects also in experimental animals (e.g., Schantz et al. 1989, 1991, 1995, 1996) may have been 
due at least to a considerable part to non-dioxinlike PCBs, being known neurotoxicants but with a different 
profile of effects. In the present work these studies are dealt with only as needed for an understanding and 
assessment of DLCs. For instance, Rice et al. (1999) found that exposure to a PCB mixture representing that in 
human milk in Great Lakes fish consumers, with a total concentration supposed to be safe according to Canadian 
health authorities, caused in Macaca fascicularis monkeys robust deficits on spatial delayed alternation and 
behavioral deficits including retarded learning, perseverative behavior, and inability to inhibit inappropriate 
responses; the effects may or may not be attributable to dioxins.    
 
In monkeys, a pivotal low-dose developmental study of TCDD is that of Schantz and Bowman (1989) on 
discrimination-reversal learning consisting of a series of simple spatial reversals, followed by spatial reversals 
with color and shape. TCDD-exposed monkeys displayed retarded learning of the shape reversals. The number 
of trials the TCDD-exposed monkeys took to learn the spatial reversals was positively correlated with TCDD 
level in body fat; the number of trials to learn the color reversals was negatively correlated with TCDD in body 
fat. These subtle, transient neurobehavioral changes in offspring at 0.15 ng kg-bw-1 d-1 dietary administration 
corresponded to a maternal body burden of 25 - 37 ng kg-bw-1 and to an associated Estimated Human Daily 
Intake of 12.5 - 18.5 pg kg-bw-1 in SCF (2000) assessment; however, as appraised by the SCF (2001), the 
significance for humans if doubtful. Schantz et al. (1992) also found in offspring of Rhesus monkeys fed diets 
containing 0, 5, or 25 ppt TCDD for 4 years that exposed offspring born concurrent with maternal TCDD 
exposure initiated more rough-tumble play, retreated less during play bouts, were less often displaced from 
preferred positions in the playroom and were engaged in more self-directed behaviors.  
 
In rats, a group has published several studies on neurological, cognitive and behavioral effects of low doses of 
TCDD. Markowski et al. (2001) reported responses to opportunities to run in wheels, at progressively increased 
fixed-ratios, in female offspring to Holtzman rats exposed to TCDD on GD18. Because of the consistent dose-
response at all fixed-ratio values, benchmark doses were derived by a quadratic fit. The mean ED(10) for total 
wheel revolutions was as 7.3 pg g-1 with a 95% lower bound of 5.4 pg g-1, and the ED(01) 0.71 pg g-1 with a 95% 
lower bound of 0.60 pg g-1. Hojo et al. (2002) found a sexually dimorphic response pattern in operant behavior 
wherein TCDD-exposed males responded at lower and females at higher rates than controls. For the male-female 
difference in fixed-ratio rate of responding, the mean ED(10) was 2.77 pg g-1 with a 95% lower bound of 1.81 pg 
g-1, and the ED(01) was 0.27 pg g-1 with a 95% lower bound of 0.18 pg g-1. All of these benchmarks were  below 
current estimates of human body burdens of 13 pg g-1, based on TCDD toxic equivalents. Zareba et al. (2002) 
demonstrated that prenatal exposure to TCDD reduced cortical thickness and altered the normal pattern of 
cortical asymmetry, a finding consistent with the sexually dimorphic behavioral effects induced by TCDD. In 
general, these studies point to neuro-behavioral effects of dioxins at very low doses in some mammals. However, 
in studies with Wistar rats, no effects on locomotor acitivity were found even at higher doses in perinatal 
exposure, although a reduced ability to remain on a rotating rod was observed (Thiel et al 1994). 
 
Schantz et al. (1995) studied neurological development effects of CB28, CB118 (weakly dioxin-like 1-o 
congerer) and CB153. High perinatal doses of  16 mg CB118 kg-1 d-1 resulted in slower acquisition by female 
Sprague-Dawley rats, demonstrating that perinatal exposure to ortho-PCBs can result in long-lasting deficits in 
learning and suggesting that the effects may be sex specific. Later, Schantz et al. (1996) examined spatial 
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learning and memory following in utero and lactational exposure to coplanar PCBs or TCDD in 
Sprague-Dawley rats dosed with CB77 (2 or 8 mg kg-1 d-1); CB 126 (0.25 or 1.0 µg kg-1 d-1); or TCDD (0.025 or 
0.1 µg kg-1 d-1) on gestation days 10-16. TCDD-exposed rats displayed pronounced decreases in errors; 
PCB-exposed rats showed similar but less pronounced effects. This facilitated acquisition of a working memory 
task was very different from that previously observed in rats exposed to ortho-PCB congeners, suggesting that 
coplanar and ortho-PCBs may have different mechanisms of action on the central nervous system.  
 
Rice and Hayward (1999), studying CB 126 effects on motor performace in rats, found that only the high-dose 
group apportioned responses less accurately than controls with respect to the scheduled relative reinforcement 
density on two levers; overall, the results reinforced earlier data on DL-PCBs being weaker neurotoxicants than 
di-ortho PCBs. Likewise, Geller et al. (2000) found no significant effect of CB 126 on visual thresholds, and 
Bushnell and Rice (1999) found little support for deficits in attention in rat male offspring from perinatal CB 126 
exposure. 
 
Nayyar et al. (2003) studied effects of prenatal exposure to TCDD (700 ng kg-1) on the developmental 
expression profiles of rat hippocampal NMDA receptor subtype 1 mRNA and protein in F-344 rats, finding that 
TCDD significantly downregulated expression during the first postnatal month. The study provided support to 
the hypothesis that NMDA receptors are important targets for dioxin-induced neurotoxicity and that prenatal 
exposure may contribute to the pathogenesis of diseases in the adult. 
 
As described by Kakyama and Tokyama (2003), the brain during development is thought to be highly sensitive 
also to dioxin and related compounds that affect a broad range of brain functions from the advanced to the 
reproduction-controlling function even at low doses, and it is suggested that dioxins exhibit endocrine-disrupting 
action on the gonadal and thyroid hormone axes, as well as the 'neural-disrupting action' on neural transmission 
and neural network formation. They pointed out that from behavioral toxicological and mechanistic studies, 
dioxins affect some specific functions in particular regions or cells of the brain at critical windows during the 
developmental period. 
 
Neurological effects of PCDD/Fs and PCBs (not only dioxin-like) occur in experimental animals also apart from 
clear developmental neurotoxicology; they are discussed in this connection however. Neurotoxicity of DLCs has 
a multi-faceted neurological base, in addition to the crucial influence of thyroid homeostasis (see below 4) to 
neurological development. As reviewed by Maeda et al. (2003), exposure of rodents to TCDD leads to various 
biochemical alterations in central and peripheral nervous systems, e.g. changes in aromatase activity, plasma 
adrenocorticotropin/corticosterone ratio, and levels of pituitary luteinizing hormone, c-Fos expression and 
glutamic acid decarboxylase gene expression. Maeda et al. (2003) reported findings suggesting that suggested 
that effects of TCDD on sex behavior are exerted not by hypothalamus-mediated mechanism but by neocortex-
mediated or advanced brain function-mediated mechanisms. Perinatal exposure of pregnant Long-Evans Hooded 
female rats administered 200 TCDD ng/kg by gavage affected the level and histochemical localization of SFRP2 
mRNA, while in adult offspring, mRNA levels of NMDA receptors were altered in the neorcortex and 
hippocampus; which might permanently affect the advanced brain function of the offspring. 
 
Some behavioral effects of dioxins may have a direct physiological basis, e.g. in hormone functions (see 
Brouwer et al 1998). Amin et al. (2000) hypothesized that the masculinized saccharin consumption in female 
Sprague-Dawlay rats exposed to TCDD or coplanar PCBs may be due to anti-estrogenic action. However, 
MacLusky et al. (1998) concluded that the disruptive effects of low dose dioxin exposure on sexual 
differentiation of the rat brain are probably not mediated through blockade of estrogen responses, but may 
instead involve subtle developmental changes in other endocrine systems, perhaps also affecting the feedback 
control of adrenocortical function. 

 
1.7  Reproductive development 
 

Effects on the developing reproductive system are among the crucial ones of TCDD and related compounds, 
being found at lowest levels of exposure in many animals, especially rats. Theys will be dealt with below in 
connection with reproductive effects. 

 
1.8  Lung function development 

 
Impaired lung function as a result of PCDF and PCB exposure has been described in the highly exposed Yusho 
subjects (e.g., Rogan et al. 1988), but rarely studied at lower levels of exposure. However, recently ten Tusscher 
et al. (2001) reported from the Amsterdam/Zaandam cohort a significant decrease in lung function at the age of 8 
a, measured by the FEV1/FVC ratio, in relation to perinatal PCDD/F exposure. They held that a negative 
influence on the development of the lung seems the most likely explanation for these effects, qualitatively 
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comparable with abnormalities seen in children of smoking mothers, but that there is also a possibility of an 
influence on the mucous producing cells, known to have a function in innate host defence.    
 

1.9  Immune system development 
 
Effects on the development of the immune system will be dealt with under chapter 4 below. It needs stressing 
here however that some of these effects are closely related to other developmental effects such as those on 
hormonal functions in thymus and thyroid, and on bone marrow and hematopoiesis.  

 
 
2. Reproductive effects 
2.1  Development of testis and gonads 
2.1.1  Humans 
 

Little empirical evidence have been published that directly link dioxins with the development of reproductive 
organs in humans, unlike in other animals. Den Hond et al. (2002) studied 200 adolescents (mean age 17 a) in 
polluted suburbs and a rural control area in Flanders, measuring serum levels of PCBs 138, 153, and 180 and 
dioxin-like compounds by the CALUX assay as biomarkers of exposure. In individual boys, a doubling of the 
serum level of the non-dioxinlike PCB 138 and 153 increased the odds of not having matured into the adult stage 
of genital development or pubic hair growth (p = 0.04 and 0.04, respectively). In girls a doubling of the serum 
dioxin level increased the odds of not having reached the adult stage of breast development by 2.3 (p = 0.02). It 
seems that these result require confirmatory evidence from other studies, to account for confounding factors.   
 
Concerns have also been expressed for the possible contribution of such substances to cryptorchidism, 
hypospadias, alterations in spermatogenesis and impaired semen quality, and, as a different type of effect, 
testicular cancer, in relation to their (relatively weak) ability to modulate sex hormone functions including 
estrogenic and antiandrogenic activity (for a comprehensive review, see. e.g. Toppari et al. 1995, 1996 and 
Assmuth and Louekari 2000). Such conditions may however be mainly dependent on other factors, including 
other chemical substances.  

 
2.1.2  Non-human animals 
2.1.2.1  Males 
 

Unlike in rats and many other non-human animals, no direct evidence for effects on human spermatogenesis by 
dioxins has been found. The published findings of reduced fertility may be due to other factors. 

 
Impaired testis development has been found in  rats as one of the pivotal low-dose effects (Mably et al. 1992, 
Grey et al. 1997, Faqi et al. 1998). 

 
Mably et al. (1992) demonstrated that decreases in epididymis and cauda epididymis weights, daily sperm 
production, and cauda epididymal sperm number were statistically significant at the lowest maternal dose tested 
(0.064 µg TCDD kg-1) on Day 120 and at most earlier times. Little if any effect on fertility was seen, as rats 
ejaculate far more sperm than are required for normal fertility, unlike some other species. The reduction in 
spermatogenesis could not be accounted for by concurrent effects on plasma follicle-stimulating hormone or 
androgen concentrations or by undernutrition. 
 
The complementary results of Ohsako et al. (2001) suggested that the decrease in the size of the ventral prostate 
by maternal TCDD exposure might be due to decreased responsiveness of the prostate to androgen due to an 
insufficient expression level of androgen receptor during puberty. 

 
Gray et al. (1997) showed that TCDD on Day 15 of pregnancy at 0.05 µg/kg reduced ejaculated sperm counts, 
while higher dosage also delayed puberty and permanently reduced cauda epididymal sperm reserves. 

 
Faqi et al. (1998) reported that sperm production was permanently decreased as was the sperm transit rate in 
TCDD-exposed male rats, thus increasing the time required by the sperm to pass through the cauda epididymis, 
and increased numbers of abnormal sperm were found at adulthood. The LOAEL and the NOAEL can be 
estimated to be substantially lower than the estimated daily dose of the lowest dose which was 0.8 ng kg-1 bw d-1. 
Murray et al. (1979) had reported3-generation chronic reproduction NOAEL and LOAEL in rat of 0.8 and 8 ng 
kg-1 ww d-1, respectively. 

  
In other rat strains, Simanainen et al. (2004) showed that decreased sperm numbers was the most sensitive 
endpoint of those reproductive effects studies but the most consistent and significant effects of TCDD were 
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decreased weight of prostate lobes. Morover, the intraspecies genetic differences in AhR appeared to modify the 
sensitivity to only certain dioxin-induced male reproductive effects. 

 
Van Birgelen et al. (1999) demonstrated that the array of effects caused by TCAOB in rat, being very similar to 
those of TCDD, included reduced sperm motility. In contrast, Gray et al. (1993) noted that testes weights, 
testicular sperm numbers, sperm motility, and serum and resticular testosterone levels in rats were unaffected 
even in the highest dose 25 mg/kg/day of Aroclor 1254. 

 
Fukuzawa et al. (2003) shed more light on the mechanism of action on spermatogenesis by showing in a mouse 
testis organ culture in vitro that the coplanar CB 126 does not alter the proliferative activity of spermatogenic 
cells and Sertoli cells in neonatal testis, but that it directly affects the expression of steroidogenic enzyme genes. 

 
2.1.2.2  Females 

 
In female rodents, TCDD or DL-PCBs induce urogenital malformations (see review of Gray et al. 1998).  
 
In hamster, Wolf et al. (1999) found that in utero administration of TCDD adversely affected  reproductive 
function in female offspring given a dosage level nearly four orders of magnitude below the dosage toxic to the 
adult animal, and that adverse effects persisted through two generations even though the F1 was only indirectly 
exposed during gestation and lactation. 

 
In Baltic ringed seals, uterus occlusion/leiomyoma has been associated with elevated PCB body burdens and the 
common reproductivbe failures in the seal stocks at that time (Helle et al. 1976); however, the specific congeners 
and the role of the DL-PCBs were not ascertained (cf, 9.B).  

 
2.2  Menstrual and estrous cycle 
2.2.1  Humans 
 

Axmon et al. (2004) studied the possible association between dietary exposure to POC and menstrual cycle 
disruption in women who eat relatively large amounts of fatty Baltic fish and in a socioeconomically similar 
cohort of controls by questionnaire-based information on menstrual cycles, adjusted for smoking since the 
exposed women tended to smoke more than the controls. They found that the exposed women on average had 
0.46 (95% CI: 0.03, 0.89) days shorter menstrual cycles than controls. However, within the exposed cohort no 
effects were found of the proxy variables early life exposure and high consumption of Baltic Sea fatty fish. The 
results were regarded to give some support to previous results from studies on women with similar exposure, but 
be inconclusive with respect to a causal association between exposure and menstrual cycle disruption. In any 
case, the exposures were not specified and included several other contaminants in addition to dioxins. 

 
Eskenazi et al. (2002) found in Seveso that among women who were premenarcheal at the time of the accident, a 
10-fold increase in serum TCDD level was associated with a lengthening of the menstrual cycle by 0.93 days 
(95% CI: -0.01, 1.86). The CI includes zero but the results were considered consistent with effects of TCDD on 
ovarian function noted in some animal species and with greater sensitivity to TCDD during development. 
 
Warner et al. (2004) found that individual serum TCDD measurements are not significantly related to age at 
menarche among women in the Seveso cohort. 
 
In the New York State angle cohort, Mendola et al. (1997) observed a contrary effect, a significant menstrual 
cycle length reduction (1.1 days) with consumption of more than one fish meal per mo and moderate or high 
estimated PCB index, used as proxies for exposures. 

 
 
2.2.2  Non-human animals 
 

There is plenty of evidence of ovulatory effects of PCDD/Fs especially in rats. These have been summarized by 
Petroff et al. 82002) as follows (8B1). In addition, Moran et al. (2001) demonstrated that a single exposure of 4 
ng TCDD g-1 b.w. leads to long-term adverse effects on ovarian function in cynomolgus macaques (monkeys).  
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Table 8B1. Model, dose, route and duration of exposure for studies concerning the effects of PCDDs on ovulation in the 
adult female (from Petroff et al. 2002).  
 
Reference    Model      Dose and route           Frequency   Duration  
 
Allen et al. 1977   Rhesus monkey     TCDD: 50–500 ppt p.o.          Daily    9 mo 
Barsotti et al. 1979   Rhesus monkey     TCDD: 500 ppt p.o.          Daily    6 mo 
Dasmahapatra et al. 2000 Rat granulosa cell     TCDD: 3.1 pM, 3.1 nM          Continuous   24–48 h  
Enan et al. 1996a,b  Human granulose cell   TCDD: 0–10 nM PeCDDs: 10–100 nM       Continuous  0–120 h 
Gallo et al. 1986   CD-1 mice      TCDD: 6 mg:kg p.o.          3 times:week   1 mo 
Giavini et al. 1983   CRCD rat      TCDD: 0–2 mg:kg p.o.          Daily    2 wk 
Gao et al. 1999a   Sprague-Dawley rat    TCDD: 2–32; PeCDD: 9–150; HxCDD: 90–720 µg:kg p.o.  Single    4 d 
Gao et al. 1999b   Sprague-Dawley rat    PeCDF: 10–160, PeCB 57–457 mg:kg p.o.     Single    4 d 
Gao et al. 2000   Sprague-Dawley rat    TCDD 32 mg:kg p.o.          Single    4 d 
Heimler et al. 1998a  Human granulosa cell   TCDD: 3.1 pM, 3.1 nM, 3.1 mM        Continuous   0–48 h  
Li et al. 1995a    Sprague-Dawley rat   TCDD: 10 mg:kg p.o.          Single    2 wk 
Li et al. 1995b, 1997  Sprague-Dawley rat    TCDD: 0.03–30 mg:kg p.o.         Single    4 d  
Petroff et al. 2000   Sprague-Dawley rat    TCDD: 10 µg:kg p.o.          Single    4 d 
Son et al. 1999    Sprague-Dawley rat:ID-8 cells TCDD: 20 µg:kg p.o:0.1–100 nM        Single:continuous  0–96 h 
 
 
2.3  Endometriosis 
2.3.1  Humans 
 

An much debated effect of dioxins is endometriosis, characterized by growth of endometrial cells at sites outside 
the uterus, the prevalence of which has increased in humans (Rier et al. 1995). These concerns have risen largely 
due to the indications of a link between endometriosis in monkeys and low-level exposure to DLCs (see below). 
 
Birnbaum and Cummings (2002) have regarded the onset of endometriosis as a result of dioxin exposures also in 
humans as a plausible hypothesis, although the causal relationship and the actual mechanisms are not clear. 
Contrasting with these evaluations, Guo (2004) in critically reappraising all the primate data concluded that 
while there is evidence suggesting that exposure to dioxin may facilitate the short-term survival of endometrial 
implants in non-human primates, this evidence is not supported by both human and non-human primate studies 
evaluating the relationship between dioxin exposure and the development of spontaneous endometriosis. He also 
noted that some reviewers tend to discount negative studies when reviewing positive studies. Weighing all 
converging evidence, it was judged that there are no solid, credible data available to support the hypothesis that 
dioxin exposure may lead to the development of endometriosis.  

  
Recently, a comparative study of the incidence of endometriosis in Belgium and Spain in relation to exposure to 
dioxins provided support to the notion that endometriosis in humans is not linked with these compounds (De 
Felip et al. 2004).  

 
2.3.2  Non-human animals 
 

An association between endometriosis and dioxins in rhesus monkeys has been thought to be among the 
endpoints caused by the lowest body burdens. Rier et al. (1993) found its incidence was correlated with dioxin 
exposure and the severity depended on the dose. This was one of the pivotal studies assessed by SCF (2000), as 
the LOAEL of 0.15 ng TEQ kg bw-1 d-1 in diet, corresponding to a body burden of 39 ng TEQ kg bw-1, was 
equivalent to an estimated human intake of 19.5 pg TEQ kg bw-1 d-1; in later assessments the monkey studies 
were excluded, due e.g. to exposure and effect unspecificity (cf. 5). Rier (2002) in reviewing the evidence noted 
that the severity of the disease in later studies (Rier et al. 2001) correlated with serum CB77 level and that the 
animals with elevated serum CB77 and CB 126 and total serum TEQs had a high prevalence of endometriosis. 
She concluded that the results collectively suggest endometriosis in rhesus monkey may be associated with 
increased serum levels of specific DL-PCBs, and it was stressed that the concentrations and TEQs in exposed 
monkeys with endometriosis are similar to or lower than blood levels in the general human population.  
 
Rier et al. (1995) also studied the relationships between endometriosis and immune function, concluding that the 
evidence is overwhelming that cytokines participate in the mediation of reproductive-endocrine phenomena and 
regulation of endometrial growth. and that future assessment of the effects of such toxicants on reproductive 
health may depend upon our understanding of the bidirectional cytokine network between the immune and 
endocrine systems. 
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Yang et al. (2000) published experimental support for the finding by demonstrating that TCDD facilitates the 
survival of endometrial implants in cynomolgys monkeys already at a dose of 3.6 ng kg-1b.w. d-1 for 1 year and 
exerts a bimodal effect on endometrial implant growth. The study of Johnson et al. (1997) in mice also provided 
preliminary support for the hypothesis that haloaromatic promoted endometriosis may be AhR mediated. 
 
In mice, Johnson et al. (1997) showed that TCDD (1 and 3 ng/g bw) and 4-PeCDF (100 ng/g bw) significantly 
enhanced the growth of endometrial lesions, while no statistically significant increase in endometriotic lesion 
size was detected in animals treated with  PCB 126 or with the highest dose of TCDD, possibly due to the effects 
of histologically observed ovarian toxicity. The nondioxin-like compounds PCB 153 and 1,3,6,8-TCDD 
produced no observable effects on endometriosis. Hepatic EROD activity was significantly induced by TCDD, 
4-PeCDF and PCB 126 only. The results provided preliminary support for the hypothesis that halogenated 
aromatic hydrocarbon-promoted endometriosis may be Ah receptor mediated. 

 
2.4  Fertility and fecundity 
2.4.1  Humans 
 

Effects of dioxins on fertility have been studied mainly in human populations exposed to DLCs and other 
contaminants through fish consumption. The results are by and large inconclusive. 
 
Courval et al. (1999) found a modest association between consumption of sport fish in Lake Michigan and 
delayed conception in exposed males, while Buck et al (1999) did not find such an association in Lake Ontario 
fish consumers. Buck et al. (2000) however obtained evidence for reduced fecundability of couples attempting 
pregnancy among females but not males exposed to Lake Ontario fish. The same group found in female 
members of the New York State angler cohort (exposed to PCBs and dioxins in Great Lakes fish) that adjusted 
odds ratios for duration of fish consumption for both resolved and unresolved infecundity were slightly elevated, 
although the confidence intervals included unity and were thus not necessarily statistically significant 
(McGuinness et al. 2001). A weakness of these studies is the non-specific and inaccurate characterization of 
exposures coupled with other method limitations e.g. as to the overall design (mainly cross-sectional studies). 
 
In Swedish high consumers of Baltic Sea fish, Axmon et al. (2000) found some support for a negative 
association between exposure to persistent organochlorine compounds and fertility among heavy smokers. 
However, when the proxy exposure measures are also considered, the findings are not consistent. In a later study 
in these groups, no evidence of reduced fertility, time to pregnancy and miscarriage was found for women who 
could be assumed to have a high lifetime consumption of fatty fish contaminated by persistent organochlorine 
compounds including PCBs (Axmon et al. 2002). The authors presented the possible explanation that a positive 
effect of some of the constituents in fatty fish could be strong enough to disguise the hazardous effects of 
exposure to organochlorine compounds.  
 

2.4.2  No-human animals 
 
In non-human animals including wildlife, reproductive failure associated with or subsequent to exposure to 
DLCs has been often noted, e.g. by reduced hatching of eggs in both birds and fish (sf. 9.C).  

 
2.5  Sex differentiation and sex ratio 
2.5.1  Humans 
 

In Seveso it was found (Mocarelli et al. 2000) that exposure of men to TCDD is linked to a lowered male/female 
sex ratio (0.38, 95% CI 0.30 - 0.47) in their offspring, which may persist for years after exposure. The median 
concentration of dioxin in fathers was similar to doses that induce epididymal impairments in rats and about 20 
times the estimated average concentration of TCDD found currently in humans in industrialised countries. The 
authors concluded that these observations could have important public-health implications. 

 
Ryan et al. (2002) published supportive evidence on effects in workers at a factory in Ufa, Russia producing 
chlorinated pesticides (Fig. 8B1). They found that exposure of these pesticide producers to dioxins at levels 30 
times above local background was associated with the birth of more girls, but only for paternal exposures, as in 
Seveso, and with an exactly similar ratio boys:girls (0.38, but no CI given). 
 
Conflicting results were obtained by Schnorr et al. (2001) in a study of workers in US factories that produced 
Agent Orange, finding no association between paternal serum TCDD level and sex ratio of offspring, although 
the estimated TCDD levels in the workers were much higher than in other studies, including Seveso. Mocarelli et 
al. (2001) in their reply pointed out that the staff exposed did not include very young men and that there were 
indications in the Seveso population that they might be at high risk for this effect. Likewise, Rogan et al. (1999) 
examined the sex ratio in the offspring of those exposed accidentally to PCDFs and PCBs in the Yu-Cheng case 
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in Taiwan, finding no such effect even at these high exposures. However, Moshammer and Neuberger (2000) 
based on the sex ratio of children born to the occupationally exposed Austrian chloracne cohort also noted that 
an effect was clear only in men exposed in early adulthood, supporting the hypothesis of Mocarelli et al. (2000).   
 
Vartiainen et al. (1998) did not find any association between sex ratio of offspring and maternal breast milk 
dioxin and DL-PCB levels, although a slight association with birth weight (in whole data but not in primiparae) 
was found (cf. above). However, as this study represented the general population and consisted of only 167 
random milk samples, it was unlikely to have included a sufficient amount of mothers at the higher levels of 
exposure for such effects to become noticeable in their offspring; also, based on the other studies, sex ratio 
effects are not expected to result from maternal exposure.   
 
Results from non-human animal studies in both experimental animals and in some free-living populations such 
as terns have suggested that skewed sex ratios (often associated with feminization of males) have been linked 
with exposure to DLCs, including PCBs (e.g., Hart et al. 1998).  
 
Taken together, these studies suggest that a margin of safety relative to background exposure of only one or a 
few orders of magnitude may exist especially if more subtle adverse impacts on sexual differentiation are 
assumed to occur, in a monotonously growing dose-response relationship, already before such emergent effects 
in highly exposed populations. It is difficult to say whether there could be a threshold or, on the contrary, a 
sublinear function allowing relatively high effects at lower doses, and whether the effect might be more (or less) 
easily occurring e.g. in some particularly susceptible populations. Moreover, it seems significant that the above 
effects were persisting. The mechanisms and risk groups postulated by Mocarelli et al. (2001) also deserve 
attention in further studies. It may be noted in this connection that, as stressed by Kiviranta et al. (2002), lifetime 
exposure in a population consuming much Baltic fatty fish can reach the levels of exposures seen in Seveso.  
 

 

 
 
Fig. 8B1. Histogram of sex of 188 children of 150 Russian male workers at Ufa exposed to TCDD and related 
compounds in TCP pesticide and 2,4,5-T herbicide manufacturing over time, and related information on exposures and 
characteristics of the studied cohorts (from Ryan et al. 2002). 
 
 
2.6  Sexual behaviour 
 

Effects of DLCs, mainly TCDD, on sexual behaviour have been studied mainly in  rats. In addition, many 
studies have been made of reproductive behavior in wildlife exposed to more heterogeneous and partly unknown 
mixtures of DLCs and other compounds, including birds (Barron et al. 1995), but these findings are difficult to 
interpret and relate causally (Bosveld and Van den Berg 2002). In humans, such effects have not been studied. 
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Mably et al. (1992) reported that in offspring of rats exposed perinatally the intromission and ejaculation 
latencies were far longer than normal; these effects were dose-related and statistically significant at maternal 
doses as low as 64 pg TCDD g-1 , i.e. the same level as the LOAEL established by these authors for reduced 
spermatogenesis (cf. SCF 2001). The numbers of mounts and intromissions to ejaculation were slightly 
increased, but copulatory rates significantly decreased at the three highest maternal doses. It was concluded that 
in utero and lactational exposure to small amounts of TCDD demasculinizes and feminizes male rats. 
 
Kakeyama et al. (2003) showed that perinatal TCDD exposure affects the neocortical function in Long-Evans 
rats independently from the brain sexual differentiation and alters the expression of sexual behavior (number of 
mounts and intromissions). Bjerke et al. (1994a) showed that the partial demasculinization and feminization of 
sex behavior in male Holzman rats by in utero and lactational exposure to TCDD is not associated with 
alterations in estrogen receptor binding or volumes of sexually differentiated brain nuclei. Bjerke et al. (1994b) 
also demonstrated that the route and timing of exposure during fetal and neonatal development determine the 
profile of male reproductive effects and that the effects found, with the exception of feminized sexual behavior, 
can be caused by low level exposure to TCDD via the intrauterine route alone. 

 
2.7  Sex hormone homeostasis 
 

TCDD and other DLCs are known to affect especially testosterone levels at low levels of exposure in 
experimental animals; this has been studied and noted mainly in rats. Some effects of this kind have also been 
reported in ocupationally exposed persons.   
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3  Immune effects 
3.1  Immunosuppression  
3.1.1  Human studies 
 

Some noteworthy although tentative and partly hard-interpreted evidence has been provided for associations 
between impaired immunological conditions and exposures to DLCs in human populations at low exposure 
levels. Van den Heuvel et al. (2002) reported from a study of 17-18 year old youths in Flanders that eosinophils 
and natural killer cells in blood and serum IgA levels negatively correlated with CALUX Bio-TEQs. Levels of 
specific IgEs of cat dander, house dust mite, and grass pollen were significantly and negatively associated with 
the Bio-TEQ. In addition, reported allergies of the upper airways and past use of antiallergic drugs were 
negatively associated with Bio-TEQs (Table 4 below). The findings suggested that exposure may alter immune 
status at near-background doses. it should be noted that direct and individual-level exposure characterization (by 
aggregate measures), and multi-level responses including health endpoints were investigated. 
 
In a study of Dutch preschool children, Weisglas-Kuperus et al. (2000) found that prenatal PCB exposure, 
including specified DL-PCBs, was associated with less shortness of breath, and current PCB body burden with a 
higher prevalence of recurrent middle-ear infections and of chicken pox and a lower prevalence of allergic 
reactions. A higher TEQ was associated with a higher prevalence of coughing, chest congestion, and phlegm. 
They concluded that the effects of perinatal background exposure to PCBs and dioxins persist into childhood and 
might be associated with a greater susceptibility to infectious diseases. However, they also pointed out that 
common infections acquired early in life may prevent the development of allergy, so PCB exposure might be 
associated with a lower prevalence of allergic diseases. This exemplifies the complex factors, mechanisms and 
implications of immune effects and of immune system development. 
 

 

 
 
 



 

 

416

 

ten Tusscher et al. (2003) reported from a follow-up study a decrease in allergy, persistently decreased 
thrombocytes, increased thrombopoietin, and increased CD4+ T-helper and CD45RA+ cell counts in association 
in Dutch children who had documented perinatal dioxin exposure at near-background levels, providing 
indications of effects at the stem cell level of perinatal dioxin exposure persisting until at least 8 a (Fig. 8B2). 
However, the above general reservations as to the normal variation, confounders and co-factors, and significacne 
of such findings and responses apply also here and constraint conclusions.  

 
Notably from the point of view of effects of Baltic Sea fish consumption, Hagmar et al. (1995) found in 68 
Latvian subjects that high fish consumption correlated positively with B cell levels and CD4+/CD8+ ratios but 
negatively with levels of cytotoxic (CD8+) T cells. It was however pointed out that a high fish diet includes 
many possible immunomodulating agents (indications of associations between NK cell responses and selenium 
were also found), and concluded that it is presently not possible to pinpoint the causes for the observed subset 
deviations or to establish their possible biological importance. 
  
In Sweden, Hardell et al. (1995) reported in a small surgical patient-control study significantly higher levels of 
PeCDD, 6-HxCDD, 4-PeCDF and PCDD/F-TEQs in the cases with lymphoproliferative diseases compared with 
the patients in the other group. The authours stated that despite potential confounders, the observed differences 
may be of interest in relation to the aetiology of these malignancies. Immunosuppression increases the risk for 
malignant lymphoproliferative diseases, and PCDD/PCDF have established immunotoxic properties. 

 
Heilmann et al. (2003) found higher response against diphtheria vaccine in children exposed to PCBs from 
maternal seafood diet (largely pilot whale) in the Faroe Islands (Fig. 8B2). The statistically significant effects 
were mainly obtained with increased levels of 1-o PCBs in mother's milk or with total PCBs (but also 1-o 
congeners) in child serum at 18 mo. The results suggested that increased perinatal exposure to PCBs may 
influence antibody production to T-cell dependent antigens in current childhood vaccination programs, and were 
consistent with other reports including those from experimental animal studies of related immune effects of 
DLCs. The authors postulated that the finding could be the result of a dioxin-like adverse effect on thymic 
development and thereby T-helper cell function, providing some mechanistic plausibility for the observations.  
 
Among populations exposed to higher doses of dioxins, Kim et al. (2003) studied the immunologic spectrum of 
the Vietnam War Korean veterans exposed to Agent Orange. Quantity of red blood cells, hemoglobin and 
hematocrit in the veteran patients who suffered from chronic diseases associated with Agent Orange exposure 
were decreased in comparison with those veterans without the diseases and age-matched healthy controls. 
Plasma IgG levels were lower in the veterans than in controls. Increase in the IgE levels was observed in the 
plasma of veterans. Alteration of T cell-mediated immunity also resulted from activation of peripheral blood 
mononuclear cells with polyclonal T cell activators. Production of IFNgamma, a major cytokine mediating host 
resistance against infection or tumoregenesis, was lowered in the veteran-patients. Overall, the study suggested 
according to the authors that military service in Vietnam and/or Agent Orange exposure disturbs immune-
homeostasis resulting in dysregulation of B and T cell activities. However, the effects attributable to TCDD are 
difficult to confirm, as also many other factors play a role. 
 
 

 
 
Fig. 8B2. Relationship between 1-o-PCBs levels in maternal serum lipid and antibody concentrations after childhood 
vaccinations against diphtheria in a Faroese population (from Heilmann et al. 2003), being the vaccine response and 
exposure that displayed the most significant correlation with PCB exposure measures among those studied.  
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Fig. 8B3. Correlation of the dioxin levels in the breast milk with the percentages of CD4 and CD8 double positive 
lymphocytes in the blood of the male (upper) and female (lower) infants (Nagayama et al. 2002). Note the statistically 
almost significant relationship only in females. 
 
 

Immune responses to DLCs may be influenced by many factors, including gender. It has been preliminarily 
reported that some immunological markers correlate with breast milk TEQs in female but not in male infants 
(Fig. 8B3). The same was found for CD16 positive lymphocytes. However, the importance of such alterations in 
markers even in these sub-populations is not known.   
 
In the highly exposed Yu-Cheng population, children had been reported to have higher frequencies of bronchitis 
than their controls during the first six months, and of respiratory tract and ear infection at 6 a, suggesting 
immune function suppression by the exposure in utero (cf. Chang et al. 1982). In a physical and blood 
examination was made of 101 Yu-Cheng and 105 control children (Yu et al. 1998), the former were reported to 
have higher frequencies of influenza attacks than the control children during the six mo prior to the examination, 
but the frequencies of other symptoms were similar between the groups and serum Ig levels were also similar. 
Chao et al. (1997) also reported that these children had a higher incidence of middle-ear diseases than their 
controls, and that the incidence correlated with serum 4-PeCDF in particular. The percentages of T cell markers, 
CD3, CD4, and CD8, and B cell and NK cell markers were not different between the groups, and no dose-
response relationship was found between Yucheng children's serum PCB/PCDF levels and any of the 
immunologic markers. It was concluded that 16 a after the incident, Yucheng children exposed to high doses of 
PCBs/PCDFs in utero did not show suppressed immunity, and that to explain the consistent higher frequencies 
of upper respiratory tract infection, other tests like delayed hypersensitive skin reaction, in vitro lymphocyte 
proliferation and antibody synthesis following immunization may be needed. It was pointed out by Kimbrough 
and Krouskas (2001) that also in this study, no information on breast-feeding was given, although it is known 
that particularly in early childhood breast-fed children are less likely to develop respiratory and ear infections. 
 
There are some reports describing possible effects of PBBs and PCBs on immune function in humans (see 
Holsapple et al. 1991, IPCS 1993, 1994, 1998). Some of the tentative immunological or host resistance related 
effects in association with contaminant exposure found in humans may be due to other substances than DLCs, 
notably other organochlorides. Dewailly et al. (2000) provided data from Arctic Quebec Inuits on otitis media 
(middle-ear infection) in relation to breast milk concetrations of p,p'-DDE, HCBz, and dieldrin. The relative risk 
(RR) for 4- to 7-month-old infants in the highest tertile of p, p'-DDE exposure as compared to infants in the 
lowest tertile was 1. 87 [95% CI, 1.07-3.26]. The RR of otitis media over the entire first year of life also 
increased with prenatal exposure to p,p'-DDE (RR, 1.52; CI, 1.05-2.22) and HCBz (RR, 1.49; CI, 1.10-2.03). 
Furthermore, the RR of recurrent otitis media (≥ 3 episodes) increased with prenatal exposure to these 
compounds. No clinically relevant differences were noted between breast-fed and bottle-fed infants with regard 
to immunologic parameters, and prenatal organochlorine exposure was not associated with immunologic 
parameters, but it was concluded that prenatal organochlorine exposure could be a risk factor for acute otitis 
media in Inuit infants. it is not clear whether also PCBs and DLCs were included in the exposure. 



 

 

418

 

3.1.2.  Non-human animals 
 

The relative sensitivity of human and non-human animals and the generalizability of non-human animal data is a 
key uncertainty. de Heer et al. (1995) demonstrated in a study emulating the sensitivity of human thymus to 
TCDD by severe combined immunodeficient (SCID) mice in which human thymus grafts were transplanted that 
the thymys of humans and Wistar rats (the animal with the lowest immune effects undisputedly reported by 
Gehrs et al. 1995) display similar sensitivity to TCDD (cf. review of Vos et al. 1997-98). 
 
Immune effects have been mainly studied in mice after TCDD exposure, providing many findings that of general 
relevance in risk assessment, both as to the results and the investigation methodologies. One of the most 
sensitive and reproducible immunotoxic endpoints of TCDD exposure is suppression of the antibody response to 
sheep red blood cells (SRBCs) in mice (Smialowicz et al. 2004), but also  other immunomodulatory responses 
occur consistently at low doses.  
 
Among the low-dose immune effects of TCDD, the study of Burleson et al. (1996) deserves special 
consideration. They reported that a single oral dose as low as 10 ng TCDD kg-1 increased the mortality of mice 
infected with influenza A virus. If this value had been adopted as the basis for the TD) of dioxins, the TDI of 1–4 
pg TEQ kg-1 d-1 recommended by WHO (Van den Berg et al. 1998) would have to be lower. However, in trying 
to replicate the finding, Nohara et al. (2002) found that TCDD doses as high as up to 500 ng kg-1 did not increase 
the mortality of virus-infected mice; they concluded that further studies on the mechanism underlying the 
toxicity of TCDD are needed to assess the risk of exposure to TCDD in influenza A virus infection. It may be 
added that a better understanding of the associated variability and irregularity in such responses as well as their 
generalizability e.g. to humans is also much needed for risk assessment, and that replication and confirmation of 
the key studies driving risk assesment and management is highly important. 
 
The results of Luebke et al. (1999) in rodents are interesting from the point of view of identifying risk groups, 
indicating that age-related constitutive immunosuppression did not exacerbate TCDD-induced suppression of T-
cell mediated adult parasite expulsion; rather, higher age provided some protection. On the other hand, a lower 
dose of TCDD was required in aged rats to suppress the combined humoral and cellular responses that limit the 
burden of encysted larvae, compared to young rats. These model-dependent results thus preclude acceptance or 
rejection of the tested hypothesis. although providing relevant information of the age-related factors in 
susceptibility to dioxins. 
 
The study of Camacho et al. (2004) shed light on the interaction of immunosuppression due to dioxin and 
pregnancy in mice exposed to 10 µg TCDD kg-1. Pregnancy alone significantly decreased thymic cellularity and 
J11d expression, and induced changes in T-cell subsets. TCDD treatment caused significant thymic atrophy in 
pregnant mice and more marked alterations in thymic T-cell subpopulations of pregnant mice; moreover, the 
proliferative responses of thymocytes to mitogens were significantly altered in TCDD-treated pregnant mice 
when compared to TCDD-treated virgin mice. Together, the results demonstrated for the first time that 
pregnancy augments the sensitivity to TCDD-induced immunotoxicity in the thymus, but not in secondary 
lymphoid organs. 
 
Immunosuppression at the primary biochemical level does not directly correlate with and translate to 
organismal-level secondary functional immunosuppression; effect markers are not endpoints. Lawrence and 
Vorderstrasse (2004) showed in mice that TCDD treatment reduced the primary response, resulting in lower 
levels of virus-specific IgG and diminution of the memory CD8 pool, but the secondary response to homotypic 
infection was nevertheless host-protective. Lawrence et al. (2000) also had found that lungs from mice exposed 
to TCDD generally had lower virus titers than lung homogenates from controls; the observation suggested either 
that TCDD treatment alters the host response to infection, creating a cellular environment that is less supportive 
for viral growth, or that exposure to TCDD directly affects influenza virus. On the other hand, Sugita-Konishi et 
al. (2003) in a study of the effect of lactational exposure to TCDD on the susceptibility to Listeria infection of 
offspring in mice found that the exposure had little effect on the weights of immune organs and the spleen or the 
thymus cell population, but it enhanced the production of tumor necrosis factor alpha (TNF-alpha) and interferon 
gamma (IFN-gamma) in the serum after Listeria infection; the clearance of Listeria monocytogenes from the 
spleen was also impaired in the offspring. These results suggested that exposure to TCDD via milk disrupted the 
host resistance of the offspring, although the main immune parameters were unchanged. Thus, the complexity in 
the relationship between responses at various levels and stages involves factors that may either increase or 
decrease risks. 
 
Another factor complicating assessment of the immunological effects of dioxins and related mixtures is that non-
dioxinlike di-ortho-chlorinated PCBs, or mixtures containing multiple di-ortho-chlorinated PCBs, inhibit AhR-
mediated responses, including antagonism by these PCBs on AhR agonist-mediated inhibition of humoral 
immune responses. Sug et al. (2003) showed this for CB47, CB52, CB128 and CB153 in mice, suggest ingthat 
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the mechanism responsible for antagonism by di-ortho-substituted PCB congeners of AhR agonist-mediated 
CYP1A1 induction and inhibition of antibody responses in B cells occurs through interference with agonist 
activation of the cytosolic AhR complex. Such interactions may be difficult to account for explicitly in risk 
assessment, especially as the relaxation of  risk estimates and criteria based on antagonisms may not appear 
precautionary enough. Nevertheless, at some level of deliberation they may have a justified influence, especially 
in the ongoing development of more comprehensive and realistic risk assessments that include multi-stressor 
(and multi-modulator) and interactive effects and mixtures of DLCs and PCBs, dioxin-like and others. 

 
 
4  Thyroid effects 
4.1.1  Human studies 

 
Pluim et al. (1993) first reported in 38 healthy Dutch breast-fed infants that a tendency to higher tT4 levels was 
found in the high exposure group at birth, and at 1 and 11 wk the increase of mean tT4 and tT4/TBG ratios 
reached significance, as compared to the low exposure group. Mean TSH levels were first similar in both groups, 
but at 11 wk significantly higher in the high exposure group. Koopman-Esseboom et al. (1994) observed that 
higher PCDD, PCDF and PCB TEQs in human milk correlated significantly with lower plasma levels of 
maternal tT3 and tT4, and with higher plasma levels of TSH in the infants at 2 wk and 3 mo after birth. The data 
reported by Ilsen et al. (1996) indicate that thyroid effects may be transient; tT4, tT4/TBG or TSH at 2.5 a did 
not reveal differences between the high- and the low-exposure group in children exposed perinatally to dioxins 
and PCBs. Yet, the authors hypothesized that their findings of enhanced neuromotor maturation (see above) may 
be due to thyroxine agonistic action of dioxins, in accordance with earlier described signs of elevated thyroid 
function in the first 11 wk in their high-exposure group (cf. Pluim et al. 1993). Kimbrough and Krouskas (2001) 
pointed out that the normal clinical laboratory ranges or the thyroid tests were not provided, and that transient 
hypothyroidism in neonates seems particularly common in Europe, due possibly to iodine deficiency.  
   
Some studies have been among heavy consumers of contaminated fish. Hagmar et al. (2001) measured plasma 
TSH, fT3 and tT3, fT4 and tT4 and CB153 in 182 fishermen's wives from the Swedish east coast with a median 
current consumption of fatty fish from the Baltic of two meals a month, and 20 other PCBs and two hydroxy-
PCBs in subgroups. The CB153 concentration in plasma was negatively correlated with the TT3 concentrations 
(P < 0.001) also after age adjustment. It was concluded that the study gives some support for the notion that 
dietary exposure to such compounds might weakly affect peripheral thyroid hormone concentrations in adult 
women. 
 
Persky et al. (2001) found that serum PCB level and consumption of Great Lakes fish were associated with 
significantly lower levels of T4 and free thyroxine index (FTI) in women and with significantly lower levels of 
T4 in men; Fish consumption, but not PCB level, was significantly and inversely associated with T3 in men. 
Results for TSH were inconsistent. Also these effects may be due to many different compounds, dioxin-like and 
others, and the effects differed from those in Swedish women.  
 
Data have been reported on relationships between the levels of TSH in infants and of PCDD/Fs in breast milk in 
the the Japanese general population; in males there was a significant positive correlation between these response 
and dose measures (Nagayama et al. 2002). These preliminary findings (in abstracts) are difficult to evaluate, as 
few details have been given e.g. of possible confounders and background variation ranges. The reasons for and 
implications of such increases in TSH are thus not clear. There is the possibility that both variables are related to 
other factors such as levels of non-dioxinlike PCBs that are known to influence thyroid functions. 
 
Although dioxins have also been shown experimentally to influence thyroid functions (see below), the effects on 
TSH have varied and is difficult to elucidate their relative importance with respect to other factors. In general, 
thyroid function is of great importance in the neurological and also other aspects of development. However, 
there is uncertainty of whether such alterations in TSH homeostasis influence thyroid function as a whole and its 
regulation of normal development adversely, considering also the inconclusive findings regarding associations 
between dioxin exposure and other thyroid hormone measures as well as more severe impairments.  
 

4.1.2  Non-human animals 
 
Most results in experimental animals are from rat studies of TCDD or PCB effects. Thyroid effects were 
observed at 47 ng TCDD kg-1b.w. d-1 (van Birgelen et al. 1995a), four times higher than the LOAEL (for thymic 
atrophy, hepatic retinoids and CYP1A induction). The scarce data for thyroid effects of chlorobrominated 
dioxins and furans point to resemblance with TCDD (Weber et al. 1997). 
 
The thyroid effects of 0-o PCBs seem also rather similar to those of TCDD. Van Birgelen et al. (1995b) reported 
that at doses of 0.2-20 ng TCDD g-1 diet and 7-180 ng CB 126 g-1 diet significant correlations were found 
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between reductions in plasma tT4 and inductions of the microsomal UDP-glucuronosyltransferase, and that the 
co-induction of CYP1A1 and UGT1A1 suggests the involvement of an AhR mediated mechanism. It was also 
concluded that the findings provide a mechanistic base for the use of thyroid effects in risk assessment, e.g. by 
the relative potencies of CB 126 relative to TCDD ranging from 0.008 to 0.1. However, in the light of the 
variable and inconsistent effects on e.g. tT4 in different studies, this conclusion seems premature. PCB mixtures 
are known to affect thyroid function. Grey et al. (1993) reported decreases in T4 in rat serum after a Aroclor 
1254 dose 25-fold lower than was generally recognized as affecting thyroid levels. Interpretation of such studies 
is difficult due to the simultaneous exposure to many compounds, including non-dioxinlike. 
 
Studies of individual PCBs in rats display a mixed picture of effects on thyroid hormone states. Kuriyama et al. 
(2003) reported decreases in T4 and TSH levels in dams at the end of lactation, and permanent disruption of the 
hypothalamo-pituitary-thyroid axis leading to a significant increase in T4 levels in offspring, 'thyroid resistance 
syndrome', after perinatal exposure to 375 ng g-1 b.w. of CB118. They also concluded that AhR-independent 
responses should be taken into account. Ness et al. (1993) however found serum T4 markedly depressed in pups 
exposed to CB118 or CB153, while the CB118 pup thyroids revealed changes suggesting TSH stimulation. 
Hallgren et al. (2001) on their part found decreased plasma T4 levels after exposure to Aroclor 1254 and CB105, 
but no TSH changes. The observations of Hallgren and Darnerud (2002) of the effects of PBDE, PCB and CP 
mixtures were consistent with the hypothesis that the T4 decrease is chiefly due to disturbances in serum 
transport caused by binding of metabolites to TTR (transthyretin), (cf. results in mice, Darnerud et al. 1996), and 
that the thyroid gland hyperactivity is probably a feed-back consequence of the T4 decrease. However, 
Kimbrough and Krouskas (2001) have questioned the applicability of TTR effects in particular to humans, 
stating that in humans TBG transports 80 % of T4 and TTR plays a minor role.   
 
Species differences have been found also in thyroid effects. Among other rodents, Henry and Gasiewicz (1987) 
found a dose-dependent increase in serum T3 and T4 in hamsters, with an ED50 of ca. 10 ng TCDD g-1, higher 
that in rats. Brewster et al. (1988) observed that in Rhesus monkeys 4-PeCDF at 34 ng g-1 caused an increase in 
TSH and a decrease in T3 and T4 levels. The data of Craft et al (2002) suggest that species differences in 
hypothyroxinemia response to CB 126 are due to differential induction of hepatic UGT enzymes.  
 
Some of the effects on thyroid of mixtures of dioxins, PCBs and DLCs can not be explained by simple additivity 
of the parent compounds. For instance, van der Plas et al. (2001) observed more severe decrease of total thyroid 
hormone in plasma after exposure to a PHAH mixture compared to TCDD (60% vs. 38%). The discepancy 
found between the predicted and observed effects for plasma retinol and thyroid hormone was regarded to be due 
to an additional effect of hydroxylated PCBs. This is consistent with the in vitro results of Lans et al. (1993) 
indicating a profound similarity in structural requirements for TTR binding between hydroxy-PCB, -PCDD and 
-PCDF metabolites and the physiological ligand, T4, e.g. halogen substitution adjacent to the para hydroxy 
group, while planarity does not seem to influence the ligand-binding potency. This provides evidence also of the 
ambiguosity of the concept of DLCs and of their potential overlaps with other substances including metabolites. 
 
In wildlife, some data mainly on hormone levels in association with exposure to DLCs are available for birds, 
mainly herring gulls (see the review of McNabb and Fox 2003) and amphibians (Gutleb et al. 1996). The 22 
captive wildlife and laboratory studies reviewed by Rolland (2000) supported a relationship between alterations 
in thyroid hormones and vitamin A status and exposure to PCDD/Fs and planar PCBs, some studies finding 
adverse health effects in wildlife associated with exposure to such compounds and altered thyroid and retinoid 
status, including decreased reproductive success, immune system changes, dermatologic abnormalities and 
developmental deformities; however, it was concluded that a direct causal relationship between these effects and 
thyroid and retinoid changes has not been demonstrated. Rolland (2000) stressed that vitamin A and thyroid 
hormones play critical roles during development, growth and function throughout life.  
 
Thyroid effects have been observed in animals with a Baltic Sea distribution, e.g. minks (Kakela et al. 2001-
2003) and seals (Brouwer et al. 1989). In fish, Vuorinen et al. (1998) found that the thiamine content in salmon 
eggs producing M74 mortality is lower than in normal eggs and that normal yolk-sac fry bathed in a solution of 
an anti-thyroid drug developed M74-like symptoms, concluding that dioxin-like toxicants might have some role 
in M74, as they have been shown to lower tissue thiamine and disturb thyroid function in mammals and birds. 
 
Also in non-human animals many variabilities preclude firm conclusions. These limitations are aggravated by 
the non-specific exposure and effect definitions in field studies. For instance, the results of Janz and Bellward 
(1996) suggest that perinatal plasma thyroid hormone levels cannot be used as relatively noninvasive biomarkers 
of TCDD exposure during embryonic development at least in chickens, pigeons, and great blue herons, due to 
the great complexity and variability of these measures. The same has been said of thyroid hormone status 
(declining muscle T4 and T3) in rainbow trout as a CB 126 effect marker (Brown et al. 2002). 
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5  Metabolic effects  
5.1  Diabetes and carbohydrate metabolism 

 
Generally weak but relatively consistent associations between diabetes (mainly in adults) and exposure to DLCs, 
mainly TCDD and other DLCs in 2,4,5-T and 245-TCP have been observed in occupational (Sweeney et al. 
1997) and in accidentally exposed groups e.g. in Seveso (Bertazzi et al. 2001, cf. Remillard and Bunce 2002).  
 
Some associations between diabetes and dioxins or related compounds have been reported at background or 
intermediate exposures. Cranmer et al. (2000) found significantly higher hyperinsulinemia and insulin resistance 
in a small population with elevated serum TCDD living near waste site. Longnecker and Michalek (2000) 
obtained a slightly but significantly elevated diabetes incidence in a Ranch Hand veteran subgroup with 
background TCDD exposure. Longnecker et al. (2001) additionally found in a cross-sectional study of >2000 
pregnant women of which 44 had diabetes that the adjusted mean serum level of PCBs among the subjects with 
diabetes was 30 % higher than in the control subjects (p=0.0002), and the relationship of PCB level to adjusted 
odds of diabetes was linear; this study did not specify the PCB congeners however. Fierens et al. (2003) reported 
from a population-based case-control study in Belgium that the total TEQs (PCDD/Fs and PCBs) in the fat of 
diabetics were significantly higher than in controls after adjusting for possible confounders (age, body mass, fat 
intake, fish consumption, place of residence); the association with total indicator PCBs was also significant but 
weaker (Fig. 8B3). They discussed the alternative hypothesis that diabetes might alter the metabolism of the 
DLCs, thus being not an effect but a cause of the increased DLC levels as suspected also in other studies, but did 
not find support for it e.g. in the levels and pattern of serum with respect to fat tissue.  

 
Insights in effects on metabolism have been increased by the elucidation of the action mechanisms and pathways 
of DLCs as well as by the biochemical basis of diabetes. Longnecker and Michalek (2000) reviewed data that the 
broad mechanism for TCD-related diabetes is decreased cellular glucose uptake. More specifically, as pointed 
out by Fierens et al. (2003), it has been hypothesized (Remillard and Bunce 2002) that dioxins or PCBs could 
promote diabetes by interaction with PPARg, a ligand-activated transcription factor controlling lipid metabolism 
and homeostasis, that is linked with diabetes and that if such an interaction could be demonstrated, it would 
provide a plausible biological explanation for associations found in epidemiological studies. 

 
As an example of studies supporting but not proving the role of DLCs in disorders of glucose metabolism, 
Radikova et al. (2004) published preliminary findings from a cross-sectional study of a Slovak population of 
2050. Although the prevalence of disorders including diabetes mellitus was significantly higher in the group with 
higher plasma ΣPCBs levels, the authors noted that these and other pollutants including HCBz, HCHs, DDT and 
DDE were correlated, suggesting polyexposure, and that dissociation of the impact of individual pollutants might 
be difficult. Moreover, DL-PCBs were not analyzed specifically. The authors also stressed that many 
confounders such as BMI are yet to be accounted, and that diabetes itself may modify the toxicokinetics of such 
contaminants, thus being a cause and not an effect in the associations.   

 
 
 

 
 
 
Fig. 8B3. Distribution of serum dioxin and PCB concentrations in 9 diabetic and 256 non-diabetic Belgian subjects (box 
plots displaying the 5th, 25th, 50th, 75th and 95th percentiles) as measured by (A) pg WHO-TEQ g-1 fat and (B) 12 PCB 
markers, ng g-1 fat. Diabetics and controls were compared by the Student’s t-test (from Fierens et al. 2003).  
 
 
 



 

 

422

 

5.2  Lipid metabolism 
5.2.1  Humans 
 

It has been reported in some epidemiological studies at high exposures. Calvert et al. (1996) found a slight 
association between triglyceride and serum TCDD in an occupational cohort with high serum TCDD (p = 0.05); 
however, no association was found between abnormally elevated triglyceride (i.e., > 2.82 mmol/I) and serum 
TCDD levels. An association was also found between serum TCDD and an abnormal high-density lipoprotein 
concentration (p = 0.09). The influence of serum TCDD on lipid concentrations was however small compared 
with the influence of other factors.  Pelclova et al. (2002) reported that 9 of the 12 workers heavily exposed to 
TCDD in 1965-8 (with 5 ppb in plasma fat) had elevated plasma lipids, and hyperlipidaemia was statistically 
more frequent in patients with higher TCDD levels ( P=0.03). Also stenosis of the diameter of the carotid artery, 
atherosclerotic plaques in the carotid arteries, elevated IMT,  degenerative changes of the ocular fundus, chronic 
chloracne and neuropsychological anomalies were found. TCDD level also correlated with cholesterol ( P=0.01) 
during the 35-year follow-up. It was concluded that hyperlipidaemia may have played an important role in these 
disorders. However, it has been evaluated that the evidence for a causal association between TCDD exposure 
and disporders in lipid metabolism in humans is still conflicting (Calvert et al. 1999). 

 
5.2.2  Non-human animals 
 

Lakshman et al. (1988, 1989) found that TCDD impairs lipid metabolism in rat. Lind et al. (2004) reported that 
exposure of female rats to CB 126 at a relatively high initial dose of 64 µg kg-1 bw and later doses of 32 µg kg-1 
bw (total dose 224 µg kg-1 bw) significantly increased serum cholesterol, triglyceride and blood pressure (the 
latter only in sham-operated females), while no effects on glucose were seen. They discussed the fact that HDL 
cholesterol has a protective role for coronary heart disease and atherosclerosis (e.g., Kannel and Larson 1993) 
and the prospect that the alterations in lipid metabolism in rats may cause no harm. However, they pointed out 
that on the basis of the commonly applied ratio between serum cholesterol and HDL cholesterol it could be seen 
that the potentially beneficial effect of HDL cholesterol does not normalise the impairment seen in total serum 
cholesterol levels, concluding also from human epidemiological data that the effects observed on cholesterol 
metabolism by CB 126 in their study imply a clear deleterious effect. 

 
5.3  Retinol and other vitamin states 
 

Effects of TCDD and DL-PCBs on retinol (vitamin A and related compounds) havs been found in many 
animals, including rodents also at very low levels (cf. main text in 4.3), minks and other non-human mammals, 
and birds. These effects are important in multiple ways, as explained e.g. by Murk et al. (1994) and Bowman et 
al. (1990), e.g. to the developing immune system, metabolism and tehmoregulation (see below), skin condition,  
and also reproduction. For instance, effects of PCBs on vitamin A (1 and 2) and states, specific vitamin A 
species and their proportions were reported in experimental studies with minks (Kakela et al. 2001, 2002, 2003). 

  
Associations between dioxin exposure and Vitamin K states have been subject to relatively little study after the 
report by Koppe (1989), based on the hypothesis that dioxins may be responsible for a vitamin K deficiency in 
the babies resulting in a bleeding analogous with phenobarbital, that both TCDD in milk fat and the content of 
dioxins and furans as N-TEQs were higher in human milk given to babies that presented a bleeding (4/14). No 
relation with age, parity, overweight, fish eating or smoking and dioxin content of breast milk was seen. 
However, the sample size was too small for statistical analysis, and the study desing limits conclusions.  

 
Bowman et al. (1992, 1999) studied the link of TCDD exposure and vitamin K dependent blood coagulation 
factors in rats, based on the information that hemorrhagic disease in newborns and breast-fed infants (late 
hemorrhagic disease LHD) are related to induction of P450 enzymes by phenobarbital (as by dioxins). They 
found that administration of a single oral dose of 0.003 to 30 nmol TCDD/kgbw to female and male rats resulted 
in dose-related reductions of the vitamin K-dependent coagulation factor VII. The highest reduction in female 
rats was 44%, and the LOAEL was 0.3 nmol/kg bw (96 ng/kg). There was a significant inverse correlation 
between Factor VII levels and induction of hepatic EROD activity, reflecting CYP1A1, and total P450 content. 
Sex-dependent differences of TCDD were also observed on the hepatic vitamin K cycle enzyme activities. The 
hepatic vitamin K cycle functioned unblocked by TCDD, explaining the observed reduction in factor VII. Based 
on the results it was suggested to investigate the possible role of PCBs and DLCs in LHD in more detail. 
 

5.4  Thermoregulation  
 

Effects of TCDD on thermoregulation have been found in experimental animals. For instance, the data of 
Gordon et al. (1995) in rats suggested that perinatal exposure to 1 µg TCDD kg-1 bw by gavage results in a 
reduction in the regulated body temperature. Rozman (e.g. 1987) already hypothesized that brown adipose tissue 
is a main target for dioxins in perinatal exposurealso in humans. As discussed by ten Tusscher et al. (2004), the 
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neonate's energy comes from free fatty acids as gluconeogenesis is not yet operationsl, and a rapid breakdown of 
triglycerides in brown adipose tissue is needed to maintain body temperature. This mobilization is related to 
thyroid balances, and DLCs may adversely influence this (cf. 4). However, such effects are likely to be transient.  
 

6  Cardiac effects 
 

It is well-known that TCDD is a cardiotoxic agent in chickens, causing deformations and other effects at low 
doses especially (refs.).   
 
Riecke et al. (2002) reported preliminary findings in studies of the myocardium of marmosets treated with doses 
of TCDD which are known to induce subtle immunological changes. Surprisingly, by picrosirius red staining a 
pronounced, dose-dependent increase of collagen deposition in cardiac tissue was found in a substantial number 
of animals (Fig. 8B4). They hypothesized that the effects of TCDD on the extracellular matrix in the 
myocardium are possibly linked to growth factors, as TCDD and related compounds have the potential to cause 
an increase of TGF-ß1 in mammalian cells which is known to induce fibrosis in a multitude of organs including 
the heart. They further pointed out that the lowest dose used corresponds to an exposure similar to the average 
human body burden. It could be estimated from their experiments that a dose of 3-5 ng kg-1 bw will lead to peak 
concentrations of ca. 10-20 ppt in fat or liver which corresponds to the concentrations of PCDDs/F-TEQs 
measured today in human fat of the average population in Central Europe. They however pointed out that a bolus 
of TCDD was injected, creating a situation different from the continuous exposition of humans. The significance 
of these findings is difficult to assess yet. In the case of DLCs in fatty fish, they must be put in relation with the 
great cardiac and cardiovascular health benefits of such fish.   

 
7  Tumours 
7.1  General 
 

An extensive literature exists on tumours associated with exposure to DLCs, especially TCDD in rats and other 
rodents and in humans in studies of occupational and accidental exposures. This evidence has been evaluated e.g. 
for TCDD by IARC (1998) in connection with formal classification of carcinogenicity, and for TCDD and other 
DLCs within overall human health risk assessment by WHO (1998), ATSDR (199X) and USEPA (2000), the 
last mentioned reassessment containing the most extensive evaluation of the experimental, epidemiological and 
mechanistic information. Additional comparative assessment and reviews include those by Neubert (1997/98),  
 
TCDD is a multi-site carcinogen in multiple species, indeed in most species tested at some level of exposure. 
The carcinogenic effects vary according to the case in both magnitude and profile. Different DLCs (of which 
many have not been studied extensively for carcinogenicity), administration routes, species and strainf and even 
sexes display large variations in carcinogenic effects. By and large, it seems however clear that  
- TCDD and by implication other DLCs are not mutagenic and DNA altering carcinogens 
- TCDD and other DLCs are (in part because of lacking mutagenicity) not initiators of cancer, but promotors 
- the carcinogenic potency of TCDD, while very high in the case of some non-human animal species and tumour 
types (such as rat liver adenomas), is not very great in humans. 

 
  … 
 

 

 
 
Fig. 8B4. Collagen content of left ventricular myocardium from marmosets (mean values + SEM) as determined by 
image analysis after picrosirius red staining (Riecke et al. 2002).  
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7.2  Human studies 
 

Human cancer risks from exposure to dioxins have mainly been studied in high-level accidental or occupational 
exposure to TCDD and (in most cases) simultaneously to other DLCs and still other chloroorganic contaminants.   

 
On the basis of 20-year follow-up study of cancer in Seveso, Bertazzi et al. (2001) reported that mortality among 
men in high-exposure zones increased from all cancers (RR 1.3, 95% CI 1.0-1.7), rectal cancer (2.4, 1.2-4.6), 
and lung cancer (1.3, 1.0-1.7), an excess of lymphohemopoietic neoplasms was found in both genders (1.7, 1.2-
2.5), and Hodgkin's disease risk was elevated in the first 10-years (4.9, 1.5-16), whereas the highest increase for 
non-Hodgkin's lymphoma (2.8, 1.1-7.0) and myeloid leukemia (3.8, 1.2-13) occurred after 15 years. Baccarelli et 
al. (2002) pointed out the possible connection between the lymhoyhemopoietic neoplasms and the strong 
decrease of serum IgG levels with increasing TCDD exposure that they established. No soft tissue sarcomas, 
associated with occupational exposure to TCDD in chlorophenols and chlorinated phenoxy acids in other 
studies, were found in these zones. These results as to tumor types were generally corroborated and expanded on 
by Kogevinas et al. (2002) in their recent review on the basis also of occupational studies.  

 
Much controversy in cancer risk assessments has been caused by the deviating views of the dose-response 
functions and specifically the existence of a threshold dose. Mackie et al. (2003) reexamined the threshold 
analyses of the SAB Dioxin Review Panel (2000) which suggested that dioxin is a threshold carcinogen and that 
the threshold is an order of magnitude above the exposure levels of the general population, finding that the data 
have been incorrectly weighted by cohort size in the SAB analysis and that without this incorrect weighting, the 
threshold effect disappears and at even low doses (around general population exposures) there is a non-negligible 
cancer risk (Fig. 8B4). However, in essence such all extrapolations from high to low doses are fraught with 
uncertainties of the dose-response relationships.  

 
7.3  Non-human animals 
 

In addition to TCDD, liver cancer promoting potency has been quantified in some other DLCs, including notably 
PeCDD and 4-PeCDF in the rat (Waern et al. 1998), being 0.14 and 0.004 of those for TCDD, respectively in 
their study.   
 

  … 
 
 
8  Summary of studies in humans and experimental animals  
 

Studies of effects of dioxins and DLCs in human populations and experimental animals described above are 
summarized in Tables 8B1 (qualitatively, intergating data on all animals), 8B2 (human epidemiologial studies) 
and 8B3 (quantitative and qualitative information from exerimental animals). 

 
 
 
 
   

 
 
Fig. 8B5. Left. Population-weighted and unweighted linear-log regressions of SMR for all cancers versus TCDD 
exposure (the shaded area shows the range of general population TCDD exposures). Right: Distribution of possible 
dioxin cancer "thresholds" from Monte Carlo analysis of unweighted and weighted models (the shaded area shows the 
range of general population TCDD exposures). From Mackie et al. (2003).  
 



 

 

425

 

Table 8B1. Effects of dioxin-like compounds in vivo, with particular reference to consumption of fatty Baltic Sea fish. 
Low-dose effects are underlined. Note that many effects and links with DLCs are tentative. (DLC data to be completed) 
 

Non-TCDD compounds studied Effect type Enspoint or response Species or groups of animals 
mainly studied  PXDD/F PXBs Others 

Notes and Baltic Sea/fish related 
factors  

Repro- 
ductive 

-spermatogenesis 
-sperm motility 
-gonad/ovary function/ovogenesis 
-menstrual/estrous cycle 
-mammary gland development 
-uterus weight and ER levels 
-endometriosis 
-uterus occlusion/leiomyoma 
-fertility, t-to-pregnancy, miscarry 
-sex ratio 
-embryo/fetus mortality/non-hatch 
-male hormone status (T, LH) 
-sex behaviour (also irreversible) 

rat/rodents, monkey 
rats (human) 
monkey, rat, hamster, salmon &c 
rat/rodents (human) 
rat (mouse mammary culture) 
rat 
monkey (rat/mouse implant, man) 
seals 
monkey, rat, mouse (human) 
(man, paternal exposure) 
monkey, rodents, mink, bird, fish 
rat, monkey (inconcl.), man (hi-D) 
rat (male) 

 
 
 
 
(TCDF) 
PeCDD 
 
 

CB169 
x 
x 
 
 
 
x 
 
 
 
 
x 

 
fish (CBs etc) 
extract, CNs 
fish (CBs etc) 
 
 
extract, CDE 
DDE 
fish (CBs etc) 
 
BDD/F 
CBs  

sensitive in pups (perinatal expo) 
Baltic; cf. epidymis devel 
 
(Gt Lakes, SW; tentative) 
 
antiestrogenicity 
inconclusive  
Baltic 
Gt Lakes fish eaters 
Seveso/high exposures; unclear 
hallmark (also developmental) 
hard-interpreted; transient 
demasculinization, feminization  

Develop- 
mental  

-seminal vesicle weight 
-epididymis weight 
-prostate weight 
-testis weight and deformation 
-puberty delay  
-vaginal thread malformation 
-cleft phallus, hypospadias 
-cleft palate 
-hydronephrosis 
-tooth development 
-skull formation 
-bone strength/fracturing 
-bill deformation 
-lung function 
-cardiac deformation/anomalies 
-brain asymmetry 
-birth weight and size 

rats, hamster, mice 
rat (some strains) 
rat (some strains), mice 
rat 
rat, hamster 
rat 
rat, hamster 
rodents (mainly mice) 
mice (hamster, rat) 
rat, human, monkey 
rat/rodents, seals, birds 
rat (human) 
birds (colonial fish-eating) 
(human) 
chicken 
chicken 
rodents (human) 

 
 
 
 
 
 
 
x 
x 

CB169 
CB169 
CB 
126 
CB169 
 
x  
CB169 
x 
 
 
 
x 
 
 
 

CB77 
 
CB169 
 
 
 
 
BDD/F, CN etc 
BDD/F 
(fish CBs etc) 
(fish CBs etc) 
 
 
OC mix in milk 
 
 
fish (CBs etc) 

not as sensitive as spermatogen. 
 
may be persistent effect 
 
testis descent (transient) 
unique to TCDD 
 
+growth factor disruptions 
transient; sensitive in mice 
prenatal 'records' (hypodontia)  
also bone marrow 
Baltic (tentative) 
Great Lakes etc 
Dutch children; tentative data 
not seen in other species 
 
L Michigan fish eaters 

Neuro- 
logical and 
behavioural 

-motor function 
-neonate hypotonia 
-hyperactivity, circling, locomotor 
-night vision 
-auditory function 
-memory and learning (spatial) 
-impaired object learning 
-cognitive function/intellect 
-feminized play 
-neurotoxicity (adult) 

rat, human 
(human) 
mice 
rat (female offspring) 
rat 
rat, mice, birds (human) 
monkeys 
human (high mixed exposure) 
human 
human 

  
 
CB77 
CB77 
CB 
126 
x 

 
fish (CBs etc) 
 
 
Aroclor1254 
fish (CBs etc) 
(maybe PCBs) 
fish (CBs &c) 

sex (rat); neonate hypotonia 
tentative, thyroid link ? 
AhR mediated? not with TCDD 
 
AhR mediated ? Th-related  
AhR mediated? also NDL-PCBs 
 
IQ drop, inconclusive 
Dutch; Gt Lakes (non-DL ?) 
Dutch; sex behavior related 

Immuno- 
logical and 
related 
effects 

-host resistance/susceptibility 
-immunol components/functions  
-delayed type hypersensitivity 
-direct hematopoietic/B/T cell 
-thymus atrophy 
-lymphoid development 
-macrophage function 
-myelotoxicity 
-allergies 

rodents, harbour seal (human) 
rodents, monkey, seals, human 
harbour seal 
rodents (human) 
rodents, monkey, human, birds 
chickens etc birds 
mouse 
mouse 
(man), rat 

(x) 
 
 
 
x 

x 
 
 
 
x 
 
 
 
x 

 
 
 
 
various 
 
 

Dutch, Belgian (Inuit) 
T lymphocyt, SRBC antibody 
 
antibody prod, bone marrow 
hallmark (low-dose) effect 
linked to thymus, bursa of Fabric. 
endotoxin susceptibility 
 
PCDD/Fs protect (by infection ?) 

Gastro-
intestinal and 
metabolic 
incl.  
non-sexual 
endocrine 
effects  
and systemic 
markers 
 
 

-GGT levels 
-AST, ALT levels (liver function) 
-thyroid (T4,T3,TSH &c ) 
-vitamin A homeostasis 
-energetics/thermoregulation   
-wasting/anorexia 
-porphyrias (PCT, uroporphyria) 
-adrenalin gland lesion 
-glucose metabolism/diabetes 
-glucocorticoid homeostasis 
-lipid stores, cholesterol/TGl 
-MFO enzyme induction, EROD 
-vitamin K (coagulation factor) 

rodents, human 
rodents, human 
rat, monkey, bird, fish (human) 
rat, hamster, seals, mink 
rats, hamster 
primates, rodents, birds, fish 
rodents, chicken, human 
rodents, seals (tentative) 
rodents (human) 
rodents 
rats (&c) 
all 
rat (human) 

 
 
 
 
 
 
 
 
 
x 
 
x 

 
 
x 
 
 
 
 
 
x 
 
 
x 

 
 
fish extract 
fish extract/oil 
 
 
HCBz  
 
 
 
 
CNs etc 

high-dose human effect 
high-dose transient human effect 
unclear; linked to (neurol) devel 
liver, kidney; links to rprd, immune
 
hallmark effect 
hallmark (some sp.), transient  
 
(human) causality unclear 
 
cardiac R factor; inconclusive 
marker (mediator) responses 
link to neonate hemorrhages? 

Tumours 
 
 

-lung  
-testicle 
-rectal 
-gall/bladder 
-hepatobiliary 
-lymphohemopoietic neoplas. 
-non-Hodgkin’s lymphoma  
-Hodgkin's disease 
-myeloid leukemia 
-soft tissue sarcoma 
-liver 
-breast/mammary 

rat (human) 
rat (human) 
(human) 
(human) 
(human) 
(human)  
(human) 
(human) 
(human) 
(human, inconclusive) 
rat, mouse 
rodents (human) 

x 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
x 

 
 
 
 
 
 
 
 
fish extract 
PBB 

-TCDD possible weak human 
carcinogen based on high-
polyexposure studies, animal data 
and mechanisms; other PCDD/Fs 
unclassifiable yet 
-some other DLCs (e.g. PAHs) 
proven initiators 
 
-contested pathology & relevance 
-TCDD may protect, PXBs not 
may not be human-relevant 
-in man also anti-tumorigenicity 

Genotoxic/  
mutagenic 

-overt genotox/chromosom. break  
-DNA adducts 

rodents etc 
Mytilus etc 

  PAHs 
BaP 

not in many mammals (incl. man); 
non-genetoxic carcinogen 

Hepatotoxic 
 

-liver lesions (size) 
-liver somatic condition 
-overall tox, hepatitis etc 

rodents, chick, monkey (human) 
salmon 
primates, rodents, birds, fish 

 
x 

  
CNs 
CBs, CNs 

 

Dermal 
 

-chloracne 
-hyperkeratin/hyperpigmentation 

rodents, human 
rabbit, monkey (human) 

x 
x 

 x 
x 

high-dose (transient) effect  
hirsutism suggests immunotox 

Hyperplasia 
outside skin 

-lung focal alveolar  
-intestinal mucosa 
-gastric tract mucosa 
-bile duct 
-urinary duct 

rat 
hamster, monkey 
monkey, cow 
mouse, monkey 
guinea-pig, monkey, cow 

    

Cardio- 
vascular 

-ischemic heart disease 
-rheumatic heart disease 
-circulatory diseases (myelofibr.) 

(human) 
(human) 
(human); cf. chick deform. above 

x   high-dose herbicide/CP effect 
Seveso 
Seveso 
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Table 8B2. Summarizing characterization of human epidemiological studies of effects from dioxin-like compounds, 
with emphasis on Baltic Sea countries, fish consumption, congener-specific exposure measures, low to intermediate 
doses, significant findings, and studies published after the USEPA (2000) reassessment. (To be completed) 
 
Study population, 
region  

Study setting/method, 
size of population(s) 

Effects studied  Exposure measures Findings of links (direction, 
strength; RR/OR, CLs)  

Refs. (1st author, 
yr) 

  Normal background exposure levels including breast-feeding 
General population of 
children, FI 

breast-fed infants  tooth minealization 
defects 

PCDD/F-TEQs (plasma/mothers' 
milk) 

support for causal link Alaluusua99,02 

General popul., towns 
by R Kymijoki, FI 

cross-sectional, 1030 
children 

tooth development 
(hypomineralisation) 

11-13 pg I-TEQ/g fat in mother's 
milk 

no association found Holtta01 

General popul., SW 105 men bone mineral density 10 CBs and other POPs in serum no significant associations Glynn00 
General popul. of 18 a 
old M+F, Flanders 

cross-sectional immunol. measures,  
reports, medical exam 

serum BioTEQs (CALUX) significant +link of 
anomalies and BioTEQs   

van den 
Heuvel02 

General popul. of 
babies& mothers, NL 

breast-fed children, 
formula-fed controls 

cognitive & neurol. 
development (scores) 

blood & cord PCBs (incl. coCBs) subtle disorders linked to 
perinatal PCBs exposure 

Boersma00 

Pregnant women and 
their infants, NL 

105 mother-infant pairs T3 and T4, TSH levels milk+maternal plasma PCDD/Fs, 
cord plasma non-DL PCBs 

TEQs correlated with 
altered thyroid status  

Koopman-
Esseboom94 

General popul. of 
breast-fed infants, NL 

105 breast + 102 bottle-
fed mother-infant pairs 

neurol (psychomotor, 
mental) <7 mo of age 

prenatal CBs from mater plasma, 
postnatal CB+PCDD/Fs from milk 

slight +link; mental devel 
positively affected by milk 

Koopman-
Esseboom96 

Pregnant women and 
their infants, NL 

105 mother-infant pairs neurol devel milk and maternal+cord plasma 
PCDD/Fs and (non-DL) PCBs 

some +links of effects (also 
persistent) and TEQ/proxies   

Huisman95, Ilsen 
96, Lanting98 

Urban and rural 
breast-fed children, FI 

questionnaire survey, 
random 167 milk 
donors 

birth weight (BW), sex 
of offspring 

milk I-TEQWHO; diet etc data by 
questionnaire 

slight BW drop with rise in 
TEQ (not in primiparae) 

Vartiainen98 
 

General popul. of 
neonates, NL (above) 

105 breast-fed, 102 
formula-fed controls 

birth size, growth  cord, maternal blood PCBs  
(PCDD/F in breast-fed) 

PCBs linked to low BW, 
grwth; PCDD/F unclear 

Patandin98 

General population of 
children, NL 

Follow-up cohort study blood immune markers, 
allergic reactions 

perinatal CBs and coCBs in 
plasma 

increases in some markers, 
decrease in allergy 

ten Tusscher03 

General popul. of 
preschool children, NL 

follow-up cohort study short breath, allergies, 
infections 

(prenatal) CBs and coCBs infections increased; but 
may be beneficial for 
immunol.  

Weisglas-
Kluperus00 

General popul, BE case-control diabetes fat TEQ +link but inconclusive Fierens03 
General popul of 
pregnant women, US 

cross-sectional, n>2000 diabetes (44 cases) plasma ∑PCBs +link (p=0.0002); linear 
dose-OR; yet inconclusive 

Longnecker01 

   Heavy or intermediate consumption of contaminated fish 
Fishermen's families, 
E/W coast, SW 

cross-sectional (quasi-
case-control) 

vertebral fractures unspecified (PCBs/other OCs in 
fish); fish consumption proxies 

some indirect support for 
link (in females) 

Rylander03 

Fishermen's children, 
E/W coast, SW 

birth records 1973-91 
(E 1501, W 3553) 

birth weight dietary interviews of 69 random 
mothers+referents 

Baltic fish diet OR=1.2-1.8 
(confounder-adjusted) 

Rylander95 

Low-weight babies, E 
coast, SW  

72 cases, 144 controls, 
subcohort of Ryl –95  

birth weight dietary data for mothers as 
proxies for PCDD/Fs/PCBs/OCs 

fish-rich diet OR=1-11 boys, 
1-5 girls; vague exposure 

Rylander96,98 

Fishermen's children, 
E coast, SW 

boys born 1973-5 to 
fishr wives or sisters 

psychological  
development 

exposure proxies no effects supported Rylander00 

Children to heavy fish 
eaters, L Michigan 

1112 mothers who 
conveiced 

birth condition measures serum PCBs - (negative) link w/ serum 
PCB 

Dar 

Fishermen's wives,  
E/W coast, SW  

retrospective survey, 
self-administr questionn 

infertility (pregnancy rate 
PR, time-to-pregnancy ttp, 
miscarriage/stillbirth) 

E coast location, fish use habits 
as proxies  

lower PR (OR=0.5-0.9) in E 
smokers, but inconsistent; 
no support for other effects 

Axmon00a,b, 
01,02,04b 

Fishermen's wives,  
E/W coast, SW  

cross-sectional case-
control study5 

menstrual cycle length dietary data (fish consumption) cycle 0.03-0.89 d shorter in 
exposed; effect inconsistent   

Axmon04a 

Fishermen's wives, E 
coast, EW 

n=182 plasma TSH, (F/T)T3, 
(F/T)T4 

plasma CB153 (indicator for 
other CBs, OH-CBs) 

– link with weak TT3 effect 
after age adjustment   

Hagmar01 

Gt Lakes fish eaters  plasma T4 and other 
thyroid function markers 

 lower T4 in heavy fish 
eaters 

Persky01 

Fish-consuming men, 
SW coast 

23 cases, 20 controls 
(no fish consumption) 

immunocompetence, e.g. 
lymphocyte subsets 

dietary data; blood CB 126, 
CB118 data (n=11) 

fish diet, CBs + link with NK 
cell counts 

Svensson94 

Latvians cross-sectional (n=68) immunosuppression 
(lymphocyte subsets) 

low-medium-high fatty BS fish 
consumption as reported 

+link w/ B cells, CD4+/CD8+ 
but unclear cause & signif. 

Hagmar95 

Married M sport 
fishers, Gt Lakes/MI   

cross-sectional survey, 
4931 anglers (17-34 a) 

fecundity (conception 
delay) 

cumul. lifetime exposure estimate 
from fish use survey 

modest + link (tentative due 
to method) 

Courval99, 
McGuinness01 

Mothers of sport fisher 
families, L. Ontario/NY 

cross-sectional angler 
family cohort 

fecundity (conception 
delay) 

cumul. lifetime exposure from 
reported recent consumption 

reduced fecundity only in 
men (slight) 

Buck00 

Women, sport fisher 
families 

NY angler cohort 
telephone interview  

menstrual cycle length estimated from reported fish use 
level and duration 

cycle reduction with >1 fish 
meals/wk 

Mendola97 

Gt Lakes fish eating 
women 

 breast cancer   McElroy04 

  Clinical patient and autopsy studies 
Breast cancer patients 22 cases, 19 controls 

operated for tumors 
breast cancer PCDD/Fs in breast tissue OR=0.4-72, controlling for 

confounders (non-
significant) 

Hardell96 

Breast cancer patients 43 cases, 35 controls 
(benign-operated  

breast cancer PCBs, DDE, HCBs in adipose 
tissue 

OR=1.8-588, postmenopaus 
w/ ER+ tumours (tentative) 

Liljegren98 

Non-Hodgkins 
Lymphoma  patients 

33 cases, 39 controls 
adj. for sex, age, BMI 

NHL and Epstein-Barr 
human herpesvirus 

PCDD/F in tissues and EBV early 
antigen (EA) titers  

For TEQ>28 and EA>80, 
OR=0.52-18 (non-
significant) 

Hardell01 
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Malignant lympho- 
prolif. disease patients 

7 cases, 12 surgical 
controls  

(malignant lymphoproli- 
ferative diseases)  

mean adipose TEQ in patients 65 
pg/g 

higher TEQs, PeCDFs in 
patients (tentative link) 

Hardell01 

Parkinson's disease 
patients, UK  

Post mortem analysis  Parkinson's disease DDE and PCB 153 in caudate 
nucleus 

significantly higher PCB 153 
in patients, tentative result 

Corrigan98 

   Other studies including high-dose occupational and accidental exposure 
Vietnamese exposed 
to Agent Orange  

children to 30 mothers prevalence of congen 
malformations/disabilities

proxy (exposure of husband or 
mother to Agent Orange) 

2/3 had malformations or 
disabilities in 1st yrs of age 

Le01 (prelimin. 
study) 

Seveso residents cohort diabetes plasma TCDD slight inconclusive link Bertazzi01 
Waste site neighbors cross-sectional (small 

n) 
hyperinsulinemia no measures, only proxies + link but limited study Cranmer00 

Ranch hand veterans background-dose 
subcohort 

diabetes plasma TCDD slight but significant + link 
diabetes-TEQ; inconclusive 

Longnecker00 

Seveso residents cohort hypodontia (and enamel 
defects) 

plasma TCDD and exposure 
proxies 

support for positive link Alaluusua03,04 

Seveso residents cohort sex ratio of offspring plasma TCDD  increased F/M linked with 
TCDD in young males  

Mocarelli00,01 

Ufa workers cross-section  sex ratio of offspring paternal plasma TCDD increased F/M linked with 
TCDD in young males 

Ryan03 

Austrian workers high-dose (chloracne) 
cohort 

sex ratio of offpring paternal plasma TCDD increased F/M linked with 
TCDD in young males 

Moshammer00 

Herbicide workers, D cohort of 2479  workers 
+separate 1189 males 

cancer incidence and 
mortality 

work history data, model extrapol 
+some some blood TCDD data 

OR=1-1.4 (all), 1.2-2 (resp), 
1.4-6 (phaynx), 1,2-7 (NHL)  

Becher96,98 

BASF workers PBB extruders mortality, immune defects estimated PBDD/F body burden no significant effects Ott96, Zober92 
herbicide/PCP 
spreaders 

intl cohort (n=22000, 36 
separate cohorts); 
+nested case-control    

cancer incidence/mortal; 
soft tissue sarcoma, non-
Hodgkin's lymphoma 

from serum/adipose TCDD, 
questionnaires, job records 

possible slight + link with all 
and some specific cancers, 
incl. STS and NHL 

Kogevinas95,97 

female herbicide 
workers 

Intl Worker Register cancer incidence and 
mortality 

from TCDD body burdens, 
questionnaires, job records 

slight elevated risk for all 
cancers 

Kogevinas93 

US herbicide workers NIOSH cohort  cancer incidence and 
mortaility 

plasma TCDD data, model 
extrapolations and proxies 

RR=1.2-3.4 all cancer, 
1.1-6.6 lung cancer, but 
inconclusive 

Fingerhut91, 
Salvan01, cf.  
Kayanian02 

US herbicide workers NIOSH cohort diabetes and thyroid 
metabolism 

plasma TCDD data, model 
extrapolations and proxies 

modest evidence of 
increased diabetes 

Calvert99 

USAF Ranch Hand 
veterans 

n=1197 diabetes mellitus from TCDD in plasma  OR=1-2.9 Longnecker01 

Sw PCP workers …     
German herbicide 
workers 

several cohorts and 
programs 

neurological health effects partly biomonitoring data (TCDD) negative findings of effects, 
especially after confounders 

Edler02 

Children born to 
Yucheng mothers 

case-control middle ear infections approximations (maternal ody 
burdens and groups affiliation) 

+ tentative link w/ PCDFs 
(4-PeCDF)  

Chao97 

Children born to 
Yucheng mothers 

27 cases + 27 controls neurol and cognitive devel 
(IQ) 

approximations (maternal body 
burdens and group affiliation) 

slightly lower IQ ín exposed Chen94 

Children born to 
Yucheng mothers 

 immune markers 
(fagotyses, lymphocytes) 

approximations some impairment tentatively 
linked with exposures 

Chang81,82a,b 

 
 
9  Evaluation and utilization of experimental animal data in quantitative human health risk assessment  
9.1  Biochemical level responses 
 

Kim et al. (2002) provided an evaluation of biochemical responses to low doses of TCDD in rats, investigating 
the influence of a physiologically based pharmacokinetic (PBPK) model based on a modified Hill equation, and 
alternative dose metrics. They specifically produced estimates of benchmark doses (effective doses for 1 % and 
10 % of the population) using data on pharmacokinetics and responses in rats and on ambient human exposures. 
It may be concluded from their analyses that the biochemical markers of TCDD, in decreasing order of 
sensitivity, were the following: CYP1A2 and CYP1A1 protein, total cholesterol, CYP1A1 mRNA, EGF 
dissociation, EGFR maximum binding and autophosphorylation, alanine aminotrasferase, CYP1B1 and CYP1A2 
mRNA, sorbitol dehydrogenase and alkaline phosphatase. For the three first mentioned responses, the estimated 
margin of exposure based on ambient human exposure and the ED01 obtained by the PBPK model was 1-2 (3 
with a standard kinetic model), while the margin of safety based on ED10 was ca. 10 with the PBPK model (20-
40 with a standard kinetic model). Also the EGF and alanine aminotransferase responses resulted in margins of 
safety below 10 using the PBPK model and the ED01 as a criterion (Table 8B4).  

 
 
Table 8B4. Compilation of low-dose biochemical responses to TCDD exposure (from Kim et al. 2002).   
 
…
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9.2  Emergent responses 
 

A summary of findings of dioxin effects in experimental animals after the compilation of DeVito et al. (1995) is 
made (Table 8B5).   

 
 
Table 8B5. Summary of published results of critical in vivo effects of TCDD or other dioxin-like compounds in 
controlled experiments with relevant animal models. Lowest clearly adverse effect level for each species (and the non-
confirmation of the mouse pivotal study) have been underlined. 
 
Receptor (target) organism  Exposure duration, route and conditions Effective dose level   Endpoints/responses      Ref. 
Species, strain sex age   substance(s)   timing route (LOAEL or  
     a           other measure stated) 
 Mammals 
Rhesus monkey    TCDD    4 a  oral  0.15 pg/g bw d-1   endometriosis        Rier93 
Rhesus monkey    TCDD      oral  0.13 pg/g bw d-1   reproductive success      Bowm89 
Rhesus monkey    TCDD+19 D-L PHAHs 13 a  oral  .level in human blood  endometriosis        Rier02 
Rhesus monkey    TCDD      oral  ¨0.15 pg/g bw.d   subtle transient neurobehavioral changes  Scha89 
Rhesus monkey fem adult TCDD    4 a  oral  5 ppt in feed    offspring behavior (rough tumble play)   Scha92 
Mink     adult TCDD    132 d oral  77 pg/g bw.d (1 ppb feed) increas mortality, bleeding, toenail deformation Hoch01 
Mink     adult TCDD     4-18 wk oral  47 pg/g bw.d LC50   increased mortality, adrenalin gland weight  Hoch98 
Rat, Sprague-D    TCDD, CB77, CB 126 gd10-16 oral  25 pg TCDD/g bw.d   female sugar preference & consumption  Amin00 
Rat, F344  fem adult TCDD    gd14 gavage 100 pg/g bw.d    offspring immunosuppression (DTH)   Gehr99 
Rat       TCDD+4-C4DF+CB 126 13 wk oral  22 pg TCDD/g bw.d  superoxide anion, lipid peroxidase etc   Hass01 
Rat       TCDD    3-G  oral  NOAEL 1, LOAEL 10 pg g-1 d-1 reproductive effects      Murr79 
Rat, Sprague-D fem adult TCDD      oral  0.18-0.27 pg/g bw.d ED1 neurobehavioral anomaly     Hojo02 
Rat, Long-Evans fem adult TCDD    gd15-16 oral  200 pg/g bw.d    puberty delay, sperm count drop    Hurs00 
Rat    fem adult TCDD    gd15 oral  64 pg/g bw.d = 500 pg/g fat male offspring testis, sperm count, sex behavior Mabl92 
Rat, Holtzman  fem adult TCDD    gd18 oral  0.6-0.7 pg/g bw.d ED1  behavior (operant responding)    Mark01 
Rat, Sprague-D fem adult TCDD, CB77, CB 126 gd10-16 oral  25 pg/g bw.d    spatial learning/memory error drop   Scha96 
Rat       TCDD        1 pg/g bw.d    hepatic CYP1A1 mRNA induction (+EROD)  VdHe94 
Mouse      TCDD      oral  10 pg/g bw.d     influenza resistance drop (NOAEL=5)   Burl96 
Mouse, var strains    TCDD      oral  >500 pg/g bw.d NOAEL   influenza resistance drop (repeated study)  Noha02 
Mouse, B6C3F1    TCDD      oral  25 pg/g bw.d    hepatic CYP1A1 induction     Nara94 
Mouse, B6C3F1    TCDD      oral  90 pg/g bw.d     immunosuppression (tentative; no ED50)  Nara94 
 Birds 
Chicken, White Leghorn embryo TCDD      inj  100 pg/g ED50   EROD induction       Sand95 
Chicken    embryo TCDD      inj  6 pg/g     cardiovascular teratogenicity (deformities)  Cheu81 
Chicken, White Leghorn embryo TCDD      inj  19 pg/g (77 pg/g clearly)  cardiac deformation, cardiomyopathy, edema Walk00 
Great blue heron  embryo TCDD      inj  2000 pg/g (.environ level)  testosterone hydroxylase activity    Sand97 
Chicken, White Leghorn embryo TCAOB      inj  1400 pg/g ED50    thymic lymphoid cell nr in bursa of Fabricius  Niko88 
 Fish 
Lake trout   sac fry TCDD      inj  22 pg/g egg ED50   CYP1A1 induction in endothelium    Guin97 
Lake trout   sac fry TCDD      inj  67 pg/g egg ED50   CYP1A1 induction in endothelium    Guin97 
Lake trout   sac fry TCDD        70-80 pg/g egg LD50  mortality1         Walk94/6 
Lake trout   sac fry TCDD-EQ     inj  80 pg/g egg LD50/ED50  mortality, craniofacial deformations   Wrig99 
Brook trout   early life TCDD    2 d  water 140 ng/l NOEC, 190 LOEC egg survival        Walk94 
Rainbow trout   sac fry TCDD        200 pg/g egg LD50   mortality1         Walk96 
Rainbow trout   sac fry TCDD    28 d  water 1.8 ng/l NOEC    survival         Mehr88 
Rainbow trout Erwin sac fry TCDD      inj  170-300 pg/g egg LD50  mortality         Zabe95 
Rainbow trout Arlee sac fry TCDD      inj  260-410 pg/g egg LD50  mortality         Zabe95 
Rainbow trout  sac fry  PeCDD        570 pg/g egg LD50   sac fry mortality       Zabe95 
Rainbow trout     TCDD    40 d  ip inj  170 pg/g bw ED50   reduced EGF binding      News93 
Rainbow trout   juv  TCDD        200 pg/g bw    hepatic CYP1A1 induction     Mach98 
Rainbow trout   sac fry TCDD        385 pg/g egg    blood flow reduction, arrested heart develop  Horn99 
Rainbow trout  fem adult TCDD      feed  5.7 pg/g feed, 0.9 liver LOEL various hepatocellular changes    Walt00 
Rainbow trout  fem adult TCDD    300 d feed  1800 pg/g feed ww   significantly reduced survival     Gies02 
Rainbow trout   sac fry TCDD        250-300 pg/g egg LD50  lethality1         Horn96 
Rainbow trout   sac fry TBDD      inj  120 pg/g egg LD50   lethality1         Horn96 
Mirror carp   juv  TCDD    12 wk ip inj  30000 pg/g     significant EROD induction     Weid94 
Eur flounder     TCDD    8 wk  oral  12.5 pg/g bw    hepatic CYP1A immunoreactivity increase  Grin00 
Eur flounder     TCDD    8 wk  oral  >500000 pg/g bw   no marked gross pathology     Grin00 
Eur flounder     TCDD      oral  680 pg/g NOAEL   EROD induct        Bess97 
Eur flounder     TCDD        400 pg g-1 dw liverd  NOAEL         Blac98 
Gobiocypris rarus    TCDD    120 d   2 pg/l     feminizat; hepatocyte or mitchondrion anomaly Wu01 
Fundulus heteroclitus embryo TCDD      inj  250 pg/g LD50   lethality1         Toom01 
Fathead minnow  embryo TCDD    32 d  water 540 pg/g LC50   lethality1          Elon98 
 
… 
 
1 Trout early life stage mortality syndrome involving blue-sac syndrome with edema, hemorrhage, growth decline and deformations in the fry in many cases 
2Rat adipose tissue NOAEL calculated from the dosing data of Mably et al. (1992) by Ayotte & al. (1996) with the toxicokinetic model of Carrier& al. (1995).  
 
  A summary of dioxin effects and body burdens in humans and experimental animals (DeVito et al. 1995).  
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  … 
 
 

 
 

 
 
9.3  Pivotal effects and effective dose levels in animal models 
9.3.1  Study selection criteria  
 

The criteria for selection of pivotal experimental studies that are discernible in the opinions of the EU Scientific 
Committee on Food on dioxins for defining TDIs (SCF 2000, 2001) include the following: 
1) Inclusion of sensitive endpoints in the study (as defined by the effective dose levels in the total pool of studies) 
2) Inclusion of clearly adverse and toxicologically interpretable responses (e.g. excluding subtle responses that can be 

considered as effect markers or intermediate alterations that may not lead to adverse outcomes, responses within normal 
variation, transient or reversible responses, and responses without clinical relevance)  
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3) Inclusion of endpoints that are clearly relevant for humans (e.g. excluding behavioral effects in monkeys) 
4) Sufficiently firm basis for extrapolation to humans from predominant animal i.e. rodent studies (e.g. excluding studies 

on behavioral effects on monkeys partly on this basis) 
5) Specific chemical identity of the dioxins (e.g. excluding a monkey study with exposure to CBs that could not be 

logically linked to TCDD) 
6) Logical sequence of exposure (e.g. excluding a study on monkeys partly because of the uncertainty that the 

accumulation of dioxins had occurred before the development of the outcome) 
7) Relevant exposure route (eg. in utero exposure of offspring required) 
8) Confirmation of the daily intake of test compound (e.g., excluding a monkey study as this was not reported and could 

not be reliably reconstructed afterward) 
9) Dose-dependent continuum of response 
10) Plurality of dioxin-related effects (excluding e.g. a study where only one behavioural variable differing between groups 

of monkeys was reported out of many measured) 
11) Adequate methods of investigating endpoints and establishing deviations from controls 
12) Adequate reporting of results and statistics 
13) Coherent study design (e.g. excluding exploratory studies complemented later and addition of new 'control' animals in 

studies of immune effects in monkeys) 
14) Biological plausibility of effects (e.g. excluding a study on rat immune effects as immunological development occurs 

earlier in humans than in rats; cf. criterion 3) 
15) Consistency of effects across generations in multigeneration studies 
16) Occurrence of effects at approximately same dose levels as with the most sensitive effects (e.g. excluding rat offspring 

immune effects) 
17) Information required for dose conversions and pharmacokinetic analysis (e.g. excluding monkey study with no reported 

body weight data) 
18) Large margins between doses or body burdens associated with LOAEL and NOAEL (e.g. excluding a monkey study 

partly on this basis) 
19) Reported NOAEL dose (their absence is conditionally accepted) 
20) Single dose studies (accepted but require conversion to continuous steady state dose). 

 
 
Table 8B6. Conversion and extrapolation of critical effective low doses between species, tissues, and dosings in pivotal 
in vivo studies of adverse effects of dioxins. All dose units denote TEQs. Main review sources: USEPA (2000), SCF 
(2000, 2001),  
 
Species/ 
strain 

Sex Age Expo 
duration 

Admin 
route 

Critical effect NOAEL 
single 
dose 
(contin.) 

LOAEL, 
single 
dose 

LOAEL, 
continuous 
dose 

LOAEL, 
body 
burden 

LOAEL, 
maternal 
dose 

Maternal 
body 
burden 
(dose) 

Equiv. 
human 
daily 
intake 
pg/kg.d 

Refs. 

Mammals              
Rat, LE M 15 d - (single 

dose) 
utero sperm count 50 ppt    50 ppt, 

gd15 
30 ppt 15 Gray  

–97 
Rat  M - 

(dam) 
 po testis weight, 

prostate,  
epididymal 
sperm count, 
demascul. sex 
behavior 

     64 ppt 19 Mably  
–92 

Rat  M - 
(dam) 

35 d  
(mating) 

 sperm count, 
motility, form 

   0.24 ppb 
liver, testis 

 5 ppt  Faqi –98 

Rat, 
Fischer 

F+
M 

14 d  gava-
ge or 
uterus 

immune  
(BSA sensi- 
tivity) 

100 ppt     60 (100) 
ppt 

30 (50) Gehrs  
-97 

Rat, SD F+
M 

8 d - (single 
dose)  

oral operant  
behavior 

    20 ppt 
(ED10 2.8, 
ED01 
0.28) 

  Hojo  
–02 

Rat, 
Holtzman 

F+
M 

18 d - (single 
dose) 

 motor 
behavior / 
running 

    20 ppt 
(ED10 2.8, 
ED01 
0.28) 

  Markowski 
-01 

Mouse   - (single 
dose) 

 hydro- 
nephrosis 

     500 
ppt/d, gd 
6-15 

 Silkworth  
-89 

  Birds              
Chicken   - (single 

dose) 
 cardiac 

deform 
6 ppt 9 ppt      Cheung  

-81 
  Fish              
Lake trout       mortality (34 ppt)  40-55 ppt      Walker  

–91, Spits- 
bergen -91
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9.4  Dose-response functions 
 
 

 
 
Fig. 8B6. Mathematical models for low-dose risk estimation for non-threshold chemicals (based on ECETOC 1996). 
 
… 
 
 
9.5  Alternatives to NOAELs 
 

Kim et al. (2002) analyzed alternatives to NOAEL and safety factor based definitions of safe doses for non-
cancer effects of dioxins using a BMD approach by two methods. In one, an effective dose (ED) resulting in a 
pre-specified increase in response over background (in 1 or 10 %) was estimated using average daily doses and 
an empirical Hill model, and then converted to an equivalent body burden by a simple kinetic model assuming 
steady-state conditions, half-life of TCDD in the rat, and 100% absorption, i.e. much like in ED conversion as 
done also in regular TDI derivation (e.g., SCF 2001) but without the arbitrary LOAEL-NOAEL extension. 
Alternatively, a mechanistic physiologically based pharmacokinetic (PBPK) model of TCDD in the rat was used 
to predict body burdens used directly by the Hill model to calculate a BB(01) or BB(10). The BB(01) and 
BB(10) values from both methods were within two orders of magnitude of current human general population 
exposure to all DLCs. In a preliminary study, Fattore et al. (2004) showed that benchmark doses, defined also by 
fit to the Hill model, for DL-PCBs in rats are significantly correlated with NOELs, the estimated BMD for CB 
126 being 5 ng kg-1 bw. d-1, i.e. half the LOEL.  
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C. Studies and evaluations of beneficial human health effects of fish, especially fatty seafish 
 
1  Cardiovascular health 
 

The GISSI trial in Italian myocardial infarction patients was considered by Harris and Isley (2001) to provide the 
best evidence of cardiac health effects of n-3 PUFAs in a general dietary context. Marchioli et al. (2001) 
concluded from the GISSI study that long-term n-3 PUFA (1 g daily) consumption was beneficial for avoiding 
death and combined death, nonfatal myocardial infarction, and stroke; up to 5.7 lives could be saved every 1000 
patients with previous myocardial infarction. The results strongly suggested n-3 PUFA treatment to be 
considered a recommended new component of secondary prevention. The importance of such combined effect 
was suggested by the interplay between diet and n-3 PUFA. Barzi et al. (2003) found that consumption of fish, 
fruit, raw and cooked vegetables and olive oil all were associated with a significant reduction in risk of death, 
with odds ratio for those in the best dietary score quarter of 0.51 (95% CI 0.44-0.59) compared with people in 
the worst quarter, concluding that such patients can respond positively to simple dietary advice, and that this can 
lead to a substantial reduction in the risk of early death. 
 
As a result of such studies and trials, the benefits of fish consumption for cardiac health have been in particular 
associated with intake of fatty seafish that is high on n-3 PUFAs. The role of fatty fish as a source of DHA and 
EPA was emphasized e.g. in the reviews of Sargent (1997) and Din et al. (2004). Pioneering research in this area 
has been done in Greenland (e.g., Bang et al. 1971) and Denmark (e.g., Dyerberg et al 1970, 1975). Schmidt et 
al. (2000) summarized the Danish evidence that fish consumption may reduce the risk of coronary artery disease 
(CAD). They recommended fish to reduce the risk of CAD both in healthy subjects and in patients with a high 
risk of CAD or with documented CAD. Fish oil concentrates could not be recommended in general except in 
patients after a myocardial infarction or with hypertriglyceridaemia. Overall, it was concluded that increased 
intake of n-3 PUFAs from fish may have substantial implications for public health and economy by decreasing 
the risk of coronary events and sudden cardiac death. Schmidt (oral communication 2003) has noted that 
significant or uniform protective effects have not been found in all studies, and has evaluated the certainty of 
such causally protective effects to be somewhat lower than thought earlier. Nevertheless, a sizeable positive 
relationship between dietary intake of fatty seafood and cardiac health seems well established. 

 
Erkkila et al. (2003) measured dietary intakes via food records and the fatty acid composition of serum 
cholesteryl esters (CEs) in 285 men and 130 women with CAD following patients participating in the 
EUROASPIRE study for 5 y. The RRs of death adjusted for cardiovascular disease risk factors for subjects in 
the highest tertile of fatty acids in CEs compared with those in the lowest tertile were 0.33 (95% CI: 0.11, 0.96) 
for a-linolenic acid, 0.33 (0.12, 0.93) for EPA, and 0.31 (0.11, 0.87) for DHA (P for trend = 0.063, 0.056, and 
0.026, respectively). A high proportion of EPA in CEs was associated with a low risk of CAD death. Compared 
with no consumption, consumption of fish tended to be associated with a lower risk of death [1-57 g/d, RR = 
0.50 (0.20, 1.28); > 57 g/d, RR = 0.37 (0.14, 1.00); P for trend = 0.059]. The conclusion was that high 
proportions of n-3 PUFAs in serum lipids are associated with a substantially reduced risk of death. 

 
Confirmation of the beneficial role of fish was published in a study of over 43 000 male health professionals 
specifically for stroke (He et al. 2002). Compared with men who consumed fish less than once per month, the 
multivariate risk ratio of ischemic stroke was significantly lower among those who ate fish 1 to 3 times per 
month (RR 0.57; 95% CI, 0.35-0.95). A still higher frequency of fish intake was not associated with further risk 
reduction. The findings suggest eating fish once a month or more can reduce the risk of ischemic stroke in men. 
The magnitude of risk reduction, even if variable, was on the average almost half of the reference risk level. A 
concurrent large study of nurses (Iso et al. 2001) indicated that higher consumption of fish and n-3 PUFAs is 
associated with a reduced risk of thrombotic infarction, primarily in women who do not take aspirin regularly, 
but is not, in women or in men, related to risk of hemorrhagic stroke. 

 
The effects of different species of sea fish have been studied in some detail. Singer et al. (1984) reported from a 
small study in volunteers that after a mackarel diet a significant decrease of serum triglycerides, total cholesterol 
and lecithin cholesterol acyl transferase (LCAT) activity could be observed, returning to the initial levels 3 
months later, while after a herring diet only a decrease of LCAT was significant. In addition, a marked decrease 
in blood pressure was associated with lower plasma noradrenaline levels after mackarel but not herring diet. 
 
Beneficial effects on cardiac health have also been found after consumption of freshwater fish in addition to 
herring, and after other changes in diet. Agren et al. (1988) found in a group of male Finnish students that the 
serum cholesterol level diminished in those fish consumers who simultaneously lowered their overall lipid 
intake, while Apolipoprotein A1 and B, triglyceride and the formation of thromboxane B2 in whole blood were 
lowered in both fish-consuming groups. They concluded that a moderate intake of fish has beneficial effects on 
plasma lipid and prostanoid metabolism, among coronary heart disease risk factors. The finding by Hallgren et 
al. (2001) of a strong inverse association between the risk of a first myocardial infarction and the biomarkers of 
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fish intake, Ery-Hg and P-PUFA (in a multivariate model in subjects with both high Ery-Hg and high P-PUFA 
giving an odds ratio of 0.16, 95 % CI 0.04-0.65), independent of traditional risk factors, may also reflect both 
freshwater and fatty fish. Such data make it more difficult to elucidate the relative health benefits of consuming 
specifically herring or other fatty Baltic Sea fish. However, collectively the evidence seems to point to 
significant cardiac health benefits from fatty fish in particular.   

 
The cardiac health benefits of dioxin-containing fish may be viewed in relation to cardiotoxicity of dioxins (see 
above). There is ample evidence of cardiac deformation and malfunction associated with even low doses of 
dioxins in birds (particularly chicken) and fish in connection with overall embryo mortality and edema, and in 
rats (Jokinen et al. 2003), supported by mechanistic information (Hennig et al. 2002). Notably, Lind et al. (2004) 
showed that exposure to CB 126 increased serum cholesterol, blood pressure and heart weight, known 
cardiovascular risk factors in female rats; the effect on blood pressure was dependent on estogen status. In 
humans there is only some tentative evidence for such effects and at high exposures (Sweeney et al. 2000). 
Increased mortality from cardiovascular disease was mentioned among the effects not considered critical in the 
SCF (2000) assessment, but with no reference to studies. It can yet not be ruled out that such effects of dioxins 
may to a minor degree offset some of the benefits of fish for cardiac health, in some cases and groups consuming 
much fish.  

 
There may be interactions and compensation or modulation mechanisms involving fish dioxins and fatty acids. It 
may be of interest that data have been published (Olsen et al. 2003) by gene expression mapping of rats exposed 
to TCDD, 4-PeCDF, CB 126 or CB153 that mitchondrial long-chain fatty acid beta-oxidation and fatty acid 
synthesis were among the pathways affected by exposure, and that this may be related to fat redistribution, 
weight loss and hepatic steatosi, all of which have been associated with dioxins; the fatty acid composition of 
fatty seafish perhaps counteracts such effects.  
 
In summary, despite some inconclusive data and varying interpretations, the majority of evidence and 
evaluations point to significant beneficial effects of n-3 PUFAs for cardiac health, and also to the important role 
of fatty sea fish and products based on such products, among other sources of n-3 PUFAs, in these effects.  

 
2  Vitamin D and bone development 
 

In the Copenhagen area where all registered hospital cases of rickets were infants and toddlers or adolescents 
from immigrant families; growth retardation was only seen in the first mentioned group (cf. 4.4). Deficiency 
occurs months before rickets is obvious; growth failure, lethargy and irritability may be early signs. Mothers 
with low Vitamin D give birth to children with low Vitamin D and increased risk of rickets (Molgaard and 
Michaelsen 2003).  
 

3  Neurological development 
 

Uauy-Dagach and Mena (1995) presented evidence that during the third semester of pregnancy, large amounts of 
the long-chain omega-6 and omega-3 PUFAs arachidonic acid and docosahexanoic acid (DHA) are mobilized to 
satisfy the needs of increased naural and vascular growth, and pointed out that as 50 % of the total fatty acids in 
the phospholipids of the cerebral cortex consists of DHA, findings of diminished DHA in cell membranes during 
lactation and pregnancy have suggested a need for omega-3-PUFA during pregnancy (see also Egeland and 
Middaugh 1997 and Uauy-Dagach and Valenzuela 1996).  
 
Uauy-Dagach and Valenzuela (1992) assessed factors in optimizing the health benefits of marine oils as a source 
of omega-3 polyenoic fatty acids in diet. Under some physiologic conditions such as preterm birth the evidence 
suggested that C18 omega-3 fatty acids are not sufficiently converted to DHA to allow for biochemical and 
functional normalcy, and thus DHA may be considered a conditionally essential nutrient for normal eye and 
brain development. Under disease conditions EPA plays a major role in modifying the balance between omega-6 
and omega-3 derived eicosanoids.  
 

4  Immune system and arthritis 
 

Stulnig (2003) reviewed the many molecular mechanisms found to explain how PUFAs may interfere with 
immune cell function. PUFAs alter eicosanoid synthesis, orphan nuclear receptor activation (e.g. peroxisome 
proliferator-activated receptors, liver X receptors) and T lymphocyte signaling; some of these mechanisms and 
responses may be relevant with a view of the immune effects of low-dose dioxin exposure (see above). He also 
discussed their probable relevance in vivo and summarized the effects of PUFAs on the immune system in 
general and clinical effects in rheumatoid arthritis, inflammatory bowel disease and sepsis. 
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Nafstad et al. (2003) associations between seafish consumption and allergies in a prospective cohort of 2531 
young children in Norway, finding an adjusted OR for allergic rhinitis of 0.45 (95% CI 0.28, 0.74), and 
concluding that fish consumption in the first year of life may reduce the risk of developing asthma and allergic 
rhinitis in childhood.  
 

5  Metabolic effects 
 
Vessby et al. (2001) showed in a study of 162 healthy male and female subjects given 3-n fatty acids in fish oil 
supplement that a change of the proportions of dietary fatty acids, decreasing saturated and increasing 
monounsaturated fatty acid, improves insulin sensitivity in individuals with low fat intake. 
 
Notably with regard to dioxin effects, Bagdade et al. (1990) showed that women with insulin-dependent diabetes 
mellitus had apparently beneficial effects from dietary supplementation with n-3 fatty acids in a low-cholesterol-
containing oil without adversely affecting overall diabetes management. 
 

6  Cancer 
 

Marine fatty acids, particularly eicosapentaenoic and docosahexaenoic acids, have been consistently shown to 
inhibit the proliferation of breast and prostate cancer cell lines in vitro and to reduce the risk and progression of 
these tumors in animal experiments (see review of Terry et al. 2003). 
 
In a human study, Terry et al. (2001) found a connection between consumption of fatty fish and prostate cancer 
in a population-based prospective cohort of 6272 Swedish men. During 30 a of follow-up, men who ate no fish 
had a two- to three-fold higher frequency of prostate cancer than those who ate moderate or high amounts. The 
results suggested that fish consumption could be associated with decreased risk of prostate cancer. Inoue et al. 
(2001) in their comment pointed out additional mechanistic explanations for the finding, increasing the 
plausibility of this beneficial effect. 
 
Terry et al. (2002) also analyzed consumption of both fatty fish (e.g., salmon, herring) and lean fish (e.g., cod, 
flounder) in relation to endometrial cancer risk using data from a nationwide Swedish case-control study. 
Consumption of fatty fish was inversely associated with endometrial cancer risk. The multivariate OR for 
women in the highest quartile (median 2.0 servings a week), compared to women in the lowest (0.2 servings a 
week), was much reduced, to 0.6 (95% CI, 0.5-0.8; P for trend, 0.0002). The corresponding OR for women in the 
highest quartile of lean fish consumption, compared to women in the lowest, was unaltered. Total fish 
consumption was inversely but weakly associated with risk. The results suggest that the consumption of fatty 
fish, but not other types of fish, may decrease the risk of endometrial cancer. This is a potentially important 
finding with a view of dioxin-containing Baltic Sea fish such as herring, as endometriosis is suspected of being 
linked with dioxins (see above). This may not be surprising, given the weak antiestrogenicity of dioxins (cf. 
above). Nevertheless, Terry et al. (2003) in their later review of the epidemiological studies on the intake of fish 
and marine fatty acids in relation to major hormone-dependent cancers, focusing on cohort and case-control 
studies, concluded that the evidence remains unclear, and that most of the studies did not show an association. 
 
Deckere (1999) in his review pointed out that the existing knowledge suggests that an increase in the 
consumption of fish and fish n-3 PUFAs in industrialized countries may contribute to lower breast and colorectal 
cancer risks, the former of which is also hormonally conditioned and potentially very important for public health 
as one of the most common causes of mortality and morbidity. As to the possible impacts (also beneficial) of 
dioxins on breast cancer, see above (4.2). 

 
7  Other effects 
 

Fish are rich in selenium that is an essential element and effective antioxidant, and may thus have broad health 
benefits (see discussion of Egeland and Middaugh 1997, cf. Tuomisto et al. 2004).  

   
Vergili-Nelsen (2003) in his review presented evidence of the many benefits of fish oil supplementation for 
hemodialysis patients.  
 
Uauy-Dagach and Valenzuela (1992) pointed out that marine fish oils may also have some potential health risks 
that can be circumvented by processing, storing and preserving the unsaturated fatty acids. Measurements and 
assessment of the levels of and exposures to PCDD/Fs, DL-PCBs and other organohalogen contaminants in fish 
oil products, including therapeutic dietary supplements based on fatty seafish, have been reviewed elsewhere 
(see …). 
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+ additional sources on nutritional and health benefits of fish, to be selected from: 
 
Bays H, Lansing AM. 1994. Fish oil (omega-3 fatty acids) in treatment of hypertriglyceridemia: a practical approach for the primary care physician (Abstract). J 
 Kentucky Med Assoc. 92(3):105-8.  
Brouard C, Pascaud M. 1993. Modulation of rat and human lymphocyte function by n-6 and n-3 polyunsaturated fatty acids and acetylsalicylic acid (Abstract). Annu 
 Nutr Metabol. 37(3):146-59.  
Burr ML. 1992. Fish food, fish oil and cardiovascular disease. Clin Exp Hyper - Theory Pract. A14(1&2):181-92.  
Capron L. 1993. Marine oils and prevention of cardiovascular diseases (Abstract). Rev Prat. 43(2):164-70.  
Cobiac L, Nestel PJ, Wing LM, Howe PR. 1992. A low-sodium diet supplemented with fish oil lowers blood pressure in the elderly (Abstract). J Hypertension 10(1):87-
 92.  
Connor WE, Neuringer M, Reisbick E. 1991. Essentiality of ω3 fatty acids: evidence from the primate model and implications for human nutrition. Simopoulos AP,  
Davidson M, Bulkow LR, Gellin BG. 1993. Cardiac mortality in Alaska's indigenous and non-Native residents. Int J Epidemiol. 22(1):62-71.  
Ferretti A,Judd JT, Nair PR, Flanagan VP. 1993. Ingestion of marine oil reduces excretion of 11-dehydrthromboxane B2, an index of intravascular production of 
thromboxane A2 (Abstract). Prostaglandins Leukot Essential Fatty Acids 48(4):305-8.  
Feskens EJ, Kromhout D. 1993. Epidemiologic studies on Eskimos and fish intake. Ann NY Acad Sci. 683:9-15.  
Fiedler H, Hutzinger O, Mori T, Vandongen R, Beilin LJ, Burke V, Morris J, Ritchie J. 1994. Effects of varying dietary fat, fish and fish oils on blood lipids in a 
 controlled trial in men at risk of heart disease. Am J Clin Nutr. 59:1060-8.  
Fumeron F, Brigant L, Ollivier V, de-Prost D, Driss F, Darcet P, Bard JM, Parra HJ, Fruchart JC, Apfelbaum M. 1991. n-3 polyunsaturated fatty acids raise low-density 
 lipoproteins, high-density lipoprotein 2, and plasminogen-activator inhibitor in health young men. Am J Clin Nutr. 54(1):118-22.  
Gonzalez MJ, Gray JI, Schemmel RA, Dugan L Jr, Welch CW. 1992. Lipid peroxidation products are elevated in fish oil diets even in the presence of added 
 antioxidants (Abstract). J Nutr. 122(11):2190-5.  
Hoffman DR, Uauy R. 1992. Essentiality of dietary omega 3 fatty acids for premature infants: plasma and red blood cell fatty acid composition (Abstract). Lipids 
 27(11):886-95.  
Howe PR, Lungershausen YK, Cobiac L, Dandy G, Nestel PJ. 1994. Effect of sodium restriction and fish oil supplementation on BP and thrombotic risk factors in 
 patients treated with ACE inhibitors (Abstract). J Hum Hypertens. 8(1):43-9.  
Itakura H. 1993. Dietary treatment of atherosclerosis (Abstract). Nippon-Rinsho 51(8):2086-94. 
Jacques H, Noreau L, Moorjani S. 1992. Effects of plasma lipoproteins and endogenous sex hormones of substituting lean white fish for other animal-protein sources 
 in diets of postmenopausal women (Abstract). Am Jf Clin Nutr. 55(4):896-901. 
Katan MB. 1995. Editorial: fish and heart disease. New Eng J Med. 332:1024-5. 
Kifer RR, Martin RE, Barlow SM (eds.). Health effects of ω3 polyunsaturated fatty acids in seafood. World Rev Nutr Diet, 66:118-32.  
Levy E, Thibault L, Turgeon J, Roy CC, Gurbindo C, Lepage G, Godard M, Rivard GE, Seidman E. 1993. Beneficial effects of fish oil supplements on lipids, 
 lipoproteins, and lipoprotein lipase in patients with glycogen storage disease type I (Abstract). Am J Clin Nutr. 57(6):922-9.  
Meydani SN, Lichtenstein AH, Cornwall S, Meydani M, Goldin BR, Rasmussen H, Dinarello CA, Schaefer EJ. 1993. Immunologic effects of national cholesterol 
 education panel step-2 diets with and without fish-derived N-3 fatty acid enrichment (Abstract). J Clin Investig. 92(1):105-13.  
Nair PP, Judd JT, Berlin E, Taylor PR, Shami S, Sainz E, Bhagavan HN. 1993. Dietary fish oil-induced changes in the distribution of alpha-tocopherol, retinol, and 
 beta-carotene in plasma, red blood cells, and platelets: modulation by vitamin E (Abstract). Am J Clin Nutr. 58(1):98-102.  
Nettleton JA. 1993. Are n-3 fatty acids essential nutrients for fetal and infant development. J Am Diet Assoc. 93:58-64.  
Olszewski AJ, McCully KS. 1993. Fish oil decreases serum homocysteine in hyperlipemic men (Abstract). Coron Artery Dis. 4(1):53-60.  
Raper NR, Cronin FJ, Exler J. 1992. Omega-3 fatty acid content of the US food supply (Abstract). J Am Coll Nutr. 11(3):304-8.  
Rose DP, Connolly JM. 1993. Effects of dietary omega-3 fatty acids on human breast cancer growth and metastases in nude mice (Abstract). J Natl Cancer Inst. 
 85(21):1743-7. 
Schiff E, Ben-Baruch G, Barkai G, Peleg E, Rosenthal T, Mashiach S. 1993. Reduction of thromboxane A2 synthesis in pregnancy by polyunsaturated fatty acid 
 supplements. Am J Obstet Gynecol. 168:122-4.  
Shahar E, Folsom AR, Melnick SL, Tockman MS, Comstock GW, Valerio-Gennaro P-H, Higgins MW, Sorlie PD, Ko W,  Szklo M. 1994. Dietary n-3 polyunsaturated 
 fatty acids and smoking-related chronic obstructive lung disease. New Eng J Med. 331:228-33.  
Sharp DS, Rodriguez BZ, Shahar E, Hwang L, Burchfiel CM. 1994. Fish consumption may limit the damage of smoking on the lung. Am J Resp Crit Care Med. 
 150:983-7. 
Shrapnel WS, Calvert GD, Nestel PJ, Truswell AS. 1992. Diet and coronary heart disease (Abstract). Med J Aust. May:9-16.  
Simon HB. 1994. Patient-directed, nonprescription approaches to cardiovascular disease. Arch Intern Med. 154:2287-8. 
Simopoulos AP. 1991. Omega-3 fatty acids in health and disease and in growth and development. Am J Clin Nutr. 54:438-63.  
Singer P, Melzer S, Goschel M, Augustin S. 1990. Fish oil amplifies the effect of propranolol in mild essential hypertension. Hypertension 16(6):682-91.  
Soyland E, Funk J, Rajka G, Sandberg M, Thune P, Rustad L, Helland S, Middelfart K, Odu S, Falk ES. 1993. Effect of dietary supplementation with very-long-chain 
 n-3 fatty acids in patients with psoriasis (Abstract). New Eng J Med. 328(25):1812-6.  
Svensson BG, Akesson B, Nilsson A, Skerfving S. 1993. Fatty acid composition of serum phosphatidylcholine in healthy subjects consuming varying amounts of fish 
 (Abstract). Eur J Clin Nutr. 47(2):132-40.  
Swails WS, Bell SJ, Bistrian BR, Lewis EJ, Pfister D, Forse RA, Kelly S, Blackburn GL. Fishoil-containing diet and platelet aggregation (Abstract). Nutr. 9(3):211-7.  
Uauy R, Hoffman DR, Birch EE, Birch DG, Jameson DM, Tyson J. 1994. Safety and efficacy of omega-3 fatty acids in the nutrition of very low birth weight infants: soy 
 oil and marine oil supplementation of formula (Abstract). J Pediatr. 124(4):612-20.  
Uhe AM, Collier GR, O'Dea K. 1992. A comparison of the effects of beef, chicken and fish protein on satiety and amino acid profiles in lean male subjects (Abstract). J 
 Nutr. 122(3):467-72.  
Vandongen R, Mori TA, Burke V, Beilin LJ, Morris J, Ritchie J. 1993. Effects on blood pressure omega 3 fats in subjects at increased risk of cardiovascular disease. 
 Hypertension 22(3):371-9. 
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D. Evaluations of studies of effects associated with dioxin-like compounds in free-living wildlife species 
living in the Baltic Sea and feeding on Baltic Sea fish 
 
1 Mammals 
1.1 Seals and other marine mammals  
1.1.1  General 
 

Marine mammals are a key group with regard to the ecotoxicological and ecological risks from POPs such as 
DLCs in marine environments. This is due to both exposures, as conditioned by the fate of DLCs and their 
accumulation in food-chains, as well as to the feeding, reproductive and general ecology of these animals and 
their sensitivity in some regards (Tanabe 1988).  
 
According to the comparative evaluation of Kannan et al. (1989), the relative bioconcentration and metabolic 
capacity of terrestrial and marine mammals suggest that the toxic threat of DL-PCBs increases from land to sea, 
but the reverse is true for PCDD/Fs, and the bioaccumulation of CB 126 and CB105 in marine mammals is in 
particular a cause for considerable concern. Relatively strong evidence for causal relationships between 
population-level effects of such DLCs in seals has been shown in some regions (e.g., Reijnders 1986, see also 
Ross et al. 1996). 
 
This holds also for the Baltic Sea, where mainly risks associated with exposure to PCBs in seals have been in 
focus. However, the adverse or anomalous conditions found in Baltic seals have complex and multifactorial 
etiology, and indices of DLC-linked effects are in many cases hard to interpret. Moreover, the situation in terms 
of reproduction in many Baltic seal populations has improved considerably since the most alarming DLC-linked 
disorders in 1970's (and tentatively DLC-linked immunosuppression at the turn of 1980/90's). Nevertheless, the 
recoveries are not uniform e.g. across species and regions, and have not reached levels in the preindustrial era; in 
addition, some effects, although severe, may not show in population sizes (see e.g. Bergman 1999).  
 
Baltic marine mammals are subject to many other stressors as well, including other contaminants than DLCs 
(such as DDT and other chloroapesticides and MeHg), fishing (by-catch), hunting (especially earlier but still to 
some degree), deterioration of breeding grounds, diseases and parasites (also unrelated to DLCs), eutrophication, 
and disturbance (ICES 2003a).   

 
1.1.2  Harbour seal 
   

Baltic harbour seal population has declined from 5 000 in 1905 to almost nil in 1960-1985, after which the 
numbers increased. However, the 1988 PDV-1 virus epizootic wiped out 56 % of the SW Baltic and Kattegat 
population that recovered from 5 000 to 10 000 by 2001, then was again decimated by half. The Swedish BP 
population increased from 50 in mid-1970's to almost 400 in 1985, with an annual increase rate of 9 % (ICES 
2003a); this population was unaffected by PDV.  
 
Ross et al. (1996) reviewed contaminant-induced immunotoxicity in harbour seals based primarily on 
experiments with captive juvenile seals fed Baltic Sea herring (Ross et al. 1994, 1995, 1996a-c, De Swart et al. 
1993, 1994, 1995a-c). They particularly evaluated the generalizability of the information to field populations and 
the evidence for causal relationships between DLCs and immunosuppression or infectious disease, especially the 
PDV-1 virus shown to be responsible for mortalities of 20 000 harbour seals (and hundreds of grey seals) all 
over Europe. Several alterations in immune functions and their markers after experimental exposure were noted 
(Fig. 8D1 and Table 2 below by De Swart et al. 1996). Comparisons suggested harbour seals are more sensitive 
than adult rats to immunotoxic effects of contaminants in Baltic Sea herring. As a whole, the responses were 
complex and difficult to explain and interpret.   
 
It was not possible to rule out a contribution of non-AhR mediated compounds to the observed indices of 
immunotoxicity, as is seldom the case in field studies with multiple exposures (cf. 5). However, several lines of 
evidence, including mechanistic considerations and experimental data from DLC-linked effects in other species 
(including non-immunological effects), pointed to an important role of DLCs in the effects noted. Among the 
DLCs considered and analyzed, 1-o and 2-o PCBs contributed much more to overall dioxin toxicity in harbour 
seal blubber (based on blubber TEQs) than PCDD/Fs among which the contribution of PCDDs was particularly 
small. The dominating role of PCBs in this regard was rather different than in the herring feed where PCDFs 
were a key group; these results suggested that harbour seals are able to preferentially metabolize PCDDs, in line 
with other results on harbour seals. All in all, the results provided evidence that DLCs in the Baltic food chain 
were immunotoxic to the captive harbour seals. The authors concluded that contaminants including particularly 
PCBs may have well affected the severity and extent of the 1988 PDV-1 epizootic.  
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Fig. 8D1. Left: Nine days after immunization with ovalbumin and the adjuvant DDA, harbor seals of both Atlantic (blue 
triangles) and Baltic (yellow triangles) groups exhibited a delayed-type hypersensitivity (DTH) response to an 
intradermal skin challenge using ovalbumin. Seals fed the relatively contaminated Baltic Sea herring for 2 a had a 
significantly lower response to the antigen (repeated-measures ANOVA with grouping factors; p<0.01). A control 
injection of 100 µl saline resulted in only a very small swelling for both Atlantic (blue circles) and Baltic (yellow 
circles) seals. Data points represent the means of 11 seals ± SE. Significant differences between the two groups at each 
measured time point were analyzed by an independent t-test (*p<0.05; **p<0.01). Right: Serum antibody titers mounted 
against ovalbumin 4 weeks after immunization were significantly lower (independent t-test; p<0.01) in the Baltic Sea 
seals (circles) as compared to the Atlantic group (triangles). Seals of both groups had no detectable antibodies to 
ovalbumin before immunization (from Ross et al. 1995). 
 
 

 
  
 
 

 
 
Fig. 8D2. Relationships between Bio-TEQ levels in North American adult harbour seals and measures of lymphocyte 
proliferation as stimulated by phytohemagglutinin (left) and lipopolysaccharide (right). 95 % confidence limits of dose-
response curves have been shown. (From Shaw et al. (2003). 
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Shaw et al. (2003) reported levels of Bio-TEQ 235±155 and 137±94 pg/g lw in American harbour seal adults and 
juveniles, respectively, comparable to or higher than those reported in Baltic ringed seals (Phoca hispida baltica) 
and gray seals (Halichoerus grypus) using a CALUX assay on liver extracts by Nyman et al. (2003, cf. text 3.4). 
The levels in US harbour seals exceeded the threshold (quasi-LOAEL) of 160 pg TEQ/g lw in blubber for 
adverse effects on immune function in harbour seals proposed by Kannan et al. (2000). The authors pointed out 
that DLCs causing either inhibition of immunoregulatory cells or increased synthesis of cytokines may explain 
the observed positive correlation between lymphocyte mitogenesis and CALUX-TEQ burdens. While this 
relationship is not evidence per se of a direct cause-effect association, the results indicate that exposure to 
environmentally relevant levels of dioxin-like compounds may modulate immune responses in free-ranging 
harbor seals. 
 
Notably, based on total PCB levels observed in field populations, the exposure of harbour seals in the Baltic Sea, 
while likely to exceed that in the experimental population, seemed to be lower than those in harbour seals in 
some other marine areas, including the North Sea and the Irish Sea. Such comparisons of the geographical 
distributions of risk indices are however hampered by a host of factors, as acknowledged by the authors.  
 
Olsson et al. (1994) in an earlier review pointed out that historical harbor seal skull bone material from both the 
Baltic and the Swedish west coast also display increased incidence of skull bone lesions since WWII, indicating 
unnatural stress. However, they also noted the recovery after the 1988 epizootic both in the Baltic and on the 
west coast. DDE and PCB methyl sulfones were tentatively suggested to be more important in explaining the 
disease complex than coplanar structures including dioxins. 
 
The results of Kim and Hahn (2002) on harbour seal AhR cast light on the sensitivity of these marine mammals. 
The amino acid identity of harbour seal AhR was most closely related to the beluga whale AhR (82%) and 
human AhR (79%), indicating a high degree of conservation of AhR structure between these mammals. The 
harbor seal AhR bound TCDD with an affinity at least as high as that of the mouse AhR, suggesting that this seal 
species may be sensitive to DLC effects.  
 
Taken together, the evidence suggests that DLCs, mainly PCBs and their metabolites, may have contributed to 
immunesuppression and other toxic effects in Baltic harbour seal populations. However, many other and quite 
possibly more important factors are likely to be responsible for the observed epidemics. It should also be noted 
that the populations have recovered since the epidemics. As pointed out by Li et al. (2002?), effects in captive 
seals (under stress) cannot be directly extrapolated to field populations. 
 

1.1.3  Ringed seal 
 
Baltic ringed seal populations have dramatically declined since 1900, from 200 000 to 9 000. Most of this was 
due to hunting. Since 1960's (and hunting restrictions), contamination has contributed to their demise, in addition 
to by-catches and other factors. The reproductive capacity of GB ringed seals shows a 5 % annual population 
increase that is estimated to be only 50 % of the natural rate; there are indications of impaired reproduction also 
on the GF population (ICES 2003a)  
 
In ringed seals, a severe reproductive disorder was identified and described in the Baltic Sea in 1970's (Helle 
1976, Helle et al. 1976). Up to 40 % of females of reproductive age showed stenosis and occlusions in the uterus 
preventing passage from ovaries. Animals showing these pathological changes had significantly higher levels of 
DDTs and PCBs than normal pregnant females. Such deformations were also found in grey seal from the Baltic 
and in harbor seal from the Swedish West coast. PCBs were strongly implicated. A significant positive 
correlation between PCB levels and age was found in males but not in females The disorders were evaluated to 
have contributed to the population declines of ringed seals.  
 
In addition to some cases of PDV-1 in 1988 (see above), high mortality was also noted 1991 in GF (Koistinen et 
al. 1997, ICES 2003a). In seals found dead, the 0-o and 1-o PCBs constituted greater toxic loads than  PCDD/Fs. 
However, the authors concluded that the levels of these DLCs did not explain the high mortality of ringed seals. 
The involvement of other neurotoxins has also been hypothesized (ICES 2003a and references therein).  
 
Mattson (1998) and Nyman (2000, 2001) showed that liver detoxification enzyme responses in both ringed and 
grey seals were elevated 3- to 5-fold over those in Svalbard. Nyman et al. (2002) further  reported that PCB (and 
DDT) levels were higher in Baltic ringed seals than in grey seals. A reduction of DDT levels and, to a lower 
extent, PCB levels could be observed in since the peak levels in 1970s, more rapid in grey than in ringed seals. It 
was concluded that the PCB levels in the Baltic ringed seals are still high enough to threaten their well being 
 
Hyyti et al. (2001) reported that CYP1A responses, common markers of toxicity of DLCs, were more 
pronounced in Baltic ringed seal than in grey seal. 
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Among other DLCs, Helm et al. (2002) reported that PCNs contributed to some 11 % of the (tentative largely in 
vitro based) total TEQs in ringed seals in the Canadian Arctic. This indicates that additional compounds may 
have significance for dioxin toxicity in ringed seal food chains.  
 

1.1.4  Grey seal 
 
Baltic grey seal population has declined from 100000 in 1900 to 13000 in the present. However, the population 
is now increasing with an estimated annual rate of 8 % (ICES 2003a). The general health status has improved 
also with respect to some lesions, but colonic ulcers have increased and some lesions persist (ICES 2003a, 
Bergman 1999).  
 
Bergman (1999) assessed the health condition of Baltic grey seals in relation to environmental contamination 
based mainly on post mortem examinations of seals during 1977-96. In addition to uterine occlusions, a disease 
complex in adults of both sexes was reported comprising lesions of claws and skull bone, colonic ulcers, kidney 
glomerulopathy and tubular cell proliferations, arterosclerosis, adrenocortical hyperplasia and adenomas. In 
uterus also leiomyomas were common. A positive trend in gynaecological health was seen, with a decreased 
prevalence of uterine occlusions from 42 to 11%, and increased prevalence of pregnancies from 9 to 60%. The 
high incidence of uterine leiomyomas seemed to have decreased slowly (from 53 to 43%). Special concern was 
caused by the increased prevalence of colonic ulcers in juveniles. Colonic ulcers are caused directly by 
hookworms, but other factors are involved. Bergman (1999) interpreted the findings as indicating that the food 
of grey seals may contain unidentified toxics which affect their immune system. Some aspects of the syndrome 
or disease complex resemble effects of DLCs found in other animals, including experimental mammals and other 
wild fish-consuming animals. Backlin et al. (2003) further studied Baltic gray seals females aged 15-40 years 
that were found found dead between 1975-1997. Of these 64% had uterine leiomyomas, most commonly in the 
uterine corpus but also in the uterine horns, cervix, and vagina. In 65% of the gray seals with uterine 
leiomyomas, ovaries did not contain corpora. It was deemed possible that the development of leiomyoma in the 
seals is associated with organochlorines and the previous low reproductive activity. 
 
In Baltic grey seals PCB levels have been found to correlate with the health status (Harju et al. 2003). Due to the 
importance of DL-PCBs and other PCBs (Jansson et al. 1993) in seals also in the Baltic and to their metabolism, 
persistent and toxic PCB metabolites are relevant. Toxicological evaluation of these is however difficult as the 
basic data on effects and toxicokinetics is sparse, and also as the reaction pathways remain to be elucidated. 

 
1.1.5  Harbor porpoise 
 

There are no population trend data for Baltic harbour porpoise. In 1994-95, the number of 38 000 (95 % CL 21 
000–70 000) was estimated based on surveys; most of these were from ICES subareas IIIa+b, including 
Skagerrak, while the number in Belt Sea, Kiel and Mecklenburg Bights and SW BS was only ca. 2000 (ICES 
2003 a). No information has been given on reproductive capacity in this most recent assesment. However, many 
lesions and pathological changes have been reported from the Baltic, including parasites, skin lesions, 
pneumonia, liver fibrosis, arthrosis and various abscesses (ICES 2003 and references therein).    

 
DLCs have been suspected for being involved in disorders also in Baltic harbour porpoises, based e.g. on the 40-
250 % higher levels of PCDD/Fs and PCBs in Baltic as comparaed with Kattegat and Skagerrak samples 
(Berggren et al. 1999, Bruhn et al. 1999; cf. ICES 2003 a). 

 

 
 
Fig. 8D3. Total TEQ levels (means and standard deviations) in non-emaciated and emaciated stranded juvenile harbour 
porpoises from Belgian and French North Sea coasts (Beans et al. 2003).  
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Table 8E1. PCDD/F and DL-PCB levels in harbour porpoises stranded on Belgian and French North Sea coasts 
(modified from  Beans et al. 2003). 
 
Group     PCDDs   PCDFs    Coplanar PCBs  mono-ortho PCBs   Total 
Non-emaciated   0.15 + 0.3  0.82 + 0.6   3.7 + 3.2   58 + 27      62 + 28 
(n=7)    (0–0.84)  (0.39–2.0)   (0.11–9.6)   (15– 93)     (16– 97) 
Emaciated    0.55 + 0.54  1.9 + 0.6   6.4 + 5.6  120 + 54    129 + 57 
(n=16)    (0–1.5)   (0.93–3.2)   (0.04–17)   (52–216)     (63–237) 
 
 

Little studies of toxic effects in harbour porpoise in relation to PCDD/F and PCBs exposure in the Baltic and 
other Northern seas, as it has not been possible to conduct experimental studies as as the porpoises are not 
common. Beans et al. (2003) published preliminary data on dioxin levels in relations to condition of stranded 
porpoises on the North Sea coast (Table 8E1, Fig. 8D3). These data suggest, but do not prove, that DLCs have 
contributed to disorders in harbour porpoises also in North Sea, although the TEQ levels in harbour porpoises 
there as in Kattegat and elsewhere in Northern Atlantic seem to have been somewhat lower than in the Baltic. 
Polyexposures and other confounding factors make causal inference difficult; for instance, emaciation may be a 
cause or effect of exposure to DLCs, or both. 

 
1.2 Mustelids 
1.2.1  General 

 
DLC effects on mink are relevant both in themselves and as a sensitive indication (sentinel) of potential effects 
in other fish-eating mammals, notably in the closely related and largely fish-dependent otter. In these as in most 
mammals, reproductive and developmental toxicity of DLCs has been in particular focus (Heaton et al. 1995, 
Aulerich et al. 1998, Hochstein et al. 1998, 2001, Brunstrom et al. 2001; Render et al. 2001).  
 
Wren (1991) provided a critical evaluation of the results so far of the causal linkages between chemicals and 
populations of mink and otter in the Great Lakes, applying the approach and criteria suggested by Susser (1986) 
for epidemiological inference (cf. 4.1, 4.3). Noting that the specificity of the effects of especially PCBs 
(including some DL-PCBs) on mink reproduction and mortality was well established from toxicological 
experiments, there was poor resolution of effects using field data, the strongest case for a causal relationship 
coming from the coherence criterion. He concluded that a causal link between the status of wild mink and otter 
populations and exposure to organochlorine chemicals from the Great Lakes could not yet be drawn.  
 

1.2.2  Minks 
 
Minks have been shown to be sensitive to DLCs, based on observations of reproductive failure in fish-fed ranch 
mink as well as on subsequent experimental studies. For instance, Restum et al. (1998) reported increase in the 
incidence of periportal and diffuse vacuolar hepatocellular lipidosis in mink with continuous exposure in 
Saginaw Bay fish to increasing concentrations of PCBs, as measured also in plasma and liver. The effects were 
long-lasting; even short-term parental exposure to PCBs had detrimental effects on survival of subsequent 
generations of mink conceived months after the parents were placed on "clean" feed. Comparable sensitivity 
may be expected in wild (including fugitive) minks, as was estimated e.g. by Giesy et al. (1994).  
 
In the Baltic Sea fugitive mink is a nuisance species diminishing the stocks of native species, especially many 
sea-birds in archipelgos and coasts; concequently, mink stocks are being actively abated. 
 
In most of the experimental and field studies on these species (the majority coming from the Great Lakes) 
particularly until 1990's, exposures were not specified as to congeners but involved measurements of total PCBs 
(as Aroclors) only. Some studies used exposure proxies such as fish consumption without identifying the 
contaminants present, known to include many organohalogen compounds and methyl mercury. Even when 
exposures to specific DL-PCBs (mainly CB169, 3,3',4,4',5,5'-HxCB) were specified, administered doses (in diet) 
instead of body burdens were usually reported, and very little data on tissue levels have been published since. It 
was noted by Wren (1991) that there were indications that some of the effects were due to PCB metabolites. 
 
The results of Brunstrom et at. (2001) on chronic reproductive toxicity and related responses in mink are 
particulary relevant as they were obtained in minks fed during 18 mo a diet including graded levels of Clophen 
50 or Baltic seal blubber extract, and quantifying DL-PCBs. Their results indicated that the reproductive effects 
(reduced kit number and survival) were mainly attributable to DL-PCBs and correlated with EROD activity 
induction. They established a LOAEL for kit production and kit growth of 2.4 pg TEQPCB  g–1 b.w. d-1 (or 22 pg 
TEQPCB  g–1 feed w.w. d-1), and a NOAEL of 0.35 pg TEQPCB g–1 b.w. d-1 (or 3.2 pg TEQPCB  g–1 feed w.w. d-1) for 
such effects, although EROD activities were elevated also at this exposure.  
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Kakela et al. (2001, 2002 a,b, 2003 a,b) published results from experimental studies on PCB effects on captive 
minks, mainly in the form of hepatic EROD activity induction and effects on Vitamin A status from fish diet and 
Aroclor mixture exposures. Baltic herring diet decreased hepatic Vitamin A1 and A2 levels and proportions, as 
well as liver phospholipids; for Vitamin A2 the effect was even stonger than with Aroclor-contaminated diet. 
Also kit weights were reduced, especially in females, as a result of maternal exposure to Baltic herring diet 
(Kakela et al. 2002a). Levels of individual DLCs or other compounds were however not determined, and 
quantitative estimates of effect levels could not be produced (cf. Brunstrom et al. 2001). It can be noted that the 
Baltic herring diet in the study of Kakela et al. (2002) was associated with greater (developmental) effects 
although TEQs were higher in the Aroclor 1242-amended smelt diet, which suggests that non-dioxinlike 
contaminants could have been responsible, a finding in accordance with that by Kihlstrom et al. (1992) but 
deviating from  that by Brunstrom et al. (2001) who found a clear association with DL-PCBs, not other PCBs.     
 

1.2.3  Otters and other mustelids 
 
Effects on otter have not been studied experimentally, by analogues with mink and by investigation of otter 
population trends and exposures. Most studies have involved non-specific analyses of PCBs and dietary 
exposure measures, but recently also studies of DL-PCBs, tissue doses and specific responses have been made.  
 
Murk et al. (1998) reported a strong negative correlation between hepatic vitamin A and PCB-TEQs, coinciding 
with a higher incidence of infectious diseases in otters. The NOEC for vitamin A reduction in liver was 2 ng 
TEQ g-1 lw and the dose-response was steep, 10-fold reduction being found at 5 ng TEQ g-1 lw. The CALUX 
assay correlated well with TEQ levels calculated from 0-1 ortho PCB levels, as did the TEQs in blood and liver 
on a lipid basis. Blood plasma TEQs levels were lower in living captive than in feral otters, and positively 
correlated with plasma tT4 and fT4 but not with plasma retinol levels. Unlike these blood levels, hepatic vitamin 
A concentration was found to be a physiologically relevant effect parameter. The NOEC for hepatic vitamin A 
reduction was translated into TEQ levels in fish and sediment, being … 
 
Traas et al. (2001) assessed the ecotoxicological risks to otter from PCB-contaminated sediment and fish in the 
Netherlands by a food-chain model, predicting almost 100% reduction in litter size for the most polluted area in 
1996, and a period of 25-80 a recovery of vitamin A levels and litter size at this site. Calculated median sediment 
quality criteria (SQC) ranged ca. 1-10 pg TEQ g-1 OC depending on effect criterion. Uncertainty in calculated 
effects and SQCs was substantial and mainly caused by uncertainty in CB 126 accumulation. This SQC in 
relation to levels in Baltic Sea sediments suggests that risks due to reproductive and other ecotoxicological 
effects may be or have been caused also to Baltic Sea otters when feeding on fish from areas near hotspots.   
 
Leonards et al. (1998) found that some MeS2-PCBs were present in otters at levels up to 350-fold those of the 
parent compounds, and that CB 126 and CB169 were selectively retained in the liver, having the highest BMFs 
of all congeners. Their results suggested that otters are at least as sensitive to CBs as are minks, and that the toxic 
threat of CBs will be the greatest for this species. 
 
No congener-specific data on exposures to DLCs of wild otter from the Baltic Sea area have been found. Total 
PCBs levels have been reported from Sweden and Latvia (Sjoasen et al. 1997). Roos et al. (2002) evaluated the 
data on ∑PCBs in otters in Sweden, finding some evidence for an association between PCBs and otter 
populations; as the ∑PCBs had declined, otter populations showed recovery. They also pointed out that dieldrin 
or Hg did not seem to explain why the Swedish otter populations decreased dramatically during the 60's-80's, 
and that in Southern Sweden total PCB levels are still high and the indications of stock improvement are weak. 
However, most of the otters analyzed came from inland areas and consumed fish in lakes and rivers. Thus, any 
effects may not have been caused by DLCs in the Baltic. Also other compounds and biological factors may be 
involved.  
 
Declining levels of total PCBs from 1980 to 1990 have also been measured in otters found dead in Denmark 
(Mason and Madsen 1993); it was concluded that PCBs were unlikely to pose a threat any longer to otter 
populations. It is probable that the development of the levels of DL-PCBs in otters in the Baltic Sea basin are 
comparable to those found elsewhere in Europe and those in other Baltic Sea biota (cf. 3.4), and thus have 
declined (see e.g. Smit et al. 1998, Mason 1998). As otter preys to a considerable extent in freshwater where 
levels of DLCs in prey are not as high as in fatty pelagic fish (see 3.5), exposures would be more dependent on 
particularly high local exposure in coastal waters and near-coastal freshwater.   
 
The evaluation of PCBs in otters killed by traffic by Gutleb and Kranz (1996) indicated that the models and 
input parameters commonly used to calculate PCB levels in otter livers to estimate risks did not predict mean 
concentrations in livers in the Central European study area, giving lower concentrations than actually analyzed. 
This was interpreted to suggest that otters could be at a higher risk from PCBs and DLCs than commonly 
assumed.  
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Engelhardt et al. (2001), in connection with assessment of PCB toxicity to polecat (a terrestrial non-piscivorous 
mustelid) noted that data on river otter indicate that PCB levels in Europe could be high enough in some 
populations to interfere with reproduction.  
 
In contrast, the results of Kruuk and Conroy (2001) from otters in Scotland (also predominantly inland) suggest 
that PCBs do not accumulate substantially in otters in the long term. They concluded that the observations cast 
doubt on the significance of published 'critical levels' of PCBs to otter populations, based on data obtained from 
captive mink. However, CB 126 that was shown in other studies to be the most critical congerer was not among 
the congeners they found in otters, CB118 being the only DL-PCB reported at elevated levels.  
 
Smit et al. (1998) noted that high levels had been found in thriving otter populations e.g. in Scotland, leading 
some researchers to the conclusion that the alleged role of PCBs in the decline of the otter is likely to have been 
exaggerated; they maintained however that it is neither possible to dismiss the role of PCBs in the otter's decline 
as exaggerated nor to assume their important role as proven; the data they presented in their review included 
information in support of both views. 
 
Also otter populations are influenced by many factors, including habitat changes, hunting (historically), parasites 
and diseases, predation and other community interactions. 
 
There is evidence indicating comparable sensitivity of the closely related mustelid species, European ferret, 
while direct comparisons with otter are more constrained by lack of experimental data (see Wren 1991).   
 
All in all, despite the indirect evidence for high sensitivity of otter to DLCs and for associations between  
exposure to DLCs, particularly DL-PCB, and otter populations, it is not clear what the contributions of these 
compounds particularly in Baltic fish to the previous declines of otter in the region have been, and what impacts 
they may still have. Based on the collected evidence it does seem likely that DL-PCBs in fish have contributed to 
reproductive impairment and still more probably to other adverse effects in otter also in the Baltic Sea area. This 
has been the evaluation also based on congener-specific studies of reproductive and biochemical effects in mink. 
However, the interspecies extrapolation is not straightforward. Any adverse effects in otters may also be 
associated with fish in inland watercourses. Furthermore, several other factors play a role in the status and 
development of otter populations. There are indications that populations now are recovering e.g. in GF coast, 
while they may be still threatened or stressed elsewhere in the baltic Sea area, due in part to exposure to DLCs. 
 

 
2  Birds 
2.1 General  
 

As reviewed e.g. by Barron et al. (1995), Hoffman et al. (1996) and de Voogt et al. (2001), DLCs, especially 
DL-PCBs have been found to cause in birds a suite of reproductive, developmental and other effects such as 
immunotoxicity; there is experimental evidence also of cardiotoxicity in some sensitive species (Higginbotham 
et al 1968, Heid et al. 2001). However, the assessment of potential injury to bird populations from PCBs is 
severely confounded e.g. by the presence of multiple contaminants in field-collected biota and other media 
(Barron et al. 1995). Also PCDF in PCB mixtures may be responsible for some of the effects attributed to PCBs.   
 
Many of these effects have hormonal linkages. Fry (1996) concluded from studies of hotspots that PCBs 
represent an important class of toxicants in birds because differentiation of the avian reproductive system is 
estrogen dependent, and PCBs, notably DL-PCBs, have estrogenic effects. Also Immune effects arise at low 
doses and may have a hormonal basis; e.g., lymphoid cell numbers in the thyroid in chick embryos started a 
decline after prolonged exposure to CB 126 at 51 pg g-1, comparable to levels found in Great Lakes herring gull 
eggs (Fox and Grasman 1999, Grasman et al. 2001). 
 
Cardiotoxicity of dioxins in birds is notable. Heid et al. (2001) showed that the ability of DLCs including 4-
PeCDF to activate the AhR signaling pathway in chicken hepatoma cells in general correlated very well with 
their ability to mediate cardiotoxicity in the chick embryo (R2=0.94, p=0.017). 
 
Birds seem to be particularly sensitive to dioxin-like PCBs. Andersson et al. (1991) found that CB 126 had 10 % 
of the potency of TCDD (as compared with a TEF of 0,1 % in mammals) in affecting lymphoid development in 
the thymus and bursa of Fabricius of chicken, stressing the relative importance of CB 126 due to its high levels 
in biota. TCDD also caused much greater induction of CYP-dependent arachidonic acid metabolism in several 
avian species than in mammals (Gilday et al. 1998). It is difficult to interpret some of these differences between 
species and congeners in intermediate responses like those on hormone status (Janz et al. 1996), induction of 
detoxifying enzymes (Engwall et al. 1994) and porphyria (Elliot et al. 1997). Although such biochemical effects 
arise at low doses they may not correspond to population effects (Sanderson et al. 1997). However, differences 
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between dioxin toxicity in birds and mammals have been observed also in emergent and lethal effects, e.g. based 
on assays of chick embryo edema (Brunstrom et al. 1988). Some of such differences have been incorporated in 
specific TEF values of various congeners, notably PCBs, for birds (Van der Berg et al. 1998).  
 
Birds vary greatly in their sensitivity to DLCs. Chicken, e.g. White Leghorn, has usually been the most sensitive 
bird species studied (e.g., Brunstrom and Lund 1988, Sanderson and Bellward 1995, Brunstrom and Halldin 
1998, Jin et al. 2001). The lowest LOAEC of TCDD for birds in laboratory tests (6 pg g-1 egg) in the assessment 
of Loonen et al. (1996) was cardiovascular teratogenicity of TCDD in chick embryo, reported by Cheung et al. 
(1981); such effects were found by Walker et al. (1997) at 322 pg TCDD g-1, and in the 1957 chicken edema 
epidemic in US that was among the first clues of developmental toxicity of dioxins (Higginbotham et al. 1968). 
Ducks are among the less sensitive species (see e.g. review of Koistinen et al. 1997). Also ospreys seem less 
sensitive, based in part on the absence of reproductive effects even at relatively high TEQ levels (Elliot et al. 
2001) and on the recovery of Cheasapeake Bay populations where no relationship could be found between 
exposure to dioxin-like PCBs and indices or variations of reproduction (Rattner et al. 2004).  
 
Some of the apparent interspecies differences in sensitivity reflect data limitations, due e.g. to the kinds of 
effects that have been happened to be studied. For instance, Iwata et al. (2003) noted that there was a significant 
positive correlation between TEQs and the induction of CYP1A-like proteints in the liver of cormorants at Lake 
Biwa, while little evidence of adverse effects at the population level were yet seen; cormorants may thus not be 
quite as insensitive as indicated by comparisons of the levels of CB 126 causing embryo mortality, ranging from 
3.1 ng g-1 in chicken eggs to 30 µg g-1 in cormorants according to Loonen et al. (1996). Notably, the lowest 
LD50 value for birds (0.14 ng g-1 egg) cited by Loonen et al. (1996) was for herring gulls, reported by Boersma 
et al. (1986). Within a taxon, genetic differences e.g. in AhR expression may be important for reproductive 
toxicity (Barron et al. 1995). Marked interindividual differences in EROD induction have been found in both 
chicken and herring gulls (Head et al. 2003); these are usually omitted in ecological risk assessment. 
 
Assessment of risk from dioxins to wild birds (and other wild animals) has seldom been made using quantitative 
population models. Instead, most assessments have simply compared exposure levels (e.g. in eggs) with reported 
effect levels in the studied or related species; they have thus been implicitly individual-level assessments. 
Moreover, on the standard PEC/PNEC paradigm, assesments have usually relied on extrapolation (assessment or 
safety) factors. Population-level effects have been linked to such assessments through consideration of the 
weight of evidence, including reproductive performance and population trends, as well as pathology, 
toxicokinetics and effect mechanisms and various ecological factors, but not by explicitly modelling (predicting 
or reconstructing) what the impacts on the populations may be. This is important as there have often been 
discrepancies between the estimates of risk levels based on PEC-PNEC ratios and assessment factors on one 
hand and reproductive indices and population trends on the other, the former approach usually giving a more 
pessimistic picture of risks than the latter (such as for the Baltic sea eagle, see below).  
 

 

 
 
Fig. 8D3. Estimated relationships between population growth rate (λ) and exposures to DL-PCBs (as TEQs in eggs) of 
bird species in Lake Biwa (Japan), using a life-history based population projection matrix model and probabilistic 
models of exposures (Naito et al. 2004). Cf. exposure levels in eggs measured in Baltic Sea bird populations. 
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The assessment of effects of DL-PCBs in Lake Biwa bird populations combined a probabilitstic exposure model 
with a life-history population projection matrix model (Fig. 8D3). Using population parameters obtained for the 
studied species in other field studies, the result was that effects at the level of population reproduction would not 
occur in great cormorant (λ > 1.3) and were unlikely also in ospreys (λ ≥ 1) in the exposure range modelled.       
 

2.2  Fish-eating colonial birds 
2.2.1  Baltic Sea populations 

 
Lemmetyinen et al. (1980) concluded that no developmental defects in Arctic terns in SW Finnish archipelago 
could be attributed to PCBs during the productivity study in 1965-1973; they did however not specify DL-PCBs 
or investigate a broad selection of sensitive biological responses.  
 
In little terns, Thyen et al. (2000) concluded on the basis of levels of specific PCBs, DDT, HCBx, HCH and 
MetHg in the German Baltic Sea coast during 1978-96 and eggshell characteristics that effects of recent 
contamination by these compounds on eggshell thickness seem improbable, whereas negative influences in the 
1960s and 1970s were considered probable.  
 
No data have been found on relationships between the conditions of the variable and scattered Caspian tern 
populations in the Baltic and DLCs or other contaminants. 
  
Several researchers including Bignert et al. (1995) have studied egg-thinning and reproduction in Baltic Sea 
guillemots in relation to their exposure to PCBs and other organochlorides. Guillemots serve as a good 
biomarker of dioxin exposures and some effects due to their reliance on herring and sprat and to the small 
population. However, also in guillemots many other factors influence reproduction and health status of the 
population. Mortality of guillemots seems to depend mainly on capture in fish nets (ref.). PCB levels in 
guillemots have declined (e.g., Bignert at al. 1999) although the most recent development suggest an evening out 
in the curve, with variation (de Wit, unpublished 2003). Roode et al. (2002) has studied the embryotoxic 
potential of organochlorides in guillemot eggs. On the basis of their assessment, … 

 
Eiders have been reported to be insensitive for reproductive and gross developmental disorders (Brunstrom et al. 
1990), but relatively sensitive to effects of DL-PCBs on retinol and thyroid status and some other effects (Murk 
et al. 1994), at a level that was estimated to be of concern for Waddensea populations. Exposures and effects in 
Baltic sea population have not been studied and evaluated.    
 
In herring gulls, mean eggshell thickness in samples of approximately 45 herring gull eggs collected from four 
colonies scattered across Denmark was studied from 1971-73 (Jørgensen and Kraul 1974). Eggs from the Baltic 
Sea tended to be thinner, lighter, and more contaminated than those from other colonies. Correlations of PCB 
and DDE residues with shell thickness were highly significant in the Baltic Sea colony in 1973, but not in 1972. 
The thinning of shells was found to be located in the spongy layer, and a portion of the eggs showed minor 
defects in the mammillary layer and a rippled structure on the shell surface. 

  
2.2.2  Evidence from populations outside the Baltic Sea area  
 

The Laurentian Great Lakes embryo mortality, edema, and deformities syndrome ('GLEMEDS') in the colonial 
fish-eating birds has been studied intensively (see e.g. Tillitt et al. 1989, Giesy et al. 1995, Williams et al. 1995).  
 
Deformities in Forster's tern and double-crested cormorants in Green Bay corresponded with the onset of 
high levels of PCB, and the improvement of reproduction of Lake Ontario herring gulls coincided with the 
declines in TCDD and PCBs in particular (Gilbertson et al. 1991). According to Kubiak et al. (1989), DL-PCBs, 
especially CB 126 (intrinsic effects) and PCBs in general (extrinsic) were the only contaminants at the levels 
measured in eggs capable of producing the effects in Forster's terns. CB 126 also was responsible for 70 % of the 
TEQs of double-crested cormorant egg extracts at Green Bay (Powell et al. 1997). Tillitt et al. (1989) found on 
the basis of EROD induction in H4IIE cells by cormorant and tern egg extracts that the highest responses (used 
as proxies of TEQs) were found in waterbird egg composites from areas with greater DLC concentrations and 
more severe reproductive effects, concluding that the evidence is strong for at least a partial role of DLCs as 
causal agents in the reproductive impairment of fish-eating waterbirds from the Great Lakes.  
 
MacNabb and Fox (2003) also showed herring gull pipping embryos and prefledglings from highly 
contaminated Great Lakes sites had marked anomalous depletion of thyroid hormone stores and adults had 
enlarged thyroid glands while organismal hypothyroidism was not apparent. Lorenzen et al. (1997) studied 
biochemical level responses such as detoxicication enzyme induction and porphyria in North American terns. 
These studies were reinforced experimentally by deformities and mortality in chickens fed carp from Saginaw 
Bay in Lake Michigan (e.g., Summer et al. 1996).  
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In common terns, Hart et al. (1998) found in their study of reproductive anomalies in Bird Island, 
Massachusetts, that all embryos with high PCB levels and TEQs exhibited gonadal abnormalities. While the 
levels of DLCs were related to the presence of gonadal abnormalities, they were not related to the severity of the 
abnormalities. Preliminary estrogen binding studies suggested that compounds in the extracts interact with the 
ER and that levels of estrogen-like compounds may be related to the gonadal abnormalities.  
 
In the North Sea area, Murk et al. (1996) presented an integrative assessment of polyhalogenated aromatic 
hydrocarbons (PHAHs) and of their reproductive toxicity in common terns. Higher yolksac PHAH levels or 
hepatic EROD-activity correlated with later egg laying, prolonged incubation period and smaller eggs and 
chicks, as did lower yolksac retinoid- and plasma thyroid hormone levels and a higher ratio of plasma retinol 
over yolksac retinoids. The authors concluded that the dynamic environment had more obvious detrimental 
effects on breeding success than PHAHs, but the more subtle effects observed for PHAHs could still be of 
importance during specific stress circumstances.  
 
Bosveld et al. (2000) expanded on these studies by analyzing TEQs in relation to a set of sensitive responses in 
common terns from Dutch breeding colonies were fed fish spiked with CB 126 alone or with CB153, resulting in 
concentrations in the food ranging 0.01-1.2 ng TEQs/g ww. The most sensitive effect parameter was induction of 
hepatic EROD activity; a nonlinear concentration-effect relationship could be determined with TEQ (p<0.001). 
Induction of PROM and MROD activities was observed at similar doses. The estimated LOEL for induction of 
CYP1A was ca. 25 ng TEQ/g liver lipid, caused by food levels of ca. 0.6 ng TEQ/g fish ww. At these 
concentrations, a 50% reduction in plasma total thyroxine compared with controls also was observed and was 
negatively correlated with hepatic TEQ (p<0.01), but the shape of the nonlinear concentration-effect relationship 
did not allow determination of a LOAEL. Bursa weight decreased proportionally to hepatic TEQs (p<0.05) and 
showed a similar sensitivity as EROD activity. Concentrations of TEQs were ca 0.1 ng TEQ/g fish ww, some 6 
times lower than the LOEL estimated; it was concluded that no overt effects on growth and development in the 
common tern are expected with this background exposure during the posthatch period. 
 
In North Sea guillemots, the PCDD/F levels in emaciated individuals have been significanrtly giher than those in 
other birds (Fig. 8D4). This situation is similar to that found in stranded marine mammals in the same area (Fig. 
8D1). However, the causes for such variations in condition are not clear and are likely to be manifold.   

 
In Lake Biwa, Japan, studies have been made of both exposures to DLCs in various organisms, mainly fish and 
fish-eating birds, biochemical and physiological responses on individual level, and population effects (Fig. 8D3) 
…   

    
2.3 Birds of pray 
2.3.1  Sea eagles and related eagle species 
 

White-tailed sea eagle, as the top consumer in food-chains based on Baltic Sea fish (cf. 2.4, 3.5) including 
salmon and other predatory fish and also feeding on other fish predators such as dead seals, has been exposed to 
various bioaccumulative contaminants during a long time. For instance, Tarhanen et al. (1989) reported higher 
levels of DL-PCBs in Finnish white-tailed sea eagle muscle, liver and eggs that in any wildlife species studied so 
far. This species also has suffered from reproductive disorders related e.g. to eggshell thinning and egg 
desiccation and failed hatching. Its populations in the Baltic, both in Sweden and in Finland, had declined to near 
extinction by the early 1970's, possibly also for reasons not directly related to contaminants but to other causes 
of lowered fecundity or increased mortality.  
 
In addition to PCDD/Fs, many other chlorinated organic contaminants have been sought and found in white-
tailed sea eagle, especially DL-PCBs, other PCBs and chlorinated pesticides. It has been calculated on the basis 
of TEFs for birds that CB 126 has contributed most to the total TEQs (e.g., Tarhanen et al. 1989). 

 
Helander et al. (2002) produced a synthetic evaluation of the evidence for reproductive condition and disorders 
and their relationships with PCBs and DDE in Swedish white-tailed sea eagle populations, including the Baltic 
Sea coastal population. This assessment is based on long-time measurements of eggshell thinning and other 
characteristics (such as desiccation), on observations of population sizes, nesting and offspring production and 
other reproductive parameters, and on levels of DDE and PCBs including dioxin-like coplanar congeners mainly 
in eggs among various segments of the populations and in both successful and failed nesting. The assessment 
may reflect the situation and developments in other parts of the Baltic sea as well, as the Swedish population 
feeds on a larger area. Although the PCBs 126 and 118 in 1987-91 had lower levels in sea eagle eggs than in 
1970-76, this may not indicate that the population declines were due to these or other DLCs but can be due to 
correlations with other contaminants, because the TEQ values (of PCBs) did not change during that period. Also, 
while in 1970's the levels of these DL-PCBs were higher in non-hatching than hatched eggs, in 1987-91 there 
was no difference.    
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Fig. 8D4. Comparison of levels of PCDD/F-TEQs in livers of cachectic (emaciated) or non-cachectic common 
guillemots stranded on Belgian coast after the Erika oil spill (from Debacker et al. 2003)  
 
 
2.3.2  Ospreys 
 

Elliott et al. (2001) studied osprey eggs collected during 1995 and 1996 at sites along the Fraser and Columbia 
Rivers of British Columbia, Washington and Oregon. Hatching success did not differ among sites. Residual yolk 
sacs of eggs collected downstream of a bleached-kraft pulp mill contained greater mean TCDD levels (2.9 ng g-1 
lw) and ΣPCBs compared with reference sites (0.35 ng TCDD g-1), but TEQs, ΣPCBs and other organochlorines 
were however not different in eggs that failed to hatch compared with hatched eggs. A hepatic CYP1A cross-
reactive protein was detected in all samples and correlated positively with EROD activity and yolk sac levels of 
TEQs and total PCBs, as did tissue vitamin A levels. However, morphological and physiological parameters, 
including chick growth, edema, deformities, neither varied among sites nor showed concentration-related effects. 

 
Rattner et al. (2004) reported that Chesapeake bay ospreys fledged young in regions of concern (observed 
success: 0.88-1.53 fledglings/active nest), although productivity was marginal for sustaining local populations in 
some areas. Levels of p,p'-DDE and many other organochlorine pesticides or metabolites, total PCBs, some 
AhR-active PCBs and PBDE congeners, and PFOS were often greater in sample eggs from regions of concern 
compared to the reference site. Nonetheless, logistic regression analyses did not provide evidence linking 
marginal productivity to p,p'-DDE, total PCBs, or AhR-active PCB congener exposure in regions of concern. 

 
 
3  Fish 
3.1  Studies of field effects proposed to be associated with dioxins 
3.1.1  General 
 

Breitholz et al. (2001) concluded from their review that while reproductive disturbances have affected Baltic Sea 
fish, there is no strong evidence that toxic substances have caused these problems; rather, the disorders seem to 
result from a combination of biotic or abiotic factors, and the same applies to other disorders and lesions of fish 
found in the Baltic. However, the contribution of DLCs to some of these conditions can not be ruled out, due e.g. 
to the possibility of immune system effects (cf. e.g. Duffy et al. 2002, 2003). Results from laboratory fish and 
mechanistic studies (including AhR characterizations) as well as information on toxicokinetics support the 
sensitivity of even some Baltic Sea fish to DLCs.    
 
Important supportive information is available from Great Lakes especially on lake trout reproduction and its 
relationships with exposures to PCDD/Fs (see especially Cook et al. 2003). Delorme et al. (1998), finding 
mortality in the offspring of treated rainbow trout parents at a level that was comparable with the TEQ levels in 
salmonids in the Great Lakes, also concluded that ambient levels of dioxins in these lakes are sufficient to cause 
significant effects on early life stage survival during the first reproductive cycle after exposure; however, this 
presupposes comparable sensitivity between species.  

 
3.1.2  Reproductive disorder in salmon (M74 syndrome) and other salmonids 
 

In addition to the M74 syndrome (see text), some evidence has also been produced of other reproductive effects 
in Baltic Sea salmon. Von der Decken et al. (1992) reported that farmed Baltic salmon fed a diet containing 60 
parts of dioxin per 1012 parts of fish oil had a higher gonadal weight and plasma vitellogenin content, and in 
muscle, after stripping of the roe, a lower glycogen content and an elevated level of acid proteinase activity.  
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On the basis of the 4-yr FiRe project on reproductive disorders in Baltic fish, Bengtsson et al. (1999) concluded 
that a combination of factors may contribute to M74, e.g. the diet of salmon in the Baltic Sea, the content of 
thiamine or thiaminase (an enzyme that degrades thiamine) in their prey fish, ecological changes in Baltic Sea 
food chains, and pollutants.  
 
Specifically, Vuorinen et al. (1997, 1998) showed by principal component and other comparative statistical 
analyses that PCBs 77, 126, 169, TeCDF, and the two 2,3,7,8-PeCDFs had the strongest associations with yolk-
sac fry mortality in salmon of the agents studied, adding support to the hypothesis of some role of DLCs in the 
etiology of M74. 
 
Also Karlsson et al. (1999) and Hansson et al. (2001) in connection with diet studies in Baltic salmon concluded 
that the cause of M74 and the thiamine deficiency involved remains unknown, but is thought to be related to 
changes in thiamine or thiaminase content in forage fish, winter-feeding of salmon or general changes in the 
pelagic food web, caused by overfishing or eutrophication. 
 
A similar thiamine deficiency caused reproductive disporder occurs in salmonids in the Great Lakes, but has 
been thought to be unrelated to organochloride contamination, unlike the sac fry mortality (blue-sac edema 
syndrome) that has been concluded as the main effect of TCDD, PCB 126 and other DLCs on lake trout (Cook et 
al. 2003, cf. text 4.4 for more extensive evaluation).   
 
Landergren et al. (1999) reported that M74 incidence in Baltic brown trout in 1994-98 was much less than in 
salmon, never exceeding 11 % although had been higher in stocks in some Swedish rivers (cf. review by 
Bengtsson et al. 1999). This may also be an indication that DLCs are not a key causative agent of M74, as brown 
trout is even more sensitive to TCDD than other salmonids. Differences in life histories of sea trout and salmon 
from the Baltic Sea were discussed in relation to the lower incidence of M74 in brown trout; such factors may 
mask or modify any effects of contaminants.  
 

3.1.3  Reproductive disturbances in cod and burbot 
 
Cod has at times exhibited reproductive disturbances in the Baltic. However, in evaluations of the data, it has 
been concluded that the main causes are likely to be unrelated to DLCs. Cod does not develop M74, and poor 
cod recruitment is mainly due to poor oxygen conditions in the spawning areas in combination with overfishing 
(Breitholz et al. 2001). 
 
A severe reproductive disorder in burbot has been reported from the BB area (Pulliainen et al. 199X), and has 
been relatively common during some periods and in some Finnish river and estuary areas. However, the causes 
of this disorder and any linkages with DLCs are not clear. 
 

3.1.4  Lesions in flounder 
 

Bylund et al. (2000) found in a disease survey including 6644 flounders off the Finnish coast  that 3.0% of the 
flounders examined (>20 cm) were affected by preneoplastic/neoplastic liver lesions; of specimens >30 cm 10 % 
were affected and at one site the prevalence in females >30 cm was 31.5%, considered strikingly high. The 
levels of hydrophobic DNA-adducts in the liver were however low, suggesting that e.g. PAHs were not 
responsible. 
 
Lang et al. (1999) reported visible diseases and parasites of 3008 flounder on a transect from the Mecklenburg 
Bight (in Southern BP) to GF. Highest overall prevalences were observed for lymphocystis (14 %) and 
acute/healing stages of the skin ulcer disease (5.9 %), while the prevalences of liver neoplasms >2 mm were low 
(0.4 %) in comparison to the findings of Bylund et al. (see above), as were skeletal deformities and fin 
rot/erosion. A multivariate analysis revealed that the diseases are influenced by a variety of host-specific (length, 
age, sex) and area-specific (salinity, temperature) factors. 
 
Bogovski et al. (1999) found in a smaller sample of flounder that foci of cellular alteration were more seldom in 
fish from the SBS, whereas foci of cellular alteration and liver neoplasms occurred in 25 % and 17 %, 
respectively, from the northeastern sampling area. The overall prevalence of confirmed preneoplastic and 
neoplastic lesions was estimated at 0.6 and 0.9%, respectively.  
 
Only some tentative evidence has been published on the role of contaminants in the condition of Baltic flounders 
(cf. Van Westernhagen et al. 1981). Bogovski et al. (1998) found that CYP, APND, ALA-S, and HEM-S values 
were higher in flounder from the urban sampling site on Estonian coast, correlating with levels of PAHs in 
tissues. AHH activities were quite high did not differe between urban and other sites. Later Bogovski et al. 



 

 

448

 

(2002) reported that AHH activity and total CYP levels in flounder were significantly lower in 1996 and 1999 
than in 1994 (p < 0.05), suggesting declining exposures. 

 
3.1.5  Reproductive disorders, wasting syndrome and other anomalies in herring 

 
Hansen et al. (1985) reported decreased hatching success in Baltic herring spring spawners associated with 
exposure to chlorinated hydrocarbons at 20 ‰S. Viable hatch was significantly affected at spawning female 
ovary PCBs levels of 120 ng g−1 (ww), i.e. half the maximum level measured in ovaries; muscle levels were still 
higher, up to 1820 ng g−1 (ww), as well as by DDE levels of above 18 ng g−1 (ww). However, the PCBs present 
or their contributions to the effects were not specified. 
  
Baltic herring has been observed to exhibit pathological conditions, including undernourishment that may be 
largely dependant on food availability. Sporadically also other adverse conditions have been noted such as 
developmental disorders in eyes and even absence of eyes (possibly due to secondary factors and conditions such 
as parasites and infections) e.g. in the Finnish BS in 1970's.  
 

3.1.6  Other species and conditions 
 
Toxic compounds in Swedish pulp-mill effluents have been shown to retard gonadal development in perch, but 
the mechanisms and active substances have not been identified (see review of Breitholz et al. 2001). It is likely 
that other homonally active compounds than DLCs, including natural substances (e.g. lignine-based steroids and 
phenolic compounds) are responsible for such effects in perch as in many other species of fish (see review of 
Assmuth and Louekari 2000 and the references therein). 
 
Forlin et al. (1996) assumed that the induced EROD activities observed in roundnouse grenadier in the 
Skagerrak-Kattegat area may be due to PAHs, as mussels bioaccumulated PAHs more than organochlorines.  

 
3.2  Supportive experimental studies in laboratory fish 
 

Toxicity of dioxins to fish has been studied mainly in rainbow trout, to some degree also in common small test 
species that are not present in the Baltic Sea. Among Baltic Sea species, in addition to salmonids mainly effects 
on flounder have been studied. In this connection, results on these latter species are focused on, due to the 
exposures in these fatty species (salmon through clupeinids and flounder through mussels, see e.g. Falandysz et 
al. 1997) and to the occurrence of lesions in flounders and reproductive impairments in salmon in the wild.  
 
• Flounder: Grinwis et al. (2000a), studying TCDD effects in relation to flounder lesions noted frequently in 

the wild in the Netherlands, reported strong immunoreactivity in cells of the hematopoietic tissue in the 
mesonephros and spleen, not described in fish previously. Oral exposure to 20 ng TCDD/g bw resulted in an 
increased mitotic activity, but at 500 ng TCDD g-1 bw only a trend in thymus size reduction was noted. 
Although flounder was relatively insensitive, it was concluded that DLCs may promote the development of 
tumors in the field. For CB 126, Grinwis et al. (2001) reported stronger effects, suggesting that the TEF of 
0.005 assigned to CB 126 from early life stage mortality experiments in rainbow trout underestimates the 
toxic potential of CB 126. However, Grinwis et al. (2000b) stated that although CB 126 significantly 
reduced thymus volume, in other respects flounder was relatively insensitive. The results of Besselink et al. 
(1998) indicated the possible involvement of PCB congeners in the inhibition of EROD activity in 
organohalide exposed flounder that has been found in many studies. These mechanistic studies throw light 
on the variations in sensitivity but can not be concluded to imply generalizable beneficial effects of PCBs. 
The authors also showed that flounder CYP1A is more efficient in metabolizing EROD than that of rat 
CYP1A. Black et al. (1998) reported that a mixture of PCBs at 0.4-0.7 ng TEQ g-1 dw liver caused 
reproductive and embryotoxic effects in flounder, being in the same range as the dose causing reproductive 
impairment in female white perch. Murk et al. (1994) reported from in vitro studies that no metabolism of 
PCB 77 in flounder (and rainbow trout) cells could be seen, unlike in those of other vertebrate groups.  

 
 Salmon: Akerblom et al. (2000) showed that salmon fed for 41 wk 2 and 10 ug PCN/g food had 

significantly lower LSIs compared with controls, indicating liver toxicity; a dose-dependent induction of 
EROD activity was also found. PCNs also had negative effects on ovaries in Baltic salmon, including 
delayed development. 

 
 Rainbow trout: Rainbow is sensitive to dioxins, only brown trout displaying lower ED values (e.g. Elonen 

et al. 1998), and much studied. Mehrle et al. (1988) reported a NOAEL below the lowest exposure 
concentration of 38 pg/l for TCDD and a NOAEL for growth of 410 pg/l for TCDF; BCF was ca. 40000 at 
lowest dose. Brown et al. (2002) found a threshold for liver EROD induction by CB 126 of ca. 0.1 ng g-1 
(ww); muscle concentrations of T4 and T3 declined, and CB 126 accelerated the growth related decline. 
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Giesy et al. (2002) reported reduced survival of adult females fed 1.8 ng TCDD/kg. Walker et al. (2000) 
established a LOAEL of 5.7 ng TCDD kg-1 in diet and 0.90 ng TCDD kg-1 liver, for liver lesions and 
lymphoid density and peripheral leukocyte counts. Delorme et al. (1998) reported that 4-PeCDF after a 
single dose of 3 ng g-1 (resulting in muscle levels of 600–900 pg g-1) did not cause effects in fecundity or 
average hatch survival, but in the offspring of treated males crossed with treated females mortalities were 
significantly correlated with egg levels of 4-PeCDF (ranging 70-400 pg g-1 ww). It was concluded that the 
route of exposure may influence whether, when and what effects are caused, being an example of inter-
generational effects after parental transfer, and that fecundity may not be as sensitive endpoint as 
fertilization or hatching success or total survival. From the same experiment, Brown et al. (1998) reported 
transient redcuctions in lymhocytes, and increased liver size and depleted retinoid stores in males.   

 
 Three-spined stickleback: Holm et al. (1993) reported a spawning success reduced to 20% and 25% in the 

groups that received high doses of a PBDE mixture or Clophen A50 (a PCB mixture), respectively. Hepatic 
EROD activity was induced by Clophen A50 and Halowax 1014 PCN mixture, and there was pronounced 
lipid accumulation in livers in all exposed groups. However, it is unclear whether these findings at high 
exposures are relevant in field situations. 

 
 Viviparous blenny: Noaksson et al. (1998) found increased EROD activity and the formation of two 

different DNA adduct spots in the liver after exposure to chrysene in natural and synthetic brackish waters at 
6.8 S-% in 10 weeks 

 
 Whitefish: Fisk et al. (1997) reported whole fish threshold concentrations for EROD induction by TCDD 

between 15 and 45 pg g-1 (ww) in both in lake whitefish and rainbow trout; growth rates were significantly 
reduced in whitefish at lower whole fish concentrations (ww) than in rainbow trout (85 and 150 pg g-1, 
respectively), suggesting a great sensitivity of whitefish.  

 
 … 

 
 
Table 8D2. Published results of peer-reviewed ecological studies of disorders in free-living animals associated with 
measured body burdens of dioxin-like compounds, with emphasis on congener-specific exposure data, on Baltic Sea 
organisms and on fish consumers. 
  
Species, population/area Disorders/other effects       Exposures linked with the disorders  Body burdens   Ref. 
 
  Fish-eating mammals in Baltic 
Grey seal, BS    Adrenal/skull lesion disease development   DDE+MeS2-PCBs suggested        Olss94 
Ringed seal, BS   Adrenal/skull lesion disease development   MeS2-PCBs +DDE suggested       Olss94 
Harbor seal, BS   Adrenal/skull lesion disease development   MeS2-PCBs +DDE suggested       Olss94 
Harbor seal, S BS    25 % drop in NK act. in blood mononucl cells  BS herring (3-4-fold incr in blubber TEQ)     Ross96 
Harbor seal, S Baltic   Delayed Type Hypersensit, T-lymphocyte function BS herring, PCBs implicated        Ross95 
  Baltic Sea living fish-eating mammals in other environments 
Mink, Gt Lakes     
Otter, Eur    Hepatic VitA, infectious diseases, plasma Th  PCB-I-TEQs (LOAEL 5 ng TEQ/g lw)      Murk98 
  Fish-eating birds in Baltic  
White-tailed sea eagle  Reproduction, egg indice changes     PCBs, partly masked by dominant  DDE     Hela02 
  Baltic Sea living fish-eating birds in other environments 
Herring gull, Gt Lakes  Liver HCPs (Highly Carboxylated Porphyrins)  PCB105 and 118 mainly contributed      Kenn98 
Herring gull, Gt Lakes  Population declines and recoveries    Dioxin and PCB concentration trends      (Fox91)  
Herring gull, Gt Lakes  Prefledgling Th stores, adult thyroid glands   various PHAHs, esp. PCBs        McNa83 
Commom tern, MA   Gonad abnormalities        Dioxin-like compounds as Bio-TEQs      Hart98 
Common tern, MI   Hatch reduced by 75 %, nest abandon    PCBs 105 & 126 (90 % of egg TEQs)      Kubi89 
Common tern, NL   Late egglaying, long incubation, small eggs, Th  mo-PCBs            Murk96 
Caspian tern, Gt Lakes  Population declines and recoveries    PHAHs, esp. PCBs          (Fox91) 
Forster's tern, MI   GLEMEDS onset         PCB exposures         (Fox91) 
Black cormorant, NL  Population trends        PCBs            Hend96 
Cormorant, Gt Lakes  Embryo/chick Mortality, Edema, Deformities    various PHAHs, esp. PCBs        (Fox91) 
Cormorant, Gt L   Embryo EROD activ at start of linear lab D/R curve TCDD and related chemicals, Str Georgia     Sand95 
Osprey, Fraser R, OR  EROD induction but no rprd abnormalities   60-fold TEQ increase over background      Elli01 
  Closely related other species 
Great blue heron, BC  Body weight, tibia length, population decline   TEQs in eggs           Sand94 
  Predatory fishes in Baltic 
Salmon, Simojoki R, BS  High Yolk-Sac Mortality (M74)     1- & 4-PeCDF, TCDF, CB77, CB 126, CB169     Vuor98 
Salmon, BS (caged >3a) Plasma Vtg, gonad wght, muscle glycogen & APA 60 pg I-TEQ g–1  fish oil         vdDe92 
  Baltic Sea living predatory fishes in other environmentsc 
… 
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Table 8D3. Summary of published results of in vivo effects in controlled feeding experiments with Baltic Sea herring or 
other organisms, their derivative products, mixtures mimicking their congener composition and levels, or fish from 
other dioxin-contaminated aquatic environments. 
 
Target organism   Exposure conditions, timing and levels          Endpoints/responses     Ref. 
Species, strain sex age  material       duration  dose LOAEL   
     a            pg I-TEQ g-1  bw d-1 
 
Mink, FI   fem juv BS herring       21 wk  ? (not stated in abstract)  rprd impair, VitA drop 70%, kit hemogl  Kake02 
Mink, SW   fem ad BS grey seal blubber extract   18 mo  ? (not stated in abstract)  no rprd impairment      Brun01 
Mink, MI   fem ad Saginaw Bay (L MI) carp   85 d   3.6 (mainly DL-PCBs)  impaired rprd        Heat95 
Rat, PVG    ad BS herring      2.5 a  1.6      thymocyte, thymus CD4+/CD8+ drop  Ross96 
Rat, PVG    ad BS herring oil         2.1      transient immunosuppression in pups  Ross97  
Rat, Sprague-D fem  BS herring oil (>0.2 kg/human.d)  subchronic 0.15 (fish based D/F-TEQ) EROD act. induct (+VitA drop)   Ster02 
Rat, Sprague-D fem  90% of BS herring D/Fs+CBs   20 (+6)wk 140 (? – from abstract)  liver foci, size, CYP-A1/2, -B1/2 activ.  Plas99 
Rat, Sprague-D fem  90% of BS herring D/Fs+CBs      140 (? – from abstract)  liver VitA drop 70%, plasma thyroid h orm Plas01 
Rat, Long-Evans fem ad 30 % Gt. Lakes trout fillet in diet     ? (.ambient fish eater)  aromatase activ.      Gers00 
Chicken   fem ad 35% Saginaw B carp (mainly CBs) 8 wk   26 pg/g diet ww   egg mortality, chick deform 'GLEMEDS' Sum96 
… 
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Annex 9. Summarizing information and evaluations on technical measures and options of dioxin 
prevention, reduction and emission control  
 
A.  Excerpts from … (UNEP 200X)  
 
E1. Parties are encouraged to take into account various environmental management principles, policies and 
approaches, which include the following: 
a) Sustainable Development: Development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs. (World Commission on Environment and Development 1987),  
b) Precautionary Approach: In order to protect the environment, the precautionary approach shall be widely 

applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack of 
full scientific certainty shall not be used as a reason for postponing costeffective measures to prevent 
environmental degradation (UNEP, Rio Declaration on Environment and Development, Principle 15, 1992) 

c) Polluter Pays Principle: The principle to be used for allocating costs of pollution prevention and control measures 
to encourage rational use of scarce environmental resources and to avoid distortions in international trade and 
investment. This means that the polluter should bear the expenses of carrying out the above-mentioned measures 
decided by public authorities to ensure that the environment is in an acceptable state (OECD, Recommendation of 
the Council on Guiding Principles Concerning International Economic Aspects of Environmental Policies 1972) 

d) Pollution Prevention: The use of processes, practices, materials, products or energy that avoid or minimize the 
creation of pollutants and waste, and reduce overall risk to human health or the environment ( Environment 
Canada, Pollution Prevention – A Federal Strategy for Action, 1995) 

e) Integrated Pollution Prevention and Control: This principle aims to achieve integrated prevention and control of 
pollution arising from large-scale industrial activities. It lays down measures designed to prevent or, where that is 
not practicable, to reduce emissions in the air, water and land from these activities, including measures concerning 
waste, in order to achieve a high level of protection of the environment taken as a whole (Integrated Pollution 
Prevention and Control Directive 96/61/EC) 

f) Co-benefits of Pollution Prevention and Control: More eco-efficient processes offer co-benefits whereby 
pollution prevention and control of other air-borne, liquid and solid contaminants may also contribute to the 
reduction and elimination of persistent organic pollutants. 

g) Cleaner Production: The continuous application of an integrated preventive environmental strategy to 
processes,products, and services to increase overall efficiency, and reduce risks to humans and the environment. 
Cleaner Production can be applied to the processes used in any industry, to products themselves and to various 
services provided in society (UNEPTIE, www.uneptie.org/pc/cp/understanding_cp/home.htm) 

h) Sustainable Consumption: The use of services and related products which respond to basic needs and bring a 
better quality of life while minimising the use of natural resources and toxic materials as well as the emissions of 
waste and pollutants over the life cycle of the service or product so as not to jeopardise the needs of future 
generations (UNEP, Oslo Symposium: Sustainable Consumption, Oslo, Norway, January 1994) 

i) Virtual Elimination of Persistent Bioaccumulative Toxics (PBT): The ultimate reduction of the quantity or 
concentration of the toxic substance in an emission, effluent, or waste released to the environment (Environment 
Canada, Canadian Environmental Protection Act, 1999, Section 65, 1999) 

j) Life Cycle Analysis: A system-oriented approach estimating the environmental inventories (i.e. waste 
generation,emissions and discharges) and energy and resource usage associated with a product, process or 
operation throughout all stages of the life cycle (EEA, http://glossary.eea.eu.int/EEAGlossary) 

k) Life Cycle Management: An integrated concept for managing the total life-cycle of goods and services towards 
more sustainable production and consumption, building on the existing procedural and analytical environmental 
assessment tools and integrating economic, social and environmental aspects (UNEPTIE,  
www.uneptie.org/pc/sustain/reports/lcini/lc-initiative-barcelona-workshop.pdf) 

 
2. The various processes and sources under consideration share common BEP which include, but are not restricted to, 
consideration of the following measures and strategies to reduce or eliminate Unintentional Persistent Organic 
Pollutants (UPOPS): 

a) Development and Implementation of Environmental Management Systems (EMS): An Environmental 
Management System can be defined as “a structured approach for determining, implementing and reviewing 
environmental policy through the use of a system which includes organisational structure, responsibilities, 
practices, procedures, processes and resources.“ (UNEP, Environmental Impact Assessment Training 
Resource Manual, 2002, p. 558). Facilities should develop and implement EMS to conduct operating 
practices with concern towards environmental protection and sustainable development. 

b) Requirements for New and Existing Facilities: The Stockholm Convention states that when proposals 
are considered to construct new facilities or significantly modify existing facilities using processes that 
release POPs, priority consideration should be given to alternative processes, techniques or practices that 
have similar usefulness but which avoid the formation and release of these chemicals (Stockholm 
Convention on POPs, 2001). It is recognized that the environmental performance of new operations may not 
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be achievable by existing facilities, due to site-specific considerations such as plant age, configuration, 
capacity, economics, etc. As the upgrading of existing facilities may not be possible in the short term due 
to these considerations, existing plants should aim to achieve environmental performance associated with 
BAT within 10 years of entry into force of the Stockholm Convention. 

c) Monitoring of Releases: Releases of Unintentional POPs to all media (air, water, land) should be 
regularly monitored as part of the EMS. Air emissions monitoring should be conducted through annual 
isokinetic testing using standard isokinetic testing methods. Various standard testing methods are listed in 
Annex B. If direct testing of Unintentional POPs is not possible due to fugitive emissions or some types 
of emission control technology or if analytical capacity is not readily available, measurement of 
surrogates or precursors should be implemented or emission factors (UNEP, Standardized Toolkit for 
Identification and Quantification of Dioxin and Furan Releases, May 2003) associated with a similar plant type 
and operation should be used. 

d) Reporting of Releases: Releases of UPOPs to all types of media should be collected through annual 
monitoring (see 2.3 Monitoring of Releases) and reported to the appropriate national or sub-national 
authority. Collected data should be used to develop and maintain inventories of UPOPs releases, and as 
appropriate to evaluate conformance with applicable emission standards and identified environmental 
performance measures. 

e) Article 5 of the Stockholm Convention states that Parties shall develop an action plan which includes 
“…an evaluation of current and projected releases, including the development and maintenance of 
source inventories and release estimates…” (Stockholm Convention on POPs 2001). “…[S]ources of 
unintentionally generated POPs must be quantified and the methodology used to assess sources must be 
consistent in order to follow or monitor dioxin releases over time and between countries... Compilation of 
the inventories should be consistent, time-and resource-efficient and accurate enough to identify reliably 
the major sources and the key data deficiencies.”  (UNEP, Standardized Toolkit …, May 2003, p.1) 

f) Operator Training: Employees should be trained under established EMS procedures to conduct daily 
operational practices while maintaining environmental protection. Good housekeeping practices should 
be applied to minimize or prevent UPOPs formation and releases, and preserve workplace hygiene. 

g) Public Education: Public awareness of the generation, emission, prevention and control of UPOPs 
should be emphasised through environmental education on a national or sub-national level. Provisions for 
public information, awareness and education will be included in the Internationally Legally Binding 
Instrument for Persistent Organic Pollutants  (UNEP, Report of the Intergovernmental Negotiating Committee 
for an International Legally Binding Instrument for Implementing International Action on Certain Persistent Organic 
Pollutants on the Work of its Fourth Session, March 2000. p.14) being drafted by the Intergovernmental 
Negotiating Committee (INC). During the development of national implementation plans, non-
governmental organisations representing public interest are to be involved and engaged in the process as 
part of the multi-stakeholder consultations. 

h) Socio-Economic Considerations: It is understood that developing countries and countries with 
economies in transition may be restricted in the extent of BEP implementation due to socio-economic 
circumstances. In these situations, best efforts should be made to apply BEP where possible. “…[B]est 
environmental practices for a particular source will change with time in the light of technological 
advances, economic and social factors, as well as in the light of changes in scientific knowledge and 
understanding.“  (UNECE, Annex to Convention on the Protection and Use of Transboundary Watercourses and 
International Lakes, 1992) 

 
B. Criteria for evaluation of technical options particularly in trratment of DLCs 
 

There are some existing sets of criteria and systems for evaluating technical risk management measures in 
connection with dioxins. CEC and EU (2002) presented in their Submission for the UNEP expert group meeting on 
BAT and BEP for POPs based e.g. on the IPPC directive. However, these include several criteria that are 
overlapping, especially within the economic sphere but also in terms of practical application. On the other hand, 
some important criteria are excluded from this rather operational evaluation, such as regulatory basis of measures, 
with the exception of environmental standards, and political and social considerations. The latter may however 
appropriately be included in the evaluation of strategies and policies instead of more specific also technical options 
and measures (cf. 7). The criteria of UNEP (1999, 2004b, cf. Annex 10) in evaluating descructive treatment 
technologies for POPs are more comprehensive, non-redundant, logical, practical and generally appropriate.  
 
However, these evaluation criteria are devised for and applicable to spatially focused treatment and destruction 
systems, particularly for wastes and environmental hotspots. Accordingly, many of these criteria are mainly 
applicable to high-level technologies. The evaluation criteria of UNEP (1999) for PBTs treatment technologies are 
more broadly defined and applicable, including: cost; performance; availability; experience; infrastructure demands; 
human resource capacity; space requirements; and range of applicability.  
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For the purposes of managing dioxins in Baltic Sea fish in the present assessment context, the following simplified 
and focused combined criteria are defined for technology evaluation: 
• risk reduction performance (combining environmental and health risk reduction) 
• availability (including accessibility and time factor) 
• cost (combining direct and indirect and operator and social costs) 
• legal and regulatory basis. 

 
The criteria of UNEP (1999, 2004b) in evaluating destructive treatment technologies for POPs include the 
following: 
 
• Efficiency of destruction (for other treatment processes, other efficiency criteria may be applied)  
• Applicability to wastes and POP types (primary criterion but can often be expanded) 
• Pretreatment requirements (may be included in technical applicability)  
• Potential emissions and residues (important to prevent additional or counter-veiling risks)  
• Post-treatment requirements (related to the former but includes e.g. space requirement)  
• Energy requirements  
• Material requirements  
• Portability  
• Health and safety  
• Capacity (secondary evaluation criteria, as it can usually be upscaled)  
• Economics (key criterion but can usually be improved through commercialization)  
• State of commercialization (including vendor availability). 
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C.  Technology identification and initial evaluation 
 
1  Prevention in precursor products 
1.1  PCPs 
 

Chlorophenols are a continuously important group of dioxin precursors, despite discontinued or reduced 
production and use in Baltic Sea countries (2.3, 3.1). Therefore, management options further reducing the 
formation in PCPs remain a priority. Potential measures to prevent the formation and subsequent risks of dioxins 
in PCPs of include the following:  
• Use of wood substitutes, such as stone, other minerals or metals, in structures, spaces and conditions where 

mold protection is needed  
• Selecting durable wood varieties, e.g. spruce and lark-tree varieties that are naturally fungi-resistant 
• Physical protection of wood, mainly by thermal treatment 
• Reduced consumption of textiles: As PCPs are still used as fungicides in textiles and leather giving rise to 

PCDD/F releases, and as textiles are a group of commodities where strong e.g. fashion-induced wasting 
takes place, an option of reducing dioxin formation is the reduction, e.g. by education emphasizing the value 
of durable products, of unnecessary textile consumption 

• Non-molding textiles: Another option of reducing dioxin formation is the use of textiles that need less 
protection against fungi. These include both synthetic and natural fabrics and metarials 

• Alternative fungicides, especially non-halogenated, low-halogenated or aliphatic ones, including natural 
fungicides 

• Priority use only of PCP-treated materials, e.g. in structures requiring durability in outdoor sites exposed to 
water or in soil. 

 
1.2  PCBs and similarly used compounds 
 

Prevention of PCBs involves the reduction of both dioxin (PCDD/F) presursors and more direct recustion of 
substances having dioxin toxicity and significantly contributing to the overall dioxin risk from Baltic Sea fish. 
Thus, PCBs are a multi-level target in risk reduction.   
 
Although PCBs, PCTs and PCNs have been banned in most Baltic Sea countries already since 1980's, emissions 
have not ceased due to the lags involved. Their control will continuously be an important part of the management 
of POPs inder the Stockholm Convention also at a technical and specific national implementation level. The 
relative importance of measures on these substances will grow due to the emphasis on DL-PCBs also with regard 
to risks from Baltic Sea fish.  
 
As indicated e.g. on recent Japanese studies (3.2), the relative significance of waste incineration and possibly of 
other thermal processes in comparison with PCBs in obsolete products has increased and may be expected to 
continue to do so, along with the efforts to reduce emissions from stockpiles also in the Baltic Sea area. 
Therefore, some extension and shift of emphasis from the usual PCB stockpile preoccupation will be needed.  
 
The measures in preventing DL-PCB formation in the product stage (cf. 8.3, 8.4) include the following: 
• Improved control of DL-PCB (and coPBB) formation in waste incineration also by decreasing the 

chloroaromatic and overall chlorine contents of the feed materials, in addition to process control and end-of-
pipe type solutions. These preventive measures will also benefit further reduction of PCDD/F and PBDD/F 
formation 

• Electricity efficiency to reduce need for use: In Russia where production and use of PCBs until recently has 
taken place due to perceived needs in electricity transmission due e.g. to long distances, phase-out may be 
expedited by modernizing the transmission net and overall efficiency in the production, transmission, 
regulation and use of electricity  

• Replacement technology for electric equipment: To the same end, the installation of improved transformers 
and capacitors will further reduce PCB releases in the Russian Federation also to the Baltic Sea catchments 
(AMAP 2000, Treger 2004) 

• Recovery of PCBs and PCNs from equipment and installations remains an important task also in many 
countries around the Baltic where PCB, PCN and PCT production and use is banned. In Russia, this is 
considered to require as a priority action the design of collection and storage schemes and the development 
of a cost-effective phase-out strategy (AMAP 2000). Some similar measures may be important to prevent 
emissions from the smaller PCB pools in other new EU member states such as Latvia (Roska 2004). 

• The selection and development of alternatives for (Russian) PCB uses, including development of production 
or import capacity for alternative dielectric fluids (AMAP 2000, Treger 2004). Specifically, UNEP (2004x) 
has provided an extensive list of surrogates for PCBs in their various uses, including resinslide transformers, 
silicone oils, polydimethyl siloxanes, benzyl neocaprate, castor oil, rapeseed oil, turnip oil, pentaerythritol 
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esters, glycol and polyalkylene glycols, phosphate esters, isopropyl-, triphenyl and tricresyl phosphate, 
trimethylolpropane, phenylxyl(yl)ethane (PXE), sulfur hexafluoride, benzyltoluenes, ditolylether and  
(iso)propylbiphenyl. 

• Efficient implementation, enforcement and monitoring of EU controls based on the relevant regulations for 
PCBs in the new member states  

• Further reduction and ultimate elimination e.g. by substitution of other uses of PCBs, e.g. in paints, 
lubricants, plastics and papers 

• Support to remote countries affecting the Baltic to phase out PCBs, PCTs and PCNs e.g. through the 
evolving National Implementation Plans and multilateral support mechanisms under the Stockholm 
Convention.  

 
1.3  Chlorinated phenoxy acid herbicides 245-T and 24-D 
 

The use of the dioxin precursors 245-T and 24-D has declined in Baltic Sea countries since the 1980's. However, 
there is a considerable pool of both PCDD/Fs and these precursors dispersed in the environment in many of these 
countries, and additionally in stockpiles, amenable to more efficient management, e.g. in Russian Carelia East of 
the Finnish border (AMAP 200X, Seppala, oral communication). Dioxin risk management measures in the 
product stage include:  
• Reducing use need: This can be accomplished by altered forestry practices (e.g., less clear-cutting) 
• Mechanical and biological control: Instead of spraying, human or animal (Grazing) removal of bushes and 

seedlings is done and may be increased  
• Use of alternative herbicides: Phase-out can be expedited by more rapid and complete substitution of 

chlorophenoxyacid derivatives by other herbicides, especially non-halogenated ones 
• Reduced and focused use: Restricting application on critical areas and times  
• Measures of use reductions in remote areas: Substitution for especially 245-T in areas affecting the Baltic 

through long-range transport 
 

1.4  Lindane 
 

Lindane (γ-HCH) is no more produced and little used in Western Baltic Sea countries but use continues e.g. in 
Poland. Lindane-containing products are also stored and dispersed in the environment. Phase-out may be 
accomplished on the basis of the mechanisms of the Stockholm Convention. Management measures for these 
products include: 
• Biological control: Some use need can be reduced by biological control e.g. on seedlings 
• Other alternative agricultural and forestrial systems that reduce or eleminate pesticides use (UNEP 2004x) 
• Use of alternative pesticides: Non-halogenated alternatives are available and their use should be supported 
• Reduced and targeted use: restricting uses to some strictly controlled e.g. contained applications 
• Bans and enforcement: As lindane has been subject to regulatory measures, the enforcement and extension 

of these (e.g. to new member states) will be important 
 
1.5  HCBz 
 

HCBz is still used as a biocide e.g. against fungi and bacteria, in addition to being formed as an intermediate 
(CEC and EU 2002). Although production and use have declined, at least in Western Baltic Sea countries, 
stockpiles present a problem. Management options include: 
• Reduced or focused use e.g. by biological control (as above; see also UNEP 2004x) 
• Safer, especially non-halogenated biocides; as an alternative to fungicide in bunt and dwarf bunt control on 

wheat host plant resistance increase (GM and other) in particular, the following surrogates are mentioned 
(UNEP 2004x): fuberidazole+bitertanol, quazatine 

• General hygiene: In addition, to phase out uses as a bactericide e.g. in health care, the need can be reduced 
especially by general hygiene and structural and procedural improvements in user facilities  

 
1.6  Chlorobleaching chemicals 
 

Chlorobleaching has been reduced particularly in pulp and paper industries e.g. in Sweden and Finland by shift 
to elemental chlorine free (ECF) and total chlorine free (TCF) processes. However, bleaching in other 
connections such as in textile industry presents continuous problems by dioxin formation.  
• Reduced bleaching of paper: This may be accomplished e.g. by decreased use of paper in general and by 

increased use of brown paper through improvements in its overall quality and in appropriate handling 
systems (such as copying and printing), as well as by education of the public and target groups (such as 
high-volume purchasers and users) 
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• Reduced bleaching of pulp: As in the former point, this can be aided by reduced pulp use in general and 
more specifically by changed attitudes toward brown pulp based products; a realization of the unnecessity 
and potential risks also to health from excessive whiteness e.g. in cloths, diapers and personal care products 
may also contribute to this end   

• Reduced bleaching of textiles: This can be aided by both reduced wear of textiles and by recuced bleaching 
per se; both may be accomplished by technical, managerial and attitude-based measures (and all of these in 
turn e.g. by economic and other steering instruments)  

• Low-chlorine and elemental chlorine free bleaching: This may be extended, modified and developed for 
other bleaching applications  

• TCF processes: O3 (active oxygen) bleaching may be applied and further developed with respect to both 
technology and costs for uses where bleaching is critical (oxygen delignification; peroxide; ozone; enzymes) 

 
1.7  PVC 
 

PVC has been shown to be an important source of dioxins especially at high levels, in incomplete burning and 
with catalysts (e.g., Dudhuis et al. 1990, Lenoir et al. 1991, Kolenda et al. 1994, Meharg et al. 1997, Launhardt 
et al. 1998, Wikstrom and Marklund 2001, Shibata et al. 2003). Thus, measures targeting PVC should be 
considered for dioxin risk reduction. In US some present dioxin risk reduction programmes are chiefly 
concerned with PVC (see e.g. the presentations in the special session at the 2003 dioxin symposium). Attention 
has been given to PVC reduction in other connections also in Europe (refs.). Prevention of dioxin formation 
from PVC is an important consideration along with downstream measures (see below).  
 
These measures of prevention should be evaluated against the utility and benefits of PVC that are considerable in 
many applications including some critical uses, due to its durability, strength and other properties. A total ban 
thus seems unreasonable. 
  

  The following measures of reducing dioxin formation from PVC may be listed in short: 
• Reduced use by planning and structural solutions: these includes the replacement of PVC in construction 

applications with other materials such as wood, metal, ceramic, cork, linoleum, marble, rubber, cocrete, 
plastics, plaster, gypsum, stoneware, textiles, paint, paper, and with other polymers (UNEP 2004x) 

• Reduced use by surrogate materials: Other, non-halogenated polymers may be used, including (UNEP 
2004x)  Polyethylene (PE), Polypropylene (PP), Polyolefins, Acrylate, EVA, PCCE, PSU, ABS 

• Thornton et al. (1998) published some guidelines for reducing PVC use in hospitals, an important user 
category because of their dedicated and often low-technology incinerators. 

• Low-chlorine and stable-chlorine PVC: The degree and method of chlorination and formulation of the 
polymer has some influence on the properties.  

• Use restrictions in prioritized and feasible applications 
 
1.8  PBB, PBDE and other brominated flame retardants 
 

An area of dioxin prevention that gains importance due to the phase-out of many traditional precursors and to the 
control of many PCDD/F sources, is the use of brominated flame retardants (BFRs) that may especially in the 
long run cause increased emissions of PBDD/Fs and also coPBBs. Within prevention of such chemicals, fire 
safety and associated risk-benefit issues must be paid great attention. 
 
In some EU member states that have pursued a more proactive policy toward these contaminants, notably 
Sweden, PBDE and PBB uses have already been much reduced. Preventive measures targeting additional 
sources such as materials imported to EU need therefore be considered and developed in a broader and general-
level international cooperation.  

 
  Technical preventive measures for these precursors and DLCs include the following:  

• Reducing the need for fire-proofing through material choices and structural designs: This may be 
accomplished e.g. by reducing the use of textiles that require flame retardant treatment at a higher level than 
uncoated surfaces especially in building interiors, such as whole-floor and wall carpets. Such measures may 
be desirable also for other health reasons (allergies in airways). In electronic appliances including PCs and 
TVs, flame retardation needs may be reduced by improved technology.   

• Other fire safety measures: In addition to and in some cases instead of BFRs, sufficient fire safety may be 
accomplished by other means, including automatic extinguisher systems 
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Fig. 10A1. Reduction of PBDD/F emissions during the the Fraunhofer Fh IVV recycling process for polymers in 
electronic scrap (Schlummer et al. 2002). 
 

• Low-bromine flame retardants: Intensive development of low-bromine flame retardants is underway and 
several novel flame retardants have been produced, including phosphorus-based and mixed phosphorus and 
bromine flame retardants. The development and use of such alternatives may be encouraged. Some of the 
former are however not as efficient flame retardants. Another constraint of these measures is that although 
mixed P-Br flame retardants would involve lower emissions of the active bromine compounds, PBDD/F 
formation subsequently (in incineration and burning) may still take place.    

• Use restrictions: Additional restrictions may be instroduced in member states, based e.g. on extended 
application (and as appropriate, modification) the previous Swedish (and Danish) measures  

• Use focus: e.g. preferential uses in specific high-priority materials. 
 
1.9  Leaded gasoline 
 

The importance of leaded gasoline as a dioxin source has reduced due to the rapid extension in use of unleaded 
gasoline (a case of synergy between chemical control measures, and an argument for additional de-leading 
despite the subsequent water pollution risks of MTBE and other gasoline oxygenates used partly to substitute 
lead). However, in new member states and Russia this still contributes to dioxin formation and emissions. It may 
be further prevented e.g. by measures in the following areas:   
• Low traffic promoting measures (e.g. in traffic and overall regional planning)  
• Novel fuels: Ethanol, hydrogen and hybrid fuel systems may have benefits also with regard to dioxin 

formation 
• Novel engines: Electric automobiles 
• Restrictions of use. 

 
1.10  Hospitals (from UNEP 2004x) 
 

- Cleaner material use in hospitals such as PE and/or PE, latex, leather, rubber, cloth, plastics, plasters, steel, 
PP, glass, PE/PA, EVA, PCCE, PSU, EVA copolymers, ABS, PC, silicon, metal 

- Dioxin-free methods such as: Autoclaving; microwave disinfection; superheated steam sterilization 
- Steam sterilization as alternative to medical wastes incineration. 

 
2 Prevention and control in processes 
2.1  Municipal and mixed waste incineration  
2.1.1  Preventive measures 
 

Among the many specific options for dioxin prevention in the different areas of incinerator operation and 
control, e.g. the following may be mentioned, based in part on published evaluations: 
• Low-waste and non-haxardous waste economies (cf. 8.2.1) 
• Low-halogen waste and separation of incoming wastes 
• Control of incineration conditions, expecially temperature (sufficiently high, control of the cooling phase for 

maximum prevention of  de novo formation in fly ash), time (>1 s in high-temperature area) and turbulence 
• Addition of inhibitors, including selective reactive catalytic inhibitors (Fig. 10A2) 
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2.1.2  Control measures and specific options 
 

Rather similar technologies can be applied for external emission control at incinerators and power plants, 
although the selection and specification of measures vary depending e.g. on the scale and type of installation and 
materials combusted. The control technologies generally may be divided in the following overlapping areas: 
flyash treatment; flue gas treatment; bottom ash and slag treatment; and sludge and wastewater treatment. IN 
addition, they can be categorized and characterized according to UNEP 2004x: 

 
- Materials-related primary measures: Modifications of the materials utilized by the addition of chemical 

substances. This could be achieved for waste incineration installations by the addition for example, of 
sulphur substances or of lime into the combustion as well as by the addition of inhibitors (amongst others, 
now known are preliminary studies using amines)  

- PCDD/Fs in waste gases: If de novo-synthesis take place at about 250 to 450 oC, this range of temperatures 
should be avoided in the way of flue gases. Additionally, reduction of emissions can be obtained by the 
following measures (the experience from the incineration of waste in particular is available): a) The addition 
of inhibitors (limited degree of efficiency; but see e.g. Fig. 10A5); b) The use of hot gas dedusters 
(corresponding trials in the incineration of waste) in ceramic filters or cyclones for temperatures of between 
800 to 1000 oC; c) Quenching by the addition of water, provided the reduction of emissions takes 
precedence over the use of thermal energy (very effective and relatively inexpensive); d) Avoidance or 
reduction of fly ash deposits in the waste gases 

- Waste gas purification techniques can be employed in waste incineration installations as well as in other 
installations to a certain extent, e.g. by  the following: a) Selective catalytic oxidation using e.g. TiO2-
catalysts; b) Adsorption methods using activated charcoal/coke or open-hearth cokes in fixed or fluidized 
systems, fluidized jet stream reactor with charcoal/lime mixture H2O2 oxidation methods; c) Waste gas 
scrubbing procedures using optimized fine scrubbers; d) Dust removal using particularly effective fabric 
filters can reduce the concentrations of PCDD/Fs above all at waste gas temperatures of <150C due to the 
collection of PCDD/Fs which are bound to particles. The use of fabric filters usually results in values which 
are more favourable than, for example, electrostatic precipitators although other studies do not indicate any 
significant advantages of the fabric filters; e) Collection efficiency for gaseous PCDD/Fs can be improved 
by the use of a suitable precoat layer of activated coke on the surface of a bag filter; f) high-temperature 
afterburning involving and thermal dehalogenation. 

- Treatment of residues involves different techniques, e.g. for the filter dusts from waste incineration 
installations: a) The catalytic treatment of filter dust in the lower temperature range under the oxygen 
deficiency conditions; b) The treatment of filter dust scrubbing techniques, by which the filter dusts, 
following extraction of the heavy metals using hydrochloric acid, are returned to combustion for thermal 
destruction of their organic materials and of the PCDD/Fs in particular; c) Filter dust vitrification 
techniques; d) Recycling techniques as for example the manufacture of alinite cement; e) Solidification 
techniques for immobilizing the PCDD/Fs. 

 
 

 
 
Fig. 10A2. Inhibition of PCDD/F formation and enhanced brealdown by iron oxide catalyst in municipal waste 
incineration (Fujii et al. 2002).  
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Fig. 10A3. Example of removal efficiency of isomers of particulate dioxins over KOH impregnated activated carbon in 
a municipal waste incinerator (Lee et al. 2002). 
 
 

 
 
Fig. 10A4. Sorption of HCL and conversion of PCDD/F precursor chlorobenzene in fluidized bed reactor applying the 
zeolite-like ceramic sorbent mayenite, Ca12Al10Si4O35 (+CaO) at 1.6 g/min (from Fujita and Suzuki 2003). 
 
 

 
 
Fig. 10A5. The removal efficiency of PCDD/F congeners from a novel wet scrubber utilizing C-PP consisting of fine 
grained, dispersed carbon particles homogeneously embedded into PP, in full-scale waste incineration plant trials. Note 
that no trends of decreasing efficiency for lower chlorinated PCDD/Fs can be seen (from Andersson et al. 2002). 
 
2.2  Hazardous including medical waste incineration 
2.2.1  Preventive strategies and measures 
 

- reduced production of hazardous chemicals potentially forming dioxins (see 1)  
- organized collection and recycling of hazardous wastes 
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2.2.2  Specific options and control measures 
 

In general, control measures are very similar to those in high-level municipal waste incineration, including the 
following options (UNEP 2004):  
- Modifications of the materials utilized by the addition of chemical substances. This may be achieved for 

waste incineration installations by the addition for example, of sulphur substances or of lime into the 
combustion as well as by the addition of inhibitors (amongst others, now known are preliminary studies 
using amines)  

- PCDD/Fs control in waste gases: If de novo-synthesis take place at about 250 to 450 C, this range of 
temperatures should be avoided in the way of flue gases. Additionally, reduction of emissions can be 
obtained by the following measures (the experience from the incineration of waste in particular is available): 
The addition of inhibitors (limited degree of efficiency);  the use of hot gas dedusters (corresponding trials 
in the incineration of waste) in ceramic filters or cyclones for temperatures of between 800 to 1000?C; 
quenching by the addition of water, provided the reduction of emissions takes precedence over the use of 
thermal energy (very effective and relatively inexpensive)  

- Avoidance or reduction of fly ash deposits in the waste gases 
- Waste gas purification techniques can be employed in waste incineration installations as well as in other 

installations to a certain extent:  
a) Selective catalytic oxidation using TiO2-catalysts;  
b) Adsorption methods using activated charcoal/ coke or open-hearth cokes in fixed or fluidized systems, 

fluidized jet stream reactor with charcoal/lime mixture;  
c) H2O2 oxidation methods;  
d) Waste gas scrubbing procedures using optimized fine scrubbers;  
e) Dust removal using particularly effective fabric filters can reduce the concentrations of PCDD/Fs above 

all at waste gas temperatures of <150?C due to the collection of PCDD/Fs which are bound to particles. 
The use of fabric filters usually results in values which are more favourable than e.g. electrostatic 
precipitators although other studies do not indicate any significant advantages of the fabric filters;  

f) Collection efficiency for gaseous PCDD/Fs can be improved by the use of a suitable precoat layer of 
activated coke on the surface of a bag filter.  

- Treatment of residues involves different techniques, e.g. for the filter dusts from waste incineration 
installations:  
a) Catalytic treatment of filter dust in the lower temperature range under the oxygen deficiency conditions;  
b) Treatment of filter dust scrubbing techniques, by which the filter dusts, following extraction of the 

heavy metals using hydrochloric acid, are returned to combustion for thermal destruction of their 
organic materials and of the PCDD/Fs in particular;  

c) Numerous filter dust vitrification techniques;  
d) Recycling techniques as for example the manufacture of alinite cement;  
e) Solidification techniques for immobilizing the PCDD/Fs  

 
2.3  Landfills 
2.3.1  Preventive strategies and measures 
 

Landfills are needed e.g. for safe disposal of dioxin-laden materials e.g. from controls at other waste facilities 
such as incinerators (see above), and may function as important sinks for dioxins. However, they may also 
contribute to their subsequent formation (cf. 2.2). Options to prevent dioxin formation in landfills include the 
following. 
- Disposal of low-chlorine and low-halogen wastes 
- Avoidance of catalytic materials and conditions 
- Waste control for prevention of fires and smouldering. 

 
2.3.2  Control options 

• pretreatment of wastes (e.g. removal of carbon in organic fraction by diversion or thermal treatment; cf. 
above prevention) 

• bottom and surface sealing (natural and synthetic liners and combined isolation technologies) 
• restricted filling area 
• regular covering 
• efficient fill compaction 
• leachate collection, recycling and treatment (on site of off-site purification plants), including oily fractions 
• gas and attached aerosol collection and treatment (high-level flaring or controlled incineration for energy 

recovery) 
• controlled landscaping (prevention of cracks in surface lining) 
• fencing to prevent inadvertent releases and exposures 
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2.4  Fuel burning 
2.4.1  Preventive strategies and measures   
 

While waste treatment facilities and technologies, including waste incinerators (within certain bounds), are 
needed for improved reduction of dioxin pools and emissions, fuel burning has a different role in dioxin 
management. It can not be considered as directly necessary for dioxin risk reduction, but constitutes only an 
additional contributor to dioxin emissions and risks (although not as significantly as some other source 
categories). Therefore, dioxin prevention in the case of fuel burning may be approached also by preventing the 
need for burning, i.e. by intenventions at the preliminary stage. They may be particularly comprehensive and 
efficient measures of prevention; they may have both synergies and conflicts with other needs with regard to 
burning processes (cf. the prevention of needs for dioxin containing or forming products, 8.2.1).  
 
Prevention in this preliminary stage may include measures e.g. in the following processes and areas:   
- Energy saving by land use, building use and overall construction planning  
- Energy saving by insulation. 
 
For prevention of dioxin formation in fuel heating processes themselves, in general many of the the same 
approaches and methods may be applied as in waste incineration and other thermal processes. In addition to 
control of the qualities (and quantities and flows) of fuels and other feed materials, the adjustment of the burning 
system including the types and geometries of ovens and other burn chambers is a primary area. Secondly, control 
and adjustment of burning conditions is a key to prevention. These conditions (including '3t') are optimized for 
dioxin prevention depending on the type of fuel burning process, which is related also to the scale of burning 
(small or large).  

 
2.4.2  Control measures and specific options  
 

- Wood combustion: Burning of natural wood as well as burning of chipboards in combustion unit and the 
grilling of meat on charcoal results in minor emissions of PCDD/Fs. The combustion of urban waste wood 
(demolition wood) in moving grate firings leads to relatively high PCDD/Fs emissions. Reduction can be 
achieved by consequently avoiding wood which has been treated by chlorinated substances. Further, 
complete combustion in the process must be ensured. Treated wood can be incinerated in wood firing with 
proper waste gas cleaning only.  

 
2.5 Metal industry 
2.5.1  Preventive measures 
 

- In the important source category of secondary metal smelters, raw material selection (sorting) and 
conditioning (pretreatment) expecially to reduce scrap metal plastics (including PVC and other Cl and Br 
containing materials) from feeding constitutes an important area of emission reduction (Jager 1993, Detzel 
et al. 1998, UNEP 2004). No usage of  hexachloroethane as a cleansing and degassing agent in aluminium 
smelting imay also be mentioned (UNEP 2004)  

- Dioxin prevention can also be accomplished by modifying processes and  controlling operating conditions at 
smelters. Detzel et al. (1998) and Buekens et al. (2001), have evaluated measures in this area in more detail. 
Some of these measures overlap with controls reducing de novo formation in stack fumes and fly ash from 
sinters (cf. 8.3). 

- Inhibitors can be applied, as in incineration processes (see above) and in sinters and other metallurgical 
processes (see below). 

- In sintering interest has been devoted to reduction of PCDD/F emissions (Detzel et al. 1998, Buekens et al. 
2001). However, most of these focus on control of emissions, not on prevention in processes (see below).  

- Among preventive measures, structural and operating conditions of the iron and steel production process, 
including gas (air and oxygen) flow and feed pace, are generally important. Such measures are best 
implemented in connection with new plants and major renewal. These may be possible and efficient, in 
terms of reduced emissions of dioxins (and other pollutants) per unit cost, e.g. in the new EU member Baltic 
Sea states. 

 
2.5.2  Control strategies and options (from UNEP 2004) 
 

- Process-related measures: a) The use of pure oxygen or oxygen-enriched air in place of atmospheric air is 
under consideration for the near total reduction of the specific waste gas volume flows of different thermal 
processes in the metal sector (UNEP 2004); b) The waste gases should be collected as completely as 
possible, whereby particular attention should be paid to the charging processes; b) Non-combusted 
components in the waste gases (in dust form as well as in gaseous form) shall be avoided as much as 
possible by optimized process operations, combustion and, if necessary, passage through an afterburning 
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installation; c) Quenching of hot waste gases (providing utilization of heat); d) Admixture of the 
entrained/false air (e.g. air for cooling the waste gases) should be avoided as far as possible, in order to 
obtain small volumes of waste gas by which particle deposits in the flue gas can be prevented more easily, 
and by which more economical and efficient waste gas purification equipment can be operated as well for 
the selected removal of PCDD/Fs; e) Fixed bed reactor or fluidized jet stream reactor by adsorption with 
activated charcoal or openheart coal dust; f) Catalytic oxidation; g) Reduction of residence time in the 
critical region of temperature (250 - 450?C) in the waste gas system; h) A significant reduction of the 
PCDD/Fs emissions can often be achieved by the use of particularly efficient particle removers, e.g. using 
fabric filters especially in conjunction with the admixture of additives to waste gases; i) Materials and 
product-adapted smelting processes for the recycling of metals (e.g. avoidance of pyrolysis processes, salt-
free smelting processes - applicable only in certain cases) 

- At smelters, specific technologies for reduction of dioxin emissions particularly from secondary production 
of copper and aluminium have been evaluated in detail by Detzel et al. (1998). The key measures of 
prevention, including smelter construction, raw material quality control, and operation conditions, were 
treated already before. The further measures of emissions abatement include particularly the collection and 
purification of off-gases. These need to be integrated  with preventive measures. Aittola et al. (1996) have 
demonstrated that at secondary aluminium smelters dioxin (TEQ) reduction efficiencies of >90 % can be 
achieved by introduction and upgrading of baghouse filters. In addition, other methods may be used for 
capture and treatment of particulate-bound and volatile dioxins and precursors in smelter flue gas, such as 
lime-based techniques.      

- Reduction of emissions to values around 2 ng TEQ/m3 by applying primary measures and simple gas 
cleaning techniques at secondary copper production plants (cf. also waste incineration emission control, 
above) 

- Closure of smouldering plants, replaced by cold cable stripping processes.  
 
2.6  Pulp and paper industry 
2.6.1  Preventive strategies and measures 
 

In addition to further reduction of the use of chlorine in bleaching (see above), other measures can be set in to 
prevent dioxin formation, including the following: 
• Process change to eliminate chlorinated bleaching agents in pulp and paper manufacture 
• circulation of spent black liquor and other 
• Use of the sulfite process for pulping 
• Replacement of chlorinated organic solvents with non-chlorinate substitutes, except with extreme-pressure 

lubricants. 
 
2.6.2  Control measures and specific options 
 

- Reduction of emissions to values around 2 ng TEQ/m3 by applying primary measures and simple gas 
cleaning techniques 

- stack emission control from incineration of spent liquor and other liquid and semisolid wastes 
- wastewater treatment by advanced methods including biological and combined biological and physico-

chemical methods 
- sludge treatment by controlled high-temperature incineration using BAT (e.g. by incineration, 

solidification, biological purification and safe disposal) 
- controlled treatment of grate ash and fly ash from incineration 

 
2.7  Chlorine industry 
 

The production of Cl by the alkali process has been a considerable source of dioxins as well as of mercury also 
in Baltic Sea countries and catchment (at least Sweden and Finland). Process-based measures to prevent such 
formation (in addition to those related to reduced production of chloride, cf. 8.2) include the following:  
- Substitution or modification of the alkali process by other chlorine production processes 
- Control of graphite electrode quality and conditions in the chloroalkali process 
- Application of state-of-the-art (BAT) technology preventing dioxin formation in subsequent processes e.g. 

in … 
 
2.8  Other industries and industry generally 
2.8.1  General (from UNEP 2004a) 
 

- Cleaner production programme using technically sound and economically profitable procedures 
- Toxic use reduction plan 
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- Replace chlorinated solvents with aqueous, terpenes, mechanical scrubbing, alkaline cleaners, high pressure 
water, carbon dioxide cleaning, biodegradable detergent, heat and power sprays, dry ice pellet sprays, 
vegetable oils, non-chlorinated inks, no clean fluxes, waterborne electrostatic, ethanol, acetone, aqueous 
formulations, supercritical fluid extraction, liquid carbon dioxide extraction and equipment modifications 

 
2.8.2  Specific industrial branches 
 

- Production and formulation of halogenated biocides: strict controls and BAT technologies 
- Petrochemical industry: Control of catalyte wastes 
- Textiles: control of chlorine-containing dyes and other materials for impregnation or coating (UNEP 2004). 

 
2.9  Traffic 
2.9.1  Activity shift options 
    

Prevention of dioxin formation in traffic is chiefly related to the amount and type of combustion engine traffic. 
Its type includes e.g. engine type and traffic intensity (on fuel type, see above). It should be stressed that 
prevention within these processes and factors has also other environmental, health benefits (through reduced 
emissions and other harmful impacts of traffic), as well as safety benefits. Prevention within these may be 
achieved e.g. by the following means:  
- Volume reduction e.g. by land-use structure and planning 
- Combustion type control, e.g. to allow use of unleaded gasoline 
- Control of combustion rate e.g. by increased run stability 

 
2.9.2  Vehicle and fuel controls (cf. UNEP 2004) 
 

- Avoidance of the use of additives containing chlorine or bromine (e.g. no usage of scavengers in leaded 
petrol fuels)  

- Alternative transport fuels such as electric, solar, hydrogen fuel cell, ethanol and aquahol 
- Exhaust treatment involving catalytic dehalogenation 
- Exhaust treatment involving reduction of particles 

 
2.10 Fires 
2.10.1  Preventive strategies and options 
 

The prevention of dioxin formation in fires was treated above from the point of view of products and materials, 
including particularly the use of flame retardants. As to the processes of fires in general, prevention can be 
achieved especially by structural and functional measures of fire safety. It may be noted that such measures are 
strategically doubly important as they help reduce the need for BFRs and the subsequent formation and 
emissions of dioxins (in fires or otherwise), as well as reduce the formation from the BFRs that have been or still 
will be used. Thus, they function both as alternatives and complements (and effectivators) of BFRs.  
 
Measures of fire safety that may play a significant role in directly or indirectly preventing dioxin formation 
include the following:  
- Fire prevention by supporting low-risk activities 
- Fire safety by planning and implementation of regulations 
- Inflammable materials 

 
2.10.2  Control options 
 

- detection and alarm 
- combatting e.g. by extinguishers and priority action on dioxin-emitting materials 
- aftercare including treatment of extinguishers liquids and materials, and waste management 

 
2.11 Control of stockpiles of dioxin-like compounds  
 

Stockpiles treatment, containment and control technologies have been evaluated especially for PCBs and 
organochloride pesticides by UNEP (2000, 2001, 2004b,c,d,f). Control technology studies and evaluations have 
also been produced specifically for former Soviet regions in connection with AMAP activities (refs.).  
 
Stockpiles vary from contained installations (such as transformers) over drum-contained and semi-contained 
including pesticide and herbicide products in bags, to open stockpiles. Some of them are without roofing, other 
protection and fencing. Accordingly, containment and control technologies are highly variable. In general, a 
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multi-barrier approach and combination of various technologies to treatment trains are advisable for stockpiles 
management. Some treatment can be made on-site, including pre-treatment and packing for transport.  

 
 
Table. 10A1. Reduction of PCB and TEQ contents of Kanechlor wastes by laboratory-scale UV dechlorination, Pd/C 
catalysis and potassium t-butyloxide (t-BuOK) treatment (from Takigami et al. 2003).  
 

  
Experimental conditions:  
UV method (Kanechlor-400): test solution 8.7 L, NaOH 1%w/w, photochemical reactor 170 mm (diameter) x 1,500 mm (H) with a low pressure 
mercury lamp (λmax = 254 nm), reaction temperature 50-60 oC; Pd/C method (Kanechlor-300): test solution 1.2 L, Pd/C catalyst 0.6 g, reaction 
temperature 260 oC, H2 gas rate 0.2 L/min (0.5 min ventilation/5 min); UV+Pd/C method (Kanechlor-400): test solution 100 mL, Pd/C catalyst 0.2 g, 
react. temp 75 o; t-BuOK method (Kanechlor-300): test solution 200 mL, t-BuOK 0.85 g, reaction temperature 250 oC, N2 rate 0.2 L/min.  
 
 

 
 
Fig. 10A6. Time course of total PCB concentrations and CALUX-TEQ levels (in two fractions) upon laboratory-scale 
treatment of Kanechlor-400 PCB mixture by the sodium dispersion method in reducing atmosphere at 50-60 oC 
(Takigami et al. 2003b). Note the logarithmic scales of concentrations. 
 
 
2.12  Dioxin-contaminated sediment and soil sites 
2.12.1 General  
 

These are potential options in hotspots in coasts and catchment areas. For strategic evaluation purposes, it is 
appropriate to divide them in categories along with the following technological dimensions:   
- isolation, concentration, removal and stabilization 
- physico-chemical, thermal or biological destruction 
- in situ, on site and off site treatment 
 

2.12.2  Isolation, concentration, removal and stabilization 
 

Isolation, often accompanied by some form of stabilization, of dioxin-contaminated hotspots is a management 
approach that is more passive than destruction, particularly ex-situ destruction. Accordingly, isolation can be a 
less cost costly approach. On the other hand, it requires long-term follow-up and securing, and there is the risk of 
subsequent remobilization, which may increase costs in the long run. These factors often make it an 
unacceptable solution if high and immediate security is desired. Neverteless, isolation can be a viable and even 
only conceivable option at least for some dioxin-contaminated materials (including residues from destruction).  
 
In the context of the Baltic, isolation of contaminated sediments requires particular attention, and presents some 
special challenges as compared to land-based isolation (e.g. encapsulation) technologies. However, also land-
based isolation solution need to be considered and applied. It should be realized hat also the dredge spoils from 
dioxin-contaminated sediment areas (both those removed for the particular purpose of disxoj abatement and 
those remoced e.g. in maintenance dredging) need to be treated and disposed on land.   
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  Options in this area can be further broken down to the follwing technologies: 
  - capping and containment walls 

- dredging: grab and suction dredging 
- solvent extraction including supercritical fluid extraction 
- steam distillation 
- vitrification 
- secure landfilling. 

 
2.12.2  Destruction 
 
Commercial-scale established technologies: 

- gasification and incineration, also mobile and semi-mobile plants (ref. USEPA 1999X)  
  - catalytic dehalogenation in gas phase 

- wet oxidation 
 

Pilot or laboratory scale and emerging technologies 
- UV irradiation e.g. in olive oil (Isosaari 2004) 
- thermomechanical destruction in ball mill furnace (cf. UNEP 2004x, ) 
- pyrolysis  
- plasma arc 
- primed microbes including fungal dehalogenation and potentially application of GM microbes (refs.) 
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Fig. 10A7. Biodegradation of PCDD/Fs in dried dioxin-contaminated soil at 7.3 ng TEQ g-1 dw. (A) and in fly ash-soil 
mixtures at 0.17 ng TEQ g-1 dw (B) and 2.2 ng TEQ g-1 dw (C) by a aerobic bioreactor at 30 oC and pH 8.0 under 
controlled growth of Pseydallescheria boydii fungus isolated from activated sludge (Ishii et al. 2004). 
 
 

  
 
Fig. 10A8. Biodegradation of TCDD in laboratory conditions by an aerobic microbial consortium at 37 oC after 9 d 
(left) and by the filamentous fungal strain FDN30 at 30 oC after 14 d in shaken aerobic culture (Ha et al. 2004).  
 
 

Large-scale bioremediation of soils and other materials contaminated by DLCs have not yet been tried 
extensively with regard to the efficiency and safety. For instance, Stenlund et al. (2003) noted that while most of 
the Bio-TEQs in soil contaminated mainly by PAHs could be removed by acid and base solution, biodegradation 
even in favourable field conditions at temperatures between 25 and 45 °C in 66 d could not be observed in the 
remaining DLCs.   

 
The ISTD technology treats soil contaminated with volatile, semivolatile and non-volatile organic compounds in 
place, through a combination of heat and vacuum. Good efficiency in terms of PCDD/F and PCBs destruction 
and inhibition of de novo formation have been demonstrated in several soil sites (Baker and LaChance 2003). 
The applicability to sediments is however unknown and is likely to present additional differences due to 
dewatering needs, requiring ex-situ solutions. The soil is heated conductively by means of an array of vertical or 
horizontal thermal wells, about one-third of which are typically operated as heater-vacuum wells, and the 
remainder as heater-only wells. The electrically powered heating elements are operated at temperatures of up to 
800°C (1500°F). 

 
2.13   Treatment in wastewater purification plants 
 

There are some premininary reports of dioxin removal in wastewater treatment processes. However, it is difficult 
to know whether volatilization, other sinks or retention are involved in addition to biotransformation and 
biodegradation. Sometimes even higher levels have been found in effeluent in comparison with influent (ref.), 
while in some lab-scale systems relatively high removals have been recorded. Aranami et al. (2003) found that 
PCDD/Fs in wastewater were degraded with a reduction of 90 % (of TEQs) in 60 min using a TiO2 catalyzed 
system and sunlight, wile RhB dye did not enhance photodegradation but instead inhibited the process.  
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Table 10A3.  Summary of established and potential preventive and curative dioxin emission reduction measures in 
major source categories emphasizing industrial and waste management processes. The categories and measures of 
greatest emission reduction potential are highlighted.  
 
Source category  Established  in West EU Baltic 

Sea states – preventive 
Established measures in Western 
EU Baltic Sea states – curative 

Potential further measures based 
on BAT – preventive 

Potential further measures 
based on BAT – curative 

Iron and steel / 
sintering 

none speficially for dioxin 
prevention 

-belt dust extraction (electrostatic 
filters) 
-hall dedusting and filtering 

 -wet filters 
-adsorbents in electr. filter 
-fabric filters 

Iron and steel / 
coking 

-charge hole control/sealing 
-large furnaces 
-water immersion at standpipes 

-displacement gas extraction 
 

-elastic seals on coke charge doors 
-air cooling instead of quenching 

extraction of emissions at coke 
removal doors 

Iron and steel / blast 
furnaces 

 gas dedusting by separators, 
cyclones and filters 

 not considered cost-efficient or 
necessary 

Iron and steel / 
oxygen steel 

primary off-gas reuse dedusting esp. of secondary gases, 
fabric/electrostatic filters 

 not considered cost-efficient or 
necessary 

Iron and steel / 
electric furnaces 

scrap input control  dust emission control in primary and 
secondary off-gases  (fabric filters) 

-scrap shredding 
-diversion of contaminated scrap 

adsorbents (possibly) 

Iron and steel / 
casting foundries 

primary gas reuse waste gas dedusting (fabric filters) - plants for waste-heat recovery 
(incl. cold-blast, rotary furnaces) 

- optimising filters  
- sorbents, secondary filters 

Non-ferrous metal 
and aluminium / 
secondary Al 
production 

-grinding and grading   
-rotary drum furnace smelter 

off-gas cleaning together by dry 
sorption (hydrated lime) and fabric 
filter  

-salt use reduction (hearth-type 
instead of rotary drum furnaces) 
-burner modification 
-O2 injection in gas-air burners 

-novel adsorbers (C+lime) 
-second filters (1 & 2 stages) 
-use of Al remelting or 
sintering tech to scrap Al 

Copper production 
(esp. secondary) 

input material quality control off-gas dedusting, fabric filters -avoidance of contaminated feed 
materials 
-O2 injection 

-adsorbents 
-use of Al remelting or 
sintering tech 

Secondary zinc 
production 

 off-gas dedusting by fabric filters (in 
roller drum quenching) 

roller drum and hot briquetting 
improvements 

use of adsorbents in other 
metal processes 

Power stations no specific dioxin reduction 
measures 

off-gas dedusting in chimney 
(electrostatic or fabric filters) 

-replacing solid fuels by natural gas 
-fuel throughput control 

 

Industrial firing 
places 

 off-gas dedusting in chimney 
(electrostatic, fabric filters, cyclones) 

-avoidance of PVC-coated or PCP-
treated wood and chipboard 
-replacing solid fuels by natural gas 

 

Small-scale firing 
places 

Firing optimization and 
control (electronic ignition, 
temperature control, boiler 
design etc) 

none for fluegas cleaning -reducing heating (insulation) 
-replacing old firing places 
-avoidance of PVC-coated wood 
-other heat sources 
-use of dry seasoned wood 
-optimised heating elements 
-improved degree of use 

 

Waste incineration 
(municipal, 
hazardous, medical) 

-materials selection 
-process control (time. 
temperature, turbulence) 

-post-combustion control -improved incineration control 
-improved waste selection 
-materials processing 
(briquettes/RDF) 
-alternative thermal treatment 
systems e.g. pyrolysis and 
tunnel reactor-gasification 

-activated coke/C adsorption 
-reagent (inhibitor) addition, 
e.g. lime+coke, urea  
-fluegas temperature control 
-catalytic TiO2/H2O2 oxidation
-high-yield washers 
-particle deposit reduction 
and removal (hi-temperature) 

Co-incineration of 
waste (coal, 
industrial, cement 
works, furnaces) 

-slight retrofitting of existing 
firing places 
-incineration control 
-waste quality control (low-Cl) 

flue-gas dedusting (electrostatic 
and/or fabric filters) 

  

Landfills -waste control (non-haz, inert)  
-sequential filling/capping 
-gas collection and flaring 
-acid digestion control 
-leachate prevention 

-leachate collection and 
recycling/treatment 

-improved waste control (low-Cl) 
-replacing flare with gas motor 
-gas, condensate and flare  
treatment 
-leachate treatment 

 

Crematories  fluegas dedusting (fabric filters)  novel filters (e.g. biofilter) 
Traffic unleaded (non-scavenger) 

petrol 
catalytic exhaust cleaning (new 
vehicles) 

-reduced use 
-low-emission drive mode 

catalytic cleaning (all vehicles) 
by Dir 94/12/EC (EURO II) 

Pulp and paper -elementary Cl free (ECF) or 
total Cl free (TCF)  bleaching 
processes 
-black liqeur incineration  

-basic-level incineration and flue-
gas control in incineration of black 
liqueur, other liquids, solid residues 
and sludges  

-extended ECF/TCF (e.g. O3 ) 
-closed processes incl. waters 
-reduced need for bleached prod. 
-improved incineration (cf. above)  

-improved flue-gas treatment  
-improved wastewater 
treatment  
-reprocessing of bleached pulp 

Mineral production 
(esp. clay bricks) 

porosity promotion in tunnel 
kilns (carbonisating agents) 

single dust separation carbonisation gas recycling to firing 
zone 

thermal or catalytic 
afterburning 

Dye industry  hydroquinone instead of  
chloranil based dyes 

 hydroquinone instead of  chloranil 
treated dyes (extended) 

 

Textile industry -phaseout of PCP treated 
textiles 

 -hydroquinone instead of  chloranil   
-phaseout of PCP treated textiles  

 

Dry cleaning -use of low-Cl solvents 
 

-recycling and treatment of solvents -cleaning of low-dioxin textiles 
(global control of production) 

 

VCM, PVC and CE 
industry 

    

…     
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3  Treatment of fish and fish products 
3.1 Treatment during preparation of fish meals 
 

• Trimming fish is an important consideration in reducing the levels of contaminants ingested by consumers 
(USEPA 2001). Skin-off fillets often have only half the residues found in raw skin-on fillets in many fish 
species (Sanders and Haynes 1988, Zabik and Zabik 1996). The same applies to PCDD/Fs in herring skin 
(see 3.5). Zabik et al. (1995) showed that this contaminant reduction was carried over to cooked fillets. 

 
• Cooking methods that allow the separation of the cooked muscle from the skin (pan frying, poaching, 

broiling, baking) reduce the amount of chemical contaminants the consumer would ingest over such cooking 
methods as deep frying where both the skin and cooked muscle are consumed together (Zabik et al. 1995). 

 
• As a cooking process, smoking has been found to result in significantly greater reductions (40 to >50 %) of 

total PCBs and TCDD than other cooking methods (baking, charbroiling, salt boiling, deep fat frying, 
canning) tested, while PAHs showed significant formation during the smoking process especially in fish 
species with higher body fat levels (siscowet) (Zabik et al. 1996). 

 
• For dioxins and PCBs, raising the internal temperature of the cooked fish from 60 to 80 C (Stachiw et al. 

1988), increasing the surface area exposed by scoring the fillets (Stachiw et al.1988, Zabik et al. 1994), or 
increasing the cooking time or cooking temperature has been found to enhance the loss of contaminant 
residues in fish (Zabik and Zabik 1996). 

 
• For PCBs, residue reductions during cooking (baking and charbroiling) of the homologues with the lowest 

and the highest numbers of chlorines tended to be less than residue reductions for the penta-, hexa- and 
heptachloro-PCBs, which typically make up the major portion of the PCBs found in fish samples (Zabik and 
Zabik 1996). 

 
3.2 Removal of DLCs from fish oil 
 
Table 10A4. Reduction of dioxin-like compounds in contaminated Baltic Sea cod liver oil by various activated carbon 
treatments, as measured by CALUX and HRGC-MS, in pg TEQ-WHOmam g-1 lw (modified from De Meulenaer et al. 
2003). Reductions of >75 % and >90 % have been shown in various shades of greens, those of <25 % and <10 % in 
yellow shading and red numerals. Figures have been rounded to one signifiying digit. 
 
DLCs analysed   TEQ of   Relative reduction (%) ot TEQ level by various AC formulations and amounts 
      feedstock  Norit SA4 PAH  Norit EXP 21A   Norit EXP 21B   Norit CA3 chemical activation 
      ppt lw  0,1 % 0,5 %  0,1 % 0,5 %  0,1 % 0,5 %  0,1 % 0,5 % 
 
CALUX PCDD/Fs    20    70   90    70   90    80   90    30   60 
CALUX PCBs    7    60   70    70   80    60   80    20   20 
HRGC-MS PCDD/Fs  5    90   100    90   100    4   100    20   70 
0-o PCBs, HRGC-MS   10    20   80    40   90    20   70    1   30 
1-o PCBs, HRGC-MS   4    10   20    6   30    5   6    9   8 
Total PCBs, HRGC-MS  20   20   60    30   80    20   60    3   20 
 
 
4  Therapies of adverse effects 
 

• Antiabsorbants: These may be used to decrease the amount of dioxins absorbed and thus to increase 
excretion.  
- Olestra has been successfully tested for enhanced dioxin excretion (Geusau et al. 1999, Moser and 

MacLachlan 1999).  
- In rats, Kamimura et al. (1988) showed that diets supplemented with 1% and 5% activated charcoal 

beads stimulated fecal excretion of 4-PeCDF ca. 2- and 4-fold, respectively, that the 4-PeCDF level in 
liver was decreased significantly and dose-dependently by the treatment, and the treatment decreased 
the extent of fatty liver, thymic atrophy, and induction of hepatic BaP hydroxylase. Similar results were 
reported by Manara et al (1984). 

 
• Chemotherapy using established pharmaca: Results have been reported from studies in pigs that panax 

ginseng protects testis against affects of TCDD, confirming earlier results (Kim et al. 1999 etc. references 
from 2002 dioxin symposium)   

 



 

 

469

 

• Novel and designed AhR antagonists: Some substances counteract the AhR agonist action of DLCs. 
Understanding of antagonism (see e.g. Suh et al. 2003) may in future allow development of targeted 
therapies.  
- Safe et al. (1989, 1991) showed in vitro and in vivo that 6-Methyl-1,3,8-trichlorodibenzofuran has 

antagonistic activity on TCDD and some promise in cancer therapy (cf. 4.4).  
- Gasiewicz et al. (1996) synthesized flavone derivatives and tested their relative agonist/antagonist 

activity; they specifically reported that several ellipticine derivatives and flavones inhibit TCDD-
elicited dioxin responsive element binding. Henry et al. (1999) detailed the structures of the most potent 
flavones in terms of outcompeting TCDD, inhibiting its binding to AhR and the binding of AhR to 
DRE, and inhibiting TCDD-induced transcription  

- Casper et al. (1999) demonstrated that resveratrol, a red wine component, is a competitive antagonist of 
TCDD and other AhR ligands, inhibiting the transactivation of several dioxin-inducible genes; they 
concluded resveratrol has adequate properties to warrant clinical testing as a prophylactic agent against 
AhR-induced pathology. Singh et al. (2000) concluded resveratrol has antagonistic effect on the 
inhibition of bone formation by dioxins. They suggested that AhR ligands inhibit bone differentiation 
which can be antagonized by resveratrol.  

- Slim et al. (1999) found vitamin E and related antioxidants to limit PCB-mediated cell injury.  
- MacDonald et al. (2004) demonstrated in human HepG2 cells that salicylamide (SAL), an analgesic 

drug, caused a potent and long-lasting inhibition of TCDD-induced CYP enzyme activity, whereas 
acetylsalicylic acid (aspirin) and the naturally occurring phytochemical salicylic acid had no effect; it 
was concluded that SAL may be an effective agent in the prevention of TCDD-associated disease.  
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B. Excerpts of Technical guidelines for environmentally sound management of wastes consisting of, 
containing or contaminated with polychlorinated biphenyls, polychlorinated terphenyls or polybrominated 
biphenyls (UNEP 2004b). (To be complemented by evaluations of other sediment treatment technologies) 
 
Web source: www.unon.org/css/doc/cop7geneva25-29october2004/ presession/chw-7-08-Add-2/08a2e.pdf 
- Note: References are included in the original document. 
 
The following provisional definition for levels of destruction and irreversible transformation, based upon absolute levels (i.e. waste 
output streams treatment processes), should be applied:  
- Atmospheric emissions. 0.092 ng TEQ/Rm3 (EU) 
- Aqueous emissions: By pertinent national legislation in appendix 2 of the General Technical Guidelines for Environmentally Sound 
Management of Wastes Consisting of, Containing or Contaminated with Persistent Organic Pollutants; 
- Solid residues: Below the low POP content concentration defined in section 3.1 of the General Technical Guidelines (idem)  
In addition, technologies for destruction and irreversible transformation should be operated in accordance with BAT and BEP. 
 
1  Elements of a regulatory framework applicable to PCBs, PCTs and PBBs could also include the following: 
(a) Enabling environmental protection legislation (sets release limits and environmental quality criteria); 
(b) Prohibitions on the manufacture, sale, import and export (for use) of PCBs, PCTs and PBBs; 
(c) Phase-out dates for PCBs that remain in service, inventory or storage; 
(d) Hazardous materials and waste transportation requirements; 
(e) Specifications for containers, equipment, bulk containers and storage sites; 
(f) Specification of acceptable analytical and sampling methods for PCBs, PCTs and PBBs; 
(g) Requirements for waste management and disposal facilities; 
(h) General requirement for public notification and review of proposed government regulations, policy etc 
(i) Requirements for identification and remediation of contaminated sites; 
(j) Requirements for health and safety of workers; 
(k) Other potential legislative controls (waste prevention and minimization, inventory development, emergency response). 
 
2  Handling of wastes: Recommended practices for this purpose include: 
(a) Inspecting containers for leaks, holes, rust, high temperature; 
(b) Handling wastes at temperatures below 25oC, if possible, due to the increased volatility at higher temperatures; 
(c) Ensuring that spill containment measures are adequate and would contain liquid wastes if spilled; 
(d) Placing plastic sheeting or absorbent mats under containers before opening containers; 
(e) Removing the liquid wastes either by removing the drain plug or by pumping with a peristaltic pump and Teflon or silicon tubing; 
(f) Using dedicated pumps, tubing and drums, not used for any other purpose, to transfer liquid wastes; 
(g) Cleaning up any spills with cloths or paper towels; 
(h) Triple rinsing of contaminated surfaces with a solvent such as kerosene to remove all of the residual PCBs, PCTs or PBBs; 
(i) Treating all absorbents, disposable protective clothing and plastic sheeting as PCBs, PCTs or PBBs wastes when appropriate. 
 
3  Destruction and irreversible transformation methods 
… (synthesis of descriptions and evaluations of the following processes for sediment PCDD/F and PCbs treatment): 
- Alkali reduction 
- Base-catalysed decomposition (BCD) 
- Cement kiln co-incineration 
- Gas phase chemical reduction (GPCR) 
- Hazardous waste incineration 
- Mediated electrochemical oxidation 
- CerOx 
- Plasma arc, a) PLASCON; b) Plasma arc centrifugal treatment (PACT); c) Plasma waste converter (PWC) 
- Supercritical water oxidation (SCWO) 
 
4. Other disposal methods when destruction or irreversible transformation is not the environmentally preferable option 
 
- Wastes containing or contaminated with POPs where other disposal methods may be considered include the following: 
(a) Waste from power stations and other combustion plants (except those mentioned in (d) below); iron and steel industry; and non-
ferrous thermal metallurgy. These include bottom ash, slag, salt slags, fly ash, boiler dust, flue-gas dust, other particulates and dust, 
solid wastes from gas treatment, black drosses, wastes from treatment of salt slags and black drosses, dross and skimmings; 
(b) Carbon-based and other linings and refractories from metallurgical processes; 
(c) The following construction and demolition waste: 
(i) Mixtures of or separate fractions of concrete, bricks, tiles and ceramics; 
(ii) Soil, including excavated soil from contaminated sites, stones and dredging spoil; 
(iii) Inorganic fraction of soil and stones; 
(iv) Construction and demolition wastes containing PCBs, excluding PCBcontaining equipment; 
(d) Wastes from incineration or pyrolysis of waste: solid wastes from gas treatment, bottom ash, slag, fly ash and boiler dust; 
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Annex 11. Relevant regulations and other instruments for management of dioxins and dioxin-like 
compounds in the Baltic Sea and EU 
 
A  Excerpts from the European Commission strategy for dioxins and PCBs in food and feeding-stuffs 
 
6.1. Strategy to reduce the presence of dioxins and PCBs in the environment 
 
SHORT- to MEDIUM-TERM ACTIONS (5 years) 
A) Hazard Identification 
Further identification of Dioxin and PCB sources 
 
A complete inventory of sources and more knowledge on the share of the different dioxin sources is essential. “The 
European Dioxin Emission Inventory, Stage II”, (LUA-NRW 2001), launched by the Cion, identified the need for 
further investigation or actions on specific sources. The Cion will therefore take the following actions : 
 
Hospital waste incinerators: a comprehensive inventory on these facilities, including their main operation data will be 
generated in the short-term and those countries still relying on the on-site incineration of hospital waste will be 
encouraged to change to other, less emissive waste management systems and treatment methodologies as soon as 
possible. This will be supported through the new Directive 2000/76/EC on the incineration of waste as new hospital 
waste incinerators will have to comply with the obligations of the Directive in Dec 2002 and all the existing incinerators 
by Dec 2005. 
 
Iron ore sintering: might become the most relevant industrial sector. The importance of this source will be further 
enhanced by the facilities located in accession countries. Emission measurements at the plants still not tested will be 
carried out. Since dioxin emissions from sintering plants may be reduced considerably by primary measures the Cion 
will help to spread this knowledge to the respective contacts in the iron and steel industry. The BREF6 on the 
production of iron and steel – established under the IPPC7 Directive - describes such primary measures and is already 
available (http://eippcb.jrc.es). The Cion will further promote the use and implementation of BAT in this sector. 
 
Electric arc furnaces might be the only industrial source with constant or increasing emissions to air. However, 
through application of suitable abatement technologies which have already been developed this trend could be stopped 
in the future. The same BREF as mentioned in the paragraph above provides also information about dioxins from 
electric arc furnaces. The Cion will further promote the use of BAT in this sector in the framework of the exchange of 
information co-ordinated by the European IPPC Bureau. 
 
Non-ferrous metal industry: the facilities for zinc recovery from electric arc furnace (EAF) filter dusts have proven to 
be major dioxin emission sources. All facilities for zinc recovery from EAF dusts and similar materials and dioxin 
emissions from these installations will be determined. The BREF of the non-ferrous metal sector mentions the 
techniques for reduction of dioxin emissions in this sector, which the Cion will further promote.  
 
Miscellaneous industrial sources: there is a vast number of miscellaneous industrial installations with small dioxin 
releases per each facility but together contributing considerably to the annual dioxin emissions in Europe, such as 
secondary smelters for non-ferrous metals (aluminium, copper), iron foundries (cupola furnaces), cement production. 
The Cion will encourage the licensing authorities to evaluate possible dioxin emissions from these "low emissive" 
installations in a case-by-case consideration taking into account the information available on BAT for those sectors. For 
the categories of installations with the highest dioxin emission potential the IPPC Directive envisages the adoption of 
emission limit values for dioxins when the need for Community action has been identified on the basis, in particular, of 
the exchange of information provided for in Article 16. 
 
Non-industrial emission sources: concerning the domestic solid fuel combustion the Cion intends to set up an emission 
inventory for all EU and Accession countries and to carry out further research and an accurate quantification on 
domestic wood and coal combustion. In the framework of the Risk Communication Strategy (see 6.1.E) better 
information will be provided to the public on the environmental effects and the abuse of inappropriate materials as fuels 
for heating purposes and on the risks of domestic waste burning ("backyard burning"). More research on the natural 
sources of dioxins and their share in the overall release into the environment will be promoted. Recently concern was 
raised on the emission of dioxins, among a range of other substances, from the burning of animal carcasses on pyres as 
a result of the foot and mouth disease. The Cion will consider whether this choice of disease control strategy is 
sustainable in view of the practical difficulties it presents in containing its environmental impact in a timeframe that is 
consistent with rapid and effective disease control. The aim will be to ensure that unacceptable emission of hazardous 
substances into the environment and consequently in feed and food chain do not occur. 
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The Inventory of releases to land and water is still incomplete. Further research and data collection will be carried out 
to verify the scale of releases from the source sectors which have a high potential for release. Not just measurements on 
concentrations, but also further research on details of activity and processes will be included. 
 
For the PCB sources the Cion will accelerate the establishment of PCB inventories as Directive 96/59/EC requires and 
will gain more knowledge on the different open uses of PCBs. In that view, the Cion intends to launch a study on the 
open uses of PCBs. The PCB problem has been seen as an historic one but recent studies indicate that there may be 
significant contemporary emissions from a number of industrial processes. Therefore, more recent data are required to 
assess whether PCBs are formed in the processes or whether the findings are due to reemission of existing PCBs. 
 
B) Risk Assessment 
Non dioxin-like PCBs 
 
The Cion will address to the SCF8 a request for evaluation of the "non dioxinlike PCB's ("classical" or "non-coplanar" 
PCBs) which have another toxicological profile, which circulate more easily through muscles and blood and affect 
directly the nervous system and brain development and which could be several orders of magnitude more concentrated 
than dioxins in aquatic biota such as fish and shellfish. 
 
Development of measurement methods 
 
It is necessary to perform more measurements in order to 1) control compliance with existing legislation and also, in 
order to 2) monitor the effects of executed measures, the state of the environment and the trends. Therefore, scientific 
research and technological development on low-cost and easily applied routine tests for the measurement of dioxin and 
dioxin-like PCB contamination in environmental samples in feed and food as well as research in the field of continuous 
measurements of dioxin emissions to air will be promoted. Moreover, guidelines and standards for sampling, data 
generation and reporting will be developed.  
 
Establishment of environmental indicators, including bio-indicators 
 
In order to monitor the impact of regulatory controls on the environment and on human exposure to dioxins and PCBs 
indicators will be developed. The selection of environmental indicators for monitoring purposes will be a short- to 
medium term action, even though its monitoring is a long-term action. Key organisms, products or compartments will 
be selected to monitor their dioxin and PCB concentration. This will be done in close co-operation with the Joint 
Research Centre, the European Environment Agency and the WHO. 
 
C) Risk Management 
Prevention measures 
 
Priority will be given to specific actions preventing the formation and release of dioxins and PCB: the Cion will 
promote the development and use of substitute or modified materials, products and processes to prevent the formation 
and release of dioxins and PCBs taking into consideration the general guidance on prevention and release reduction 
measures in Annex C of the UNEP POPs9 Convention. This will be done by funding research in this field and by co-
ordinating the exchange of information and experiences between Member States. 
Evaluation: The strategy is extremely limited and vague in the key area of prevention 
 
Control of emissions 
 
To reduce the total releases derived from anthropogenic sources of dioxins and PCBs with the goal of their continuing 
minimization and, where feasible, ultimate elimination the Cion shall take the following measures according to the 
obligations of the UNEP POPs Convention: 
- Promote the exchange of information and experiences between Member States as concerns the current application of 
available, feasible and practical measures that can expeditiously achieve a realistic and meaningful level of release 
reduction or source elimination.  
- Promote the use of BAT and technology transfer in sectors with dioxin and PCB emission potential: the Cion has 
organised an exchange of information between experts, industry and environmental organisations, co-ordinated by the 
European IPPC Bureau. In this framework the Cion will encourage the Member States to phase in existing IPPC 
installations well before the deadline of October 2007. The Cion will also encourage the representatives of Member 
States and the industries concerned to continue to fully participate in the ongoing information exchange on BAT, and 
pay special attention to the sectors with dioxin/PCB emission potential thereby ensuring that the final BREFs will 
contain progressive BAT conclusions regarding dioxins/PCBs. The Cion will encourage organisations representing the 
industries concerned as well as public authorities to continue to raise awareness within the industries concerned of the 
obligations under the IPPC Directive, so that operators are well prepared to implement BAT at the latest by October 
2007.  
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- Support voluntary measures for the prevention of accidents: commercial enterprises can voluntarily participate in an 
environmental management system according to Council Regulation (EEC) No 1836/93 (EMAS) or according to ISO 
14000. This action is an additional effort to reduce emissions from accidents in spite of existing legal regulations which 
are laid down in the Council Directive 96/82/EC on the control of major-accident hazards involving dangerous 
substances. Therefore the 9 United Nations Environment Programme Persistent Organic Pollutants 
Cion will encourage the development of codes of "best risk management practices" to prevent accidents in the relevant 
industries. 
- Clean Air for Europe programme (CAFE): an important goal for CAFE, as far as dioxin emissions to air are 
concerned, is to ensure that the various inventories (EIONET, CORINAIR, EPER, EMEP) are harmonised. The 
identification of measures to reduce dioxin emissions to the air is another area in which links with CAFE are foreseen. 
The sectoral co-ordination group to be set up under CAFE will foster information exchange between CAFE, the sectoral 
integration dossiers and specific sectoral emission reduction policies (such as IPPC). Dioxins will be one of the files to 
be represented on this group. 
Evaluation: Rather limited and vague in the emissions control area, focusing on information based and voluntary 
measures, and not explicating links with existing and ongoing regulation and steering in other areas (cf. above A). 
 
Control of the quality of the environment 
 
The Cion will take all necessary steps to control dioxins and PCBs in all the environmental compartments: 
Water: The Cion supports two studies on priority substances, including dioxins and PCBs, in the field of water policy 
with regards to emissions, discharges and losses, source identification, proposals for measures, and quality standards. 
The "Marine Global Strategy" will include monitoring of micropollutants such as dioxins and PCBs in water, sediment 
and ecosystem. 
Soil: The Cion will establish the cartography of highly polluted soils and sediments. A complete map with accurate 
results can be only foreseen within 5-10 years. Since the dioxin/PCB contamination of feed and food is highly 
dependent on the soil and sediment contamination this will provide competent authorities with an important tool to limit 
the contamination of the feed and food chain as much as possible. 
Waste: in order to ensure that stockpiles consisting of or containing PCBs and wastes, including products and articles 
upon becoming wastes, consisting of, containing or contaminated with dioxins and PCBs are managed in a manner 
protective of human health and the environment, the  
Cion shall take the following measures according to the obligations of the Stockholm Convention: 
-  Support the development of appropriate strategies for identifying a) stockpiles consisting of or containing PCBs and 
b) products and articles in use and wastes consisting of, containing or contaminated with dioxins and PCBs; 
- Support the identification, to the extent practicable, of stockpiles consisting of or containing PCBs on the basis of the 
above-mentioned strategies; 
- Endeavour to develop appropriate strategies for identifying sites contaminated by dioxins and PCBs. 
 
The Cion will promote the exchange of information between inspectorates of the different Member States on the subject 
of PCB waste and compliance with current EU regulations. In the context of the BAT Reference document on waste 
recovery and disposal activities, to be prepared in 2002 to 2004, special attention will be given to determining BAT for 
the treatment of waste materials contaminated by PCBs and dioxins. The Cion supports a study entitled "Dioxins and 
other POPs in wastes and their potential to enter the foodchain" in order to fill the data gaps on the subject of the re-use 
of contaminated waste in the feedingstuff production. Lands have been heavily contaminated by disposal of dioxin and 
PCB containing waste. As one of many possible preventive measures of further contamination of the soils, the Cion is 
considering to amend Directive 86/278/EEC on the protection of the environment, and in particular of the soil, when 
sewage sludge is used in agriculture in order to ensure a high level of environmental protection. A careful assessment of 
the opportunity of including threshold limit values in sewage sludge for dioxins and PCBs will be carried out. 
 
D) Research 
 
The Cion will encourage all types of research that will contribute to reduce the impact of dioxins and PCBs. It will also 
bring together researchers across projects to exchange information and will facilitate co-ordination among Member 
States. In order to 1) further identify measures to reduce the contamination, to 2) predict the effects of regulatory 
controls and to 3) be able to monitor the environment (both on ecotoxicological and epidemiological aspects) in the 
future an integrated approach to research, thus ensuring value for money and appropriate coverage of the key issues is 
needed. This strategy sets a guidance list of priorities for further research (Annex III) both for the Cion and for the 
Member States. 
Evaluation/note: No R&D is identified outside natural scientific or specific technological aspects of the problem 
(e.g., in the crucial policy, decision and communication aspects) 
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E) Communication to the public 
 
To allay public concern, to raise awareness and to inform the public reliable, accurate, clear and comprehensible 
information will be provided on activities of the Cion, on possible effects and risks, on uncertainties, etc … During the 
EC/WHO seminar (Brussels, Sep 2000) the WHO and the EC decided to jointly define elements of an appropriate risk 
communication strategy on the subject of dioxins and related compounds and develop approaches, involving various 
fields of science as well as all stakeholders. Within the CAFE programme active dissemination and communication to 
the public of technical information and policy development will be given high profile, to ensure the full involvement of 
the public in the development and implementation of policy. 
 
To educate the public: the general public has not only to be informed, but has to play an active role in the prevention 
of releases into the environment. The influence of the public in the emissions of dioxins can generally only come from a 
certain awareness concerning the domestic incineration of wood, waste, etc…(the public will be educated on the 
environmental effects and the abuse of inappropriate materials as fuels for heating purposes - such as treated wood, coal 
for domestic combustion - and on the risks of domestic waste burning), but the influence of the public in the releases of 
PCBs can be much more important, as household electrical appliances are a very important source of PCBs and the 
households can ensure that their electrical appliances are given to authorised undertakings that will dispose of them in 
an environmentally sound manner (the public will be educated on the disposal of PCB containing equipment). 
Therefore, exchange of information and experience between Member States as regard education, training and awareness 
raising will be promoted by the Cion. 
Note: The role of communication in related areas such as dietary advisories is omitted 
 
F) Cooperation with third countries and international organisations 
 
Emissions in the Accession Countries are likely to be higher than in the EU. The Cion intends to launch a project in 
order to identify important dioxin sources and to carry out measurements in the Accession Countries. Cooperation with 
WHO is essential to avoid duplication of work and will continue in the future. As a contracting party to several 
conventions in the field of dioxins and PCBs the Cion will continue international cooperation on this subject. 
 
 
LONG-TERM ACTIONS (10 years) 
 
An important part of this strategy will be a long-term preparation to 1) further identify source directed actions and to 2) 
evaluate the efficacy of existing legislation. In order to implement the "Environment-Health" objectives in the 6th EAP 
a set of actions are identified which relates to data collection, monitoring and surveillance and further identification of 
measures. 
 
A) Data collection on the level of dioxin/PCB contamination in air, water (sediment) and soil: 
 
- The Cion will support the collection of existing data and the setting up of a Geographical Information System (GIS) 
for the selected indicators. This GIS will be integrated in the global environment GIS strategies. Consequently "hot 
spots" of high contamination levels will be identified. 
- The Cion will support the collection of epidemiological and toxicological data in the same database in order to be able 
to establish a link 
between environment and health. 
 
B) Monitoring and surveillance of the level of dioxin/PCB contamination in air, water (sediment) and soil: 
 
- The Cion will support the establishment of programmes to monitor the level of contamination. It is important to set up 
a very detailed and common procedure of continuous monitoring of the selected indicators in the selected areas. Having 
a common methodology of monitoring for all areas, the results will be comparable and an overall trend could be drawn 
across the EU. 
- The Cion will conduct surveys and measurements of the status and trends of the contamination in order to measure 
progress in reducing the presence of dioxins and PCBs in the environment. 
- The Cion will investigate the possibility to link epidemiological data collection and monitoring of the environment in 
the framework of the 6th EAP implementation. 
- The Cion will examine the opportunity to develop a rapid alert and reaction system for acute or emergent 
environmental dioxin and PCB dangers in the framework of the 6th EAP. This system will help to establish information 
consultation and co-ordination procedures between Member States. 
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C) Identification of measures: 
 
The above-mentioned information will provide a comprehensive picture of the environmental dioxin/PCB problem and 
a good understanding of the trend, which will permit further policy making and evaluation. The Cion will then further 
identify : 
- source directed measures to further reduce the environmental contamination and to guarantee that maximum levels 
in food and feed can be respected and target levels achieved within a certain period of time; 
- measures to improve consumer's protection: regular revisions of feed and food limits, adjusted to environmental 
contamination trends and to risk assessment (including vulnerable groups) will be proposed as well as transitory 
restriction for consumption of natural food from "hot spots" and with high bio-accumulation rate. 
Evaluation/note: The strategy also and even more in the long term focuses disproportionately on information 
production; in addition, especially the identification and evaluation of such and other additional measures requires 
R&D and information processing activities within the policy, decision, communication and socio-economic aspects 
of the problem utilizing proper theoretical frameworks and methodological approaches, in addition to technological 
R&D (cf. above, note on research). 
 
6.2. Strategy to reduce the presence of dioxins and PCBs in feed and food 
 
Food of animal origin is a predominant source of human exposure to dioxins and PCBs. As food contamination is 
directly related to feed contamination, an integrated approach is followed to reduce dioxin/PCB incidence all along the 
food chain, i.e. from feed materials through food-producing animals to humans. Taking measures with regard to feed is 
therefore a decisive step to reduce human intake. Measures in food and feed solely based on establishing maximum 
levels would not be sufficiently effective in reducing the level of feed and food contamination unless the levels are set 
so low that a large part of the feed and food supply would be declared unfit for animal/human consumption. Besides the 
important measures to limit the release of dioxins and PCBs into the environment, other measures for aiming at the 
reduction of dioxins and dioxin-like PCBs in feed and food, are envisaged to come into application in the course of the 
year 2002. These legislative measures concerning feedingstuffs and foodstuffs consist of three pillars: 
- the establishment of maximum levels at a strict but feasible level in food and feed 
- the establishment of action levels acting as a tool for “early warning” of higher than desirable levels of dioxin in food 
or feed 
- the establishment of target levels, over time, to bring exposure of a large part of the European population within the 
limits recommended by the Scientific Committees. 
 
Establishment of maximum limits 
 
The establishment of maximum limits at a strict but feasible level, gradually decreasing with time, in order to discard 
the unacceptably highly contaminated products. The establishment of such a limit is a necessary tool for management 
and to ensure uniform application across the EU. From a toxicological point of view, limits should include dioxins and 
dioxin-like PCBs. However, as the data on the occurrence of dioxin-like PCBs are still very limited, in particular for 
feedingstuffs but also for foodstuffs, this approach may lead to unrealistic limits because the contribution of the dioxin-
like PCBs to the total contamination load is different for different food and feed matrices and may be high (up to 4 
times the dioxin contribution). But not acting immediately for dioxin-like PCBs should not prevent immediate action for 
dioxins. Therefore measures are proposed for dioxins (PCDD/F) only, awaiting more comprehensive data for dioxinlike 
PCBs. An active approach is pursued to obtain these data and build up a reliable database in order to allow a revision of 
the limits for dioxins before the end of the year 2004 to cover also dioxin-like PCBs, and this in accordance with the 
toxicological evaluation. 
 
In order to ensure that all operators in the food and feed chain continue to do efforts and take all the necessary measures 
to limit the presence of dioxins in feed and food, it is envisaged to set substantial stricter maximum limits within a 
period of 5 years time. 
 
With regard to feedingstuffs, the Cion submitted on 20 July 2001 draft measures establishing maximum levels for 
dioxins and furans in several feed materials and feedingstuffs for an opinion to the Standing Committee for 
Feedingstuffs. Not having received a favourable opinion on the proposed draft measures, the Cion has referred on 
August 2001 these proposed measures to Council for adoption10. 
 
With regard to foodstuffs, the Cion submitted on 25 July 2001 draft measures establishing maximum levels for dioxins 
and furans in several foodstuffs for an opinion to the Standing Committee for Foodstuffs. Also not having received a 
favourable opinion on the proposed draft measures, the Cion has referred on August 2001 also these proposed measures 
to Council for adoption 11. For the classical ("non dioxin-like") PCBs which show a different toxicological profile a 
risk assessment will be carried out and will be followed by discussions on limit values proposals in the coming years, at 
least in sea food, which is the main source of human exposure in the EU. 
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Action levels and target levels 
 
Permanent monitoring of the presence of dioxins and PCBs in feed and food across the EU is necessary. In case of an 
abnormal increase in the level those compounds, sources and/or pathways of contamination have to be identified. Once 
identified, the measures to prevent or reduce contamination from this source could be determined and applied. In order 
to determine what has to be considered as an abnormal increased level, an action level is set. Action levels are designed 
to trigger a proactive approach from competent authorities and operators to identify sources and pathways of 10 
Proposal for a Council Directive amending Council Directive 1999/29/EC on undesirable substances and products in 
animal nutrition (COM (2001) 493 of 28 August 2001) 11 Proposal for a Council Regulation amending Regulation (EC) 
No 466/2001 setting maximum levels for certain contaminants in foodstuffs. (COM (2001) 495 of 28 August 2001) 
contamination and to take measures to eliminate them. Exceeding the action level would also automatically imply an 
analysis of the dioxin-like PCBs in order to build up quickly a reliable database, besides the regular at random analysis 
of the presence of dioxin-like PCBs in food and feed. 
 
Target levels are the levels to be achieved in food and feed whereby it can be reasonably assumed that the dietary 
exposure of a large majority of the European population will be within the tolerable weekly intake for dioxins and 
dioxin-like PCBs. These target values will be set in the light of more accurate information on the impact of the 
environmental measures on the reduction of the presence of dioxins and dioxin-like PCBs in the different feedingstuffs 
and foodstuffs, more occurrence data, etc. Target values will act as the driving force for measures necessary to further 
reduce emissions into the environment. A Cion Recommendation on action and target levels in feed and food addressed 
to the member states will be adopted at the same time as the Directive and Regulation on maximum limits The measures 
to reduce the emissions of dioxins and PCBs resulting in a downward trend of their presence in the environment, food 
and feed, together with the active approach pursued to reduce the presence of dioxins in feed and food, based on the 
continued efforts of the operators will cause the contamination levels for the different feed/food groups to shift to lower 
levels and to ultimately reach the target levels. Therefore a regular review, gradually decreasing the maximum limits 
and action levels will be necessary. 
Evaluation: The strategy in concrete terms is wholly focused on maximum, target and action levels (and even within 
these, on concentrations, excluding other quantitative criteria and links with such), and omits the many other means 
to achieve reduced presence of dioxins and PCBs in food and feeding-stuffs, including means in the preceding stages 
of risk formation. 
 
 
7. CONCLUSIONS 
 
Dioxins and PCBs are occupying a predominant situation in the consciousness of the European citizens because these 
compounds are known to cause severe and far reaching environmental and health effects. In spite of the existing 
legislation and of the progress already achieved in reducing emissions and human exposure deficiencies still remain. An 
integrated and systematic approach is missing. There is an urgent need for action to further reduce emissions and avoid 
environmental and adverse health effects from dioxins and PCBs. Therefore it is essential that the Cion adopt a strategy 
to reduce the presence of those compounds in the environment, in feed and food, including short- to medium-term and 
long-term actions. Such an integrated approach would have to guarantee that the dioxin and PCB problem is totally 
under control in 10 years. At that point this strategy will have to be assessed and eventually revised to take account of 
the latest progress. The results of this strategy could then be applied to reduce the presence of other persistent hazardous 
substances in the environment. 
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Annex I 
 
Existing Community legislation regarding dioxins and PCBs 
 
Waste incineration 
– Council Directive 89/429/EEC of 21 June 1989 on the reduction of air pollution from existing municipal waste incineration plants 
– Council Directive 89/369/EEC of 8 June 1989 on the prevention of air pollution from new municipal waste incineration plants 
– Council Directive 94/67/EC of 16 December 1994 on the incineration of hazardous waste. 
– Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 on the incineration of waste 
 
Waste 
– Council Directive 75/442/EEC of 15 July 1975 on waste 
– Council Directive 91/689/EEC of 12 December 1991 on hazardous waste 
– Council Regulation (EEC) No 259/93 on the supervision and control of shipments of waste within, into and out of the European 
Community 
– Council Directive 99/31/EC of 26 April 1999 on the landfill of waste 
– Council Directive 75/439/EEC of 16 June 1975 on the disposal of waste oils 
 
Integrated Pollution Prevention and Control 
– Council Directive 96/61/EC of 24 September 1996 concerning integrated pollution prevention and control 
– Commission Decision 2000/479/EC of 17 July 2000 on the implementation of a European pollutant emission register (EPER) 
according to Article 15 of Council Directive 96/61/EC. 
 
Water 
– Council Directive 80/68/EEC of 17 December 1979 on the protection of groundwater against pollution caused by certain dangerous 
substances 
– Council Directive 76/464/EEC of 4 May 1976 on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 
– Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework for Community 
action in the field of water policy 
 
Restricions on marketing and use of chemicals 
– Council Directive 85/467/EEC of 1 October 1985 amending for the sixth time (PCBs/PCTs) Directive 76/769/EEC on the 
approximation of the laws, regulations and administrative provisions of the Member States relating to restrictions on the marketing 
and use of certain dangerous substances and preparations 
– Council Directive 91/173/EEC of 31 March 1991 amending for the ninth time Directive 76/769/EEC on the approximation of the 
laws, regulations and administrative provisions of the Member States relating to restrictions on the marketing and use of certain 
dangerous 
substances and preparations  
 
Other PCB legislation 
– Council Directive 76/403/EEC of 6 April 1976 on the disposal of polychlorinated biphenyls and polychlorinated terphenyls 
(banning the use of PCBs in open applications such as printing inks and adhesives) 
– Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated biphenyls and polychlorinated terphenyls 
(PCB/PCT) 
 
Major Accident Hazards 
– Council Directive 82/501/EEC of 24 June 1982 on the major-accident hazards of certain industrial activities 
– Council Directive 96/82/EC of 9 December 1996 on the control of major-accident hazards involving dangerous substances 
 
Animal Nutrition 
– Council Directive 1999/29/EC of 22 April 1999 on the undesirable substances and products in animal nutrition 
– Commission Regulation (EC) No 2439/1999 of 17 November 1999 on the conditions for the authorisation of additives belonging to 
the group “binders, anti-caking agents and coagulants” in feedingstuffs, as amended by Commission Regulation (EC) No 739/2000 
of 7 April 2000. 
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B  EU Regulatory decisions and implementation instruments focused on dioxins and PCBs in food and 
feeding-stuffs 
 
1  COMMISSION RECOMMENDATION of 4 March 2002 on the reduction of the presence of dioxins, furans 
and PCBs in feedingstuffs and foodstuffs (notified under document number C(2002) 836),  
Off J Eur Communit 9.3.2002 L 67/69 (2002/201/EC) 
 
1. That Member States perform, proportionate to their production, use and consumption of feed materials, feedingstuffs and 
foodstuffs, random monitoring of the presence of dioxins and dioxin-like PCBs in feed materials, feedingstuffs and foodstuffs. This 
monitoring should be carried out in accordance with the guidelines and frequency established by the Standing Committee on 
Feedingstuffs for feedingstuffs and by the Standing Committee for Foodstuffs for foodstuffs. 
2. That in cases of non-compliance with the provisions of Directive 1999/29/EC and Regulation (EC)No 466/2001, and (subject to 
point 3) in cases where levels of dioxins in excess of the action levels specified in Annexes I and II are found, Member States, in 
cooperation with operators, (a) initiate investigations to identify the source of contamination; (b) check for the presence of dioxin-
like PCBs; (c) take measures to reduce or eliminate the source of contamination. 
3. That Member States in which background levels of dioxin are particularly high set national action levels for their domestic 
production of feed materials, feedingstuffs and foodstuffs, such that for about 5 % of the results obtained in the monitoring 
referred to in point 1, an investigation is undertaken to identify the source of contamination. 
4. That Member States inform the Commission and the other Member States of their findings, the results of their investigations and 
the measures taken to reduce or eliminate the source of contamination. 
5. That Member States transmit the information referred to in point 4 by 31 Dec each year at the latest for foodstuffs and as part of 
the annual report to be submitted to the Commission pursuant to Article 22(2) of Council Directive 95/53/EC (1), as last amended by 
Directive 2001/46/EC of the European Parliament and of the Council (2), for feedingstuffs, except where the information is of 
immediate relevance for the other Member States in which case it should be transmitted immediately. 
 
Annex I: ACTION LEVEL FOR DIOXINS (PCDD+PCDF)  
 
Feed material/feedingstuff maximum content relative to a feedingstuff with a moisture content of 12 %. 
 
Amended by Directive 2003/57/EC of 17 June 2003, 19.6.2003 L 151/38 OJEN, as follows: 
 
(a) All feed materials of plant origin including vegetable oils and by-products 0,75 ng WHO-TEQDF/kg (5)(6) 
(b) Minerals in the meaning of the Annex to Council Directive 96/25/EC of 29 April 1996 on the circulation and use of feed 
materials 1,0 ng WHO-TEQDF/kg (5)(6) 
(c) Kaolinitic clay, Ca(OH)2SO4, vermiculite, natrolite-phonolite, synthetic Ca aluminates and sedimentary clinoptilolite belonging 
to the group of binders, anti-caking agents and coagulants” authorised under Council Directive 70/524/EEC 
0,75 ng WHO-TEQDF/kg (5)(6) 
(d) Animal fat, including milk fat and egg fat 2,0 ng WHO-TEQDF/kg (5)(6) 
(e) Other land animal products including milk and milk products and eggs and egg products 0,75 ng WHO-TEQDF/kg (5)(6) 
(f) Fish oil 6 ng WHO-TEQDF/kg (5)(6) 
(g) Fish, other aquatic animals, their products and by-products with the exception of fish oil and fish protein hydrolysates 
containing more than 20 % fat (7) 1,25 ng WHO-TEQDF/kg (5)(6) 
(h) Compound feedingstuffs, with the exception of feedingstuffs for fur animals, pet foods and feedingstuffs for fish 
0,75 ng WHO-TEQDF/kg (5)(6) 
(i) Feedingstuffs for fish. Pet foods 2,25 ng WHO-TEQDF/kg (5)(6) 
(j) Fish protein hydrolysates containing more than 20 % fat 2,25 ng WHO-TEQDF/kg (5)(6)’ 
 
(5) Upper-bound concentrations, calculated assuming that all values of the different congeners less than the limit of quantification are equal to the 
limit of quantification. 
(6) These maximum limits shall be reviewed for the first time before 31 Dec 2004 in the light of new data on the presence of dioxins and dioxin-like 
PCBs, in particular with a view to the inclusion of dioxin-like PCBs in the levels to be set and will be further reviewed before 31 Dec 2006 with the 
aim of significantly reducing of the maximum levels. 
(7) Fresh fish directly delivered and used without intermediate processing for the production of feedingstuffs for fur animals is exempted from the 
maximum limit and a maximum level of 4,0 ng WHO-TEQDF/kg product is applicable to fresh fish used for the direct feeding of pet animals, zoo 
and circus animals. The products, processed animal proteins produced from these animals (fur animals, pet animals, zoo and circus animals) cannot 
enter the food chain and the feeding thereof is prohibited to farmed animals which are kept, fattened or bred for the production of food. 
 
Annex II: Product action level for dioxines (sic) (PCDD+PCDF) (1) (pg WHO-TEQDF/g fat or product) (1)  
 
TARGET LEVEL (1) 
 
Meat and meat products (4) originating from 
— ruminants (bovine animals, sheep) 2 pg WHO-TEQDF/g fat (3) (2) 
— poultry and farmed game 1,5 pg WHO-TEQDF/g fat (3) (2) 
— pigs 0,6 pg WHO-TEQDF/g fat (3) (2) 
Liver and derived products 4 pg WHO-TEQDF/g fat (3) (2) 
Muscle meat of fish and fishery products (5) and products thereof 3 pg WHO-TEQDF/g fresh weight (2) 
Milk (6)and milk products, including butter fat 2 pg WHO-TEQDF/g (3) (2) 
Hen eggs and egg products (7) 2,0 pg WHO-TEQDF/g fat (3) (2) 
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Oils and fats 
— Animal fat 
— from ruminants 2 pg WHO-TEQDF/g fat (2) 
— from poultry and farmed game 1,5 pg WHO-TEQDF/g fat (2) 
— from pigs 0,6 pg WHO-TEQDF/g fat (2) 
— mixed animal fat 1,5 pg WHO-TEQDF/g fat (2) 
— Vegetable oil 0,5 pg WHO-TEQDF/g fat (2) 
— Fish oil intended for human consumption 1,5 pg WHO-TEQDF/g fat (2) 
Fruits 0,4 ng WHO-TEQDF/kg product (2) 
Vegetables 0,4 ng WHO-TEQDF/kg product (2) 
Cereals 0,4 ng WHO-TEQDF/kg product (2) 
 
(1) Upperbound concentrations 
(2) The target level will be set before 31 Dec 2004 simultaneously with the first review of the action levels with a view of the inclusion of dioxin-like 
PCBs in the levels to be set. 
(3) The action levels are not applicable for food products containing < 1 % fat. 
(5) Muscle meat of fish and fishery products as defined in category (a), (b), (c), (e) and (f) of the list in Article 1 of Council Regulation (EC) No 
104/2000 (OJ L 17, 21.1.2000, p. 22). The maximum level applies to crustaceans excluding the brown meat of crab and to cephalopods without 
viscera. 
 
2  Guidelines for the enforcement of provisions on dioxins in the event non-compliance with the maximum levels 
for dioxins in food 
 
II. Fish caught at sea or in fresh water 
 
a) Where a consignment of fish caught at sea or in fresh water is not compliant, its source should be traced, in particular its 
geographical origin. 
b) Investigations should be undertaken to determine the extent of the contaminated area, as well the other fish species affected 
c) On the basis of the results and investigations, a ban on fishing certain species within a geographically defined area (region) may be 
issued. 
d) In the case of intra-Community fish originating from a geographical area (region) subject to a national fishing ban, the operator 
must be able to provide documentary evidence that maximum levels have been complied with for each consignment. 
e) Continuous monitoring should be carried out in order to verify whether and, if so, when a (partial) lifting of a ban on fishing in a 
clearly defined geographical area (region) will be possible. 
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C. Other EU regulations and instruments 
 
1  EU General Food Law 
 
Principles and General Objectives 
- The General Principles of Food Law (Articles 5 to 10) entered into force on 21 February 2002 and must be followed when measures 
are taken. Existing food law principles and procedures must be adapted by 1 January 2007 in order to comply with the general 
framework established by Regulation EC/178/2002.  
- The law aims at ensuring a high level of protection of human life and health, taking into account the protection of animal health and 
welfare, plant health and the environment. This integrated "farm to fork" approach is now considered a general principle for EU food 
safety policy.  
- Food law, both at national and EU level, establishes the rights of consumers to safe food and to accurate and honest information. - 
The EU food law aims to harmonise existing national requirements in order to ensure the free movement of food and feed in the EU. 
- The law recognises the EU's commitment to its international obligations and will be developed and adapted taking international 
standards into consideration, except where this might undermine the high level of consumer protection pursued by the EU. 
 
Risk Analysis 
- The Regulation establishes the principles of risk analysis in relation to food and establishes the structures and mechanisms for the 
scientific and technical evaluations which are undertaken by the European Food Safety Authority (EFSA). 
- Depending on the nature of the measure, food law, and in particular measures relating to food safety must be underpinned by strong 
science. Regulation EC 178/2002 establishes in EU law that the three inter-related components of risk analysis (risk assessment, risk 
management and risk communication) provide the basis for food law as appropriate to the measure under consideration. Clearly not 
all food law has a scientific basis, e.g. food law relating to consumer information or the prevention of misleading practices does not 
need a scientific foundation.  
- Scientific assessment of risk must be undertaken in an independent, objective and transparent manner based on the best 
available science. 
- Risk management is the process of weighing policy alternatives in the light of results of a risk assessment and, if required, selecting 
the appropriate actions necessary to prevent, reduce or eliminate the risk to ensure the high level of health protection determined as 
appropriate in the EU. 
- In the risk management phase, the decision makers need to consider a range of information in addition to the scientific risk 
assessment. These include, for example, the feasibility of controlling a risk, the most effective risk reduction actions depending on 
the part of the food supply chain where the problem occurs, the practical arrangements needed, the socio-economic effects and 
the environmental impact. Regulation EC/178/2002 establishes that risk management actions are not just based on a scientific 
assessment of risk but also take into consideration a wide range of other factors legitimate to the matter under consideration. 
 
Transparency 
- Food safety and the protection of consumer interests are of increasing concern to the general public, non-governmental 
organisations, professional associations, international trading partners and trade organisations. Therefore, the Regulation establishes a 
framework for the greater involvement of stakeholders at all stages in the development of food law and establishes the mechanisms 
necessary to increase consumer confidence in food law. 
- Consumer confidence is an essential outcome of a successful food policy and is therefore a primary goal of EU action related to 
food. Transparency of legislation and effective public consultation are essential elements of building this greater confidence. Better 
communication about food safety and the evaluation and explanation of potential risks, including full transparency of scientific 
opinions, are of key importance. 
 
Precautionary principle 
- Regulation EC/178/2002 formally establishes the Precautionary Principle as an option open to risk managers when decisions have 
to be made to protect health but scientific information concerning the risk is inconclusive or incomplete in some way. The 
precautionary principle is relevant in those circumstances where risk managers have identified that there are reasonable grounds 
for concern that an unacceptable level of risk to health exists but the supporting information  may not be sufficiently complete to 
enable a comprehensive risk assessment. When faced with these specific circumstances, decision makers or risk mangers, may 
take measures or other actions to protect health based on the precautionary principle while seeking more complete scientific and 
other data. Such measures have to comply with the normal principles of non-discrimination and proportionality and should be 
considered as provisional until such time that more comprehensive information concerning the risk can be gathered and analysed. 
 
Responsibility 
- The Regulation establishes the basic principle that the primary responsibility for ensuring compliance with food law, and in 
particular the safety of the food, rests with the food business. Similarly this principle is applied to feed business. To complement and 
support this principle, there must be adequate and effective controls organised by the competent authorities of the Member States. 
 
Traceability 
- The identification of the origin of feed and food ingredients and food sources is of prime importance for the protection of 
consumers, particularly when products are found to be faulty. Traceability facilitates the withdrawal of foods and enables consumers 
to be provided with targeted and accurate information concerning implicated products. Regulation EC/178/2002 defines traceability 
as the ability to trace and follow food, feed, and ingredients through all stages of production, processing and distribution. The 
Regulation contains general provisions for traceability which cover all food and feed, all food and feed business operators, without 
prejudice to existing legislation on specific sectors. Importers are similarly affected. Unless specific provisions for further traceability 
exist, the requirement for traceability is limited to ensuring that businesses are at least able to identify the immediate supplier and the 
immediate subsequent recipient, with the exemption of retailers to final consumers (one step back-one step forward). 



 

 

481

 

2  Marine protection and Coastal Zone Management in the European Union (CEC 2004).  
 
A) European Community Acts which refer to matters governed by the Convention and the Agreement  
 
In the maritime safety and prevention of marine pollution sectors 
 
• Council Directive of 13 September 1993 concerning minimum requirements for vessels bound for or leaving Community ports 

and carrying dangerous or polluting goods (93/75/EEC) (OJ No L 247, 5.10.1993, p. 19)  
• Council Dir of 23 Nov 1993 concerning the minimum safety and health requirements for work on board fishing vessels 

(thirteenth individual Directive within the meaning of Article 16(1) of Directive 89/391/EEC) (93/103/EC) (OJ No L 307, 
13.12.1993, p. 1)  

• Council Dir of 22 Nov 1994 on common rules and standards for ship inspection and survey organizations and for the relevant 
activities of maritime administrations (Classification Societies Directive) (94/57/EC) (OJ No L 319, 12.12.1994, p. 20)  

• Council Dir of 22 Nov 1994 on the minimum level of training of seafarers (94/58/EC) (OJ No L 319, 12.12.1994, p. 28)  
• Council Dir of 19 Jun 1995 concerning the enforcement, in respect of shipping using Community ports and sailing in the waters 

under the jurisdiction of the Member States, of international standards for ship safety, pollution prevention and shipboard living 
and working conditions (port State control (95/21/EC) (OJ No L 157, 7.7.1995, p. 1)  

• Council Dir of 20 Dec 1996 on marine equipment (96/98/EC) (OJ No L 46, 17.2.1997,p. 25) 
• Council Regul of 4 Mar 1991 on the transfer of ships from one register to another within the Community (91/613/EEC) (OJ No 

L 68, 15.3.1991, p.1) and Commission Regulation of 28 July 1993 concerning the application of amendments to the 
International Convention for the Safety of Life at Sea, 1974, and to the International Convention for the Prevention of Pollution 
from Ships, 1973, for the purpose of Council Regulation (EEC) No 613/91 (2158/93/EEC) (OJ No L 194, 3.8.1993, p. 5)  

 
In the field of protection and preservation of the marine environment, Part XII of the Convention 
 
• Council Dec of 6 Mar 1986 establishing a Community information system for the control and reduction of pollution caused by 

the spillage of hydrocarbons and other harmful substances at sea (86/85/EEC) (OJ No L 77, 22.3.1986, p. 33)  
• Council Dir of 16 Jun 1975 on the disposal of waste oils (75/439/EEC) (OJ No L 194, 25.7.1975,p. 23)  
• Council Dir of 15 Jul 1975 on waste (75/442/EEC) (OJ No L 194, 25.7.1975, p. 39)  
• Council Dir of 4 May 1976 on pollution caused by certain dangerous substances discharged into the aquatic environment of 

the Community (76/464/EEC) (OJ No L 129, 18.5.1976, p. 23)  
• Council Dir of 30 Oct 1979 on the quality required of shellfish waters (79/923/EEC) (OJ No L 281, 10.11.1979, p. 47) Note: 

no dioxins/PCBs provisions but could be added 
• Council Dir of 15 Jul 1980 on air quality limit values and guide values for sulphur dioxide and suspended particulars 

(80/779/EEC) (OJ No L 229, 30.8.1980, p. 30) Note: no dioxins/PCBs provisions but could be added 
• Council Dir of 22 Mar 1982 on limit values and quality objectives for mercury discharges by the chlor-alkali electrolysis 

industry (82/176/EEC) (OJ No L 81, 27.3.1982, p. 29) Note: no dioxins provisions but could be added 
• Council Dir of 24 Jun 1982 on the major-accident hazards of certain industrial activities (82/501/EEC) (OJ No L 230, 5.8.1982, 

p. 1)  
• Council Dir of 28 Jun 1984 on the combating of air pollution from industrial plants (84/360/EEC) (OJ No L 188, 16.7.1984, p. 

20)  
• Council Dir of 9 Oct 1984 on limit values and quality objectives for discharges of hexachlorocyclohexane (84/491/EEC) (OJ No 

L 274, 17.10.1984, p. 11) Note: Potential PCDD/F precursor 
• Council Dir of 12 Jun 1986 on limit values and quality objectives for discharges of certain dangerous substances included in 

List 1 of the Annex to Directive 76/464/EEC (86/280/EEC) (OJ No L 181, 4.7.1986, p. 16) Note: No dioxins/PCBs provisions 
yet but in the process of being added 

• Council Dir of 24 Nov 1988 on the limitation of emissions of certain pollutants into the air from large combustion plants 
(88/609/EEC) (OJ No L 336, 7.12.1988, p. 1)  

• Council Dir of 8 Jun 1989 on the prevention of air pollution from new municipal waste incineration plants (89/369/EEC) (OJ 
No L 163, 14.6 1989, p. 32) Note: Important basis for PCDD/F and PCBs emission reduction 

• Council Dir of 21 Jun 1989 on the reduction of air pollution from existing municipal waste incineration plants (89/429/EEC) 
(OJ No L 203, 15.7 1989, p. 50) Note: Important basis for PCDD/F and PCBs emission reduction 

• Council Dir of 21 May 1991 concerning urban waste water treatment (91/271/EEC) (OJ No L 135, 30.5.1991, p. 40)  
• Council Dir of 12 Dec 1991 on hazardous waste (91/689/EEC) (OJ No L 377, 31.12. 1991, p. 20) Note: Important basis for 

PCDD/F and PCBs management 
• Council Dir of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora (92/43/EEC) (OJ No L 206, 

22.7.1992, p. 7) Note: Some frameworks for management of ecotoxicological risks from dioxins/PCBs 
• Council Dir of 16 Dec 1994 on the incineration of hazardous waste (94/67/EEC) (OJ No L 365, 31.12.1994, p. 34) Important 

basis for abatement of PCDD/F and PCBs emissions 
• Council Regul of 1 Feb 1993 on the supervision and control of shipments of waste within, into and out of the European - 

Community (259/93/EEC) (OJ No L 30, 6.2.1993, p. 1)  
 
B) Conventions to which the Community is a party 
 
• Convention for the prevention of marine pollution from land-based sources, Paris, 4 June 1974 (Council Dec 75/437/EEC of 3 

Mar 1975, published in OJ No L 194, 25.7.1975, p. 5)  
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• Protocol amending the Convention for the prevention of marine pollution from land-based sources, Paris, 26 March 1986 
(Council Dec 87/57/EEC of 28 Dec 1986, published in OJ No L 24, 27.1.1987, p. 47)  

• Convention on long-range transboundary air pollution, Geneva, 13 Nov 1979, (Council Decision 81/462/EEC of 11 Jun 1981, 
published in OJ No L 171, 27.6.1981, p. 11)  

• Agreement for cooperation in dealing with pollution of the North Sea by oil and other harmful substances, Bonn, 13 Sep 1983, 
(Council Dec 84/358/EEC of 28 June 1984, published in OJ No L 188, 16.7. 1984, p. 7) Note: Some frameworks, reference 
points and experiences for Baltic sea dioxins/PCBs management 

• Cooperation agreement for the protection of the coasts and waters of the north-east Atlantic against pollution, Lisbon, 17 Oct 
1990, (Council Dec 93/550/EEC of 20 October 1993, published in OJ No L 267, 28.10.1993, p. 20) Note: Some frameworks, 
reference points and experiences for Baltic sea dioxins/PCBs management 

• Basel Convention on the control of transboundary movements of hazardous wastes and their disposal, signed in Basel on 22 
Mar 1989, (Council Dec 93/98/EEC of 1 February 1993, published in OJ No L 39, 16.2.1993, p. 1) Note: Important for 
dioxins/PCBs abatement e.g. in the treatment technology area 

 
C) Coastal management in the EU 
 
Table 11/1. Structure of decision-making within coastal zone management and related areas of activity in the EU.  
  
Issue   Decision-making  
Integrated coastal zone management  DG XI, Unit D.2  
Marine environmental protection  DG XI, Unit D.1 (coastal sewage and agricultural waste) DG XI, Unit E.1 (industrial effluents) DG XI, Unit 

C.4 (discharge of ballast from ships and oil spills) 
DG XI, Unit E.3 (waste management) 
DG XI, Unit E.2 (chemicals control)  

Sustainable use and conservation of 
marine living resources  

DG XIV, Unit B.1 (international organizations)  
DG XI, Unit D.2 (sustainable use and conservation of marine living resources)  
DG XI, Unit A.4 (Community Biodiversity Strategy)  

External relations  DG IB (Southern Mediterranean countries, the Middle East, Latin America and Asia)  
DG VIII (African, Caribbean and Pacific countries and South Africa)  

 
 
3  Relevant fisheries regulations and policies 
 
A) Recent or long-term effect regulations applying to the Baltic, excluding information related regulations 
  
Structural measures 
- Council Regul (EC) No 657/2000 of 27 Mar 2000 on closer dialogue with the fishing sector and groups affected by the common 
fisheries policy 
- Council Regul (EC) No 2792/1999 of 17 Dec 1999 laying down the detailed rules and arrangements regarding Community 
structural assistance in the fisheries sector 
- Special Report No 18/98 concerning the Community measures to encourage the creation of joint enterprises in the fisheries sector 
accompanied by the replies of the Commission (Pursuant to Article 188c (4), second subparagraph, of the EC Treaty) 
- Council Regul (EEC) No 2847/93 of 12 Oct 1993 establishing a control system applicable to the common fisheries policy 
- Council Regul (EEC) No 2930/86 of 22 Sep 1986 defining characteristics for fishing vessels 
 
Market organisation 
- Cion Regul (EC) No 430/2004 of 4 Mar 2004 fixing the standard values to be used in calculating the financial compensation and 
the advance pertaining thereto in respect of fishery products withdrawn from the market during the 2004 fishing year 
- Cion Regul (EC) No 428/2004 of 4 Mar 2004 fixing the amount of the carry-over aid and the flat-rate aid for certain fishery 
products for the 2004 fishing year 
- Cion Regul (EC) No 427/2004 of 4 Mar 2004 fixing the reference prices for certain fishery products for the 2004 fishing year 
- Cion Regul (EC) No 2065/2001 of 22 Oct 2001 laying down detailed rules for the application of Council Regulation (EC) No 
104/2000 as regards informing consumers about fishery and aquaculture products (Text with EEA relevance) 
 
General conservation of resources  
- 2004/65/EC: Cion Decision of 30 Dec 2003 on the financial contribution towards carrying out certain operations planned by the 
Member States in 2003 to implement the control, inspection and surveillance systems applicable to the common fisheries policy 
(second instalment) (notified under document number C(2003) 5228) 
- Cion Regul (EC) No 677/2003 of 14 Apr 2003 establishing emergency measures for the recovery of the cod stock in the Baltic Sea 
- Council Regul (EC) No 2371/2002 of 20 Dec 2002 on the conservation and sustainable exploitation of fisheries resources under the 
CFP  
- Council Regul (EC) No 1936/2001 of 27 Sep 2001 laying down control measures applicable to fishing for certain stocks of highly 
migratory fish 
- Council Regul (EC) No 973/2001 of 14 May 2001 laying down certain technical measures for the conservation of certain stocks of 
highly migratory species 
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- Council Regul (EC) No 1434/98 of 29 Jun 1998 specifying conditions under which herring may be landed for industrial purposes 
other than direct human consumption 
- Council Regul (EC) No 850/98 of 30 Mar 1998 for the conservation of fishery resources through technical measures for the 
protection of juveniles of marine organisms 
- Council Regul (EC) No 894/97 of 29 Apr 1997 laying down certain technical measures for the conservation of fishery resources 
- Council Regul (EC) No 414/96 of 4 Mar1996 laying down certain monitoring measures applicable to fishing activities carried out in 
the waters of the Baltic Sea, the Belts and the Sound 
- Council Regul (EC) No 414/96 of 4 Mar 1996 laying down certain monitoring measures applicable to fishing activities carried out 
in the waters of the Baltic Sea, the Belts and the Sound 
 
Catch quotas and management of stocks 
- Council Regul (EC) No 423/2004 of 26 Feb 2004 establishing measures for the recovery of cod stocks  
- Council Regul (EC) No 1954/2003 of 4 Nov 2003 on the management of the fishing effort relating to certain Community fishing 
areas and resources and modifying (EC) No 2847/93 and repealing Regulations (EC) No 685/95 and (EC) No 2027/95  
- Council Regul (EC) No 88/98 of 18 Dec 1997 laying down certain technical measures for the conservation of fishery resources in 
the waters of the Baltic Sea, the Belts and the Sound  
- Council Regul (EC) No 779/97 of 24 Apr 1997 introducing arrangements for the management of fishing effort in the Baltic Sea  
- Council Regul (EC) No 847/96 of 6 May 1996 introducing additional conditions for year-to-year management of TACs and quotas  
- Cion Regul (EEC) No 954/87 of 1 Apr 1987 on sampling of catches for the purpose of determining the percentage of target species 
and protected species when fishing with small-meshed nets   
 
Other conservation measures  
- Cion Regul (EC) No 129/2003 of 24 Jan 2003 laying down detailed rules for determining the mesh size and thickness of twine of 
fishing nets 
- Council Regul (EC) No 973/2001 of 14 May 2001 laying down certain technical measures for the conservation of certain stocks of 
highly migratory species 
- Council Regul (EC) No 3071/95 of 22 Dec 1995 amending, for the 19th time, Regulation (EEC) No 3094/86 laying down certain 
technical measures for the conservation of fishery resources 
- Cion Regul (EEC) No 3561/85 of 17 Dec 1985 concerning information about inspections of fishing activities carried out by national 
control authorities 
- Cion Regul (EEC) No 148/83 of 21 Jan 1983 introducing a system of surveillance to monitor exports of certain fishery products 
 
 
2  Green paper on the future of the common fisheries policy (CFP), http://www.eu.int/scadplus/leg/en/lvb/l66000.htm 
 
CONSERVATION OF FISHERY RESOURCES 
- Durability of stocks. There are a large number of stocks whose volume is currently below what is biologically reasonable. These 
stocks are subject to excessive exploitation or characterised by small quantities of adult fish, or both.  
- demersal roundfish stocks (fish dependent on sea beds, such as cod, haddock, sea breams, groupers, red mullet, etc.) are now the 
most endangered;  
- benthic resources (species attached to sea beds or living on sea bed sediments, such as Norway lobster, sole, turbot. etc.) show 
overall excessive economic exploitation, although this is less disastrous than for demersals;  
- pelagic stocks (species with little contact with sea beds, such as tuna, sardines, mackerel, herring, etc.) are less affected as a result 
of the various measures taken to increase their numbers. 
- Management of stocks.  The CFP did not implement all the tools which could have been used in accordance with the Regulation 
introducing a Community system for fisheries and aquaculture. Indeed, to control the use of stocks it almost always placed a ceiling 
on the annual fishing quantities allowed (total allowable catches, or TACs). It also endeavoured to include other measures concerning 
the fishing effort (fishing effort meaning the capacity of a vessel in terms of tonnage and power multiplied by the activity expressed 
as time at sea); however, progress remained limited. These mixed results are the consequence, among other things, of: 1) difficulties 
with TACs (sometimes set by the Council at a rate higher than scientists recommended; overfishing; unrecorded landings, etc.); b) 
the complexity of the regulations (technical measures which differ according to the geographical sectors, etc); 3) the weakness of 
scientific advice and information (limited number of experts in fishery matters, absence of reliable data on catches and exact point of 
capture, lack of analysis of economic aspects of fisheries, etc.). 
- Reinforcing and improving the conservation of fishery resources. Although there is no single solution to the conservation 
problems, four basic courses of action are possible: 1) managing of TACs and quotas on a multiannual basis, managing groups of 
stocks containing several species, and ecosystem management (i.e. relating to the sea's ecosystem and applicable to all aspects of 
fisheries management, from resources to consumers); 2) adopting more stringent technical measures to protect young fish, reduce the 
number of discards and promote the use of selective gear as well as fishing methods which are less damaging to the environment; 3) 
developing a system based on social, economic and environmental indicators, making it possible to measure the progress of the CFP, 
especially as regards sustainable development; 4) maintaining the 6/12 mile and Shetland Box regime.  
 
ENVIRONMENTAL ISSUES 
- The inadequate priority given to environmental issues in the CFP. There is currently an imbalance between environmental 
requirements and fishing interests. The problem is aggravated by insufficient knowledge about the sea's ecosystems and the 
secondary effects of fishing. Moreover, the pollution produced by industry and other human activities, such as tourism, and climate 
change also contribute to the reduction in stocks or to the scarcity of fish in certain areas. 
- The integration of environmental concerns in the CFP. The Cion is currently promoting environmental issues in the CFP. Thus 
the communication entitled "Elements of a strategy for the integration of environmental protection requirements into the common 
fisheries policy" establishes aims and specific ways of achieving them (COM(2001)143 final). 
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- Launch of the debate on eco-labelling of fishery products. According to the Cion, eco-labelling programmes which would 
supplement legislation on the exploitation of fishery resources and food safety could increase consumer awareness about 
environmental issues in fishing and educate all those involved. 
 
FLEET MANAGEMENT 
- The over-capacity of the fleet. Following the progress made on a technical level and on the design of vessels, the current fleet is 
considerably over-sized. The multiannual guidance programmes (MAGPs) were drawn up to deal with this problem. MAGPs are the 
key element in the management of the Community fleet and are defined by a Council Decision. The criteria and conditions for 
Community structural assistance in the fisheries and aquaculture sector and for the processing and marketing of fishery products are 
established under the Financial Instrument for Fisheries Guidance (FIFG). The current programme, MAGP IV (1997-2001) aims to 
reduce fishing capacity by 3% (defined in terms of tonnage and power) and fishing activity by 2%.  
- Aid policy for the fisheries sector. The reduction in the fleet's capacity and in fishing activity has often been jeopardised by aid 
granted, whether subsidies for construction, modernisation or operating costs. 
- A more balanced fleet management. Despite wide differences between the Member States, all acknowledge the necessity to 
establish a fleet policy based on balance between the capacity of the fleet and exploitation rates compatible with long-term 
management aims. The new system will need to be more effective and transparent (stricter compliance with the rules in force). It 
must also take account of technical progress and be able to prevent public-sector aid contributing to an increase in the fishing effort. 
 
GOVERNANCE 
- Decision-making at Community level. The current legal framework does not conform to the need to react to local problems or 
crises (such as the immediate prohibition of fishing zones, to avoid irreparable damage to stocks). 
- The involvement of those in the fisheries sector. Overall, the prevailing feeling is that those involved in the sector are not 
associated with certain important aspects of the CFP, such as the adoption of technical measures. In particular, many fishermen 
consider that their opinions and knowledge are not given sufficient consideration by the decision-makers and scientists. This lack of 
participation has a negative influence on support for the adopted measures. 
- The improvement of governance within the CFP framework. The aim is to set up a simple, transparent and cost-effective 
mechanism which also ensures flexibility. It must also allow rapid emergency action and provide for further involvement of the 
people concerned. There are four possible ways of achieving this goal: 1) establishing regional advisory committees to increase the 
involvement of those concerned in the phase prior to making decisions about the CFP's development; 2) Decentralising certain 
management-related responsibilities to deal with urgent or local problems; 3) More systematic consideration of scientific advice in 
the decision-making process; 4) Greater compatibility of the CFP with other policies affecting the coastal area. The communication 
entitled "Integrated Coastal Zone Management or ICZM: a strategy for Europe" deals with this problem (COM(2000)547 final/2). 
 
MONITORING AND CONTROL 
- Cion undertakings. At the international conference on fisheries monitoring, control and surveillance in Oct 2000 in Brussels, the 
Cion publicly undertook to: 1) develop a code of conduct defining the rights and obligations of inspectors and fishermen; 2) conduct 
a preliminary "evaluation of controllability" for all new proposals concerning conservation measures; 3)  establish a "controllability" 
diagnosis for all measures in force; 4) perform an analytical study of control expenditure in order to achieve a better evaluation of the 
real cost of controls and the resulting advantages; 5) use and take advantage of new technology for controls. 
 
ECONOMIC AND SOCIAL ISSUES 
- An important economic dimension with badly-defined objectives. Fishing is a substantial sector into which 1.1 billion euros of 
public money is injected each year (national and Community financing together). Community intervention via the Financial 
Instrument for Fisheries Guidance (FIFG) is significant in the fisheries sector, through the financing of investments in fishing 
vessels, on-shore processing facilities, etc. The common organisation of the market and the common trading policy also make it 
possible to support prices and give some tariff protection to Community producers. However, even though the Community has 
become heavily involved in the fisheries sector, the definition of an economic or "industrial" strategy remains the responsibility of 
the Member States, which pursue different and sometimes contradictory objectives in this respect. Consequently, it is difficult to 
formulate a single diagnosis regarding its economic and financial results and the conditions of its short- and long-term viability. 
- The constant regression of employment in the fisheries sector. The number of fishermen is in constant decline, by an average of 
2% a year, because resources are in short supply and technical progress has increased productivity enormously. Certain changes 
regarding Community dependency on fishing have also been observed (dependency can be defined here as the economy relying on 
catches/quantities landed). The map of regions dependent on fishing has changed significantly (for example, the degree of 
dependency has greatly decreased in most regions of Spain where it was previously very high). 
- Strengthening the economic and social aspects of the CFP. 1) the first encourages durability and economic viability in the 
fisheries sector by reconsidering the role of public-sector aid; 2) the second aims to promote the adaptation of people currently 
employed in this sector to alternative occupations or employment. Independently of these two priorities, the Community must 
continue to deal with other social problems, such as improving the safety of fishing vessels and regulating working conditions. 
 
AQUACULTURE 
- The development of aquaculture. Aquaculture has contributed to the supply of fish without increasing pressure on stocks in the 
marine environment. It has played an important role in improving the socio-economic situation of coastal residents by providing 
alternative employment. However, Community aquaculture still faces a number of problems, such as the fact that it is increasingly 
seen as a threat to other activities. Tourism therefore accuses aquaculture of occupying space which could be used for recreation 
purposes, and of producing waste which is harmful to the quality of nearby swimming waters. 
- Priorities concerning support for aquaculture. The aim is for European aquaculture to be able to take up the challenges resulting 
from environmental, health protection and international market requirements. In order to achieve this, public-sector assistance in 
support of aquaculture must cover expenditure on: 1) training, control; 2) R&D (in particular for new species); 3) treatment of waste 
water; 4) eradication of diseases, etc. Since 2000, the Financial Instrument for Fisheries Guidance (FIFG) has widened its scope to 
include most aid of this type, as well as traditional investment aid. 
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D. Information related activities 
 
1  Dioxin/PCB studies financed by the commission 
 
- The European Dioxin Inventory: Identification of Relevant Industrial Sources of Dioxins and Furans in Europe », by North 

Rhine-Westphalia State Environ Agency, 1997 
- The European Dioxin Emission Inventory - Stage II, by LUA-NRW, Jan 2001 
- Releases of Dioxins and Furans to Land and Water in Europe, by AEA Technology, Sep 1999 
- Compilation of EU Dioxin Exposure and Health Data, by AEA Technology, Oct 1999 
- Evaluation of occurrence of PCDD/PCDF and POPs in wastes and their potential to enter the food chain  Univ Bayreuth, Sep 

2000 
- Exploration of possible future POP control areas, AEA Technology Environment, Sep 2000 
- Dioxins and other POPs in wastes and their potential to enter the foodchain - stage II 
- PCDD/Fs, PCBs, PBBs and PBDD/Fs : environmental pathways for human exposure, by Arbeitsgemeinschaft Dioxin Projekt 
- Environmental cycling of selected persistent organic pollutants in the Baltic region (POPCYCLING-BALTIC)" 
- Gobal mass balance of persistent semi-volatile organic compounds : an approach with PCB as an indicator (GLOBAL-SOC) 
- Measuring and modelling the dynamic response of remote mountain lake ecosystems to environmental change : a programme of 

mountain lake research (MOLAR) 
 
2  Exposure and risk assessments performed by the commission 
 
- Assessment of dietary intake of dioxins and related PCBs by the population of EU Member States, SCOOP on questions relating 

to Food – Task 3.2.5. – 7 June 2000 
- Dioxin contamination of feedingstuffs and their contribution to the contamination of food of animal origin, Opinion of the 

SCAN adopted on 6 Nov 2000 
- Risk assessment of Dioxins and Dioxin-like PCBs in Food, Opinion of the (SCF adopted on 22 Nov 2000 
- Update of the Risk Assessment of Dioxins and Dioxin-like PCBs in Food based on new information available since the adoption 

of the SCF opinion of 22nd November 2000; Opinion of the Scientific Committee for Food adopted on 30 May 2001 
- Risks of environmental dioxins: Linking epidemiology with toxicity studies to strengthen accurate risk assessment, Feb 2000 
 
3  European Commission's preparatory actions in the field of dioxin and PCBs 
 
European POPs Expert Team, April 2002, europa.eu.int/comm/health/ph_risk/ committees/sct/documents/out165_en.pdf 
 
Executive Summary 
 
7.2.1 General recommendations 
- The integrated approach according to the Community strategy for dioxins, furans and PCBs should be followed (NB: As shown 

in the text, this is not broadly integrative - T.A.) 
- The environmental occurrence of dioxins and PCBs is clearly linked to human health risks and consequently the Community 

strategy follows the overall environment and health objective of the Commission’s 6th Environmental Action Programme “to 
achieve a quality of the environment where the levels of man–made contaminants, … … do not give rise to significant impacts 
on or risks to human health” 

- As contracting party of several international conventions with regard to reduce the presence of dioxins and PCBs coherent 
measures and ratification by the European Union and its member states should be taken 

- the Accession Countries should be integrated in the measures related to dioxins and PCBs as soon as possible 
- The generation of data as decision basis for measures related to dioxins and PCBs is comparatively costly. Therefore it is crucial 

to generate data in an effective way and having in mind the background of the decisions to be taken 
 
7.2.2 Specific recommendations 
- Necessity for precise identification of all possible PCB sources 
- Industrial PCDD/F sources should be addressed by the means of the IPPC directive and voluntary approaches 
- Non industrial sources are of increasing relative importance. A strategy should be developed to reduce the corresponding 

emissions; such a strategy should be based to a large extent on the awareness and information of the involved parties. 
- A possible measure related to the environmental occurrence could be the establishment of environmental quality criteria such as 

maximum or action values for air, water, sediment, soil or animal tissue; the motivation for environmental quality criteria may 
be both the protection of consumer’s health and the prevention of negative effects on the environment 

- Differentiated data should be generated on occurrence levels in fish and fish products and possible options 
- The data base for the establishment of maximum limits, action levels and target levels for dioxin-like PCBs should be further 

improved (in particular in the Accession Countries and where possible together with levels of PCDD/Fs) 
- Possibilities should be investigated, where in feed and food production certain material flows can be identified where 

contamination with dioxins or PCBs may occur or where products, by-products, recyclates or wastes that have an increased 
contamination level may be separated and eliminated. 

- Information on relevant decontamination technologies should be generated and the implementation of such technologies should 
be supported  

- The need for action results from the possible adverse health effects which are connected to each food or feed product. A 
reasonable approach is to concentrate the action on feed and food products that are causing the highest risk for health. To this 
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end, "action" categories for feed and food products could be established and appropriate measures for each product group should 
be initiated: I products for which immediate need for action can be stated; II products that should be carefully watched; III 
products that presently give no reason for concern 

- According to the results of the present study the product groups could be attributed to these categories as follows: I fish and fish 
products; II meat, dairy products, animal fats, feedingstuffs, green crop, cereals and oil seeds; III eggs, vegetable oils, 
vegetables, pulses, fruits, tree nuts, starchy roots, stimulantica 

 
The final report includes suggestions for appropriate further actions related to these categories. With respect to category I the project 
team suggests to initiate a broader and more detailed investigation in the field of fish and fish products which should enable to 
decide on further measures in order to reduce the intake of PCBs related to fish. It should include the following main points: 
- Identification of the contamination of different fish species, fish products and fish wastes and the consequences for animal 

consumption and for direct and indirect human consumption (e.g. use of fish, fish meal and fish oil in feed, food) 
- Collection and analyses of samples related to catching areas (mapping of “hot spots”) and other important criteria such as fish 

species, seasonal variations in fish contamination, consumer habits, influence of processing (e.g. boiling, frying, smoking) or 
differences in farmed fish vs. wild fish 

- Explanation of the influence of sources and environmental compartments on contamination levels 
- Recommendation and evaluation of appropriate measures taking into consideration environmental and health aspects, 

existing decontamination technologies and economic consequences. 
 
4  Executive summaries and selected recommendations of the reports of the SCALE pilot project on monitoring 
and assessment of dioxins in the Baltic Sea  
 
… 
 
 
5  Recommendations from Dioxins & PCBs: Environmental Levels and Human Exposure in Candidate 
Countries (ELICC) final report (Anon. 2004) 
 
9  Conclusions & Recommendations  
 
9.1 Research and Monitoring Activities 
 
• AC/CC with poor databases should be encouraged to screen key compartments (soil,   sediments, human milk, representative 

food and feed) and try to identify possible hot spots 
• Suggestions for improvement of the data base should be coordinated with the European Commission 
• For selected indicator food and feed samples an EU initiative for a systematic monitoring including both PCDD/Fs and dioxin-

like PCBs should be taken into consideration; results should be correlated to existing information on human exposure and 
possibly also to human health effects 

• AC/CC should be encouraged to participate in international monitoring activities like WHO milk study, GEMS food, EMEP, 
etc.) and to adopt international standards 

• Support should be provided with respect to information exchange between the European Commission, MS and AC/CC and 
within AC/CC to avoid double work and to benefit from existing experiences; an international workshop might be an 
appropriate instrument for realisation 

• Structures and systems should be developed that allow to realise continuous research and monitoring even if external support is 
decreasing. 

• An extended monitoring system like in the Czech Republic may not be necessary for all AC/CC. Due to the related high costs 
and the dimension of contaminations such systems can only be recommended for certain hot spot areas. 

 
9.2 Environmental Contamination and Human Exposure 
 
• AC/CC should be encouraged to identify further hot spots in suspicious areas (see also recommendations with respect to 

monitoring) 
• AC/CC should be encouraged to investigate the reasons in those cases where contamination levels are significantly above 

background levels. 
• Financial and technical support should be provided for remediation of identified hot spot areas to avoid further contaminations 
• AC/CC should be encouraged to verify inventory estimations by specific measurements and to take regulatory measures to 

improve cooperation of stock owners (e.g. of contaminated oil or equipment) and promote environmentally sound destruction 
• Inventories should be used for remediation measures and emission reduction AC/CC should be encouraged to improve their 

database especially with respect to key compartments (soil, sediments, indicator food and feed and human milk) 
 
9.3  Legislation, Administrative Structure and Capacities 
 
- Support AC/CC in the field of waste management and IPPC Directive and intensify exchange on best available technologies 
- Support AC/CC in the field of food and feed control procedures   
- Help AC/CC with further training measures and awareness rising by appropriate pilot projects for the enforcement of EU Directives 
- Review legislation corresponding to Directive 96/59/EC on the disposal of PCBs .  
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6  Research priorities for dioxins and polychlorinated biphenyls (PCBs) - A Report to the Chemicals and GM 
Policy Division of the Department of the Environment, Food and Rural Affairs  
Kevin C. Jones and Andy J. Sweetman, Environ Sci Dept, Lancaster Univ, Draft for consultation: 29th October 2003 
 
Executive summary 
  
• The UK Government's dioxin policy is to further reduce environmental sources and  human  exposure  to  the  toxicologically  
important  (TEF-rated) PCDD/Fs, and PCBs.  Emissions  and  human  exposure  to  these compounds  has  declined,  but  it  is  
generally  acknowledged  that to achieve further reductions will become increasingly difficult. It is therefore appropriate to ask: is 
there the specific knowledge and information available to ensure that further source/exposure reduction measures can be achieved, in 
an agreed and cost-effective manner?  
 
• It was noted that:  
a. Major  primary  atmospheric  sources of PCDD/Fs have been reduced substantially, while further reductions  will  be much 

more  difficult  to achieve;   
b. There are uncertainties as to the most significant sources at the present time;  
c. Exposure  within  the UK population  has  declined  over  recent  decades (initially  independently  of  any  specific  

source/exposure  reduction measures), but that a small proportion of the population still exceed the current recommended 
tolerable daily intake for these compounds;  

d. Projections  from  observed  trends indicate the likelihood of a continuing, slow decrease in body burden levels. Indeed, 
decreases in emissions  due  to  regulatory  actions  within  the  last  decade,  and  any associated decrease in food levels, may 
not have had time to be fully reflected in decreases in body burden;   

e. Because  of  the  exponential  nature  of  the  elimination  process  for dioxins, further decreases in body burden  will  be  
smaller  in  absolute terms;  

f. Further exposure reduction targets therefore need to consider: the time frame over which such a target may be achieved; the time 
frame over which body burdens would respond to an exposure reduction; whether the  strategy  will  reduce  the  average  daily  
intakes  and  the  small percentage of the population which are estimated to exceed the current TDI;  the  feasibility  of  
delivering  reduction  targets  in  a  given  time frame.  

 
A number  of  proposals  for  future  research priorities were evaluated for their potential to help support further source and exposure 
reductions. The proposed topics arose as a result of:  
a. The literature review;  
b. An expert consultation exercise;  
c. A European Commission research review process.  
  
• The  final  outcome  of  the  report  is  a  series  of  recommendations  for  targeted research. These are grouped to address aspects 
of the following:   
a. Research  to  help  better  quantify  and  to  reduce  environmental emissions;  
b. Improvements in source inventories,  to  support  targeted  source reduction;  
c. Research on current and potential control measures;  
d. Research  on  aspects  of  environmental  behaviour  and  secondary sources, where knowledge gaps remain, to help improve 

prediction of likely future trends;  
e. Research to help reduce human dietary exposure;  
f. Research to address some new areas of concern.  
 
8. Proposed priority areas for a UK funded research programme 
  
Research to better quantify and to reduce environmental emissions  
 
Atmospheric sources have received far and away the most attention so far. However, it  is  important  to  update  and  improve 
knowledge on specific source categories/processes, namely the:  
• quantitative assessment of contributions of local authority regulated processes and non regulated industrial sources, and smaller-
scale industrial processes;  
• emission factors for domestic heating and uncontrolled waste burning;  
• reservoirs of PCDD/Fs and PCBs, specifically: the soil burden; landfills; PCB emissions during storage/disposal;  
• level of knowledge/information on potential ongoing releases from PCP-treated wood, either via volatilisation, or following its 
combustion;  
• potential new emission sources, such as biofuel burning.  
Source inventories: There is also a need to update and improve aspects of the source inventories and environmental budgets, 
namely:  
• the UK atmospheric emissions inventory for PCDD/Fs, through a more comprehensive, transparent and updated approach, and 
incorporation of the uncertainties/variabilities in emission factors and activity rates;  
• an inventory of PCBs, targeting their disposal pathways and giving specific attention on the emission factors and knowledge base 
for TEF-rated PCBs;  
• quantitative assessment of non-UK sources to the UK atmosphere;  
• inputs to the UK terrestrial and aquatic environment. This should focus on inputs that demonstrably impact human and key wildlife 
food chains and can be  cost  effectively  reduced.  This  wording  is  intended  to  preclude  simple .surveys.  and  highlights  that  
much  of  the  input  to  the  environment  will  not transfer efficiently/readily to the human diet or wildlife.  
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Research on current and potential control measures  
 
There  is  also  a  need  for  directed research  to  address  the  question,  ‘which of these sources can be reduced, how, and with what 
cost/benefit?’ Such research should yield practical advice. For example, if emissions from domestic combustion sources are  
investigated,  the  combustion conditions required to reduce emissions should be identified, to inform policy makers and the public. 
Research should address how to reduce combustion emissions from processes making a continuing contribution to the emissions 
inventory (e.g. non-ferrous metal manufacture; small scale waste burning). Studies should be practically orientated, for example:  
• domestic burners optimised for combustion efficiency/reduced emissions;  
• identification of how to achieve .combustion quality.. For example, the quality of wood/coal that is burned (dryness etc.).  
• approaches for the combustion/disposal of PCP-treated wood, with minimal PCDD/F emissions.  
  
The onus should be on the research community to devise projects to satisfy the stated policy objectives, indicating the cost/benefit 
arising from the project.  
Note: In addition, the research community should devise projects analyzing and evaluating alternative policy objectives, not only  
in terms of cost/benefit but also more multidimensionally with regard to their characteristics, foundations and implications, e.g. 
policy, administrative, technological, acceptability, legal, social, cultural and other societal aspects (T.A.).   
  
Research on knowledge gaps on environmental behaviour and secondary sources  
 
Improved data/understanding is needed on:  
• the particle size distribution on PCDD/Fs, their regional scale transport (and hence, net imports/exports) and the contribution of the 
atmospheric degradation .sink. to regional and global fate of these compounds;  
• interactions  between  air-vegetation,  with  regard  to  potential  short-term (buffering) of air concentrations, the  rates of supply 
into foodchains, and incorporation into models;  
• the likely balance between primary and  secondary sources in controlling air concentrations now and in the future, under scenarios 
of further primary source reductions. 
  
Research to reduce human exposure  
 
It should be noted that some measures to reduce human exposure are in place already; the  UK  and  its  EU  partners  instigated 
programmes  of  sample  screening/monitoring, designed to identify sources of relatively  contaminated feed and foods, and ensure 
compliance with food quality limits. Such monitoring is key to reducing exposure, but it is distinct from any additional proposed 
research activities. Specific proposals are to:  
• explore practical measures to reduce exposure, as a result of improved monitoring of animal (including fish) feeds/supplements, 
food processing techniques;  
• assess  agricultural  or  industrial  practices  (such  as  feed  stuff  drying,  use  of solvents, pelleting aids etc.) for the production of 
feed stuffs, as to their potential to produce PCDD/Fs and recommend improvements;   
• consider the potential use of rapid bioassay screening methods, to increase the scope for monitoring;  
• encourage reasoned proposals from the research community, to develop methods to lower the PCDD/F content of food products. 
   
This report has presented the case that human exposure and tissue concentrations may continue  to  reduce  further  in  the  future,  as  
a  result  of  the  delayed effects of earlier source reductions and other factors. It is proposed that  modelling approaches befurther 
developed,  so  that  predictive  models  can  be  used  as  a  management  tool,  to help assess the effect of different source reduction 
scenarios on environmental levels and human exposure/residue levels. Specifically, UK trend, exposure and population data should 
be incorporated, to assess questions, such as: .given different source reduction scenarios, what proportion of the UK population (or 
sub-groups of it) would be expected to exceed the recommended TDI, x, y and z years from now?.  
  
It would be useful if this could be  combined  with  a  measurement  programme, designed to provide better baseline data on the 
range in contemporary exposures and residue levels for the UK population. 
 
Research on new areas of concern  
 
Risk assessments of PCDD/Fs and co-PCBs are based on concerns over their additive TEF values. However, other compounds are 
known to elicit similar responses and to be present in foodstuffs and human tissues. Some have been assigned provisional TEFs (e.g. 
some PCNs, PBDD/Fs and PBDEs), although they are not endorsed by WHO or COT and therefore not included in the total TEQ. As 
the review section showed, it is believed that these compounds generally make a relatively minor contribution to the total TEQ in 
human tissues for the general population. However, it is proposed that this should be confirmed for the UK population and an 
assessment made as to whether their levels are increasing.  
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Annex 12. Relevant strategies for dioxins and related compounds in the United States and Canada 
 
A. Dioxins and Dioxin-like Compounds in the Food Supply: Strategies to Decrease Exposure 
 
Source: Committee on the Implications of Dioxin in the Food Supply, National Research Council (CIDFS). 
Washington, D.C. 2003. 340 p. http://books.nap.edu/catalog/10763.html. 
 
Excerpts from the Executive Summary 
 
Policy frameworks 
 
The committee approached the development of options from the perspective of the three pathways and considered the 
potential nutritional consequences of dietary modifications to reduce DLC exposure through risk-relationship analysis. 
For each option, the committee considered: 
1. Alternate or interim actions, 
2. Current barriers to implementation, 
3. Anticipated DLC exposure reduction achievable through implementation, 
4. Risk relationships that included decreases (ancillary benefits) or increases (countervailing risks) in other risks. 
 
Options considered to reduce DLC exposure through animal production systems included: 
• Require testing for DLC levels in forage, feed, and feed ingredients, 
• Establish tolerance levels for DLCs in forage, feed, and feed ingredients, 
• Restrict the use of animal products, forage, feed, and feed ingredients that originate from specific areas that are 
considered to be contaminated, and 
• Restrict the use of animal by-products in agriculture, animal husbandry, and manufacturing processes. 
 
Options considered to reduce DLC exposure through the food supply included: 
• Require testing and publishing of data on DLC levels in the human food supply, including food products, dietary 
supplements, and breast milk, to use in establishing tolerance levels in foods, 
 
Options considered to reduce DLC exposure through food-consumption pathways included: 
• Increase the availability of low-fat and skim milk in federal feeding programs targeted to children, which currently 
favor the provision of whole milk (e.g., the National School Lunch Program), 
• Establish a maximum saturated fat content for meals served in schools that participate in federal child nutrition 
programs, and 
• Promote changes in dietary-consumption patterns of the general population that more closely conform to 
recommendations to reduce consumption of animal fats, such as the recommendations of the Dietary Guidelines for 
Americans. 
Note: Fish fat not specified 
 
Consideration of Consequences of Actions to Reduce Exposure to DLCs Through Dietary Intervention 
 
Because of the persistent nature of DLCs and the uncertainty about their toxic effects, almost any action taken to reduce 
their concentration in the food supply will have a long-term, rather than an immediate, impact on human health. Such 
actions will, however, have an immediate impact on the food supply, which could, in turn, have other health and 
nutritional effects. With regard to the possible detrimental nutritional effects due to changes in food-consumption 
patterns, the committee noted that current dietary recommendations for the general population stress the benefits of a 
reduced intake of saturated fats to decrease the risk of many chronic diseases. Thus, changes in dietary patterns to 
reduce DLC exposure that involve a reduction of animal fats, the primary source of saturated fats in our diet, would 
generally have beneficial rather than detrimental nutritional effects. 
 
Apart from the general population, the committee also took into account DLC-sensitive population groups, such as 
developing fetuses and infants, that are vulnerable due to developmental immaturity, and groups such as breastfeeding 
infants, subsistence fishers, and American Indian and Alaska Native fish-eating populations that receive higher-than-
background levels of DLC exposure. Although not a highly exposed population, preadolescent and teenage girls and 
young women were of concern to the committee because they accumulate, over time, body burdens of DLCs that can, 
when they enter their child-bearing years, become a potential source of exposure for their developing infants in utero 
and while breastfeeding.  
 
Recommendations to reduce exposure were tailored to the particular concerns of these groups, including weighing the 
benefits of breastfeeding against the risks of DLC exposure for infants, early intervention to reduce lifetime body 
burdens in children, especially girls, and cultural practices important to American Indian and Alaska Native tribes and 
other groups. 



 

 

490

 

RISK-MANAGEMENT RECOMMENDATIONS AND RESEARCH PRIORITIES 
 
The committee considered both the scientific uncertainties in risk at current levels of exposure and the concern within 
the general population about exposure to DLCs. It recognized that there are substantial gaps in the data that have to be 
filled before many of the identified policy options can be adopted. Based on the analysis of current data and 
deliberations concerning the strategic options available to the government, the committee recommended several risk-
management actions. The committee’s recommendations are qualitative rather than quantitative in light of the paucity 
of data to support specific reduction goals, and they fall into four categories: (1) general strategic recommendations, (2) 
high-priority risk-management interventions, (3) other risk-management interventions that deserve consideration, and 
(4) research and technology development to support risk management. 
 
Strategic and High-Priority Risk-Management and Research Recommendations 
 
The following risk-management strategies were determined to be of greatest priority to achieve a reduction in human 
exposure to DLCs through the food supply: 
• Strengthen interagency coordination for DLC risk management. The committee recommends that the sponsoring 
agencies empower an interagency coordination group with the authority and mandate to develop a risk-management 
strategy to reduce DLCs in the food supply. 
• Interrupt the cycle of DLCs through forage, animal feed, and food-producing animals. The committee recommends 
that the development of a risk-management strategy for DLCs give high-priority attention to reducing the contamination 
of animal forage and feed and interrupting the recycling of DLCs that results from the use of animal fat in animal feed. 
• Reduce DLC intakes in girls and young women.  
 
The committee recommends that the government place a priority on the following research and technology 
development efforts: 
• Develop cost-effective analytical methods and reevaluate the use of toxicity equivalents in assessing DLC exposure. 
• Increase research efforts aimed at removing DLCs from animal forage and feed. 
• Expand the National Health and Nutrition Examination Survey’s data collection of DLC body burdens. 
• Increase research efforts on the effects of dietary DLCs on fetuses and breastfeeding infants. 
• Increase behavioral research on achieving dietary change. 
• Develop predictive modeling tools and apply them in studies to assess the effects of potential interventions on 
reducing DLCs in the food supply. 
Note: No policy, social-economic, decision research needs identified and endorsed. 
 
General Strategic Recommendations 
 
Important progress has been made in reducing new discharges of DLCs into the environment. With respect to DLC 
exposure through food, most of the effort has focused on assessing the potential risks of DLCs. Given that the risk 
assessments conducted have raised concerns about the health impacts of DLCs and that there is no benefit, but possible 
harm, from DLC exposure through foods, the committee considers it appropriate for the federal government to focus its 
efforts on exposure-reduction strategies. To move effectively toward reducing human exposure to DLCs through food, 
the federal government should begin by pursuing the following strategic courses of action: (1) establish an integrated 
riskmanagement strategy and action plan, (2) foster collaboration between the government and the private sector to 
reduce DLCs in the food supply, and (3) invest in the data required for effective risk management. 
 
Develop an Integrated Risk-Management Strategy and Action Plan 
 
Considering the large number of federal agencies with responsibility for the safety of food, reduction of DLCs in the 
food supply will require action across the system. The committee recommends that, as an initial step, federal agencies 
including FDA, FSIS, and EPA, create an interagency coordination group to develop and implement a single, integrated 
risk-management strategy and action plan. 
 
High-Priority Risk-Management Interventions 
 
Interrupt the Cycle of DLCs Through Forage, Animal Feed, and Food-Producing Animals 
 
Findings. Animal forage and feed are primary pathways for DLC contamination of the human food supply. This 
typically occurs by airborne deposition of DLCs on forage and plants used for animal feed. When animals consume 
contaminated forage and feed, DLCs are stored in their fat and subsequently enter the human food supply. In addition to 
plant material used as animal feed that may contain DLCs, several billion pounds of rendered animal fat are used 
annually as a feed ingredient, which serves to recycle DLCs and leads to the possibility of increasing levels of DLCs in 
meat and other animal-derived food products. The committee considers the animal forage, feed, and production stage of 
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the food system to be a key leverage point for reducing DLC exposure through food because it is the primary point of 
entry of these compounds into the human food supply. 
 
Recommendations. The committee recommends that the government’s risk management strategy for DLCs give high-
priority attention to reducing the contamination of animal forage and feed and interrupting the recycling of DLCs that 
result from the use of animal fat in animal feed. As an initial step, the government, in collaboration with the animal 
production and feed industries, should establish a nationwide data-collection effort and a single data repository on the 
levels of DLCs in animal forage and feed, which should be accessible for both public and private use. Government and 
industry should also begin collaboration immediately to define voluntary guidelines for good animal feeding and 
production practices that would reduce DLC levels in forage and feed and minimize other potential sources of DLC 
exposure during animal production. The committee further recommends that the government, in collaboration with the 
animal production industry, identify means to achieve the reduction or elimination of DLC-containing animal fat as a 
component of animal feed. However, the committee recognizes that doing so could have unintended, negative 
consequences: (1) increased cost of food, (2) problems of unused animal fat disposal, (3) increased food spoilage, and 
(4) changes in the taste of food that consumers find unacceptable. The government should consider setting legally 
binding limits on DLCs in forage and feed only when more complete data are generated and a better understanding is 
developed of how DLC contamination can be avoided. 
 
Reducing DLC Exposure in Girls and Young Women 
 
Findings. Fetuses and breastfeeding infants may be at particular risk from exposure to DLCs due to their potential to 
cause adverse neurodevelopmental, neurobehavioral, and immune system effects in developing systems, combined with 
the potential for exposure of breastfeeding infants to comparitively high levels of DLCs in breast milk. Data suggest 
that because DLCs accumulate in the body over time, waiting until pregnancy to reduce DLC intake has no significant 
impact on the mother’s level or the baby’s exposure in utero or through breastfeeding. Therefore, intervention to reduce 
DLCs must occur in the years well before pregnancy. Substituting low-fat or skim milk for whole milk, especially when 
coupled with other substitutions of foods lower in animal fat by girls and young women in the crucial years before 
pregnancy, could reduce DLC intakes and resulting levels of DLCs during pregnancy. 
 
Recommendations. In order to reduce DLC body burdens in the future for women with child-bearing potential, the 
committee recommends, as an immediate intervention, that the government take steps to increase the availability of 
foods low in animal fat in government-sponsored school breakfast and lunch programs and in child- and adult-care food 
programs. Specifically, the committee recommends that low-fat and skim milk be made readily available in the National 
School Lunch Program. In addition, the committee recommends that participants in the Special Supplemental Nutrition 
Program for Women, Infants and Children be encouraged, except for children under 2 years of age, to choose low-fat or 
skim milk and low-fat versions of other animal-derived foods in their food packages. Further, to reduce other sources of 
animal fat, the committee recommends that USDA’s Economic Research Service undertake a detailed analysis to 
determine the feasibility of and identify barriers to setting limits on the amount of saturated fat that should be allowed in 
meals served under the National School Lunch and Breakfast Programs. 
 
Other Risk-Management Interventions That Deserve Consideration 
 
Although more data are needed, there are several other specific interventions that could be considered as part of an 
integrated risk-management strategy and action plan for reducing DLC exposure through food. These include: (1) 
reducing DLC-discharge sources in animal production areas, (2) removing DLC residues from foods during processing, 
particularly by the removal of fat from meat products through trimming, (3) providing advisories and education to 
highly exposed populations, and (4) educating the general population about strategies for reducing exposure to DLCs. 
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B. Great Lakes Strategy 2002 - A Plan for the New Millennium. A Strategic Plan for the Great Lakes 
Ecosystem. 
  
Web source: http://www.epa.gov/glnpo/gls/gls02.html. Last updated on Monday, June 21st, 2004. 
 
Chemical Integrity: Reducing and Eliminating the Threat of Toxic Pollution and Excess Nutrients  
 
Goal: To reduce toxic substances in the Great Lakes Basin Ecosystem -- with an emphasis on persistent toxic 
substances -- so that all organisms are adequately protected. Over time, these substances will be virtually eliminated. 
Maintain an appropriate nutrient balance in the Great Lakes to ensure aquatic ecosystem health.  
 
Due in part to the long retention time of water in the system (up to 190 years in Lake Superior), the Great Lakes are 
adversely impacted by toxic substances. The presence of toxic substances at certain concentrations can negatively 
impact human health. For example, there are currently numerous fish advisories in the Great Lakes which indicate that 
toxic substances are still accumulating in the food chain at unacceptable levels.  
 
Much progress has been made to decrease the threat of toxic substances in the Great Lakes Basin. Levels of most toxic 
substances have significantly decreased over the time. However, chemical inputs to the Great Lakes still continue, 
causing unacceptable concentrations of these chemicals in water and fish tissue. Many of these toxic inputs are the 
result of air deposition and may come from other areas of the continent, or from global long-range transport. Achieving 
further reductions, leading to the virtual elimination of PBTs, is still a major priority. 
 
The Great Lakes Region has long been a site for innovative regulatory efforts to protect human health and the health of 
the environment. Efforts such as the phase-out of mixing zones (the use of dilution to reduce concentrations in 
discharges) for PBTs are now in place and may serve as models for the rest of the Nation, where appropriate. 
 
Implementing the Great Lakes Initiative 
 
A number of regulatory programs provide a foundation for the clean up and protection of the Great Lakes. An important 
tool was developed through the Great Lakes Water Quality Initiative (GLI). USEPA and the States developed the Great 
Lakes Water Quality Guidance (the Guidance) that includes water quality standards and implementation procedures for 
the Great Lakes system. It consists of water quality criteria to protect aquatic life, human health, and wildlife, and 
contains antidegradation policies and implementation procedures specific to the Great Lakes. Equally important, it 
provides methods for deriving water quality criteria that can reflect bioaccumulation and chemical additivity, providing 
States and Tribes with a tool to address a universe of pollutants that might affect the Great Lakes. In addition, the 
Guidance provides a method for States to implement their narrative water quality criteria ("no toxics in toxic amounts"), 
even when there are not enough data to support a numeric water quality criterion. This program is expected to reduce 
direct toxic water discharges by six to eight million pounds per year. 
 
Water quality standards and National Pollutant Discharge Elimination System (NPDES) permit implementation rules 
consistent with the Guidance are now in place in all Great Lakes States. The States are currently issuing permits based 
on those standards. The Great Lakes States' work in this area has been exemplary and has positioned the Great Lakes to 
be a world class leader with regard to advancing water quality regulatory protection. 
 
Key Objectives: 
• By 2006, 100% of all NPDES permitted discharges to the Lakes or major tributaries will have permit limits that 

reflect the Guidance's water quality standards, where applicable. 
 
Key Actions: 
• USEPA will work with the States and eligible Tribes as they are beginning to incorporate the Guidance into their 

regulatory programs in order to help States and eligible Tribes identify and correct problems. USEPA will provide 
technical assistance, permit writing training, and other training courses. 

 
Establishing Total Maximum Daily Loads 
 
Under Section 303(d) of the Clean Water Act, States have listed, with Federal approval, portions of the Great Lakes and 
their tributaries as "impaired waters.” These waters do not meet the approved State water quality standards even after 
permits or other pollution control requirements have been issued. The Clean Water Act requires that States and 
authorized Tribes address these impaired waters by developing a Total Maximum Daily Load (TMDL) determination 
which specifies the maximum amount of a specific pollutant that a waterbody can receive from multiple pathways, 
including stormwater runoff and air deposition, and still meet water quality standards (including the GLI, where 
applicable). 
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Recent State actions have established priority rankings for impaired waters, including the Great Lakes, and have 
scheduled TMDL development for these waters. The TMDL effort for each of the Great Lakes will be described in the 
TMDL Great Lakes Strategy, which will be discussed in the next LaMP update and closely linked to lakewide 
management planning. The development and use of innovative approaches will also be considered in order to expedite 
the improvement of water quality and removal of impairments. 
 
Key Objectives: 
• By 2013, complete TMDLs for each Great Lake and Great Lake tributary listed on each state's 1998 303(d) list. 

Complete TMDLs for all waterbodies subsequently added to future 303(d) lists no later than 15 years after their 
first appearance on the list. 

 
Key Actions: 
• By 2002, include an update on the status of the Great Lakes TMDL Strategy in each of the LaMP updates. 
• By 2004, USEPA, with assistance from States, will complete the Great Lakes TMDL Strategy, which will include 

EPA, States, and Tribal roles and responsibilities for completing TMDLs for the Great Lakes and their tributaries. 
• Continue to explore innovative or alternative approaches for developing TMDLs to address impaired waters and for 

implementing programs to restore these waters. 
• USEPA will assist the States and Tribes in their development of TMDLs for waterbodies tributary to the Great 

Lakes by providing training, resources, guidance, and technical support as needed. 
• The U.S. Geological Survey (USGS) will provide technical assistance to States, Tribes, and local agencies in 

developing TMDLs, including data and information on Great Lakes tributaries, by undertaking in-depth studies 
with State and local agencies through the Cooperative Water-Resources Investigations Program. 

  
Achieving the Challenge of the Great Lakes Binational Toxics Strategy 
 
On April 7, 1997 the governments of Canada and the U.S. adopted the Great Lakes Binational Toxics Strategy 
(GLBTS) for the virtual elimination of persistent toxic substances in the Great Lakes, setting a precedent for 
cooperation between the two countries in the area of toxic reductions. For the first time, the U.S. and Canada acted 
together to establish specific, quantitative reduction targets for chemical substances. The GLBTS uses pollution 
prevention as the principal tool in achieving results. 
 
Level I substances in the GLBTS include PCBs, mercury, dioxins and furans, five bioaccumulative pesticides 
(chlordane, aldrin/dieldrin, DDT, mirex, and toxaphene), octachlorostyrene, alkyl-lead, hexachlorobenzene, and 
benzo(a)pyrene. The GLBTS establishes reduction targets for the Level I Substances, and progress in meeting these 
targets is tracked. Management of Level II Substances, undertaken through pollution prevention activities and in 
compliance with the laws and policies of each country, will be at the discretion of the various stakeholders of the 
GLBTS. 
 
The GLBTS implementation emphasizes voluntary approaches and is carried out in a flexible, participatory, and action-
oriented manner. Progress on GLBTS implementation is ongoing. During the first three years of implementation, under 
a mercury reduction challenge, the chlorine industrial sector reduced consumption of mercury by 42% (on a production 
adjusted basis). A number of key partnerships have also been initiated with the health care sector and the iron and steel 
sector to explore other toxics reduction and pollution prevention opportunities. 
 
Key Objectives: 
• By 2006, achieve all challenge goals of the GLBTS, making measurable and reportable progress, particularly: 

- A 90% reduction nationally of high level PCBs (greater than 500 ppm) used in electrical equipment.  
- A 50% reduction nationally in the deliberate use and a 50% reduction nationally in the release of mercury from 

sources resulting from human activity.  
- A 75% reduction nationally in total releases of dioxins and furans from sources resulting from human activity.  

  
Key Actions: 
• By 2006, create ten additional voluntary partnerships with sources that use or release persistent toxic substances. 
• Continue to initiate pesticide Clean Sweep programs in the Basin to promote the safe disposal and elimination of 

toxic substances. 
• By 2003, investigate the contribution of backyard refuse burning to total releases of dioxins and furans and if 

appropriate, initiate state and local programs to provide affordable local alternatives to backyard refuse burning. 
• By 2007, evaluate the implementation of the GLBTS and develop a process to renew commitments and challenges. 
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Addressing Impacts from Air Deposition 
 
Great Lakes researchers have collected a convincing amount of data demonstrating that toxic pollutants emitted into the 
atmosphere are being deposited directly into the Great Lakes, or deposited into inland ecosystems with subsequent 
transport to the Great Lakes by tributary flows and other processes. Furthermore, toxic air pollutants may be transported 
short or long distances from their original sources, and some chemicals are transported atmospherically on a global 
scale. The Lake Michigan Mass Balance Study (LMMB), which focuses on four chemicals that are representative of 
classes of pollutants in the Great Lakes (PCBs, trans-nonachlor, atrazine, and mercury), estimates that 1600 pounds of 
mercury and 3400 pounds of PCBs are deposited into Lake Michigan every year. Fish consumption advisories remain in 
effect in the Great Lakes for mercury, PCBs, and other pollutants, and atmospheric deposition is known to be a major 
contributor of these substances. 
 
Under the Clean Air Act (CAA), USEPA has been working to reduce emissions of toxic pollutants through regulatory 
and non-regulatory methods. Under the Maximum Available Control Technology (MACT) program, USEPA is using a 
performance-based approach to controlling toxic air pollutants. Since 1993, MACT standards have been developed by 
USEPA for over 80 source categories, with additional source categories still under development. 
 
Regulations for large municipal waste combustors that have recently been fully implemented and regulations for 
medical waste and small municipal waste incinerators that will be implemented in 2002 and 2005, respectively, will 
greatly reduce mercury and dioxin emissions from these sources. 
 
State agencies and USEPA have also developed voluntary partnerships and agreements with facilities to reduce their 
toxics use, including steel mills, hospitals, schools, automobile manufacturers, dairy farms and dental offices. 
 
In response to the mounting evidence of air deposition pollution to water bodies, Congress included the Great Waters 
program (section 112(m)) in the 1990 Clean Air Act Amendments. This program requires USEPA, in cooperation with 
the National Oceanic and Atmospheric Administration (NOAA), to investigate the air deposition of toxic air pollutants 
to the Great Lakes and other water bodies by establishing sampling networks, investigating sources, assessing the 
contribution of air deposition to water quality violations, and determining if the current Clean Air Act provisions are 
sufficient to prevent serious adverse effects to public health and the environment. 
 
Since 1990, the Integrated Atmospheric Deposition Network (IADN) has monitored deposition rates of priority air toxic 
pollutants to the Great Lakes. In addition, the eight Great Lakes States, the Province of Ontario, and the Great Lakes 
Commission have developed the Great Lakes Regional Air Toxics Emissions Inventory and Regional Air Pollutant 
Inventory Development System (RAPIDS) to create the best available toxics emission estimates from all sources (point, 
area, and mobile) for regional modeling efforts. 
 
Working together, USEPA, NOAA, States, and Tribes will continue to support efforts to monitor, characterize, model, 
and quantify emissions sources of toxics in the Great Lakes Region. We will work to reduce international emissions and 
support models that define the relationship between air pollutant sources and the effects of pollutants deposited on the 
Great Lakes. This information will guide regulatory and non-regulatory programs that work to eliminate the impacts of 
air toxic deposition and the risks of air toxics to both humans and the Great Lakes Ecosystem. 
 
Key Objectives: 
• Through the implementation of MACT standards promulgated in September 1997, achieve at least a 90% reduction 

in mercury and dioxin emissions from 1996 baselines from medical waste incinerators. 
 
Key Actions: 
• Implement the Clean Air Act provisions, including MACT standards, and commit to strong enforcement of these 

standards by USEPA and State Agencies. 
• USEPA is committed to reducing emissions of mercury from coal-fired utilities through a nationwide cap and trade 

program. This program has been announced by the President and is currently under consideration by Congress. 
• Adopt and implement emissions standards covering source categories accounting for 90% of the emissions of 30 

identified urban air toxic pollutants. 
• Establish national measures which enable State, Tribal, and local agencies to develop strong and flexible programs 

to reduce air toxics. 
• Conduct periodic asessments of air quality, exposure and estimated risks from toxics for urban areas in the Great 

Lakes Region and provide information to the public. 
• The State of Wisconsin will propose regulations to reduce atmospheric mercury emissions from major electric 

utilities by 90% within 15 years after promulgation. 
• Consistent with its statutory goal, Minnesota will reduce statewide mercury releases to air by at least 70% by 2005, 

compared to 1990 levels. 
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• Support the expansion of state and tribal monitoring efforts related to air toxic deposition, particularly for PBTs 
which support legislation and policy efforts. Support the efforts of Tribes in the Great Lakes Basin in the 
development of Tribal Implementation Plans (TIPs) to address adverse environmental impacts resulting from air 
deposition. 

• Integrate IADN with new regional, national, and international monitoring efforts and report on the deposition of 
PBTs. Add mercury deposition monitoring to at least one U.S. IADN station and evaluate the feasibility and cost of 
adding additional chemicals of concern to the network, as appropriate. Evaluate the expansion of the IADN 
network to include new urban sites in order to determine urban sources and evaluate current and future regulations. 

• Expand and improve the Great Lakes Regional Air Toxics Emissions Inventory and RAPIDS to support analyses of 
emission trends. Make special efforts to focus on PBTs of concern to the Great Lakes including an in-depth quality 
assurance effort. 

• Study the relationship between the Great Lakes Regional Air Toxics Emissions Inventory and atmospheric 
deposition monitoring data. Work to better understand source/receptor relationships and improve inventory and 
modeling techniques to better characterize emissions and forecast deposition, and support future efforts to resolve 
these issues. 

• Promote the Urban Air Toxics Strategy on the Federal, State, and Tribal level. Commit to further defining air toxics 
risks to the Great Lakes Basin's residents and ecosystems by conducting multi-pathway risk studies and community 
assessments. Assure that the residual risk (112(f)) program addresses atmospheric deposition concerns of PBTs, 
including evaluation of emissions, impacts, and multiple exposure pathways. 

  
Achieving Out-Of-Basin Toxics Reductions 
 
A major challenge for the Great Lakes is to address persistent toxic pollutants on a national, international, and global 
scale. These pollutants easily transfer among air, land and water and travel across vast geographic boundaries. 
Recognizing the need to achieve out-of-basin toxics reductions, the GLBTS is closely coordinated with other domestic 
and international programs. The national multi-media PBT Program is focused on reductions for the same set of 
pollutants, and the efforts of the GLBTS chemical-specific workgroups have supported the development of the PBT 
Program national action plans. The GLBTS also is coordinated with USEPA's Office of International Affairs to support 
international efforts, such as the Persistent Organic Pollutants and Heavy Metals Protocols under the United Nations' 
Economic Commission for Europe's Convention (UNECE) on Long Range Transboundary Air Pollution (LRTAP), the 
Stockholm Convention on Persistent Organic Pollutants, and the North American Commission for Environmental 
Cooperation (CEC) Sound Management of Chemicals Program. Under the latter program, North American Regional 
Action Plans (NARAPs) have been developed for a number of chemicals. These efforts work toward international 
voluntary activities and legally-binding agreements resulting in reductions of persistent toxic substances. 
 
Key Actions: 
• Continue to support and coordinate with national initiatives that will reduce or eliminate out-of-basin inputs of 

toxics to the Great Lakes, including the PBT Program. 
• Work within international forums to reduce air toxics from sources outside the Great Lakes Basin. Actively 

participate in international efforts which focus on air toxic reductions such as the 1998 Persistent Organic 
Pollutants Protocol of the UNECE LRTAP Convention and the CEC Sound Management of Chemicals Program. 
Support actions in the CEC's NARAP for mercury. 

  
Cleaning Up Past Contamination: Sediments 
 
Due to the highly industrialized nature of many harbors and tributaries on the Great Lakes, these areas have historically 
received inputs of chemical pollutants which have concentrated in the bottom sediments. Although discharges of 
persistent toxic substances to the Great Lakes have been reduced in the last three decades, high concentrations of 
contaminants remaining in the bottom sediments of many rivers and harbors have raised considerable concern about 
risks to aquatic organisms, wildlife and humans. Exposure to contaminated sediment may impact aquatic life through 
the development of cancerous tumors, loss of suitable habitat, and toxicity to fish and benthic organisms. Exposure also 
impacts wildlife and human health by the bioaccumulation of toxic substances through the food chain. Contaminated 
sediments are one of the major causes of fish consumption advisories that are in place at many locations around the 
Great Lakes. There are economic consequences to contaminated sediments as well. They can prevent or delay the 
dredging in navigational channels and recreational ports, require additional costs for removal and management, and 
impose other costs to waterborne commerce and local recreational economies. 
 
Annexes 14 (Contaminated Sediments) and 2 (Remedial Action Plans) of the GLWQA focus on specific activities that 
should be undertaken to address Beneficial Use Impairments related to contaminated sediments. In addition, the GLBTS 
calls for action to address PBTs present in Great Lakes sediment. The Great Lakes agencies have completed or are 
currently addressing the remediation of over three million cubic yards of contaminated sediments in the Basin, at an 
estimated cost of over two hundred million dollars. These actions are principally within the AOCs. Unfortunately, this 
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work represents only a fraction of the total effort necessary to fully remediate contaminated sediments in the Great 
Lakes. Progress in cleaning up contaminated sediments and restoring the associated beneficial uses has been slow since 
the GLWQA was signed, and only one of the 43 AOCs has been delisted to date (Collingwood Harbour, Ontario, 
Canada). 
 
The International Joint Commission's Water Quality Board prepared a document in 1997 entitled, "Overcoming 
Obstacles to Sediment Remediation in the Great Lakes Basin.” The IJC report summarized major obstacles to sediment 
remediation, and grouped them into the following six categories: limited funding and resources; regulatory complexity; 
lack of a decision-making framework; limited corporate involvement; insufficient research and technology 
development; and limited public and local support. Successfully addressing the contaminated sediment problem will 
necessitate overcoming these obstacles. 
 
In recent years, Congress has enacted legislation giving the U.S. Army Corps of Engineers (USACE) authority to 
support States, local governments, and Tribes responsible for addressing contaminated sediment problems, including: 1) 
technical support for Remedial Action Planning, 2) removal and remediation of contaminated sediments from areas 
outside Federal navigation channels, and 3) development and demonstration of promising remediation technologies. 
Federal, State, and Tribal regulatory and trustee agencies will continue to address contaminated sediments through their 
respective enforcement authorities and also through innovative approaches and Federal/State/private partnerships. 
These agencies will coordinate complementary Federal and State authorities, to leverage government and private 
resources to address the contaminated sediment problem and its sources. 
 
Including the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund), 
Resource Conservation and Recovery Act (RCRA), Clean Water Act (CWA), Toxic Substances Control Act (TSCA), 
and the Oil Pollution Act (OPA). 
 
Key Objectives: 
• Accelerate the pace of contaminated sediment remediation, working to overcome barriers to progress identified at 

each site. Bring together complementary Federal and State authorities, and/or government and private resources to 
address the contaminated sediment problem and its source, so that: 
- Beginning in 2002, initiate three remedial action starts each year.  
- Beginning in 2004, complete three sediment remedial actions per year until all known sites in the Basin are 

addressed.  
- Complete the clean up of all known sites in the Basin by 2025. 
 

Key Actions: 
• Restore the beneficial uses impaired by sediment contamination in AOCs, as a critical step toward their delisting. 

Monitor before, during, and after sediment remediation to assess and document remedy effectiveness. 
• Beginning in 2002, track and report on an annual basis the number of sediment remediation project starts and 

completions in the Great Lakes. 
• By 2004, each State member of the U.S. Policy Committee, working with USEPA, USACE, NOAA, and the U.S. 

Fish and Wildlife Service (USFWS), will develop an integrated list of sites for remedial and restoration activities, 
with estimated costs and schedules. These lists will be updated biennially. USEPA will maintain this 
comprehensive list of known contaminated sediment sites in the Great Lakes, including, but not limited to AOCs, 
that will help to inform the Great Lakes community on the location and magnitude of remaining sediment 
contamination that could require remedial and restoration actions. 

• Develop and implement a collaborative outreach strategy to promote greater public awareness of contaminated 
sediments issues and enhance public involvement in the remedial decision-making process early and often. 

• Engage in a dialogue with regional industrial and manufacturing groups to promote greater corporate participation 
in contaminated sediment remediation. 

  
Promoting the Safe Consumption of Great Lakes Fish and Wildlife 
 
Many North Americans enjoy fishing and hunting in the Great Lakes Basin, and many residents earn their livelihood 
from these activities. Unfortunately, a variety of persistent toxic substances circulate within the Great Lakes 
environment and bioaccumulate in animal tissues. Several studies of Great Lakes fish consumers have shown that long-
term exposures can cause chronic health effects and pose a special risk to fetuses, children, women of child-bearing age, 
and those who extensively fish for food. Contaminant levels and resulting exposures due to wildlife consumption have 
received less intensive study. 
 
The use of consumption advisories is an interim measure to reduce exposure by promoting the safe consumption of fish 
and wildlife. All the Great Lakes and their connecting channels are currently under a fish advisory, mainly due to PCBs, 
although dioxin and chlordane also cause advisories. In addition, several States have state-wide mercury advisories for 
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their inland waters. Unfortunately, surveys have revealed that a large portion of the subsistence and sport fish 
consuming public is unaware of these advisories. 
 
Based on our current understanding of how these chemicals circulate in the environment, it is expected that advisories 
will be in place for several decades. However, cleaning up contaminated sediments and reducing new loadings of toxic 
substances would significantly shorten this time frame. There is also a concern that invasive species can potentially 
redistribute pollutants in the food web. The long-term goal is to ensure that all Great Lakes fish and wildlife are safe to 
eat without restriction. 
 
Key Objectives: 
• Implement actions identified throughout this Strategy, particularly in the Contaminated Sediments and Air 

Deposition sections, to reduce exposure to toxic substances from the consumption of contaminated fish and 
wildlife. As an indicator of progress toward the reduction of toxic substances in native, top-level predators, 
concentrations of PCBs in whole lake trout and walleye samples will decline by 25% in the period from 2000 to 
2007. 

 
Key Actions: 
• ATSDR, State health and environmental agencies, Tribes, and USEPA will continue to improve their 

understanding of exposure and health risks associated with the consumption of contaminated fish and wildlife. 
Enhanced communications will be provided to the public, including at-risk populations, about the importance of 
following existing fish and wildlife advisories. 

• USEPA will report every two years on concentrations of key pollutants (PCBs, chlordane, and mercury) in coho 
and chinook fillets, as well as whole lake trout and walleye. Consideration will be given to monitoring and 
reporting of other chemicals of potential health concern, such as chlorinated napthalenes, polybrominated diphenyl 
ethers, and toxaphene, as part of a long term trend monitoring program. 

• Evaluate the result of surveys sponsored by ATSDR, States, USEPA, Tribes, and academic institutions on the 
effectiveness of fish advisories and develop improved systems for communicating information to high-risk 
communities, including non-English speaking minorities and sensitive populations. 

• ATSDR, USEPA, State and Tribal health agencies will pursue further research in the area of mercury exposure 
from fish and wildlife consumption. 

• Federal, State, and Tribes will support the work of the LaMPs and any Great Lakes human health committees by 
providing information on contaminants and fish and wildlife consumption advisories. 

• Federal, State, and Tribes will provide data from their fish tissue sampling programs to the Great Lakes Fishery 
Commission for inclusion in the Commission's State of the Lake reports, which are issued on a rotating basis for 
each Lake every five years. 

• States, USEPA, and Tribes will explore contaminant levels and exposures from the consumption of wildlife and 
native foods. 
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Annex 13. Synthesis of discussions about Baltic Sea dioxin risks at meetings in Barcelona, Helsinki and 
Boston  
 
A  Synthesis of working group discussions at the Workshop on Dioxins in Baltic Sea fish - Scientific basis 
and information needs of assessment and management, Helsinki, 12.-13.6.2003, held within the Nordic 
Council of Ministers project on Risk assessment and management strategies for dioxins in Baltic Sea fish  
 
Timo Assmuth and Mikael Hildén, Finnish Environment Institute (SYKE)  
 
Work process 
 

The workshop included two sections of group work, the first on risk assessment and the second on risk management. 
Groups were formed so as to represent as broadly as possible the expertise and backgrounds of the participants (see 
attached List of participants). All groups received the following general questions: 
• What information is being and has been used for assessing/managing dioxins in Baltic Sea systems and in 

closely related areas 
• What information is needed for such assessments/management, regarding also their contexts, and how could it 

be produced efficiently 
 
For risk management, also a framing and structuring question was posed:  
• Which are the relevant management decisions related to Baltic Sea fish dioxins in the various connections and 

what are their specific information needs  
 
As further guidance, areas of risk assessment and risk management were defined to address the above questions in 
more specific terms. In addition, background materials were produced for the groups. 
   
The following summaries of working group results were produced on the basis of group reports given and discussed 
in plenary sessions. From some groups, additional notes of discussions were also available.   

 
Risk assessment: key issues where needs for additional information and knowledge were identified by the 
working groups  
 
Agents/substances 

• A more comprehensive database is to be gathered on available information using standardized principles and 
approaches for the collection, analysis and presenting of data; congener specific data is especially important for 
informative risk presentation 

• The data should give geographical distributions and eventually also be useful for identifying trends (requires 
standard measures for sampling and analysis and information on uncertainties) 

• Banking of feed and food jointly and systematically would give a better basis for future work 
• In addition to PCDD/Fs and dioxin-like PCBs, assessments should increasingly cover other substances with 

dioxin-like properties such as PCNs, brominated dioxins and biphenyls, and PAHs; this can be coupled with use 
of  bio-analytical methods, with the important added value of identifying more compounds with dioxin toxicity    

 
Sources and fluxes 

• Generally seen to be the key issue 
• There should be better scanning and analyses of both primary and secondary sources and their geographical 

distributions (including the Baltic Sea catchment); this should also include scanning of potential sources 
• There is a pronounced need for improved understanding of dioxin fluxes and budgets especially for scenarios 

and for modeling and confirmation of changes e.g. in relation to abatement actions, as well as for focusing such 
and other actions (including studies, monitoring and assessment) 

• Comprehensive assessments are needed of alternative actions, e.g. fishing to reduce dioxin exposures  
 
Intakes and exposures 

• There is a need for more comprehensive analyses of dietary baskets, better data harmonization and more 
disaggregated data (congener specific e.g.) 

• There is a need for analyses of distributions, extreme values and variability (time. location) in intakes  
• More comprehensive analyses of intakes of heavily exposed and particularly sensitive groups should be carried 

out, including improved markers of exposure and susceptibility  
• There is a need for analyses of links between exposures and body burdens taking into account e.g. physiological 

processes  
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Effects and toxicity 
• Broader examinations of potential complex effects on human and ecosystem, community and individual species 

should be carried out; there is a particular need for studies on immune and neurodevelopmental effects from 
perinatal exposures using field, in vivo and mechanistic information combined with dose metrics 

• There should be critical examinations of the relationship between analyses of mixtures in epidemiological 
studies and experimental studies based on single components, also beyond standard TEF approaches   

• There is a need for studies of different factors, including physiological, genetic and others, contributing to 
variations in effects and for analysis of causative processes 

• There is a need for additional studies of balances between benefits and adverse effects of exposures to dioxins 
in fatty Baltic Sea fish 

 
Uncertainties 

• Need for more systematic scans of major and minor uncertainties 
• Trends: difficult to determine, need banking for verification. Data variability and skewed distributions 
• Intakes: variability associated also with diets of particular groups 
• Effects: mechanisms and dose-responses for subtle developmental effects (including neurotoxicity, 

immunotoxicity abd developmental reproductive)  
• Physiological characteristics affecting critical tissue doses and effects at individual and species level 
• Significance of different risks: burden of proof, likelihood, magnitude and severity of effects 
• Socio-psychological effects of risk assessments: what interpretations ar made, how is information 

communicated and conveyed in a balanced way (cf. Risk management) 
 
Risk management – Key issues where needs of additional information and knowledge were identified by the 
working groups  
 
Principles 

• It is important to note differences between short and long term measures although they can and will be applied 
jointly 

• The precautionary principle is to be operationalised, which requires e.g. balancing conflicting risk information, 
risks and benefits as well as choosing between additional research and immediate management action  

• In defining risk acceptability e.g. with respect to permissible use of fish, identification is needed of organisms 
and risk groups (particularly exposed/sensitive, e.g. females, fetuses) and specifications will have to be 
developed accordingly 

• Reasonability and achievability of goals is to be considered (cf. strategies and measures) 
• The polluter pays principle is in principle desirable but presents difficulties e.g. in managing old emissions and 

secondary sources. It may however be applied partly through producer liability schemes and in compliance 
monitoring 

• Emphasis on producer responsibility can reduce emissions from new products  
 
Strategies and measures (technical and institutional) 

• Strategies will have to include measures for both long term goals (e.g. those requiring innovation; those 
reducing risks after lags) and short term goals (e.g. by 2006 or immediate measures based on dioxin levels in 
food) 

• A variety of measures is available at all stages of risk management and include (cf. Figure):  
o risk prevention (e.g. by precursor control)  
o emission reduction to selective fishing and fish processing,  
o food and feed quality regulations (e.g. EU-style)  
o food advisories  
o risk compensation and insurance for those suffering from management measures 

• The interactions of strategies are important to explore; e.g., well-functioning food advisories may reduce the 
need for reliance on dioxin action levels and market controls; on the other hand, both of these strategies may be 
compatible with much of prevention and emission control or fishing measures 

• In designing and implementing management strategies, opportunities for risk reduction should be examined 
(e.g., measures which do not cost much or will be set in also for other reasons) 

• Primary emission reduction and prevention has proceeded to a pipeline applying BATs; the relative weight of 
diffuse and secondary sources increases but their control is more difficult, requiring also basic studies on 
sources 

• Important institutional measures include improved coordination and utilization of existing institutions for 
delivering basic information and public discussion on strategies 
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Effectiveness, efficiency, costs, risks and benefits of strategies 
• Adequate analysis of sources, fluxes and levels is a key to the evaluation of the effectiveness of managements 

strategies 
• Beside monitoring emissions and levels in the environment, information is needed of management strategies 

and specific measures 
• Different types of measures should be systematically evaluated, e.g. food advisories have not been evaluated in 

detail 
• In evaluating measures, a broad assessment is needed accounting e.g. for indirect effects of measures, time 

scales of these effects, and synergies or competition between different management areas and measures 
• The assessment of impacts in terms of ecological effects is particularly challenging and requires e.g. detailed 

spatial resolution 
• The possibility of using cost-efficiency analyses for allocating management measures and resources could be 

explored  
• Risk-benefit analyses are increasingly advocated for sufficiently broad views of impacts, but they will have to 

be developed for adequate consideration of e.g. qualitative aspects 
• Comparability/commensurability of end points has to be defined e.g. in relation to derogations 

 
Participation 

• Ways and means of ensuring broad participation of stakeholders, including participation across (national and 
sectorial) borders have to be identified and developed  

   
Risk communication and social implications 

• There is a need to develop risk communication in order to achieve balanced reporting of risks and findings. 
Broad assessments of management measures already undertaken can provide necessary information and 
understanding 

• Effects of information e.g. by food advisories have to be studied and followed up to ensure effectiveness using 
communication and behavioral studies 

• Different socio-cultural functions of fishing are to be taken into account (professional and recreational) in 
assessing management measures 

• The role of fish eating habits in influencing risks and the effects of risk perceptions on fish eating can be 
explored 

 
Uncertainty and measurability of management strategies 

• Different types of uncertainty (data, model, decision) affect prediction and verification of management 
measures and should be systematically examined  

• Evaluation of the implications of uncertainties will have to be made in formulating management policies; 
essentially this will require resolving how  precautionary and evidence based management are related   

• Uncertainty is inherent in all risk criteria (based on safety factors) 
• There is a great need for rapid, sensitive and selective, and cost-effective measurement techniques 
• Models of various kinds should be developed to complement and guide measurements, and vice versa 
• Specific approaches to measuring effects should be developed to deal adequately with special groups, species, 

ecosystems etc 
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B  Analysis of the discourse about dioxin risks at the workshop on Dioxins in Baltic Sea fish - Scientific 
basis and information needs of assessment and management, Helsinki, 12.-13.6.2003 
 
1  Background 
 

There is general agreement on the multitude of risk concepts and attributes attached to it. The judgment of the 
tolerability of a risk is thus largely determined by a range of risk attributes, in addition to the magnitude of the 
risk in quantitative terms. Although experts are used to defining risk e.g. as a one-dimensional probability of 
harm or consequence, risks as discussed by lay persons often include other attributes like controllability, 
familiarity, unfairness or involuntariness, and dreadfulness or symbolic meaning of the effect. These lines of 
perceiving, framing and defining risks are however not wholly separate and clearly distinguishable: the 
magnitude of risk may and often does include attributes such as the population under risk, the time span 
considered, the relation to background risk, and the severity of the effect e.g. in terms of health outcomes.  
 
Many studies have aimed at finding out what aspects explain most of the variances of perceived risk (e.g., Cross 
1998, Sjöberg 1996, Sjöberg 2000). Yet, there is no agreement on the importance of different risk factors 
(Sjöberg 1999) and it is obvious that these are context-specific as well as having subjective, political and ethical 
character. For example, in a study of perceptions of risks associated with food hazards it was found out that the 
relationships between worry and risk perception can be different for different types of food-related risks (Rosati 
and Saba 2004). Likewise, people are willing to suffer harm if they feel it is justified or if it serves other goals.  
 
In the same way, international cooperation is affected by decision makers' risk perceptions. For instance, data 
analysis from participants' surveys in a negotiation between Sweden and Finland to restrict emissions of 
organochlorides from the sulfate pulp and paper mills indicated that Swedes and Finns possessed significantly 
different views about the level of environmental hazard posed by kraft mill-generated organochlorides (Auer 
1997). The author concluded that risk perception is complex and that simple remedies, including "educating" 
decision-makers about relevant scientific evidence, are not necessarily the best means for harmonizing nations' 
concern for the environment. Cultural differences were also assumed to have influenced the agenda-setting 
process of pulp mill dioxins in Canada and United States (Harrison and Hoberg 1991). 
 
A review (Tait et al. 2001) of people's values and attitudes towards chemicals and their effects on humans and 
the natural environment found that there are relatively few independently researched studies on people's values 
in relation to chemicals in the literature. Studies dealing with attitudes towards the chemical industry or to 
scientists, or attitudes to or understanding of science in general, were more numerous than those dealing with 
relevant chemicals. Specific studies on dioxin risks and how they are perceived by lay people were not found.  
 
There are different approach to studying perceptions of risks. The psychometric approach is often used to study 
individual perceotions whereas a more socio-cultural approach is used to study differing perceptions between 
groups and institutions, and perception as a socially conditioned process in turn affecting society. Also the issues 
studied are usually in two categories. These are the possible gap in laymen and expert perception and the 
differing perceptions within expert communities. The dichotomy between expert and lay understanding is often 
interpreted as a distinction between "actual" and "perceived" risk. The validity of this dichotomy has been 
questioned by the qualitative social and political analyses of risk perceptions suggesting that all perceptions of 
risk, whether lay or expert, represent patial or selective views (Jasanoff 1998, Sjöberg 1999); it has also been 
stated that the gap between experts and the public has been transformed into numerous gaps among experts and 
among publics (Fischoff 1996). However, to structure the discussion on the perceptions, laymen and expert 
views may be divided; this can be adequate considering the impact of these perceptions on knowledge 
production, policy processes and outcomes. While it is apparent that experts influence policy, the publics have 
more indirect impact, usually without direct access to policy-making.  
 

2  Methodology  
 
To analyze different regulatory and scientific dimensions in communication, face-to-face conversation of experts 
on Baltic dioxin problem the speech on expert workshop on Dioxins in Baltic Sea fish12 was recorded. The 
discourses presented in this chapter are produced by different communities of practice (the environmental 
authorities, fisheries authorities, and public health and food health authorities, different scientific communities), 
but their interests are not specified as interests of stakeholders. As the NGO representatives were not present at 
the workshop, their positions are presented in a separate chapter on other stakeholders (X.3).  

                                                 
12 Workshop "Dioxins in Baltic Sea fish - Scientific basis and information needs of risk assessment and management", 
Finnish Environment Institute, Helsinki, 12-13th June 2003. 
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3  Baltic Sea fish and dioxin issue in the expert communication 
3.1 Fish in human nutrition 
 

The dominant theme on dioxins is and has been the issue of health. Traditionally, risk assessment of dioxins has 
developed from carcinogenic effects in the USA, and from reproductive and developmental effects in Europe 
and WHO. As the main pathway of human exposure to dioxins is via food, the limit or target value for human 
intake has been a main tool for deciding the acceptable risk. Particularly animal fat in meat, dairy products, and 
fish are the sources of dioxins. All these products function e.g. as a source of protein and energy, but the other 
nutritional benefits of fish complicate the assessment of dioxins risk. This is particularly important in the case of 
Baltic Sea also with regard to the relative importance of different food categories as dioxin sources, as a higher 
share of the total intake comes from fish than in most other European countries (e.g., over 80 % in of the mean 
total intake of WHO-TEQs in Finland, cf. chapter 3), due to both the relatively high contamination of fish 
especially in the Baltic but also to the relative cleanness of other food items.  
 
There is considerable evidence that fish and fish oils are beneficial e.g. to health of a heart (cf. 4). When the limit 
value of dioxin is not exceeded, the fish is healthy source of nutrition in many ways. If the limit value is 
exceeded, there are potential harmful effects from dioxins, but the health benefits of fish oil remain. Agreeing on 
the significance of these impacts is complicated when discussing the effects of fish in nutrition, as the risks and 
benefits are distributed among different population groups. The possible developmental, immunotoxic and many 
other chronic health effects are imposed on fetuses, infants and young children whereas the cardio-vascular 
effects may predominantly benefit older people.  
 
Perception and assessment of the risk-benefit relations in human nutrition are further complicated by the fact that 
other fish than fatty Baltic Sea fish have also health benefits of varying kinds and degrees (cf. 4), and that 
healthy alternatives to fatty Baltic Sea fish may moreover include the use of clean fish oil products and diets that 
are lower on all animal fats. That is, decreased herring consumption may not have to automatically and 
uniformly cause a switch to unhealthy diets but may instead prompt other diets including more vegetarian diets 
with other fat, protein and energy sources (cf. 8 and 9). Given such complex factors and relationships and the 
possibility of multiple solutions and outcomes within human health, the perceived and actual (that is, practically 
realized) benefits from herring and other fatty Baltic Sea fish would also depend on other impacts of fish and 
fisheries, such as socio-economic and cultural benefits and technological benefits e.g. through sustained capacity 
for fish stock and dioxin cycling management.          
 
The nature of dioxins as a boundary object is crystallized in the debate over limit values. Among their 
constitutive assumptions, first of all those related to dose-response curves are seen as problematic. If they are 
believed to be linear, the effects are clear, but there is some disbelief on its validity. Thu,s there is a need to 
specify on what harmful effects the risk is calculated. The TDI set by the WHO has descended as earlier the limit 
based on carcinogenic effects includes now also considerations on developmental and immunological effects. 
 
Other important and problematic factors in deriving limit values include assumptions concerning mixture effects 
(additive or not) of the various congeners, their pharmacokinetics and fate in receptor organisms, and the 
relationships between intake limits and other limit values such as fish concentration limits (see 5.5 and 8); all of 
these involve a significant but variable dimension of risk perception that can not be reduced to indisputable facts 
only. Most importantly in connection with risk perception, the limit values depend on safety factors due 
especially to extrapolations and conversions across effect types and measures, species, tissues, individuals, 
doses, exposure routes and durations, and on associated criteria set for the relevance, quality and weight of 
evidence.  
 
Decisions on these risk and safety factors are always largely based on policy and pragmatic considerations and 
conventions, and cannot be claimed to be solely 'scientific' as is sometimes done in an attempt to boost their (and 
one's own) credibility. The overall stance and specific positions adopted toward such safety factors 
fundamentally reflect perceptions and beliefs of justified precaution; they also reflect one's personal 
backgrounds, affiliations and interests, as well as (still more transiently) the situation where the position is 
formulated. This may be systematized and agreed upon in a process of consensus building, even made objective 
and rational in some sense and to some degree. For instance, beliefs of experts and actors may be solicited, 
analyzed and then discussed systematically regarding what limit values are desirable and achievable, and further 
incorporated in the policy and decision making process. However, the preferences and choices are also based on 
necessarily variable, ambiguous and subjective world-views and internalized values, as well as on 'feel', even 
emotions, which should not be denied or concealed but instead explicated.   
 
The other category and factor (and exposure assessment stage) incorporated in the limit value for fish dioxin 
contents is the consumption of fish among different population groups, that is the fish intake. This is still less 
fully and transparently explicated than are the foundations for dioxin intake limits, e.g. tolerable daily intakes 
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(TDI's). While TDI's only regard the amount of dioxins entering a unit body weight during an averaging time 
unit, from whatever source, in reality there is variation and fragmentation between countries and other 
geographical areas, between age groups and sexes, between occupations and between other population segments 
both in the amount and variety of fish consumed and in other dietary items of high dioxin contents. In the Baltic 
Sea case, e.g. fishers and their families are considered as high fish-consuming subgroups. In addition, within all 
such groups of differing herring and fish consumption (and other dietary patterns), there is individual variation in 
both exposures, e.g. due to variable dioxin absorption, and in effects due to variable overall susceptibility. This 
produces a compound variation in the level of cumulative dioxin intake, internal exposure and risk (and even in 
the level of benefit from fish).  
 
Because of such variations between and within groups, the limit value of dioxins in fish that is estimated and 
perceived as healthy for some group of people can be radically different from that perceived and estimated as 
healthy to others. It also follows that a limit value that is estimated, demonstrated and perceived as safe for 
everyone (also highest consumers of herring and other dioxin-rich food items, including breast-fed infants of 
these consumers, and persons who simultaneously have greatest susceptibility) may be unattainable in practice at 
least over a considerable period, even with total closure of herring fisheries. It may also be unwise to require 
such a consistently low level of dioxin risk because of the associated loss of benefits from herring or other fish, 
and because of other potential options of risk reduction than those based on fish dioxin levels only (cf. 7, 8).     
 
As the comparison of risks and benefits takes place in the management sphere the disagreement on the effects 
affects also management decisions. It has been seen possible to quantitatively compare the fatal outcomes, e.g. 
cancer and heart attacks, but more difficult to include other less well established effects and benefits, such as 
those related to immune function or vitamin levels into comparison. Even lethal outcomes (of high dioxin and 
low fatty fish intake) are difficult to compare. Difficulties are caused in part by the possibility of interactions 
(e.g. dioxins may also affect cardiac health in some cases) and of other concurrent agents such as methyl 
mercury in fish, by confounding factors, by unclear estimates of the certainty of the competing risk and benefits, 
even by the different perceived significance of avoiding mortality among young and old persons. Finally, the 
comparisons may not be straightforward or meaningful at all if e.g. the risks and benefits are not strictly 
competing, but instead risks may be avoided while at the same time obtaining the benefits from elsewhere, e.g. 
other fish or food. Similar problems are included in other comparative analyses, especially within their 
quantitative dimension, e.g. in cost-benefit analyses.    
 
The discussion is not only concerned with the limit values, as it is not the only problem and approach in dioxin 
risk management. If a democratic decision making system agrees on a certain limit, scientific debate on the 
justification and on the impacts of this decision will continue in different frameworks. Yet, it is to be decided 
what is the appropriate nature of a value set – if it is voluntary with regulatory options, a recommendation, or 
strictly controlled.  
 

"Communicating the risk (from dioxins especially in food) to the public is found difficult. As the dioxin is a 
problem of fatty fishes, only the consumption of fatty fish species should be limited, not of any fish 
indiscriminately. As it is possible that people reduce their fish consumption as a whole despite detailed 
dietary advice, and start eating e.g. sausages and cheaper meats instead, there are potential negative effects 
on the public health from dioxin regulation."  
 
"In order to analyze food advice and how to communicate it to the people, different food habits have to be 
taken into account. Especially fishermen eat their own fish, and we have no data about that. Thus different 
advice is needed for different people, maybe also in the long term on switching their eating habits.  For such 
food advice cooperation across borders is also needed. There is different advice in different countries. We 
have to also harmonize all the advice for eating." 

 
3.2 Fish and ecological risk assessment 
 

The effects of dioxins on the Baltic ecosystem are a less discussed although acknowledged dimension. As the 
limit and action values set by EU are intended to protect human health, there is insufficient knowledge if this 
level will also protect the wildlife. Yet, if the dioxin levels in the Baltic Sea are considered a significant problem 
for human health, also other ecosystem species should be studied and taken into account in risk assessment and 
management. This requires ecotoxicological and comparative toxicological analysis and connects a new 
discipline, ecology, into the discussion on dioxins in the Baltic Sea. 
 
The contamination of the Baltic Sea has been connected to population level effects at higher trophic levels in the 
food chain. From the ecological point of view, it might not make much difference if a fish had a cancer, because 
it does not have a great effect on ecological conditions and processes as such. For wildlife the dioxin levels in the 
environment and in food and the resultant cumulative body burdens should be below the level causing clear and 
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severe population level effects in the wild, e.g. through reproductive, behavioural, immune or other functions 
affecting the population as a whole.  
 
The ecological effects connected to dioxins are generally and qualitatively the same as in humans: reproductive 
and developmental effects, metabolic and related hormonal effects, neuro-behavioural effects and immune 
effects (also the latter largely developmental effects). Ecological effects have been commonly seen as possible 
"early warning" markers for toxicity also in other animals including man, in part because some wild animals are 
more heavily exposed, having e.g. limited food choice, and may also be more sensitive to some effects. These 
markers and species would function as signposts or sentinels informing when something is going wrong. 
Toxicity studies could be used to develop this kind of early warning system.  
The Great Lakes –guidelines were seen as a possible approach to protect marine species in the discussions. 
These specific guidelines are intended to protect bold eagles, mink and otter but not e.g. seals and harbour 
porpoises. Guidelines for marine environment were seen as requirement e.g. to protect marine mammals.  
 

3.3 Fisheries management 
 

While the integration of fisheries and environmental management has not dealt extensively with dioxin and other 
contaminant issues, links between the Baltic dioxin problem and fisheries management are recognized. 
Conventionally fisheries management looks at the state of stocks trying to optimize their yield within the 
constraints of the fishing effort. A reformed EU Common Fisheries Policy emphasizes the ecosystem approach 
that assumes e.g. that one does not examine only one species, e.g. Baltic herring, but looks at the ecosystem at 
large, including species interactions, environmental effects, public health, eutrophication and other such 
processes and entities. In such an approach Baltic Sea dioxin problems and fisheries management have a 
dynamic relationship as they both affect each other. 
 
The relationships between eutrophication and dioxins are important in risk perception and communication, as the 
visible forms of eutrophication such as algal blooms are among the phenomena of the Baltic that arouse most 
public interest and prompt intensive debates. It is noteworthy that also researchers have publicly expressed 
simplistic and carelessly generalizing views of these relationships on the basis of crude mass balance and 
bioaccumulation calculations, and presented misleading conclusions and suggestions for management 
(Hakansson 2003). In effect, it was concluded that as nutrients increase biomasses in the Baltic, they also dilute 
dioxins in fish, implying that, conversely, restriction of eutrophication could be harmful, as dioxin 
concentrations in fish would increase. As pointed out in the ensuing debate by Hildén and Assmuth (2002), such 
pitting of nutrients against dioxins ignores important ecological processes and variations and factors in their 
relationships. Eutrophication can e.g. instead favor other species than herring and its pray. Synergies between 
reductions in nutrient loads and in dioxin risks, including active fisheries management options, are thus also 
conceivable (see below).     
 
The possibilities of fisheries management to address dioxin problem have been discussed more at the levels of 
ideas than as thoroughly thought propositions. According to the ecosystem approach it could be e.g. more 
beneficial to have more effective fishery in the Bothnian Sea in order to remove nutrients from the sea and to 
increase the growth rate of the herring individuals. As the herring gets older it accumulates more dioxins. By 
reducing the number of individuals and increasing the growth rate it could be possible to harvest fish of a lower 
age and dioxin content, while retaining the catch and viable stock structure   
 
Another possibility in linking the fisheries and dioxin risk management is the removal of dioxins from the sea by 
fishing. Such clean-up fishing has been estimated to offer some potential for PCBs removal, and is used in other 
aquatic systems for nutrient control. The cod livers were used as an example of a possibility on a long term to 
fish out some dioxin-like pollutants that accumulate in such tissues. Also other options may be available for 
managing dioxins in Baltic economy fish species within overall fisheries management (cf. 8). 
 

"Strict limit values in fish products have impacts on the commercial fisheries community but also on society 
in general. Angling, for example, is popular around Baltic, and changes in angling are possible in many 
directions. For instance, if commercial salmon fishery is closed down or reduced, then recreational salmon 
fishing will increase. On the other hand, Swedes and Finns fish herring in the archipelago and coastal areas, 
and if it is advised not to eat the herring, that will also affect anglers. Changes in fisheries, in turn, have 
ecological effects on the Baltic." 

 
3.4 Fish as a commercial product  
 

Although there has been only limited regulation of the dioxin content of commercial products such as cosmetic 
products, the idea of fish as a commercial commodity is established in EU regulation. This sets certain standards 
for food sold in the EU market in order to ensure safe products for consumer. Screening of fish products was 
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seen somewhat controversial however, as the certainty of information was doubted. This in turn was seen costly 
to fisheries. Screening and also labeling and marketing regulation and restrictions have also other repercussions 
on fisheries systems and more broadly, including impacts on fish consumption. 
 
Another point of discussion was the future of standards, as dioxins are a constantly evolving group, and also the 
estimations, characterizations and evaluations of their risks as a basis for standards and limit values are changing 
in part in response to new scientific and other (e.g. technical) knowledge and policy deliberation. Inclusion of 
new substances such as dioxin-like PCBs will also change the standards for other commodities.  The impacts of 
this on Baltic Sea fisheries have been seen as uncertain. The planned inclusion of dioxin-like PCBs in particular 
may have a profound implication on both EU food market in general and on Baltic Sea fisheries and fish markets 
in particular, as the share of these compounds of the total WHO-TEQ in Baltic Sea fish is high. More attention 
will then have to be given e.g. to the connections between TDI's and fish limit values and the associated 
cofactors and assumptions, as well as to possibilities to manage the risk by other means as well (cf. 7, 8).    
 
Restricting the Baltic fisheries has impacts on markets as well, as the competing businesses to Baltic fish were 
seen to benefit the sale restriction. 

 
3.5 Fish consumption, dietary advice and risk information 
 

Important questions and issues in this area that were or could be with posterior analysis identified in the expert 
communication include the following, including issues of more generalized nature: 

 
• Who risks are communicated to and with 
• The problem of the clarity of message in dietary advice and other connections 
• Balancing homogeneity with allowance for variation in communication (e.g. 'harmonized advice' vs. flexible 

lines of communication according to the case) 
• Tailored communication to different age groups, genders, professional groups etc 
• Information and communication through different branches and levels of administration, and their 

coordination 
• Taking into account communication with and through different stakeholder groups 
• Utilization of different communication channels and methods (e.g. TV, cf. expert discussions in Barcelona 

Baltic Sea dioxin session)   
• General style in communication (with attention to risks of both alarmist and placating communication) 
• Linkages between risk communication and the whole chain of operations from fishing, fish handling and 

marketing and fish consumption 
• Timing of risk communication 
• Communication of uncertainties 
• Arguments for the EU strategy and, conversely, official justifications for derogations 

 
3.6 Summarizing conclusions  
 

Five diverse discourses on the risk management of dioxin in the Baltic Sea may roughly been identified. While 
four discourses are somehow featuring Baltic fish, one topic is in a more general level of source identification 
and reduction. None of these discourses is strictly opposite or exclusive. 
 
Dioxins as a multi-faceted and controversial subject can be seen as boundary object that brings different 
communities of practice together. In the case of dioxins in Baltic Sea fish, these different communities of 
practice, e.g. human toxicologists, nutrition experts, epidemiologists, ecotoxicologists, ecologists, chemical 
managers and process engineers, fisheries managers, marine protection community, trade policy specialists, 
communication experts and others form together a community of interest. The need to improve the links 
especially between fishery management, environmental management and health management, and limits in their 
compatibility, were recognized by the participants in the project workshop. 
 
People from different communities of practice can use a boundary object as what Chrisman (1999) calls a 
common point of reference for conversations. They can all agree they are talking about dioxins. Different people 
are not actually talking about the same thing however. They attach different meanings to dioxins; for some even 
the definition of the term is vague (e.g. as to the various congeners). People use boundary objects as a means of 
coordination and alignment (Fischer and Reaves 1995). Despite different interpretations, boundary objects serve 
as a means of translations. Boundary objects are plastic enough to adapt to changing needs. And change they do, 
as communities of practice cooperate. Boundary objects are working arrangements, adjusted as needed. They are 
not imposed by one community, nor by appeal to outside standards (Bowker and Star 1999). The boundary 
object must satisfy different concerns simultaneously. 
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Limit values have been a moving target also in dioxin policy and the discussions have been constant on the 
acceptable level of intake. The EU regulation may have introduced a new angle to the traditional discourses on 
the dioxin problem, causing a rupture in the practice as it changed the role of limit value and changed also the 
particular ideas about what authorities should do in response to dioxin pollution, including Baltic fish in 
commercial products to be regulated. This was also noted by the participants of the workshop as the question of 
variation and distributional issues within the EU and the Baltic was recognized as a political matter. A deeper 
understanding of risk acceptability and of what goals (and implicitly what measures) are being accepted was 
demanded. In recent years there has been an increasing interest in more deliberative methods of incorporating 
public concerns into risk related decision-making. What this could be in the context of Baltic fish and dioxins is 
constrained by the present structures of debates and decision-making. It also requires a preliminary 
understanding of possible public concerns and their grounds. 
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C. Summary report of the informal meeting on Baltic Sea during the Dioxin 2002 symposium in Barcelona, 
14.8.2002 
 
11.10.2002  
Timo Assmuth, SYKE (Finnish Environment Institute), convener and reporter of the meeting 
  
1. Background and objectives  
 

Some of the background for the meeting was related in short (e.g. the Nordic Council of Ministers project on 
risk assessment and management strategies for dioxins in Baltic Sea fish) by the convener. Suggestions for 
points to be taken up were made, but there was no formal agenda for this ad-hoc meeting; free exchange of 
information and thoughts was encouraged, as the idea was not to cover the whole field in a structured manner 
or to solicit common positions.  

 
2. Key points mentioned in the discussions 
 

 The definition of the scope of the Baltic Sea dioxin issues and activities requires attention, e.g. in terms of 
agents addressed (what dioxin-like compounds are included), targets (humans and others), impacts 
(toxicological of various kinds, and others), geographical dimensions (Baltic Sea in relation to its catchment 
and long-range transport areas), jurisdictional entities (regions, member and other national states, EU, other 
international entities), and policy areas (e.g., environmental, health, food, fisheries).  

 
 Reference was particularly made to the potential problems caused by other dioxin-like compounds than 

2,3,7,8-chlorinated dibenzo-p-dioxins and –furans. 
 
 Monitoring of dioxins in emissions, in immissions (deposition) and in key compartments such as fish and 

sediments should be improved. There are needs for building on previous activities, e.g. within specimen 
banks, and also for additional and integrated monitoring e.g. of new compounds, matrices and species. It 
was pointed out that cooperation is increasing e.g. on monitoring of reference levels, that many bodies are 
involved also internationally in dioxin monitoring within various sectors such as environmental protection 
(e.g. under the POPs Convention), fisheries, food and health surveillance, and that duplicate work is to be 
avoided. It was mentioned that performing or coordinating monitoring activities lies outside the scope of the 
Nordic Council of Minister project. It was also stressed that in addition to extended monitoring, better 
focusing and quality of such production of data, as well as more efficient utilization of the resulting 
information should be paid attention.   

 
 Further identification and analysis of sources and emissions of dioxins in the Baltic Sea area is needed, 

including all states on the seaboard and in the catchment area, also Russia. Some dioxin patterns observed in 
wildlife point toward unknown sources. Activities are ongoing nationally; e.g., the Swedish Dept Environ 
has requested new source inventories. Also the identification of the sources, emissions and occurrence of 
new dioxin-like compounds should be paid attention. Hotspots such as chloralkali and chlorophenol 
production, other point sources such as incineration plants, and secondary and widespread sources such as 
deposition should be covered. UNEP protocols, among others, can be utilized. Estimates based on emission 
factors are to be augmented and refined by better empirical data and by analyses of industrial and other 
processes of dioxin formation and emission. It was stressed that by improved information on sources and 
emissions also the efficiency of measures can be gauged and then improved, both for hotspots (e.g. in soil 
and sediment cleanup) and for more widespread emissions.    

 
 Within general evaluations of risks and risk management approaches, the view was presented that risks 

caused by dioxins in food can be sufficiently known on the basis of established monitoring programs and 
that the management of these risks is straightforward, so that the problem now is mainly confined to the 
ambient environment. However, others maintained that there are connections between the sectors and that 
significant uncertainties exist in all of them, e.g. in relation to new compounds and effects, and also in 
relation to feasible courses of action (e.g. when choosing between levels of precaution and between steering 
instruments), and thus also for the food sector revision of approaches and recommendations will be needed. 
Moreover, the sources, exposure patterns and processes, and effects of dioxins are as yet partly poorly 
known. It was also pointed out that some other compounds may act antagonistically, quenching dioxin risks 
from those conjectured; other factors may in turn act in the opposite direction. 

 
 Varied views were presented of risk information and communication challenges and how to tackle them. 

It was stressed that it is poorly known how information and advice e.g. on food levels and consumption 
actually reach people and influence perceptions, intentions, decisions and actions. However, insufficient 
awareness has been found even among groups which should be particularly well informed (female medical 
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students). It was also pointed out that few people know how much Baltic Sea fish they eat. Labeling of fish 
products may improve this information and associated steering, but as of now local fishermen seem to be 
ignorant of labeling procedures. As to the principles of information, it was implied that people have both the 
interest and the right to know about matters affecting them, and that experts and authorities have the 
responsibility to inform them; even TV advertisement was suggested. On the other hand, it was noted that 
informing and communicating with people about dioxins is difficult due to the complicated concepts and 
uncertainties involved and to the sensitivity of people to health-related risks, and that risks should be put in 
context to avoid unnecessary alarms, as people may react dramatically also in ways which may cause 
unnecessary harm.  

 
 Some concerns were expressed for the present Finnish and Swedish derogations from the EU guideline 

values for dioxin levels in fish. However, some variation in approaches may be justified due e.g. to 
particular regional factors. It was also pointed out that critical, independent analyses of both the evolving 
EU strategy, the national policies and their interactions could offer insights in management and contribute to 
resolving any associated controversies. 

 
 Intensive discussion ensued on comparisons of risks and benefits, e.g. from consumption of fatty Baltic 

Sea fish containing high dioxin levels. Some participants were  opposed to the idea of risk-benefit 
comparisons, but the majority seemed to accept the need for many-sided assessment of impacts, positive and 
negative, of the present situation and alternative courses, for rational and efficient action. It was related that 
according to standard medical practice, before a therapy is applied its harmful effects are to be assessed and 
minimized. This would also be in line with e.g. the principles in developing risk reduction strategies for 
chemicals in EU, although such comparisons and other related analyses may not have been explicitly made 
for the formulation of the EU dioxin strategy. Reference was further made to the potentially much greater 
and more certain increase in the risk of hearth and coronary disease if consumption of fat fish be replaced by 
other fat sources, and to the possibly greater risks from mercury than dioxins in fish (on the other hand, in 
some respects the relative net risks of dioxins may be emphasized by such risk comparisons, e.g. when 
indirect risks and impacts are considered). Also socioeconomic impacts of management options, such as 
losses to fisheries due to reduced sales or, on the contrary, socioeconomic benefits of risk reduction, may 
have to be taken into account. Nevertheless, doubts were expressed on whether variable (or higher) intake 
goals for dioxins could be accepted in EU on such grounds. More comprehensive management-oriented risk 
analyses may help in resolving such issues and in assessing the outcomes of various kinds of measures and 
their combinations (prevention, emission control, cleanup, intake guidelines, advisories, compensation, 
monitoring). 

 
 Due to important gaps in knowledge of dioxin sources, levels, fate, effects, risks and controls, both in 

general and in particular for the Baltic Sea area, it was emphasized that increased research is needed. It was 
specifically pointed out that better information is needed on environmental levels and fate in order to know 
what has happened and thus to be able predict future developments, and that for the future review of 
derogations now is the time to produce this information. The importance of EU funding e.g. within the 6th 
Framework Programme was stressed, as was the relative difficulty to incorporate Baltic Sea dioxin projects 
e.g. in the environmental research area of the Programme. It was also pointed out that social dimensions of 
the problem, e.g. risk perception, communication, policy and decision-making, and the associated topics of 
multidimensional assessment, constitute an important research area in its own right.   

 
3. Follow-up measures, additional information and other business 
 

 It was agreed that notes from the meeting were to be circulated widely  
 Joint activities e.g. within research and assessment were encouraged 
 Within monitoring, information exchange may be a feasible short-term objective for evolving Baltic sea 

dioxin networks 
 Information and communication is generally to be extended and developed between those professionally 

involved in Baltic Sea dioxins  
 There are proposals for a project on dioxin biomagnification models under the Academy of Finland 

research program on Baltic Sea 
 Also other relevant activities in research, monitoring, assessment, management and 
 information are ongoing also as international cooperation e.g. within general 
 chemicals control, marine protection, fisheries, health and food safety. 
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D Dioxin 2003 – 23rd International Symposium on Halogenated Organic Pollutants and POPs, Boston 24.-
29.8.2003 
OPEN DISCUSSION FORUM ON DIOXINS IN THE BALTIC SEA, 26.8.2003 
 
Discussion Notes 
 
10-1-2003 
Timo Assmuth, Finnish Environment Institute (SYKE), Rickard Bjerselius, National Food Authority, Sweden 
(introductory speakers) 
  
Question/Comment: What are the economic impacts of food action levels on fishermen ? How is this related to food 
imports ? 
 
Answers/Responses from introductory speakers: There are big concerns for such impacts e.g. in Sweden. Both salmon 
and large parts of the herring stocks can not be sold outside Sweden because exceeding the maximum limit levels fpr 
PCDD/Fs, with economic consequences for the fishermen. There has been a EU-funded study (by BiPRO) on some of 
the impacts on fisheries economy, but not focusing on the Baltic Sea. Some of these impacts are indirect and occur due 
also to other factors, and thus difficult to estimate and manage. 
 
 
Question/Comment: What is the EU coordination, e.g. of monitoring ? 
 
Answers/Responses: There is quite an effort on the part f the European Commission on coordination within 
management of dioxins, also within monitoring e.g. in connection with the pilot project on dioxins in the Community 
strategy for environmental health, including a network of experts addressing monitoring e.g. in the Baltic. This will 
provide data which are useful for food and feedstuff regulation. Coordination with other areas such as fisheries policy 
and marine strategy is important as well. 
 
 
Question/Comment: This coordination and the practical implementation of monitoring depends on what the purpose is 
of monitoring.  
 
Answers/Responses: That is correct. The Technical Working Group on dioxin monitoring under the EU environmental 
health strategy development and related pilot project will have to address this issue. Also background levels and trends 
of dioxins as well as of dioxin-like PCBs need to and will be monitored, and a coherent strategy created for this, taking 
into account the purposes of such work in a multi-objective manner 
 
 
Question/Comment: What are the legal aspects of monitoring, e.g. nationally ? 
 
Answers/Responses: The legal basis is stipulated in both EU's and in national legislation within the various sectors or 
branches of jurisdiction. This legislation naturally is evolving at both levels, as is the coordination of it between various 
members states and EU or other international actors, as well as between the sectors. 
 
 
Question/Comment: An important problem in monitoring is the lack of data, e.g. on dioxin-like PCBs. 
 
Answers/Responses: That is right, but efforts will be intensified to fill in precisely such information gaps. 
 
 
Question/Comment: Does the treatment of food and feedstuffs differ in the strategy and in the Technical Working 
Groups to be established ?   
 
Answers/Responses: The strategy addresses them both and attempts to look at their relations in a comprehensive 
manner. The consideration of the whole food production system is crucial e.g. to prevent the kind of roughages in the 
production chain by feedstuff contamination that have happened. Naturally the approaches to food or feedstuffs differ a 
bit e.g. in terms of action levels. As to the Baltic Sea, the things are also somewhat different e.g. as the food chains and 
the lags in the effects of reduced dioxin immissions differ from those in agricultural and other terrestrial systems. But 
also in the Baltic we have to look at the use of fish both directly for human consumption or as fodder (to both human 
food animals such as rainbow trout or even to other animals and uses).  
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Question/Comment: How will the limit values for PCBs be defined (in 2004) ? Will e.g. the TEqs be assumed to be 
additive ?  
 
Answers/Responses: When dioxin-like PCBs will be included, the TEFs and thus the TEqs will be defined assuming 
additive action. There are of course still many difficulties in the overall process of including PCBs in the scheme, due 
e.g. to lacking information both on exposures and on dioxin-like effects. 
 
 
Question/Comment: Is it true that heavily dioxin-contaminated Baltic Sea herring has been sold to Austria as Japanese 
tuna ?   
 
Answers/Responses: There have been some claims of that sort, but at least from Sweden only herring from the West 
Coast of Sweden with documented levels below the maximum limit has been sold. 
 
 
Question/Comment: In managing the dioxins in the Baltic Sea, parallels with lead removal from gasoline might be 
considered. 
 
Answers/Responses: They may be instructive, but there are also differences e.g. as dioxins are not advertently produced 
and added. For dioxins, a key strategy issue is how to combine efforts within emissions control and prevention 
(including control of precursors) with management of exposures e.g. by regulation based on fish levels as well as with 
other options along the process.  
 
 
Question/Comment: How do you see the needs for discussion between the food and environmental sectors ? Food 
regulation already seems quite strict and produces extensive data, but what about the environmental sector - when will 
e.g. maximum levels be established for dioxin emissions ? 
 
Answers/Responses: Some emission limits exist already, e.g. for sources like waste incinerators, at least at the national 
level, and are to be extended. Also the efficient implementation and control of these statutory limits are important. The 
Community strategy for dioxins did not treat these stages in a detailed manner yet, partly as there are other instruments 
addressing this. However, additional attention and work is needed e.g. on some sectors and source categories, including 
diffuse emissions and later product or waste management stages as well as some emission routes (e.g. not just air 
emissions), and some groups of substances (such as PCBs and some precursors).    
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Annex 14. Indexes. 
 
A. Index of chemical compounds, substances and mixtures 
 
… 
 
 
B. Index of species and other taxa 
 
… 
 
 
C. Index of endpoints, disorders and other effects 
 
… 
 
 
D. Index of geographical names 
 
…   
 
 
 
 
 
 
 


