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Dioxins and PCBs (polychlorinated biphenyls) are toxic substances encountered widely. Very 
small concentrations of these chlorine organic compounds can cause severe effects. They 
exert negative effects on the environment and health in various ways. Both substance groups 
are chemically comparatively resistant and due to their properties they accumulate in human or 
other fat tissue. 

The corresponding material flow is complex. From numerous sources where dioxins and PCBs 
emerge there are various pathways leading to intake and accumulation in the human body. 
While dioxins are always unwanted substances which are not intentionally produced, PCBs 
have been industrially produced, and were mostly sold for use as insulating cooling fluids or as 
liquid dielectrics in various technical devices. 

Within the EU and its Member States various regulations exist having specific impact here and 
there on the complex material flow. The following regulations are a selection of special 
importance: Directive 94/67/EC on the incineration of hazardous waste, Directive 96/59/EC on 
the disposal of PCB and PCT, Directive 99/29/EC on the undesirable substances and products 
in animal nutrition, several Commission Decisions (e.g. 99/788/EC) on protective measures with 
regard to contamination by dioxins of certain animal products intended for human and animal 
consumption and Council Regulation 2455/92 concerning the export and import of certain 
dangerous chemicals. 

In spite of the existing regulation deficiencies still remain according to the view of the European 
Parliament. In particular, the recent dioxin and PCB crisis in Belgium highlighted weaknesses in 
existing Community legislation for animal feedingstuffs in order to guarantee full safety of the 
feed and food chain. There are several preparatory acts proposing new regulations or 
amendments of existing regulations (e.g. a proposal for a European Parliament and Council 
Directive on undesirable substances and products in animal nutrition). 

However, an integrated, systematic and coherent approach is still missing. There is a need for 
this, to secure better protection of human health and of the environment from the effects of 
dioxins and PCBs effects. 

A precise material flow analysis can provide such an integrated and systematic approach. 
Therefore in the present Study all political and technical options are developed on this basis, 
and are seen in the light of the consequences with regard to the material flow. 

As a result of this approach based on material flow analysis, the following options are 
distinguished: 
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Options related to  sources 

Long term measures which prevent the emission of dioxins and PCBs from the sources of the 
material flow are predominantly important according to the precautionary principle. Their effects 
– bringing benefit for the future – support the realisation of a sustainable development. Such 
measures are discussed in the following options related to the sources: 

��Promotion of the application of best available technologies (BAT) and technology transfer in 
sectors with dioxin and PCB emission potential 

��Harmonisation and intensification of measurement, control and monitoring of emissions 
from sources 

��Support of voluntary measures for the prevention of accidents 
��Support of the activities of the UNEP concerning persistent organic pollutants (POPs) 
��Promotion of research with respect to domestic incineration of wood and initiation of 

corresponding harmonised incineration requirements 

Options related to the transmission chain: 

In order to implement an effective environmental policy, there is a need for measures which are 
related to the material flow of the contaminants from the source to their site of accumulation 
and/or impact. Such measures that are included in options related to the transmission chain 
are: 
��Promotion of the application of best available technologies (BAT) and other measures in the 

food and feedstuff industry 
�� Further development of fast and cheap methods for dioxin and PCB measurement 
��Harmonisation and intensification of measurement, control and monitoring of dioxins and 

PCBs within the transmission chain 
��Promotion of harmonised regulations for the application of sewage sludge and compost 
��Establishment of quality criteria for wildlife 
��Acceleration of the establishment of PCB inventories and control of the present status of 

storage and handling of installations containing PCBs and PCB wastes 

Options related to human health 

Although all the above mentioned options finally contribute to increased human health 
standards, short term measures are important which predominantly serve to prevent acute 
health risks. These measures are related to the end of the material flow. The principal objective 
is to prevent human intake of dioxins and PCBs by contaminated food. The importance of 
health related measures is underlined by the fact that the average daily intake for dioxins and 
PCBs is often close to the upper limit or even exceeding the tolerable daily intake (TDI) of toxic 
equivalents (TEQs) which is recommended by the WHO (1-4 pg I-TEQ/kg bodyweight per day). 
These measures are included in options related to human health: 
��Promotion of precautionary action thresholds and action plans for dioxin and PCB 

concentrations in food products and feedstuffs 
��Promotion of precautionary action thresholds and action plans for dioxin and PCB 

contaminated livestock 
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��Acceptance of WHO-TEQs and discussion of the WHO TDI with respect to an integration in 
existing and future legislation 

��Examination and, if necessary, harmonisation of existing requirements for working health 
and safety standards 
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1 Background to the options 
Dioxins and PCBs (polychlorinated biphenyls) are toxic substances encountered widely. Very 
small concentrations of these chlorine organic compounds can cause severe effects. They 
exert negative effects on the environment and health in various ways. Both substance groups 
are chemically comparatively resistant and due to their properties they accumulate in human or 
other fat tissue. 

The corresponding material flow is complex. From numerous sources where dioxins and PCBs 
emerge there are various pathways leading to intake and accumulation in the human body. 
While dioxins are always unwanted substances which are not intentionally produced, PCBs 
have been industrially produced, and were mostly sold for use as insulating cooling fluids or as 
liquid dielectrics in various technical devices. 

The European Community is a contracting party of several conventions1 defining concrete 
objectives and the need for action in the field of dioxins and PCBs by setting out precise 
emission and discharge limit values, restrictions and prohibitions concerning dioxins and PCBs. 

The fifth Environment Action Programme of the European Community [493Y0517(01)] sets as 
an objective "no exceedance ever of critical loads and levels" of certain pollutants and further a 
90 % reduction of dioxin emissions of identified sources by 2005 (compared to the 1985 level). 

Against this background within the EU and its Member States various regulations exist having 
specific impact here and there on the complex material flow. The following regulations are a 
selection of special importance: Directive 94/67/EC on the incineration of hazardous waste, 
Directive 96/59/EC on the disposal of PCB and PCT, Directive 99/29/EC on the undesirable 
substances and products in animal nutrition, several Commission Decisions (e.g. 99/788/EC) 
on protective measures with regard to contamination by dioxins of certain animal products 
intended for human and animal consumption and Council Regulation 2455/92 concerning the 
export and import of certain dangerous chemicals. 

In spite of the existing regulation deficiencies still remain according to the view of the European 
Parliament. In particular, the recent dioxin and PCB crisis in Belgium highlighted weaknesses in 
existing Community legislation for animal feedingstuffs in order to guarantee full safety of the 
feed and food chain. There are several preparatory acts proposing new regulations or 
amendments of existing regulations (e.g. a proposal for a European Parliament and Council 
Directive on undesirable substances and products in animal nutrition). 

However, an integrated, systematic and coherent approach is still missing. There is a need for 
this, to secure better protection of human health and of the environment from the effects of 
dioxins and PCBs effects. 

A precise material flow analysis can provide such an integrated and systematic approach. 
Therefore in the present study all political and technical options are developed on this basis, 
and are seen in the light of the consequences with regard to the material flow. 

                                                 
1 examples: OSPAR Convention; Convention on the Protection of the Marine Environment of the Baltic 
Sea Area; Basel Convention on the control of transboundary movements of hazardous wastes and their 
disposal; UNE-CE (POP protocol) 
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2 Options related to sources 
The following table gives an assessment of the importance of dioxin and PCB sources in the 
European Union: 
 

Source of dioxins Importance Source of PCBs Importance 

Incineration of domestic or municipal waste ��� Fragmentisers ��� 

Incineration of hospital and industrial waste ��� Leaks from capacitors ��� 

Domestic incineration of wood ��� Leaks from transformers � 

Sinter plants ��� Application of sewage sludge to land � 

Preservation of wood �� Landfill of household waste � 

Traffic � Waste incineration � 

Electric furnace steel plant � Coal combustion � 

Secondary metal production � Oil combustion � 

Other sources � Steel produced in electric arc furnaces � 

  Manufacture of RDF (refuse-derived fuel) � 

  Steel production � 

  Sinter plants � 

  Other sources � 
��� rel. importance > 15% �� rel. importance 5-15%  � rel. Importance < 5 

With regard to the options it is helpful to differentiate the sources of dioxins and PCBs in regular 
(regular operating conditions) and irregular sources (accidents, abnormal operation conditions). 
The irregular sources are not exhaustively included in the above table. 

Long term measures which prevent the emission of dioxins and PCBs from the sources of the 
material flow are predominantly important according to the precautionary principle. Their effects 
– bringing benefit for the future – support the realisation of a sustainable development. Such 
measures are discussed in the following options related to the sources: 

2.1 Promotion of the application of best available technologies 
(BAT) and technology transfer in sectors with dioxin and 

PCB emission potential 
Directive 96/61/EC on integrated pollution prevention and control (IPPC) requires certain 
conditions for the licensing of industrial installations. In the context of the execution of the 
Directive so called BAT notes are elaborated laying down requirements for progressive 
technologies. Such BAT notes are foreseen for certain important dioxin and PCB sources such 
as certain combustion sources (for power generation and waste incineration) and production 
and processing of metals. 

The promotion of technology transfer and information exchange could be realised by various 
measures such as supporting programmes to further develop abatement technologies, 
technology transfer programmes, description of the actual state of progressive industries in the 
relevant BAT notes, communication and information measures in the relevant industries and 
decision support manuals for abatement measures and consulting programmes at enterprise 
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level. 

2.2 Harmonisation and intensification of measurement, control 
and monitoring of emissions from sources 

The Proposal on the incineration of hazardous waste foresees continuous measurements of the 
air emission limit values for dioxins as soon as appropriate measurement methods are 
available. Such methods are actually not available at adequate conditions. There is technology 
available for semi-continuous measurements which are expensive, not mobile and cause high 
running costs. Consequently research in the field of continuous dioxin measurement should be 
promoted. 

Effective and harmonised control and monetary mechanisms are required in order to assure the 
implementation of measures at Community level and to be able to assess whether the objective 
of 90% reduction of dioxins can be reached. Harmonised emission limit values for dioxins and 
furans are fixed for certain installations at EU level. Control and monitoring mechanisms are 
specified in certain Directives and Proposals. However, the enforcement of the regulations 
varies considerably between the Member States and efficient measures are required in order to 
assure their harmonised implementation. 

2.3 Support of voluntary measures for the prevention of 
accidents 

Directive 96/82/EC (Seveso II) aims at the prevention of major accidents involving dangerous 
substances. In addition to this prescriptive approach voluntary measures for the prevention of 
accidents would be reasonable because they are more far-reaching than legal regulations and 
should therefore be supported. Voluntary approaches such as EMAS are based on the 
objective of "continuous improvement". This objective finds its expression in environmental 
objectives which are repeatedly set at enterprise or industrial association level and often 
regardless of existing quantity thresholds or substance categories. The driving forces are often 
simply marketing and economic considerations. 

A further point is that voluntary approaches may show their effects at international level and do 
not stop at Community borders. For example with the initiative "responsible care" the chemical 
industry declares its world wide responsibility for its products and production installations. 
Important constituents of the responsible care initiative are essential components concerning 
the prevention of accidents. 

2.4 Support of the activities of the UNEP concerning 
persistent organic pollutants (POPs) 

There are ongoing governmental negotiations on the so called POP Convention in order to 
carry through the world wide prohibition of twelve hazardous chemicals including dioxins and 
PCBs. The PCBs have not yet been assigned to Annex A (immediate prohibition of production 
and use). The actual state of negotiations foresees to prohibit production and new application 
as cooling and isolation liquid but to admit time limited exceptions for PCBs which are already in 
use. As a result PCBs would be assigned to Annex B (restrictions) of the POP Convention. 
Concerning dioxins it is planned to assign them to an Annex C. As a consequence responsibility 
shall be set down to reduce dioxins and to fix national plans and programmes for action with 
regard to the dioxin problem. 
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Of major importance during consequent negotiational rounds will be the technical and financial 
cooperation with the developing countries, regulations concerning problems with existing stocks 
and their elimination and eventual exceptions. In order to provide EU citizens with a maximum 
level of prevention from environment and health effects it would be advantageous to coordinate 
a unified position between the European Parliament, the Commission and the governments of 
the Member States. Crucial positions in order to improve the contamination situation with 
dioxins and PCBs would be: 

�� short time limits for exceptions for further uses for PCBs 
�� assurance of sound management and disposal of existing stocks 
�� intensification of knowledge and technology transfer 
�� support of international initiatives and working groups on POPs 
�� effective control and monitoring systems 

2.5 Promotion of research with respect to domestic 
incineration of wood and initiation of corresponding 

harmonised incineration requirements 
The emissions of dioxins from the domestic incineration of wood are estimated to be 
considerably important. Due to the dispersive character of these dioxin sources the emissions 
are difficult to control and reduce. 

Considering the importance of this dioxin source and the lack of knowledge, promotion of 
research on this source (on background data and on abatement measures) and development of 
possible options and concepts for emission reduction are required. 

3 Options related to the transmission chain: 
After being emitted from the sources dioxins and PCBs are transmitted and transported on long 
distances. An atmospheric entry into the environment compartments such as air, water, soil, 
plants and animals is always given. Plants are mainly contaminated by adsorption, deposition 
and precipitation from the atmosphere. Contamination of animals is mainly effected via the food 
chain. Contamination via air (breathing, skin contact) is usually less important. 

In order to implement an effective environmental policy, there is need for measures which are 
related to the material flow of the contaminants from the source to their site of accumulation 
and/or impact. 

3.1 Promotion of the application of best available technologies 
(BAT) and other measures in the food and feedstuff 

industry 
The importance of this option is already described under the corresponding option 2.1. Of 
special importance for the transmission chain of dioxins and PCBs are certain slaughterhouses, 
treatment and processing intended for the production of food products from animal raw 
materials (other than milk), vegetable raw materials, treatment and processing of milk and 
installations for the intensive rearing of poultry or pigs. 

The average daily human intake of dioxins and PCBs is mainly effected by food (> 95%). 
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Consequently any considerable prevention of the spreading of dioxins or PCBs in the foodchain 
can significantly contribute to reduce human contamination. 

Food products are frequently contaminated with dioxins and the contamination is often due to 
known contamination paths. This fact enables to reduce the contamination of food products of 
animal origin with dioxins significantly by either substituting the contaminated ingredients of 
concentrated feedstuffs or by reduction of the contamination of the ingredients with the help of 
appropriate technical measures. 

There are technologies and other measures available to reduce the contamination of the basic 
products which can result in a significant reduction of the dioxin levels in food products. These 
technologies could therefore significantly contribute to a decreased contamination of the 
consumers and should be promoted. 

Additional measures in order to reduce food contamination would be training of farmers with 
regard to harvesting and feeding processes, import control of concentrated feedstuff 
ingredients, amendment of directive 1999/29/EC (no derogation from maximum limits, fixing of 
an action threshold), development of action plans or promotion of low contamination food 
products with market based measures (e.g. labelling). 

3.2 Further development of fast and cheap methods for dioxin 
and PCB measurement 

Methods for analyses of dioxins and PCBs are costly and expensive and there is a considerable 
time lag between sampling and the availability of the results. At various stations in the material 
flow it is necessary to perform more and more measurements in order to show existing 
contamination and problems, in order to control the compliance with existing regulations, and 
also, in order to monitor the effects and success of executed measures.  

Cheap and easily applied routine tests - with only short time intervals between sampling and the 
availability of results - for the measurements of dioxin and PCB contamination in environmental 
samples could improve the possibilities for monitoring and control. Therefore, promotion of 
scientific research and technological development on cheap and easily applied routine tests for 
the measurements of dioxin and PCB contamination in environmental samples is important. 

3.3 Harmonisation and intensification of measurement, control 
and monitoring of dioxins and PCBs within the 

transmission chain 
The principal considerations of this option are already explained above (see option 2.2). 

With special regard to PCBs there is currently no measurement standard fixed at community 
level. As a result applied methods differ considerably between member states and are often not 
state of the art. This is mainly due to the fact that established methods are based on a certain 
selection of congeners1 which are analysed to determine the total concentration of PCBs. This 
selection generally does not reflect, that health and environment effects are mainly due to a 
selection of 12 coplanar PCBs. 

                                                 
1 Polychlorinated biphenyls are a group of 209 synthetic chemical compounds, called congeners 
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There are proposals for measurement methods based on these 12 congeners (WHO) and 
there is ongoing development of such methods (e.g. VDI). Consequently there is urgent need 
for harmonised measurement methods according to the current level of knowledge. Analogous 
to the case of dioxins a PCB measurement standard should be drawn up by the European 
Committee for Standardisation. 

3.4 Promotion of harmonised regulations for the application of 
sewage sludge and compost 

A considerable share of the daily dioxin and PCB intake of cows during pasturage is via 
contaminated soil particles. Sewage sludge and (less important) compost which are applied in 
agriculture contribute considerably to the dioxin and PCB contamination of soil. The 
contamination can be reduced if certain conditions in the application are considered (e.g. 
restricted application on pastures). 

There are regulations in some Member States on the application of sewage sludge and 
compost (Austria, Germany, The Netherlands). The existing regulations should be examined, 
and with regard to research results, regulations should be set out at community level with 
harmonised conditions for the application of sewage sludge and composts in agriculture. 

3.5 Establishment of quality criteria for wildlife 
Due to their toxic and other properties dioxin and PCB contamination may cause negative 
effects on livestock as well as on wildlife. Whilst the maximum limits for contamination of 
livestock are mostly considered under aspects of human health safety, there is no comparative 
motivation to fix maximum limits for wildlife. The motivation for maximum limits arises from the 
precautionary duty of the Community which comprises the prevention of negative effects on 
environment, including effects on wild fauna. Consequently quality criteria for the protection of 
wildlife animals should be developed. 

There are existing approaches in order to develop such quality criteria. The Canadian concept 
is based on tissue residue values. It can serve as a promising basis for the development of 
quality criteria for the protection of wildlife animals in the European Community. The option 
includes the promotion of research and development of wildlife quality criteria with regard to 
existing concepts. 

Wildlife quality criteria such as tissue residue guidelines are of special importance for 
monitoring and control programmes. The maximum limits and threshold limits may serve as a 
basis for appropriate action programmes (analyses of the reasons for increased contamination 
and improvement measures). Long term observation of contamination levels is suitable as a 
decision basis for future action. 

3.6 Acceleration of the establishment of PCB inventories and 
control of the present status of storage and handling of 

installations containing PCBs and PCB wastes 
Council Directive 96/59 is aimed at the controlled disposal/elimination of PCBs and equipment 
containing PCBs as soon as possible, at the latest by the and of 2010. It also regulates 
reporting duties and obliges Member States to send summaries of such inventories to the 
Commission at the latest in September 1999. 
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However, only few Member States possess data based on recent inventories and exact data 
regarding major stocks (e.g. for military use) are still unknown. New data are required to assess 
the situation related to PCBs and to adjust disposal and/or elimination capacities to the real 
situation. 

Moreover, 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. Data 
are required to assess whether PCBs are formed in these processes (e.g. in metal plants or 
processing of scrap metal) or whether the findings are due to re-emission of existing PCBs. In 
this sense an acceleration of data transfer seems to be important to be able to develop 
appropriate measures for the prevention of spreading within the transmission chain. 

4 Options related to human health 
Although all the above mentioned options finally contribute to increased human health 
standards, short term measures are important which predominantly serve to prevent acute 
health risks. These measures are related to the end of the material flow. The principal objective 
is to prevent human intake of dioxins and PCBs by contaminated food. The importance of 
health related measures is underlined by the fact that the average daily intake for dioxins and 
PCBs is often close to the upper limit or even exceeding the tolerable daily intake (TDI) of toxic 
equivalents (TEQs) which is recommended by the WHO (1-4 pg I-TEQ/kg bodyweight per day). 
These measures are included in options related to human health. 

4.1 Promotion of precautionary action thresholds and action 
plans for dioxin and PCB concentrations in food products 

Products from eggs, poultry, pig meat and milk are the only food products which are subject to a 
certain maximum limit at Community level. There are other animal products for which maximum 
limits should be discussed (especially fish and beef products) and it would be wise to extent the 
"maximum limit" approach to a precautionary "action threshold" approach. 

According to such an approach the proposal for a Directive on undesirable substances and 
products in animal nutrition sets such maximum limits. Furthermore this proposal provides for 
the option to fix an action threshold that is considerably lower than the maximum limit laid down 
in connection with measures for the elimination or reduction of the contamination sources. 
Presently there are no action thresholds defined. 

Such an approach will gradually lead to an active reduction of the presence of certain 
undesirable substances and products in the feed and food chain. Consequently the promotion 
of appropriate action thresholds should be supported and extended to food products intended 
for human nutrition. The elimination and reduction measures should be structured according to 
action plans setting down how to proceed in the case of exceeded threshold values. The effect 
of the approach could even be enhanced by introducing "target values" being considerably 
below maximum and action values, defining the value which should generally be reached in the 
future. 

4.2 Promotion of precautionary action thresholds and action 
plans for dioxin and PCB contaminated livestock 

An important point in the ongoing discussion is the question "What should be done with animals 
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which are contaminated with dioxin or PCB levels excluding direct use for food production?" ... 
and whether these animals could be used in future after a certain period of nourishment with 
uncontaminated food. 

In this context the material flow of dioxins and PCBs in livestock animals (accumulation, 
metabolism and excretion) is of decisive importance. Only little research has been carried out in 
this field and there remain important deficiencies in the current level of understanding. As a 
result it is difficult to realise well founded practical measures. 

Analogous to the above mentioned precautionary action thresholds it would be reasonable to fix 
certain maximum limits, action thresholds and action plans for contaminated livestock. Lack of 
sufficient knowledge could be eliminated by initiating appropriate research on the material flow 
of dioxins and PCBs in livestock in order to be able to develop guidelines on a reasonable 
procedure for dealing with contaminated live animals based on maximum limits, action 
thresholds and action plans. 

These guidelines should be coordinated with national measures and could be proposed in 
order to amend Directive 96/23/EC on monitoring measures in live animals and animal 
products. 

4.3 Acceptance of WHO-TEQs and discussion of the WHO-
TDI with regard to existing and future legislation 

The toxic potential of dioxin mixtures is given in toxic equivalencies (TEQs), derived partially 
from subchronic toxicity studies and from certain biochemical properties. International toxic 
equivalency factors (TEFs) have been established for the determination of TEQs. The TEQ 
system has been developed as a pragmatic tool allowing to assess and indicate the toxicity of 
complex dioxin mixtures in a single TEQ value and it is broadly accepted. 

The most recent TEQ system – based on the present state of knowledge – developed by the 
World Health Organisation (WHO) and the International Programme on Chemical Safety (IPCS) 
standardises the toxicity of dioxin and furan congeners and includes for the first time 12 dioxin 
like PCBs. Another progress is that the WHO-TEQ system is not only applicable to humans but 
also to mammals, fish and birds. 

In order to have an effective decision basis for risk assessment a scale for the assessment of 
exposure to dioxins and PCBs is required. Therefore the WHO recommends for humans a 
Tolerable Daily Intake (TDI) of 1-4 pg WHO-TEQ/kg body weight (including PCBs) which should 
not be exceeded. In the sense of an international harmonised risk assessment which should be 
based on the most current knowledge, it appears to be reasonable to accept the WHO-TEQ 
system and to discuss the WHO-TDI as assessment scale for future risk assessment with 
respect to human health at international level. 

4.4 Examination and, if necessary, harmonisation of existing 
requirements for working health and safety standards 

Recent reports of health effects as a result of increased dioxin exposure in certain areas of 
work reveal concerns with respect to occupational exposure. Parliamentary questions to the 
Commission and to Member State governments with regard to increased occupational 
exposure and its causes would be appropriate initial measures in order to examine the current 
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situation. 

If required, existing exposure limits should be adjusted and harmonised at Community level with 
regard to the WHO tolerable daily intake values, including a certain precautionary security 
range. The execution and compliance with established exposure limits should be assured by 
establishing corresponding control and reporting duties. 
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1 Background and objectives 
Within a wide range of chemical substances with environmental relevance dioxins and PCBs 
are occupying a predominant situation in the consciousness of the citizens of the European 
Union because these chlorine-organic compounds are suspect to cause severe and far-
reaching environment and health effects. Considering the reasons for public concerns, there 
are some points of special importance: 

• high toxicity of small concentrations: 
within the dioxins there are extremely toxic substances like 2,3,7,8-tetrachlordibenzo-
dioxin (2,3,7,8-TCDD) of which a dose of only 0,6 µg/kg body weight is lethal for 
guineapigs (LD50). In humans 2,3,7,8-TCDD causes diseases of the skin, the nervous and 
digestive system and other organs. It may cause cancer and problems of fertility. In 
general PCBs are less toxic but they cause similar health problems [Sorbe 1999]. 

• transport and accumulation via the food-chain 
contamination with dioxins and PCBs can be detected in many locations of the world. As 
these substances accumulate in body tissues (liver, muscle, fat) they may enter the 
human body via the food-chain. 

• hazards due to accidents and inappropriate management 
in the past problems with dioxins and PCBs especially showed up after important 
contamination due to accidents or inappropriate management (e.g. Séveso, Belgium, 
Binghampton or Yusho) 

• deficiencies in legislation and incomplete scientific knowledge 
in particular the recent contamination of food with dioxin revealed weaknesses and 
loopholes in European legislation together with inadequate management and control 
measures and incomplete scientific knowledge.  

The European Community is a contracting party of several conventions1 defining concrete 
objectives and the need for action in the field of dioxins and PCBs by setting out precise 
emission and discharge limit values, restrictions and prohibitions concerning dioxins and 
PCBs. 

The fifth Environment Action Programme of the European Community [493Y0517(01)] sets as 
an objective 'no exceedance ever of critical loads and levels' of certain pollutants and further 
a 90 % reduction of dioxin emissions of identified sources by 2005 (compared to the 1985 
level). 

The need for action in the field of dioxins and PCBs has been recognised by the Community 
since the mid-seventies and has led to regulations in chemical and environmental legislation. 
At the European level there are numerous regulations, decisions and preparatory acts of 
special interest in the field of dioxins and PCBs but there still remain deficiencies in 
legislation. Especially the recent dioxin crisis highlighted weaknesses in existing Community 
legislation for animal feedingstuffs in order to guarantee full safety of the feed and food chain 
[599PC0654].

                                                 
1 examples: OSPAR Convention; Convention on the Protection of the Marine Environment of the Baltic 
Sea Area; Basel Convention on the control of transboundary movements of hazardous wastes and 
their disposal; UNE-CE (POP protocol) 
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As a result there is a pressing need for action to reach the general objective to further reduce 
emission sources and avoid environment and health effects from dioxins and PCBs which is 
based on the Community's general objectives (see Programs and Conventions above) and 
on legal binding objectives. 

For forward looking policy-making it is obvious, that further political initiatives can only be 
effective and efficient if they integrate existing scientific, technical, economical, ecological, 
legal and political circumstances which are relevant for dioxin and PCB related problems. 
Consequently it is vital to dispose of appropriate technical and scientific background in 
relevant questions and issues in order to develop systematically political and technological 
options for the optimisation of measures in line with the general objectives. 

Following such an integrated procedure the present interim study is orientated at the material 
flow. On this systematic all problems carrying basis policy and technological options are 
developed to increase health and safety standards in the European Union. 

In order to be a reliable information source and an integrated decision basis for political 
decisionmakers - especially for the European Parliaments Committee on the Environment, 
Public Health and Consumer Policy - the study centres on concise relevant scientific and 
technological information and the development and assessment of short-, medium- and long-
term policy and technological options. 

2 Structure and coherence of the options 
2.1 Need for action 
As pointed out above, there is a need for action to reduce emission sources and environment 
and health effects from dioxins and PCBs, based on programs and conventions and on 
existing and foreseen legal regulations. 

Need for action resulting from programmes and conventions 

In the fourth Environment Action Programme 'on the continuation and implementation of a 
European Community policy and action programme on the environment (1987-1992)' 
[487Y1207(01)] a need for reducing emissions into the air is envisaged due to industrial 
processes, waste incineration and other human activities giving rise to emissions into the air 
of identified or suspected persistent, dangerous or toxic substances (e.g. PCBs) which may 
not only contaminate the air but lead to the transfer of the pollution to other parts of the 
environment and there produce negative effects on human beings and ecosystems. 

The fifth Environment Action Programme 'Towards sustainability - A European Community 
programme of policy and action in relation to the environment and sustainable development' 
[493Y0517(01)] sets as an objective 'no exceedance ever of critical loads and levels' of 
certain pollutants. In terms of air quality the objective is that up to 2000 'all people should be 
effectively protected against recognised health risks from Air Pollution'. The Programme 
further sets as an objective a 90 % reduction of dioxin emissions of identified sources by 
2005 (compared to the 1985 level). 

The Protocol on persistent organic pollutants, signed by the Community within the framework 
of the United Nations Economic Commission for Europe (UN-ECE) Convention on long-range 
transboundary air pollution, sets legally binding limit values for the emission of dioxins and 
furans (ranging from of 0,1 to 0,5 ng/m³ TE (Toxicity Equivalents) for waste burning 
installations. 

The Community is a Contracting Party of the convention for the protection of the marine 
environment of the north-east Atlantic (OSPAR Convention). The aim of that Convention, 
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which entered into force on 25 March 1998, is to prevent and eliminate pollution and to 
protect the maritime area against the harmful effects of human activities. The OSPAR 
Commission has adopted decisions on emission and discharge limit values for the 
manufacture of vinyl chloride monomer and on emission and discharge limit values for the 
vinyl chloride sector including dioxin emissions. 

The Community is a Contracting Party of the convention on the protection of the marine 
environment of the Baltic Sea Area of 1992. In order to protect the Baltic Sea area from 
hazardous substances, the contracting parties declare to prohibit, totally or partially, the use 
of PCBs in the Baltic Sea area and its catchment area. 

The Community is a contracting party of the Basel Convention on the control of 
transboundary movements of hazardous wastes and their disposal. PCBs and dioxins are 
classified as hazardous wastes and consequently underlie the obligations of the Convention 
including measures to minimise dioxin and PCB wastes and to prevent damage to human 
health and the environment. Both aspects should be supported by the development of 
technical and policy options. 

The need for action results from the duty to comply with the programmes and conventions 
which have been decided on. The compliance can be realised by the implementation, 
monitoring and control of the existing regulations laid down and – in the sense of a forward 
looking policy making – by laying down further measures to the end to further avoid or reduce 
environment and health effects from dioxins and PCBs. New knowledge on dioxins and PCBs 
should be acquired and the results should be used in order to examine and improve existing 
regulations and in order to develop new technical and political options to fulfil the objectives 
of the mentioned programmes and conventions. 

Need for action resulting from existing regulations 

The need for action in the field of dioxins and PCBs has been recognised by the Community 
since the mid-seventies and has led to regulations in chemical and environmental legislation. 
On European level there exist numerous regulations and decisions in the field of dioxins and 
PCBs. Relevant existing regulations and decisions are for example: 

��Directive 94/67/EC on the incineration of hazardous waste [394L0067] 
��Directive 96/59/EC on the disposal of PCB and PCT [396L0059] 
��Directive 99/29/EC on the undesirable substances and products in animal nutrition 

[399L0029], several Commission Decisions (e.g. 99/419/EC, 99/551/EC and 99/788/EC) 
on protective measures with regard to contamination by dioxins of certain animal products 
intended for human and animal consumption 

��Council Regulation 2455/92 concerning the export and import of certain dangerous 
chemicals [396R1492] 

There still remain deficiencies in legislation and especially the recent dioxin crisis highlighted 
weaknesses in existing Community legislation for animal feedstuffs in order to guarantee full 
safety of the feed and food chain. In order to eliminate these legal deficiencies there are 
several preparatory acts proposing new regulations or amendments of existing regulations. 
Relevant proposals are for example: 
��Proposal for a Council Directive amending Directive 94/67/EC on incineration of 

hazardous waste [597PC0067] 
��Proposal for a European Parliament and Council Directive on undesirable substances 

and products in animal nutrition [599PC0654] 
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The deficiencies are due on the one hand to loopholes in legislation which need to be 
covered and on the other hand on the lack of knowledge in certain fields which needs to be 
completed by appropriate background data and research. 

2.2 Advantages of the material flow approach 
A general question is, why a subject like the dioxin and PCB problem, which has been 
intensively covered by legislative and executive measures, still gives rise to problems and still 
shows legislative deficiencies and loopholes. An important factor is, that the areas of 
responsibility regarding the different steps in the material flow are in the competence of 
different actors. As a result policy and technological options are not adequately coordinated 
or there are some steps in the transmission chain which are still not systematically covered. 

A precise material flow analysis can provide an integrated and systematic approach. The 
structure and coherences of the material flow are the basis for the systematic deduction and 
development of suitable options in order to realise improvements by policy and technical 
measures. Therefore in the present study all political and technical options are developed on 
this basis, and are seen in the light of the consequences with regard to the material flow. 

On the basis of the existing knowledge (sources, physical chemical properties and 
environmental levels of dioxins and PCBs; see Part B) it is possible to develop a material flow 
structure starting at the relevant sources and subsequently following the transmission paths 
of the contaminants to their site of accumulation and/or impact (for the material flow see Part 
B, chapter 4).  

An important advantage of this approach is, that on the basis of the material flow the general 
effectiveness and scope of options can be assessed. The knowledge of the causal effect 
chains opens, by means of the material flow, the possibility to assess the time relevance of 
options and to differentiate between short, long and medium term options. 
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2.3 Differentiation of the options 
As explained above, the material flow forms the fundamental basis for the development of 
options. Thereof follows an important differentiation of the options: 

• options related to sources (chapter 3) 
• options related to the transmission chain (chapter 4) 
• options related to human health (chapter 5) 
The importance of the options as decision basis depends furthermore on their time relevance 
because eventual resistances of the actors and the urgency for political action depend on 
when the options exert their effects. Therefore in the study the options are characterised with 
respect to their time relevance (short, medium or long term). . 
The proposed options (chapters 3, 4 and 5) shall be a means to the end to improve the 
human and environment contamination situation with regard to dioxins and PCBs. These 
improvements are based on the following effect mechanisms: 

• promotion of progressive and better technological solutions 
• reduction or prevention of disadvantageous solutions 
• elimination of organisational weaknesses  
• promotion of better organisational processes 

In this context the term 'organisational' means all aspects which are possible further to 
technical measures. 

Options by themselves do not exert any effects. The crucial point is, that they have to be 
taken up by a competent actor and that they are realised by the means of suitable 
instruments. A final differentiation are hence the following general instruments: 

• legislative instruments 
• supporting horizontal instruments 
• economic instruments 
• other instruments 
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3 Options related to the sources 
3.1 Importance of the sources 
The following table gives a rough assessment of the importance of dioxin and PCB sources in 
the European Union (for more detailed information see Part B, chapter 2.2): 

Table 1: Assessment of the importance of dioxin and PCB sources in the EU 

Source of dioxins Importance Source of PCBs Importance 

Incineration of domestic or 
municipal waste 

��� Fragmentisers ��� 

Incineration of hospital and 
industrial waste 

��� Leaks from capacitors ��� 

Domestic incineration of wood ��� Leaks from transformers � 

Sinter plants ��� Application of sewage sludge to 
land 

� 

Preservation of wood �� Landfill of household waste � 

Traffic � Waste incineration � 

Electric furnace steel plant � Coal combustion � 

Secondary metal production � Oil combustion � 

Other sources � Steel produced in electric arc 
furnaces 

� 

  Manufacture of RDF (refuse-
derived fuel) 

� 

  Steel production � 

  Sinter plants � 

  Other sources � 
��� rel. importance > 15% �� rel. importance 5-15%  � rel. Importance < 5% 

With regard to the options it is helpful to differentiate the sources of dioxins and PCBs in 
regular (regular operating conditions) and irregular sources (accidents, abnormal operation 
conditions). The irregular sources are not exhaustively included in the above table. 

Long term measures which prevent the emission of dioxins and PCBs from the sources of the 
material flow are predominantly important according to the precautionary principle. Their 
effects – bringing benefit for the future – support the realisation of a sustainable development. 
Such measures are discussed in the following options related to the sources. 
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3.2 Options for the relevant Institutions 
3.2.1 Promotion of the application of best available 

technologies (BAT) and technology transfer in sectors with 
dioxin and PCB emission potential 

Explanation, Background 

Due to developments in abatement technologies there are improvements with relation to the 
most progressive technologies which are essential to use in the case of dioxins and furans 
(see Directive 94/67/EC on incineration of hazardous waste [394L0067]). There are specific 
conditions for the application of the abatement technologies which need to be considered in 
any single case. Consequently it is not obvious to define the most appropriate and 
progressive technology for any single case. 

Taking this into consideration it is important to promote an information exchange and the 
application of progressive abatement technologies as it is foreseen within the BAT 
discussion. 

Directive 96/61/EC on integrated pollution prevention and control (IPPC) requires certain 
conditions for the licensing of industrial installations. In the context of the execution of the 
Directive so called BAT notes – documents describing the 'Best Available Technologies' – are 
elaborated laying down requirements for progressive technologies. Such BAT notes are 
foreseen for certain important dioxin and PCB sources: 
�� Combustion installations with a rated thermal input exceeding 50 MW (Energy 

industries) Annex I (1.1) 
�� Production and processing of metals Annex I (2) 
�� Installations for the incineration of municipal waste I (5.2) 

These installations can be important sources and can significantly contribute to dioxin and 
PCB emissions. With the adoption of the BAT notes a standard will be fixed which should 
also result in a reduced emission of dioxins and PCBs. This instrument is of particular interest 
because the standards will be applied in licence procedures and can thus be implemented 
and executed comparatively fast and effectively.  

Due to further development of technologies there are frequent improvements in the most 
progressive technologies. There are specific conditions for the application of the single 
technologies which need to be considered. Depending on the specific properties of the single 
sources there is usually a combination of primary and secondary measures required in order 
to reach an adequate emission concentration (e.g. 0,1 ng I-TEQ/m3). Consequently it would 
be helpful to promote information exchange and technology transfer of progressive 
technologies, respectively best available technologies. This would be in line with the 'Fifth 
Environment Action Programme' where the Community for its part is invited to make 
contributions in exchanges of data and results and technology transfer with regard to 'clean 
technologies'. 
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Realisation, instruments 

The IPPC Directive consists in an existing legal binding basis which offers the possibility to 
carry through industrial installations with progressive technologies which are suitable to 
reduce dioxin and PCB emission. The proposed option is aimed at the support of dioxin and 
PCB emission abatement technologies. 

The BAT notes are elaborated at the EIPPCB (European IPPC Bureau) at Seville. The 
Commission is the responsible institution for the BAT notes. If the elaboration of BAT notes is 
accompanied by appropriate public relation measures frequently the standards are applied in 
advance. 

An initiative of the European Parliament could consist in the promotion of the information 
exchange which should additionally be supported by technology transfers. Starting points for 
technology transfer in the field of dioxin reduction could be taken from existing technology 
transfer programmes (see 5th action programme). It might be helpful to discuss such 
approaches and their integration during the conception of the future 6. action programme. 
Furthermore financial instruments could be helpful. 

The promotion of technology transfer and information exchange could be realised by various 
measures such as: 

�� initiation of application of promising future technologies with supporting programmes to 
further develop abatement technologies 

�� technology transfer programmes in order to spread progressive abatement technologies 
�� treatment of the progressive industries in the relevant BAT notes 
�� communication and information measures in the relevant industries 
�� promotion of decision support manuals for abatement measures in the relevant industries 
�� promotion of consulting programmes at enterprise level 

Being a medium to long term measure, the proposed option will lead to a reduced exposure 
and contamination of humans and the environment comparatively late. 

Principal arguments 

+ acceleration of the establishment of progressive technologies 
+ the application of BAT standards takes frequently place before legal obligation  
+ based on an already existing legal instrument 
+ important emission reduction due to new technologies 
+ cost effectiveness for technology transfers is usually better than the individual 

research and development of new technologies 
- in several cases considerable financial effort (investment and/or running costs) 
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3.2.2 Harmonisation and intensification of measurement, 
control and monitoring of emissions from sources 

Explanation, Background 

Harmonised emission limit values for dioxins and furans are fixed for certain installations at 
EU level (incineration of hazardous waste: 0,1 ng TEQ/m³, presumed the availability of 
harmonised measurement methods at community level; POP protocol for waste incineration 
0,1 to 0,5 ng TEQ/m3; a proposal concerning the incineration of hazardous waste proposes 
emission limits for dioxin contaminated wastewater resulting from the cleaning of exhaust 
gases; another proposal on the incineration of waste suggests emission limit values to air (0,1 
ng TEQ/m³) and water (0,5 ng TEQ/l) for waste incineration and co-incineration plants and 
measurement methods according to the CEN standard and finally there are dioxin emission 
limit values proposed for the manufacture of vinyl chloride monomer (VCM) (0,1 ng TEQ/m3 
into the air and 1 µg TEQ per tonne oxychlorination capacity). 

The existing regulations for the sector of waste incineration with regard to emission limit 
values is adequately covered. There are no emission limits and control and monitoring 
mechanisms specified in other fields with an important dioxin reduction potential. E.g. in some 
cases of iron ore sinter plants there have been reported unexpected high dioxin emissions 
which influence the European dioxin balance significantly. It should be examined whether 
corresponding regulations would be reasonable (e.g. in metal production and processing). 

The abatement technology for reaching low emission limit values (0,1 ng I-TEQ/m³ into the 
air) for industrial installations (e.g. in metal production) is state of the art. Consequently there 
is need for legal pressure or enforcement of existing regulations leading to the 
implementation of the appropriate abatement technologies in the Community. 

Effective and harmonised control and monitoring mechanisms are required in order to assure 
the implementation of the prescribed measures at Community level and to be able to assess 
whether the objective of 90% reduction of dioxins can be reached and where there is need for 
further action. Such control and monitoring mechanisms for dioxins are specified in Directives 
and Proposals in the field of waste incineration (measurement requirements, conditions for 
compliance, sampling and analysis conditions and monitoring procedures).  

A necessary condition for effective control and monitoring mechanisms is the availability of 
appropriate measurement methods. In order to obtain comparable, consistent, reliable and 
high quality measurement results it is necessary to implement a high quality and applicable 
measurement standard at Community level and to keep it at the current level of measurement 
methods. 

Such methods are currently available for individual measurements of dioxins. They have 
been drawn up by the European Committee for Standardisation (CEN standard no 1948). 

The Proposal on the incineration of hazardous waste [589PC0558] foresees continuous 
measurements of the air emission limit values for dioxins as soon as appropriate 
measurement methods are available. At present, such methods are not available at adequate 
conditions. There is technology available for semi-continuous measurements which is 
expensive, non mobile and has high running costs. Recent research and development 
activities resulted in promising new methods with regard to continuous measurement. 
Research in this field should be carried on and CEN standards should be updated. With 
regard to PCB measurement there is actually no measurement standard fixed at community 
level (see option 4.2.3). 
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An important point in environmental monitoring and control is the reliability and quality of 
measurement. 

Realisation, instruments 

Legal pressure in order to implement the appropriate abatement technologies (not only in the 
metal production sector) could be exerted by appropriate and harmonised emission limit 
values for the relevant installations which should be accompanied with control and monitoring 
measures. A necessary condition for effective control and monitoring is the existence of 
harmonised measurement methods. 

Existing regulations could be examined and, if necessary completed with regard to complete 
cover of emission limit values in sectors with important dioxin emission potential. Appropriate 
technologies should be laid down in BAT documents (see option 3.2.1). Measurement and 
monitoring conditions for relevant sectors could be adopted in the appropriate legally binding 
instruments. The regulations laid down should be flexible in order to be adjustable to future 
technical development. 

The CEN should be invited to update repeatedly measurement standards according to 
current results from research and development in the field of dioxin measurement. 
Corresponding to this, the CEN should be invited to draw up PCB measurement standards 
(see option 4.2.3) and to update repeatedly these standards as well. 
To assure the quality of measurement the certification of laboratories would be a reasonable 
step and the availability of certified reference materials, enabling analytical laboratories to 
ensure accuracy for analysis and method development, should be ensured. 

The proposed option can contribute to a systematic long term reduction of emissions at the 
sources. With respect to improvement of measurement, control and monitoring it would 
enable reasonable forward looking strategies in the future. 

Principal arguments 

+ systematic emission reduction at the most important sources 
+ harmonised European standards with equal competition conditions 
+ adequate control can assure the implementation of necessary technologies 
+ monitoring programmes can demonstrate further need for action 
- for compliance with emission limit values and realisation of the control and monitoring 

measures, considerable financial effort would be required in some areas 
- problems with capacities for enforcement 

3.2.3 Support of voluntary measures for the prevention of 
accidents  

Explanation, Background 

Commercial enterprises can voluntarily participate in an environmental management system 
according to Directive 1836/93/EC (EMAS) or according to ISO 14000. A condition for a 
successful certification is the realisation of measures and the definition of responsibilities with 
regard to the prevention of accidents. 

The option would be an additional effort to reduce emissions from accidents in spite of 
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existing legal regulations which are laid down in the Council Directive 96/82/EC on the control 
of major-accident hazards involving dangerous substances [396L0082]. Voluntary 
approaches may go further than legal regulations. This is due to the principally different 
approach of legal regulation and 'voluntary' approaches. One difference is the objective of 
'continuous improvement' - which is frequently part of voluntary measures (e.g. EMAS). This 
objective finds its expression in environmental objectives set at enterprise or industrial 
association level and often regardless of existing quantity threshold or substance categories. 
The driving forces are often simply marketing and economic considerations. 

With the initiative 'responsible care' the chemical industry declares its world wide 
responsibility for its products and production installations. Thus voluntary approaches may 
show their effects on an international level and do not stop at Community borders. In this 
context the realisation of safety standards by the candidates for EU membership could be 
supported. The intensity of realisation and binding to the initiative varies considerably from 
one Member State to another. Important constituents of the responsible care initiative are 
essential components concerning the prevention of accidents. 

Realisation, instruments 

The support of environmental management systems or initiatives like 'responsible care' can 
be realised in two ways. On the one hand participating parties could be supported and on the 
other hand compliance with certain conditions could be demanded from those parties which 
should participate but do not. 

Appropriate instruments for the realisation of the option in question include 
�� adoption of codes of 'best risk management practices' to prevent accidents in the relevant 

industries (i. e. chemical manufacturing) 
�� promotion of decision support manuals for the prevention of accidents in the relevant 

industries 
�� information and promotion of consulting programmes at enterprise level 
�� promotion of marketing effects 

The realisation of the option can contribute to a long term risk reduction of emissions from the 
sources. 
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Principal arguments 

+ general improvement of the safety standards of the industrial installations of the 
relevant industries 

+ support of regular operating conditions 
+ support of the motivation to participate in voluntary agreements or environmental 

management systems 
+ international effects 
+ risk reduction regardless of existing limit values 
-  problem of disruption of voluntary agreements and initiatives by governmental 

interference 
- difficulties with regard to control and monitoring measures 
- difficulties in measuring the success of the measure 

3.2.4 Support of the activities of the UNEP concerning 
persistent organic pollutants (POPs) 

Explanation, Background 

There are ongoing governmental negotiations on the so called POP Convention in order to 
carry through the world wide prohibition of twelve hazardous chemicals. The abbreviation 
'POP' stands for 'persistent organic pollutants' including dioxins and PCBs. The third round of 
governmental negotiations took place from 5 to 9 September 1999 in Geneva. The twelve 
identified POPs have been assigned to three prohibition classes. 

The PCBs have not yet been assigned to Annex A (immediate prohibition of production and 
use). The actual state of negotiations foresees to prohibit production and new application as 
cooling and isolation liquid but to admit time limited exceptions for PCBs which are already in 
use. As a result PCBs would be assigned to Annex B (restrictions) of the POP Convention. 

Concerning dioxins it is planned to assign them to an Annex C. As a consequence the duty 
shall be set out to reduce dioxins and to fix national plans and programmes for action with 
regard to the dioxin problem. 

Realisation, instruments 

During consequent negotiational rounds there will be many details which will have to be 
negotiated by the representatives of the participating governments. Of major importance will 
be the technical and financial cooperation with the developing countries, regulations 
concerning problems with existing stocks and their elimination and eventual exceptions. 

In order to provide EU citizens with a maximum level of prevention from environment and 
health effects it would be advantageous to coordinate a unified position between the 
European Parliament, the Commission and the governments of the Member States. Hence, 
the integration of the European Parliament into the negotiations of the POP convention 
constitutes an instrument which facilitates the realisation of precise technological and 
organisational measures with regard to health effects from dioxins and PCBs. 

Support should also be provided after the signature of the Convention with special emphasis 
on an effective realisation of the objectives including an international management of POPs. 
The management of POPs including source identification, inventories, minimisation strategies 
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and monitoring activities should be based on an internationally valid standard - according to 
the global effects of POPs. 

The European Parliament should exert its influence in particular with regard to the following 
crucial positions in order to improve the emission situation of dioxins and PCBs: 
�� short time limits for exceptions for further uses 
�� assurance of a sound management and disposal of existing stocks 
�� intensification of knowledge and technology transfer 
�� support of international initiatives and working groups on POPs 
�� effective international management of POPs 
The POP activities are aimed at a general long term improvement of the contamination 
situation with POPs. 

Principal arguments 

+ world wide coordinated improvement of the situation (which is a crucial point if one 
has in mind the world wide and hence transboundary transport mechanism and 
effects of dioxins and PCBs) 

+ little effort necessary compared to the success which can be reached with regard to 
reduction of environment and health effects 

3.2.7 Promotion of research with respect to domestic 
incineration of wood and initiation of corresponding 

harmonised incineration requirements 
Explanation, Background 

There is an information deficit concerning the amount and the composition of wooden fuels 
(and the extent of co-combustion of household wastes) for room heating and cooking 
purposes in the EU. 

Despite the uncertainties the emissions of dioxins from domestic incineration of wood are 
estimated to be of considerable importance (in the mid 1990ies about 15% of the total 
European dioxin emission with an increasing importance due to the implementation of 
abatement measures in other sectors). Due to the disperse character of this dioxin source, 
the emissions are difficult to control and reduce. 

Studies on dioxin emissions state low dioxin emission from domestic incineration in which 
fuels such as dry wood in natural condition, coal or briquettes are incinerated. Considerably 
higher values result from burning of specially treated wood or wood residues (e.g. chipboard 
or old furniture). Increased dioxin emission may also result from incineration of waste paper, 
cardboard or similar material and in particular from co-incineration of wastes. 

Considering the importance of this dioxin source and the lack of knowledge it could be helpful 
to promote research on this source (on background data and on abatement measures) and 
the development of possible options and concepts for the emission reduction. 

Requirements for domestic incineration and corresponding control mechanisms follow quite 
different standards at EU level. A possible option would be to examine existing regulations 
and, if necessary, to establish harmonised requirements for domestic incineration (e.g. to 
allow only incineration of appropriate fuels). 



irce – 'Dioxins and PCBs: Environment and Health Effects' 
3 OPTIONS RELATED TO THE SOURCES 

14 

Realisation, instruments 

The suggested option could be realised by the initiation of research on amounts and 
composition of domestic incineration fuels as dioxin source and development of strategies in 
order to reduce dioxin emissions from domestic incineration of wood and household wastes. 

Having in mind that people often do not know that they produce toxic substances by burning 
inappropriate fuels, information measures for the citizens could contribute considerably to an 
emission reduction. 

The option is aimed at medium (information measures) to long term effects. 

Principal arguments 

+ important need for action due to the relative importance of the source 
+ information measures may have considerable impact at low effort 
- difficulties with respect to the enforcement of harmonised regulations and control 

measures due to the disperse character of the source 
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4 Options related to the transmission chain 
4.1 Importance of the stations in the material flow 
After being emitted from the sources dioxins and PCBs are transmitted and transported on 
long distances and because of their persistence these contaminants are ubiquitous. An 
atmospheric entry of these substances into the environment compartments is always given 
[Fiedler 1995]. 

Thus surface waters and soils are contaminated by adsorption, deposition and precipitation. 
The water solubility of dioxins and PCBs is extremely low and the vaporisation from aqueous 
solutions is anomalously high. Thus evaporation from contaminated surface waters may 
represent a major means of their transport into the environment. The possibility of transport 
via water only is considerable in adsorbed form to surfaces of particles.  

With regard to soil there is usually no significant transport of dioxins and PCBs in soils from 
the upper into deeper situated soil horizonts or groundwater. Transport in relevant quantities 
only occurs bound to particles and due to mechanical mechanisms. In soil or sediment, where 
dioxins and PCBs are absorbed to surfaces, the rate of vaporisation and hence of re-
emission is greatly reduced [Kraus 1995]. 

Contamination of plants is mainly due to adsorption from the gas phase and deposition of 
particles on the plant surface. Plant uptake from contaminated soil via the roots is usually 
negligible. However there seem to be considerable species dependent differences in root 
uptake. The transfer from soil to plant via gas phase is not important. 

Animal contamination is effected by absorption through the skin, the lungs, and – most 
important – the gastrointestinal tract. Direct atmospheric contamination is estimated to be 
negligible. Consequently contamination of animals is mainly effected via the food chain. 
Dioxins and PCBs are carried over from contaminated nourishment including soil or sediment 
uptake. It is important to mention, that because of their persistence and the fact that they are 
poorly metabolised dioxins and PCBs can bioaccumulate in the food chain and lead to an 
increased concentration at each succeeding trophic level (biomagnification). Thus they may 
finally result in important concentrations causing toxic or other negative effects. 

4.2 Options for the relevant institutions 
4.2.1 Promotion of the application of best available 
technologies (BAT) and other measures in the food and 

feedstuff industry 
Explanation, Background 

The background to this option is already described under the corresponding option 3.2.1. 

Directive 96/61/EC on integrated pollution prevention and control (IPPC) had to be 
transposed into national law in October 1999. The Directive requires certain conditions for the 
permits for industrial installations. In the context of the execution of the Directive there are 
elaborated so called BAT notes with regard to a certain industrial plant laying down 
progressive technologies. With regard to the food industry such BAT notes are inter alia 
foreseen for (see Directive 96/61/EC, Annex I, 6.4 and 6.6): 

��Slaughterhouses with a carcass production capacity greater than 50 tonnes per day (year 
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19991) 
�� Treatment and processing intended for the production of food products (year 20001) 

from: 
- animal raw materials (other than milk) (> 75 t/d finished product production capacity) 
- vegetable raw materials (> 300 t/d finished product production capacity, average value 

on a quarterly basis) 
�� Treatment and processing of milk (year 20001) (> 200 t/d of milk received, average value 

on an annual basis) 
�� Installations for the intensive rearing (year 20001) of poultry or pigs with more than: 

- 40 000 places for poultry 
- 2 000 places for production pigs 
- 750 places for sows 

These installations can be important stations in the material flow and may considerably 
influence human contamination. It could be taken into consideration to extend the IPPC 
Directive to other food industries such as intensive rearing of other livestock animals including 
aquaculture (e.g. beef, fish) or to feedstuff industries. 

With the adoption of the BAT notes a standard will be fixed which should also result in a 
reduced contamination of food products with dioxins and PCBs. This instrument is of 
particular interest because the standards will be applied in permit procedures and can thus 
be implemented and executed comparatively fast and effective. 

Food products are frequently contaminated with dioxins and contamination occurs 
predominantly in food produced from animals and is less important in food derived from 
plants. The major share of human contamination is consequently usually due to animal food 
products (> 95%). A possible option to reduce human contamination would be the change of 
food habits by promoting the consumption of low loaded food products.  

On the other hand, any considerable reduction of food contamination can significantly 
contribute to reduce human contamination and to increase safety limits by minimising the 
average daily intake relative to the tolerable daily intake. For the various industrial 
installations with relevance for the human food chain technologies exist for contamination 
reduction. They are applicable as single measures or in various combinations. The general 
intention of these technologies is to separate dioxins and PCBs from the material flow and to 
assure, that the contamination stays below certain limit values. 

Concerning the contamination sources, most attention has been given to contamination of 
meat and milk of cows via the transmission chain soil – grass – cow – human [e. g. Fiedler 
1995]. The entry into the food chain predominantly depends on transmission via air and the 
resulting degree of contamination of the soil and natural, harvesting and feeding processes. 

Apart from the transmission chain via green plants, silage plants or dry plants, there is 
another important entry to the food chain via concentrated feedingstuffs. The contamination 
in this case is predominantly due to (1) contamination via the air in the form of dust on the 
surface of feedstuff ingredients and (2) via feedstuff ingredients - frequently imported 
remnants from food production all over the world, frequently contaminated with pesticides or 
fungicides leading to dioxin or PCB contamination. 

                                                 
1 Foreseen start for the elaboration of the corresponding BAT note 



irce – 'Dioxins and PCBs: Environment and Health Effects' 
4 OPTIONS RELATED TO THE TRANSMISSION CHAIN 

17 

Industrially produced concentrated feedstuff plays an important role in animal production at 
large scale in the case of pigs, poultry, aquaculture and milk cows. Contamination is mainly 
due to the above mentioned contamination paths. This fact gives the chance to significantly 
reduce the contamination of food products of animal origin with dioxins by substituting the 
contaminated ingredients of concentrated feedstuff or by reduction of the contamination of 
the ingredients. 

Most important sources for the dioxin load in plant based concentrated feedstuffs are cereals, 
and plant protein carriers like green flour. There are technologies available to clean the cereal 
basic products (air classifying method) which may result in a reduction of the dioxin load in 
the concentrated Feedstuffs of 40 – 50%. Concerning green flour the contamination path is 
not yet evident (contamination via air and soil particles and eventually drying processes 
during production of green flour). A possible solution would be to improve drying processes 
(indirect heating instead of direct heating) which would significantly contribute to a further 
reduction of total contamination, which is estimated to be around 80% (after cereal and plant 
protein carrier cleaning technologies). These technologies could hence significantly 
contribute to a decreasing contamination of the consumers [UBA 1996]. 

An obstacle to a possible contamination reduction is the derogation in Directive 1999/29/EC 
on undesirable substances in animal nutrition. The derogation provides that feed materials 
which do not comply with the maximum limits (500 pg I-TEQ/kg) may be used in compound 
feedstuffs if the maximum level laid down for the compound feedingstuffs is complied with. In 
this context a proposal on the amendment of Directive 1999/29/EC suggests to delete the 
mentioned derogation. The proposal furthermore provides for the option of fixing an action 
threshold that is considerably lower than the maximum level laid down. 

Another Proposal on the marketing of compound feedingstuffs suggests an open declaration 
in the labelling provisions of compound feedingstuffs for production animals [599PC0744]. 

Realisation, instruments 

Analogous to option 3.2.1 the corresponding instruments would be suitable for the realisation 
of this option and it would be helpful to promote information exchange and technology 
transfer of progressive technologies, respectively best available technologies. The promotion 
of technology transfer and information exchange could be realised by analogous measures 
such as: 
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�� initiation of application of promising future technologies with supporting programmes to 
further develop technologies for the prevention or reduction of food contamination with 
dioxins or PCBs 

�� technology transfer programmes in order to spread such progressive technologies 
�� treatment of the progressive industries in the relevant BAT notes 
�� communication and information measures in the relevant industries 
�� promotion of decision support manuals for contamination prevention measures in the 

relevant industries 
�� promotion of consulting programmes at enterprise level 

��Promotion of research on and application of cleaning technologies for feedstuff 
ingredients and new discussion of maximum limits based on the results 

Other measures include 

�� Training of farmers with regard to harvesting and feeding processes 
�� Import control of concentrated feedingstuff ingredients 
��Control measures especially with regard to the elimination of the separated dust which 

arises during cleaning 
��Amendment of directive 1999/29/EC (no derogation from maximum limits, fixing of an 

action threshold) 
��Development of action plans 
��Promotion of low contaminated concentrated feedingstuffs with market based measures 

(e.g. labelling of dioxin and PCB 'free' concentrated feedingstuffs) 

Furthermore an extension of the IPPC Directive with respect to other food industries could be 
discussed. 

Being a short to medium term measure the proposed option can lead to a reduced exposure 
and finally contamination of humans comparatively fast (as soon as contamination reduction 
technologies are applied). 

Principal arguments 

+ acceleration of the establishment of progressive technologies 
+ the application of BAT standards takes frequently place before legal obligation  
+ based on an already existing legal instrument 
+ interception of an important transmission path causing human contamination 
+ cost effectiveness for technology transfers is typically better than the individual 

research and development of new technologies 
- in several cases considerable financial effort (investment or running costs) 

4.2.2 Further development of fast and cheap methods for 
dioxin and PCB measurement 

Explanation, Background 
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Methods for analyses of dioxins and PCBs are costly and expensive and there is a 
considerable time lag between sampling and the availability of the results. At various stations 
in the material flow it is necessary to perform more and more measurements in order to show 
existing contamination and problems, in order to control the compliance with existing 
regulations, and also, in order to monitor the effects and success of executed measures.  

Cheap and easily applied routine tests - with only short time intervals between sampling and 
the availability of results - for the measurements of dioxin and PCB contamination in 
environmental samples could improve the possibilities for monitoring and control. The focus 
in most recent research and development has been laid on the improvement of the 
measurement methods and there are promising approaches for new methods with regard to 
costs and effectiveness allowing high throughput and high quality measurements (see Part B, 
chapter 6). 

Realisation, instruments 

Promotion of scientific research and technological development on cheap and easily applied 
routine tests for the measurements of dioxin and PCB contamination in environmental 
samples. Possible instruments would be 

�� coordination with Commission activities and suggestion of prioritisation for research and 
development (with regard to measurement methods at the source) 

�� initiation of supporting programmes to further develop measurement technologies 
�� initiation of knowledge transfer between relevant research institutes 

The realisation of this option will enable an improvement in the medium to long term because 
usually a certain time is required for the development of new technologies at large scale.  

Principal arguments 

+ possibility to realise and react on currently unknown risks 
+ possible support for effective control and measurement programmes 
+ connection of economic (less time and money intensive) and ecological advantages 

4.2.3 Harmonisation and intensification of measurement, 
control and monitoring of dioxins and PCBs within the 

transmission chain 
The principal considerations of this option are already explained above (see option 3.2.2). 

The European Committee for Standardisation (CEN) has drawn up a standard for dioxin 
measurement (CEN standard no 1948; see option 3.2.2). With regard to PCBs there is 
currently no measurement standard fixed at community level. Congener specific analytical 
procedures for qualitative and quantitative detection of PCB has not been developed as far 
as analysis of PCDD/PCDF [Fiedler, 1995 b]. As a result applied methods differ considerably 
between Member States (they are e.g. based on different selections of congeners) and are 
often not state of the art. This is mainly due to the fact, that established methods are based 
on a certain selection of congeners which are analysed to determine the total concentration of 
PCBs. The selection generally does not reflect congener specific behaviour in various 
environmental matrices and the fact that the health and environmental effects are mainly due 
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to a selection of 12 coplanar PCBs. 

Research is continuing with respect to congener specific PCB measurement including the 
relevant coplanar PCBs. The necessary measurement technology is available. There are 
proposals for measurement methods including these congeners (WHO) and there is ongoing 
development of such methods (e.g. VDI). Consequently there is urgent need for harmonised 
measurement methods according to the new level of knowledge. 

Realisation, instruments 

This option can be realised by corresponding measures as option 3.2.2, in particular the CEN 
should be invited to draw up PCB measurement standards and to update these standards 
repeatedly according to new research and development results. 

The proposed option can contribute to a medium to long term reduction of the spreading of 
PCBs via the transmission chain and it can furthermore, with respect to results from 
measurements, enable reasonable forward looking strategies in the future. 

Principal arguments 

+ comparability of data at the European level 
+ harmonised European standards with equal competition conditions 
+ adequate control can assure the implementation of necessary technologies 
+ monitoring programmes can demonstrate further need for action 
+ for compliance with emission limit values and realisation of the control and monitor-
 ing measures considerable financial effort would be required in some areas 
- problems with capacities for the enforcement of existing regulations 
- difficulties in the development of continuous measurement methods 

4.2.4 Promotion of harmonised regulations for the 
application of sewage sludge and compost 

Explanation, Background 

A considerable share of the daily dioxin and PCB uptake of cows during pasturage is via 
contaminated soil particles [Fiedler 1995]. Sewage sludge and (less important) composts 
which are applied in agriculture contribute considerable to dioxin and PCB contamination of 
soil. The contamination can be reduced if certain conditions in the application are considered 
(e.g. restricted application on pastures). 

There are regulations in some Member States (Austria, Germany, The Netherlands) on the 
application of sewage sludge and compost. The existing regulations should be examined and 
with regard to research results regulations should be set out with harmonised conditions for 
the application of sewage sludge and compost in agriculture. 

Important in this context are prohibitions and restrictions of the application of sewage sludge 
with regard to their contamination with dioxins and PCBs. They could be applied according to 
certain maximum limits and threshold values in connection with an action plan. Furthermore 
requirements for control (e.g. on measurements, reporting duties) and monitoring should be 
considered. 
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In this context it would also be reasonable to discuss the establishment of soil guideline 
concentrations depending on the form of land use, as they have been established in 
Germany, The Netherlands and Sweden. 

Realisation, instruments 

Examination of existing regulations and initiation of harmonised regulations including 
maximum limits, threshold values and action plans (see options 5.2.1 and 5.2.2) for the 
application of sewage sludge and compost. Discussion of soil guideline concentrations. 

The character of this option is more long term. It interferes comparatively early in the 
transmission chain. It is aimed at a long term reduction of the soil contamination as a long-
memory receiving medium and important reservoir for dioxins and PCBs. 

Principal arguments 

+ harmonised standards at community level 
- problems with the disposal of contaminated sewage sludges 

4.2.5 Establishment of quality criteria for wildlife 
Explanation, Background 

Due to their toxic and other properties dioxin and PCB contamination may cause negative 
effects on livestock as on wildlife. Whilst the maximum limits for contamination of production 
animals are mostly considered under the aspect of human health safety, there is no 
comparative motivation to fix maximum limits for wildlife animals. The motivation for maximum 
limits arises from the precautionary duty of the Community which comprises the prevention of 
negative effects on the environment, including effects on wild fauna. Consequently quality 
criteria for the protection of wildlife should be developed. 

Due to the effect of biomagnification the concentrations of dioxins or PCBs reach in certain 
cases considerably high concentrations at the end of the food chain. As a result the 
contaminants can exert negative effects on the contaminated organisms. Consequently 
quality criteria for the protection of wildlife animals need to be developed.  

The establishment of quality criteria for wildlife is aimed at the prevention of wildlife from 
negative effects. Quality criteria are certain concentration levels beyond which the risk of 
negative effects on wildlife appears unacceptable. The important scientific background is the 
effect of biomagnification which may result in negative effects on wildlife. Especially animals 
which are feeding mainly on aquatic organism (e.g. otters, seals, common terns, or the white-
tailed eagle) are endangered. Maximum limits for human health do not necessarily assure the 
protection of wildlife. The quality criteria should be based on the determination of certain dose 
response levels (e.g. on the 'no observed adverse effect levels' (NOAEL)) for the relevant 
receptor species. There is considerable need for research on such levels. 

There are approaches in order to develop quality criteria (e.g. in The Netherlands, The UK, 
The USA and Canada [UBA JB 1997]. 

Quality criteria for dioxins and PCBs in the water phase have been developed by the USA 
EPA in context with the 'Great Lake Water Quality Initiative'. Due to the low concentrations of 
these organochlorines in water an execution is difficult because of the lack of appropriate 
routine measurement methods. Consequently it is more suitable to develop quality criteria 
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related to the food chain because as a result of biomagnification the concentrations in 
nourishment are at levels which are unproblematic to detect. Furthermore such an approach 
allows to neglect insecurities concerning carry over rates in the transmission chain. 

The existing Canadian concept is orientated to consumer protection ('Tissue Residue 
Guidelines for the Protection of Wildlife Consumers'). The concept is based on tissue residue 
values and in connection with the suggested maximum limits it can serve as a promising 
basis for the development of quality criteria for the protection of wildlife in the European 
Community (as mentioned above it has to be based on dose response levels of the relevant 
receptor species). 

Wildlife quality criteria like tissue residue guidelines are of special importance for monitoring 
and control programmes. The maximum limits and threshold limits may serve as a basis for 
appropriate action programmes (analyses of the reasons for increased contamination and 
improvement measures). The long term observation of the contamination levels is suitable as 
a decision bases for future action. 

Another important point is the possible pressure on dioxin and PCB emitters if maximum 
limits for tissue residue guidelines are not kept. As a result of public pressure there may 
follow important 'voluntary' technological and organisational measures in order to reduce the 
relevant emissions. A side effect of quality criteria for wildlife animals would be increased 
human health standards as a result of reduced contamination of wildlife consumers. 

Realisation, instruments 

Research on dose response levels of relevant wildlife receptor species should be promoted. 
In this context quality criteria for soil or sediment should be discussed as well because wildlife 
is predominantly contaminated via ingestion of dioxins and PCBs associated with organic 
matter in soil and sediment. 
The research and development of wildlife quality criteria should be carried on and should be 
based on existing concepts and research results regarding dose response levels. Finally 
tissue residue guidelines (or other appropriate quality criteria) for the protection of wildlife 
animals should be established and integrated in the corresponding legislation. 
Having in mind, that the establishment of quality criteria does not improve the situation by 
itself, but that it is an important option with regard to monitoring and control measures and 
with respect to future strategies, the option is aimed at a long term improvement of the 
situation. 

Principal arguments 

+ prevention of environmental effects from dioxins and PCBs (whilst measures generally 
are aimed at human protection) 

+ importance for monitoring and control programmes and future development of 
strategies 

+ public pressure on emitters 
+ possibility for increased human health standards 
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4.2.6 Acceleration of the establishment of PCB 
inventories and control of the present status of storage and 
handling of installations containing PCBs and PCB wastes 

Explanation, Background 

Council Directive 96/59 is aimed at the controlled disposal/elimination of PCBs and PCB 
containing equipment as soon as possible, at the latest at the end of 2010. It also regulates 
reporting duties and obliges the Member States to send summaries of such inventories to the 
Commission at the latest in September 1999. 

However, whilst the sources of dioxins have been studied and inventoried quite well, there is 
comparatively little information available relative to the PCB situation. Only few Member 
States have data based on recent inventories at their disposal. Due to the lack of data these 
existing inventories contain considerable uncertainties. More recent data are required to 
assess the situation related to PCBs and to adjust disposal and/or elimination capacities to 
the real situation. 

Moreover, 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 
[Dyke 1998]. More recent data are required to assess whether PCBs are formed in the 
processes (e.g. in metal plants or processing of scrap metal) or whether the findings are due 
to re-emission of existing PCBs.  

The lack of knowledge gives rise to the risk, that important quantities of PCBs may be 
emitted, transported, recycled, disposed of or eliminated without registration. As a 
consequence of all these treatments there may result emissions, wastes or contamination 
with dioxins and PCBs. Furthermore there may be deficiencies in elimination capacities for 
PCBs. 

Having this in mind – and moreover that the dioxin problem in reality is often more a PCB 
problem (e.g. PCBs are precursors for dioxin contamination of food) – there is urgent need 
for the acceleration of the establishment of PCB inventories including research on 
contemporary PCB emission sources. 

Realisation, instruments 

A European inventory could reduce the risks and answer the question whether there are 
elimination capacities required or whether there is any other need for action. Council Directive 
96/59 represents a legal basis inviting the Member States to establish PCB inventories and to 
send summaries to the Commission at the latest in September 1999. More emphasis has to 
be put on the establishment of the national inventories. The results should be evaluated and 
used as a data basis for a European PCB inventory. At the same time research on PCBs with 
respect to contemporary sources should be promoted. Finally a European PCB strategy 
based on the inventory and research results should be developed. 

Appropriate instruments include: 

�� promotion of investigation and evaluation of existing data (following the question which 
data are already available at Community and at Member State level) 

�� promotion of PCB measurement programmes and inventories in order to fill data gaps 
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�� promotion of research on contemporary PCB sources 
�� initiation of a European PCB inventory 
�� information and promotion of guidelines for the realisation of the inventory at the level of 

the competent authorities and the relevant industries 
�� voluntary agreement with the relevant industries to provide the relevant data 
�� promotion of market based instruments (e.g. information on 'PCB free industrial sites') 

Principal arguments 

+ early interruption of the material flow in good time before a far reaching contamination 
+ low costs of an inventory in relation to the effects 
- the prospects of limited legal possibilities because of the product character of PCB 

containing devices 
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5 Options related to human health 
Although all the above mentioned options finally contribute to increased human health 
standards, short term measures are important which predominantly serve to prevent acute 
health risks. These measures are predominantly related to the end of the material flow. The 
principal objective is to prevent human intake of dioxins and PCBs by contaminated food. The 
importance of health related measures is underlined by the fact that the average daily intake 
of dioxins and PCBs in the European Community is often close to the upper limit or even 
exceeding the tolerable daily intake (TDI) of toxic equivalents (TEQs) which is recommended 
by the WHO (1-4 pg I-TEQ/kg bodyweight per day). 

5.1 Importance of the human uptake of dioxins and PCBs 
The human contamination with lipophilic organochlorine substances like dioxins and PCBs is 
predominantly due to uptake from food. The contamination of an average adult with dioxins 
depends on local contamination patterns and eating habits. 

The human contamination with fat soluble organochlorine substances like dioxins and PCBs 
is predominantly due to uptake from food. The contamination of an average adult in central 
Europe is estimated to be 1/3 from milk and milk products [Fiedler 1995]. The roughly 
estimated average contribution to dioxin exposure via food in some – not necessarily 
representative – EU Member States is about 33% by milk and milk products, 17% by meat 
and meat products, 25% by fish and 25% by other food sources including eggs, fats and oils, 
cereals and fruits/vegetables. There are considerable differences between Member States 
(see Technical File, Table 13). Cereals and fruits/vegetables contribute to about 17%. The 
TEQ contamination as a result exposure to PCBs due to food uptake is estimated to be in the 
same range as the load with dioxins (see Technical File, Table 14). 

The human dioxin uptake via food for an average adult is estimated to be more than 95% of 
the total uptake and the estimated average intake depends on food habits and is in central 
Europe roughly about 1/3 via milk, 1/3 via meat, 1/3 via fish and less than 1/10 via plants and 
other products. 

The basic entry into the food chain 'feedstuff – animal – milk – man' is carried out via the 
atmosphere [Fiedler 1995]. In addition to this entry into the food chain via the atmosphere 
entry via contaminated soil (sewage sludge, compost) and contaminated ingredients to the 
feedstuffs is important. 
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5.2 Options for the relevant institutions 
5.2.1 Promotion of precautionary action thresholds and 

action plans for dioxin and PCB concentrations in food 
products and feedstuffs 

Explanation, Background 

Several recent Commission Decisions (e.g. 1999/363/EC, 1999/368/EC, 1999/389/EC, 
1999/390/EC, 1999/419/EC, 1999/449/EC and 1999/788/EC) lay down measures to protect 
certain products of animal origin intended for human or animal consumption from 
contamination by dioxins. 

Following on from the heavy contamination of compound feedstuffs and the resulting 
contamination of pigs and poultry in Belgium in 1999, the Commission Decision 99/788/EC 
(on protective measures with regard to contamination by dioxins of certain products of 
porcine and poultry origin intended for human or animal consumption [399D0788]) sets out 
measures to protect the health of consumers. The measures include the prohibition of placing 
certain products on the market (except if the results of analysis demonstrate that the products 
are not contaminated with dioxins or that they do not exceed certain levels for PCB 
contamination) and the destruction of contaminated products and certain information and 
monitoring measures. 

There is no debate on the question, that feedingstuffs or food products exceeding a certain 
contamination level (maximum tolerable concentration; MTC) should not be allowed for 
consumption in order to guarantee full safety of the feed and food chain and that for such 
contaminated products their safe destruction and certain information and monitoring 
measures are required. 

Accordingly the Commission Decision 99/788/EC fixes PCB maximum limit values for eggs, 
egg products poultry meat and poultry products (200 ng/g fat) and preliminary PCB maximum 
limit values for fresh pig meat and products (200 ng/g fat). Furthermore maximum limit values 
are fixed for milk. It seems to be reasonable to assess for which other kind of feedingstuff and 
food products dioxin or PCB maximum limits and limit values for a certain action (e.g. 
prohibition of marketing, destruction or restricted use) should be fixed for a precautionary 
prevention of health effects. 

In the case of a contamination below certain maximum limits but above a certain action 
threshold a restricted use for consumption may generally be allowed. At the same time 
measures have to be taken in order to identify the sources of the contamination and to 
prevent or reduce further contamination. These measures could be realised according to an 
action plan. 

According to this approach the proposal for a Directive on undesirable substances and 
products in animal nutrition [599PC0654] fixes such maximum limits and provides for the 
option to fix an action threshold that is considerably lower than the maximum level laid down 
in connection with measures for the elimination or reduction of the contamination sources. At 
the present time such action thresholds are not defined. 

Such an approach will gradually lead to an active reduction of the presence of certain 
undesirable substances and products in the feed and food chain and consequently the 
promotion of harmonised action thresholds should be supported. The effect of the approach 
could even be enhanced by introducing 'objective values' being considerably below maximum 
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and action values, which define the objective which should generally be reached in the future. 

At present, products from eggs, poultry, pig meat and milk are the only food products which 
underlie a certain maximum limit at Community level. There are other animal products for 
which maximum limits, action thresholds and action plans should be discussed (especially 
products from beef and fish). 

Realisation, instruments 

The action thresholds should be coordinated between the Member States and already 
existing values of the WHO and the Member States should be considered. In order to avoid 
distortions in conditions of competition it would be reasonable to fix the threshold limits and 
an action plan at European level. It could be advantageous to allow for certain discretionary 
powers, so that measures can be taken adjusted to a concrete situation. 

The proposed option can be realised by the promotion of the foreseen option to lay down 
action thresholds in Annex I of the cited proposal and the elaboration of an action plan in 
order to clarify and harmonise the measures required for the elimination or reduction of the 
relevant contamination sources. 

Furthermore the 'maximum limit – action threshold' approach should be extended to other 
food products 

Principal arguments 

+ approach to gradually reduce the contamination in an important transmission path 
+ harmonised conditions at Community level 

+ higher consciousness on elevated dioxin and PCB concentrations 

+ possibility to react if concentrations are below limit values 

5.2.2 Promotion of precautionary action thresholds and 
action plans for dioxin and PCB contaminated livestock 

Explanation, Background 

Council Directive 96/23/EC on measures to monitor certain substances and residues thereof 
in live animals and animal products lays down measures to monitor a list of substances and 
groups of residues inter alia organochlorine compounds (which include dioxins and PCBs). It 
is foreseen, that the Member States submit a plan to the Commission setting out the national 
measures conform with the provisions of the Directive. 

An important point in the ongoing discussion is the question 'How should one proceed with 
animals which are contaminated with dioxin or PCB levels excluding them from direct use in 
the production of food?' Possibly these animals could be used in the future after a certain 
period of nourishment with not contaminated food. 

In this context the material flow of dioxins and PCBs within livestock animals (accumulation, 
metabolism and excretion) is of decisive importance. In this field only little research has been 
done and significant deficiencies in knowledge remain. As a result it is difficult to realise well 
founded practical measures. 
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Analogous to the above mentioned precautionary action thresholds it is reasonable to fix 
certain maximum limits, action thresholds and action plans for contaminated livestock 
animals. 

Realisation, instruments 

The deficiencies in knowledge could be eliminated by initiating appropriate research on the 
material flow of dioxins and PCBs in livestock animals in order to be able to develop 
guidelines on a reasonable procedure with contaminated live animals based on maximum 
limits, action thresholds and action plans. 

These guidelines should be coordinated with national measures and could be proposed in 
order to amend Directive 96/23/EC. 

Principal arguments 

 
+ approach to gradually reduce the contamination in an important transmission path 
+ harmonised conditions at Community level 

+ higher consciousness on increased dioxin and PCB concentrations 

+ possibility to react if concentrations are below limit values 

+ harmonised conditions at Community level 

5.2.3 Acceptance of WHO-TEQs and discussion of the 
WHO TDI with respect to an integration in existing and future 

legislation 
Explanation, Background 

In the environment dioxins and PCBs practically never appear as pure substances but always 
as complex mixture of substances. Usually they can be found as impurities of other 
substances, frequently together with other chlorine-containing pollution. Consequently it is not 
obvious to make distinct statements on the toxicity of substances containing dioxins and/or 
PCBs. The toxic potential of substances is therefore given in toxic equivalencies (TEQs), 
derived partially from subchronic toxicity studies and from certain biochemical properties. 
International toxic equivalency factors (TEFs) have been established for the determination of 
TEQs.  

The TEQ system has been developed as a pragmatic tool enabling to assess and indicate 
the toxicity of complex dioxin mixtures in a single TEQ value and it is broadly accepted. A 
TEQ system which has been developed by the NATO in 1988 has been used internationally 
and is e.g. adopted in Annex I of Council Directive 94/67/EC on the incineration of hazardous 
waste [394L0067] as a basis for TEQ determination. 

The WHO-TEQ system [van den Berg 1998] is the most recent TEQ system and is based on 
the present state of knowledge. It was developed by the World Health Organisation (WHO) 
and the International Programme on Chemical Safety (IPCS). It standardises the toxicity of 
dioxin and furan congeners and includes for the first time 12 dioxin like PCBs. This system 
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has two decisive advantages compared to former TEQ systems: it reflects the toxic effects of 
PCDD/Fs and dioxin like PCBs in one system (which are mainly based on the same effect 
mechanism) and it applies not only to humans but also to mammals, birds and fish. 

In order to have an effective decision basis for risk assessment a scale for the assessment of 
exposure to dioxins and PCBs is required. Therefore the WHO recommends for humans a 
Tolerable Daily Intake (TDI) of 1-4 pg WHO-TEQ/kg body weight (including PCBs) which 
should not be exceeded. 

Realisation, instruments 

In the sense of an international harmonised risk assessment which should be based on the 
most current understanding, it appears to be reasonable to accept the WHO-TEQ system and 
to discuss the WHO-TDI as an assessment scale for future risk assessment with respect to 
human health at international level. Finally, the WHO-TEQ system and – depending on the 
discussion – the WHO TDI should be integrated as a harmonised and consistent risk 
assessment tool in existing and future regulations. 

Principal arguments 

+ consistent and transparent, science based risk assessment tool for dioxin and PCB 
effects at international level 

+ pragmatic tool for risk assessment 
- restricted to Ah-receptor mediated toxic effects 
- WHO TDI level is not always accepted 

5.2.4 Examination and, if necessary, harmonisation of 
existing requirements for working health and safety standards 

Explanation, Background 

Certain groups are exposed to elevated PCDD/F levels due to their professional occupation. 
The most important former sources for occupational exposure are phenoxy-herbicide 
production and processing, capacitor production, non-ferrous metal recycling in secondary 
copper steel industry. According to recent literature [Knecht 1999] and experts, these working 
fields no longer exist. 
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Expert interviews revealed recent contamination with dioxins or PCBs due to occupational 
exposure in other working fields. Especially employees in laboratories and research institutes 
seem to be exposed to comparatively high risks. Currently, employees of an Austrian textile 
research institute have been heavily contaminated showing the typical effects of dioxin 
contamination. The blood of the concerned employees showed high contamination values of 
2,3,7,8-TCDD of 144 and 26 ng/g fat. Also, workers in disposal enterprises or in the steel 
industry may be exposed to abnormal loads of dioxins and PCBs. 

Existing legal regulations set out values for the maximum exposure to PCBs around 1 mg/m3 
air. The recently reported occupational exposures require investigations as to whether there 
are maximum exposure limits fixed for occupational exposure in the relevant working fields, 
whether they are coherent with the actual values for tolerable daily intake and whether there 
is a need for harmonisation. 

Realisation, instruments 

Inquiries to the Commission and Member State governments with regard to elevated 
occupational exposure and their causes. 

If there is a need, existing exposure limits should be adjusted and harmonised at Community 
level with regard to the TDI values including a certain precautionary security range. The 
execution and compliance with established exposure limits should be assured by imposing 
corresponding control and reporting duties. 

Principal arguments 

+ Community wide increased health standards 
+ coherence of exposure limits and tolerable daily intake 
- problems to comply with strict maximum exposure limits in special installations such 

as laboratories or research institutions 
- problems to control sporadic elevated dioxin or PCB exposure in these institutions 
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6 Future options and promising areas for the future 
As shown in the study, dioxins and PCBs represent a global threat to human health and 
environment. Due to long range transport paths and mechanisms the emission of spot sources 
have lead to a worldwide contamination even in the most remote geographical areas. 

As in other OECD countries, significant progress has been achieved in EU Member States in 
reducing emissions and environmental contamination due to taken measures. The options 
presented in the study show further possibilities to realise reduction potentials for the burdens 
resulting from these toxic substances. 

However, the problems are far from being solved. Important data gaps and uncertainties in 
knowledge still remain. Trends show that imissions of dioxins and PCBs have decreased and 
environmental contamination is starting to decline. Further decrease of environmental 
contamination levels has to be assured and monitored. 

Obviously dioxins and PCBs do not stop at borders and related problems have to be resolved at 
international level. The measures taken in various countries differ considerably and reported 
data often provide inadequate information. Accordingly a major area for the future can be seen 
in efforts to establish an international management in order to reduce the emission from the 
sources worldwide by internationally coordinated cooperation. 

The following options should be considered for future action: 
�� establishment of international criteria for data collection, measurement and data reporting 

and promotion of international expert information exchange 
�� support of inventories on sources and transmission paths of dioxins and PCB in developing 

countries and countries in transition 
�� information exchange with these countries on the technical, organisational and financial 

circumstances of necessary measures 
�� inclusion of promising measures in programs and policies of OECD countries 
�� promotion of research for an improved understanding of the coherence and effect 

mechanisms in the transmission chain and possible options to interrupt the material flow 
�� promotion of research on the remediation of contaminated sites 

Due to the production of huge amounts of PCBs, important quantities can still be found 
worldwide in various applications. Whilst the sources of dioxins have been studied and 
inventoried quite well, there are considerable uncertainties with regard to PCBs. With respect to 
the above cited future options at international level, a special focus should therefore be laid on 
the PCB problem. Following expert statements the military area might be of special interest. 
Due to their properties (in particular non inflammable) PCBs found a broad application there. 
Appropriate future options in this context would be: 
�� in the context of PCB inventories, identification of at present less investigated applications 

and corresponding amounts with particular focus on the military area 
�� intensification of the consciousness for PCB related risks, including the military area 

All these options would facilitate the development of international strategies which finally will 
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lead to further reduce environmental and human exposure to dioxins and PCBs. 
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1 Dioxins and PCBs 
Dioxins and PCBs (polychlorinated biphenyls) are toxic substances encountered widely. Very 
small concentrations of these chlorine organic compounds can cause severe effects. They 
exert negative effects on the environment and health in various ways. Both substance groups 
are chemically comparatively resistant and due to their properties they accumulate in human 
or other fat tissue. 

1.1 Definition and classification: Dioxins 
Never being produced intentionally dioxins form as unwanted byproducts in a number of 
chemical and thermal processes. 

Dioxins is the systematic description for organic compounds with a non-saturated ring with 
two O-atoms. They are a group of tricyclic, almost planar, aromatic compounds, consisting of 
two benzene rings linked by two oxygen atoms and with at least one chlorine atom.  

Illustration 1: structural formula of the unsubstituted dioxin and furan skeleton molecule 

 

 

 

 

 

Depending on the degree of chlorination, a number of 75 isomeric compounds (congeners) of 
PCDDs can exist. There are congeners substituted with 1 to 8 chlorine atoms (mono- to 
octachlorinated) which can also differ in the position of the chlorine atoms in the organic ring. 

Often the dioxins are linked to the group of the polychlorinated dibenzofurans (furans or 
PCDF) with similar physical, chemical and biological properties. Furans are the group of 135 
isomeric compounds consisting of two benzene rings linked by one oxygen and with one or 
more chlorine atoms. 

Throughout this study, the term 'dioxins' (PCDD/Fs) is understood as the group of dioxins 
(PCDDs) including furans (PCDFs), especially the congeners as listed in Annex I of the 
Directive 94/67/EC. 

There are eight types of dioxin isomers grouping together compounds with the same degree 
of chlorination or in other words the same number of chlorine atoms (see Table 1, Technical 
File). 

The chlorine atoms can be partially or completely substituted by other halogens. Of the mixed 
chlorinated and bromined dioxins there exist theoretically 5200 congeners. 

Among the 210 PCDD/F the 2,3,7,8 substituted compounds are of special interest because of 
their high toxicity. These PCDD/F contain 4 to 8 chlorines and they have in common, that the 
positions 2,3,7 and 8 of the chemical structure are occupied by chlorine atoms. The prototype 
of this group is the 2,3,7,8-dibenzo-p-dioxine (2,3,7,8-TCDD or TCDD) which is also known 
as „Seveso dioxin“ [ROMPP 1998; Ullmann 1995]. 
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Illustration 2: 2,3,7,8-dibenzodioxin 

 

 

 

 

Some chemical-physical key properties (see Table 2, Technical File) determine the 
environmental and health related behaviour of dioxins (see chapter 4). Under toxicological 
aspects their characteristical high fat solubility (lipophilicity) and their resistance is of special 
importance. As a result of these properties dioxins accumulate in biological tissues and their 
concentration may increase in the food chain of an ecosystem from one trophic level to 
another (biomagnification; see chapter 4). 

Dioxins emerge as unwanted by-products from many sources e.g. combustion processes, 
metal processing, chemical manufacturing or reservoir resources (see chapter 2). 

1.2 Toxicity: Dioxins1 
The dioxins and furans with chlorine atoms at the 2, 3, 7, and 8 positions are considered the 
most toxic. Of these, 2,3,7,8-chlorodibenzo-p-dioxin (TCDD) has by far the highest toxicity, is 
the most studied and best known. It is the standard to which the toxicity of the other dioxins 
and furans is compared. Animal studies have shown that 2,3,7,8-TCDD can be lethal in very 
small concentrations. In the row of the most known toxins it is one of the highest toxic 
substances. [Sorbe 1999, T-010-260]. 

Effect mechanism 

The present model for some of the effects of dioxins is the initial binding to cytosolic 
receptors of aromatic hydrocarbons (Ah receptor). The resulting complex associates with 
dioxin responsive DNA elements which leads to the expression of certain genes and as a 
further result to increased protein biosyntheses and the induction of cytochrome P450 
dependent monooxygenases. These in turn can affect the metabolism of other substances 
and thus lead to disturbances in biological functions. To a large extent the effects of dioxins 
are seen as a consequence of this mechanism. However, this cannot explain all toxic effects 
of dioxins especially the extremely high toxicity [IARC 1997]. 

The effect mechanisms causing immune system suppression, cancerogenity or hormone 
disruption are not yet well understood. 

The TEQ system 

In the environment dioxins practically never appear as pure substances but always as a 
complex mixture of substances and usually as impurities of other substances frequently 
together with other chlorine-containing pollution. Consequently it is not evident to make 
distinct statements on the toxicity of dioxins. 

The toxic potential of pure dioxins is indicated in toxic equivalence factors (TEFs) giving the 
relative toxicity of the relevant dioxin relative to the toxic effect of 2,3,7,8-TCDD. 

                                                 
1 Annotation: basic considerations are treated here concerning the toxicity of dioxins. For more information on 
toxic effects of dioxins and other environmental and health effects see chapter 5. 
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The toxic potential of dioxin mixtures is given in toxic equivalencies (TEQs), derived partially 
from subchronic toxicity studies and from certain biochemical properties. The TEQ is 
calculated by applying the TEF to each concentration of the congeners in a sample and 
summing. The TEQ represents the relative toxicity of a dioxin mixture relative in terms of the 
toxic effect of 2,3,7,8-TCDD [Rompp 1998; Ullmann, 1995]. 

Even if there still remain uncertainties concerning the toxicity of other PCDD/Fs [Knecht 1999, 
p. 105] there have been established international toxic equivalency factors (TEF) by the 
NATO [NATO, 1988] (see Table 3, Technical File) and recently by the WHO [van den Berg 
1998] standardising the toxicity of certain dioxins and recently certain dioxin like PCBs. For all 
other congeners that may be present in a sample a, TEQ value of zero is assigned. 

The NATO scheme has been adopted internationally and is e.g. also adopted in Annex I of 
Council Directive 94/67/EC on the incineration of hazardous waste [394L0067] as a basis for 
the TEQ determination. Other TEQ systems such as the Nordic system "NTEQ" or "Eadon-
TEQ" or "BGA/UBA-TEQ" have been developed. To sum up one can say, that the 
assessment of the toxicity is generally comparable to the I-TEQ values according to the 
NATO TEQ system. Throughout this study other toxic equivalence systems such as the 
Nordic system "NTEQ" or "Eadon-TEQ" or "BGA/UBA-TEQ" are treated as if they were equal 
to I-TEQ (if not specified otherwise). 

The most recent TEQ scheme, developed by the World Health Organisation (WHO) and the 
International Programme on Chemical Safety (IPCS) standardises the toxicity of 17 dioxin 
and furan congeners and includes for the first time 12 dioxin-like PCBs. Another progress is 
that the WHO-TEQ system is not only applicable to humans but also to mammals, fish and 
birds (see Table 4, Technical File). 

There are certain limits giving rise to criticism to the TEQ systems: they are restricted to 
effects mediated by the Ah receptor and they do not include aspects related to transport, 
uptake and accumulation of the single congeners which are important with regard to toxic 
effects. These aspects depend on congener specific physicochemical properties such as 
persistence, bioconcentration factor, vapour pressure etc [see LUA NRW 1997 and Kaiser 
1998]. For the assessment of environmental effects it might therefore be necessary to 
investigate the fate of the single congeners after their emission from the sources. A high 
emission value of a certain congener does not necessarily correspond to high environmental 
exposure with regard to this specific congener. 

However, the TEQ system has been developed as a pragmatic tool allowing the assessment 
and indication of the toxicity of complex PCDD/F mixtures in a single TEQ value and it is 
broadly accepted.  

Inclusion of dioxin like PCBs in the WHO-TEQ system 

The WHO-TEQ system [van den Berg 1998] is the most recent TEQ system. It is not only 
based on the present state of knowledge – as mentioned above – it has two more decisive 
advantages compared to former TEQ systems: it reflects the toxic effects of PCDD/Fs and 
dioxin like PCBs (which are mainly based on the same effect mechanism; see chapter 1.2) 
and it applies not only to humans but also to mammals, birds and fish. 

In order to be an effective decision basis for risk assessment a scale for the assessment of 
exposure to dioxins and PCBs is required. Therefore the WHO recommends for humans a 
Tolerable Daily Intake (TDI) of 1-4 pg WHO-TEQ/kg body weight (including PCBs) which 
should not be exceeded. The TDI was recommended on the basis of critical effects (including 
developmental, reproductive, hormonal, immune system and neurobehavioural effects), dose-
response relationships and quantitative risk extrapolation. 
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In the sense of an international harmonised risk assessment which should be based on the 
most current knowledge, it appears to be reasonable to accept the WHO-TEQ system and to 
discuss the WHO-TDI as an assessment scale for future risk assessment at international 
level. 

1.3 Definition and classification: PCBs 
PCBs is the abbreviation for 'Polychlorinated Byphenyls'. PCBs have been produced 
industrially. They have been sold under several trade names (e.g. Clophen, Aroclor, 
Kanechlor, Phenochlor or Pyralene) and were applied in large quantities. 

Polychlorinated biphenyls are a group of 209 discrete synthetic chemical compounds, called 
congeners, in which one to ten chlorine atoms are attached to a biphenyl. The empirical 
formula for PCBs is thus C12H10-nCln where n is 1 to 10. The 209 congeners are systematically 
numbered from 1 to 209 [Systematic of PCBs see Ballschmitter 1980]. 

According to the IUPAC definitive rules for nomenclature of organic chemistry, one ring 
system in the byphenyl ring assembly is assigned unprimed numbers and the other ring 
primed numbers as illustrated in the following figure. 
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Illustration 3: Structural formula of the unsubstituted PCB skeleton molecule 

 

There are ten types of isomers grouping together compounds with the same degree of 
chlorination or, in other words, the same number of chlorine atoms. The entire set of 209 
PCBs forms a set of congeners (see Table 5, Technical file). Congers with an identical 
number of substituted chlorine atoms with different substitution positions are called isomers. 

Ten isomer groups are the primary level used for defining PCB physical chemical properties. 
It is very complex to analyse solid or fluid mixtures of PCBs due to the wide variety of 
congeners [Crine 1988]. Consequently established measurement methods are based on a 
certain selection of congeners which are analysed to determine the total concentration of 
PCBs. 

Commercial PCB fluids are complex mixtures of PCB congeners. Other chemical compounds 
where often added as diluents or additives.  

Due to the wide variety of PCB-containing solids and fluids, it is helpful to make 
generalisations and approximations in selecting solids and fluids for physical-chemical 
property characterisation. There are environmental relevant data (e.g. water solubility, fluid 
density and viscosity for movement through soil and in water, vapour pressure for movement 
in atmosphere) available of PCB isomer groups, selected commercial PCB fluids and PCB 
contaminated mineral oils [e.g. Crine, 1988; Waid 1986]. 

The physical chemical properties of PCBs (see Table 6, Technical File) are influenced by the 
different degrees of chlorination around the phenyl rings (see chapter 4.2). PCBs are among 
the most stable organic compounds known. Some of the main physical properties of PCBs 
are: thermal stability, difficult to oxidise and reduce, very low water solubility (i. e. high 
lipophilicity), low dielectric constant, high heat capacity, resistance to acid-base, hydrolysis, 
chemical oxidation, photodegradation reactions, and most chemical agents so they are poorly 
metabolised by biologic systems [D'ltri, and Kamrin et al., 1983 from Crine 1988]. 

Melting point and lipophilicity increase with increasing degree of chlorination. Solubility of 
PCBs in water generally is generally low and decreases with the degree of chlorination (see 
Table 6, Technical File) but increases in the presence of organic solvents. 
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Due to the stability and toxicity of PCBs numerous efforts have been made for their 
combustion and complete destruction for safe disposal of industrial wastes and used 
products. Incineration at below 700° C produces various toxic substances (e.g. dioxins), 
higher temperatures decompose PCBs completely (see chapter 7.3). 

1.4 Toxicity: PCBs 
The toxic effects of PCBs have been extensively investigated [see Crine 1988, p. 52]. PCBs 
rarely cause acute toxicity. The dose required to kill 50% of a treated sample of animals 
(LD50) is relatively high (ranging from 0.5 g/kg to 11.3 g/kg body weight; [Sullivan and Krieger 
et al.,1992]). Thus, most of the effects observed are the result of repetitive or chronic 
exposure. 

Certain PCBs cause toxic effects which are similar to the effects of dioxins. Furthermore, 
PCBs are speculated (it is yet to be proven) to be promoters of tumours and birth defects 
(see chapter 5.2). 

The most toxic PCB congeners elicit biologic and toxic effects comparable to those reported 
from 2,3,7,8-PCDD and there is strong evidence that there is a common mechanism of action 
for the toxicity of PCBs and PCDDs (see Technical File, chapter 1.4) [Crine 1988] which 
involves initial binding to the Ah receptor and the same effect mechanism as in the case of 
dioxins (see chapter 1.2). 

Recently the toxic potential of coplanar PCBs is related to the toxicity of dioxins and is 
indicated in toxic equivalence factors (TEF) based on TEFs which have been developed and 
established by the WHO [WHO 1995] giving the relative toxicity of the relevant coplanar PCB 
relative to the toxic effects of 2,3,7,8-TCDD. According to the current state of knowledge, the 
WHO has set up WHO-TEFs [van den Berg 1998], standardising the toxicity of the 12 dioxin 
like PCBs for humans and mammals, fish and birds 17 (see chapter 1.2 and see Table 4 
Technical File). 

It can be seen from the TEFs that PCBs are generally less toxic than PCDD/F congeners. 
However, PCB levels in the environment are generally higher than dioxins [Fiedler 1995 b] 
and the overall toxic equivalent exposure is estimated to be comparable (see e.g. 
"contamination of human food", chapter 3). 
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2 Major sources of dioxins and PCBs 
2.1 Basic considerations 
Sources of contaminants are frequently distinguished in primary and secondary sources. 
Primary sources are sources emitting a contaminant which emerges from a process directly 
into the environment (e.g. waste gas of a certain plant). Contaminants from secondary 
sources are emitted at a later time and/or at a site that differs from the site of emergence (e.g. 
from waste disposal). Secondary sources are frequently diffuse sources (e.g. sewage sludges 
used in agriculture). Dioxins and PCBs which are already present and associated with 
environmental compartments, mainly soils and sediments, can be regarded as 'natural 
reservoirs'. 

In former times PCBs have been industrially produced in the European Union. Nowadays 
emissions of dioxins and PCBs always occurs unwanted. Examples of important sources are 
- domestic or municipal waste incineration plants 
- sinter plants 
- electric furnace steel plants 
- secondary copper production 

Here the formation of dioxins and PCBs occurs due to the process conditions during normal 
operating conditions. 

Bearing in mind the development of options it is helpful to differentiate the sources according 
to the reason for emission. It is reasonable to differentiate between regular sources on the 
one hand with (wanted or unwanted) emissions due to regular operating conditions and, on 
the other hand irregular sources where dioxins or PCBs are emitted as a consequence of 
accidents or abnormal operating conditions such as 
- accidental fires with chlorine containing products or 
- accidents in chemical manufacturing. 

Beneath the industrial plant related sources there are further primary sources such as 
domestic incineration or road traffic. Due to the disperse character of these sources the 
relevant options need to be orientated in a different way. 

Another type of sources are natural sources. In this context forest fires or thunderstorms are 
cited. [e.g. Rompp, 1998]. 

Detailed information on the relevant dioxin sources can be found in the European Dioxin 
inventory which is mainly based on data between 1993 and 1995 [LUA NRW 1997]. 

Whilst the sources of dioxins have been studied and inventoried quite well there is 
comparatively little information available on the contemporary sources of PCBs. 

2.2 Importance of the sources 
As pointed out it is helpful to differentiate the sources of dioxins and PCBs in regular (regular 
operating conditions) and irregular sources (accidents, abnormal operating conditions). 

Concerning policy options this differentiation is important because measures for the 
prevention of accidents or abnormal operating conditions don't show direct "success" in the 
sense of an immediate reduction of emissions or contamination with dioxins and PCBs. The 
character of options acting on irregular sources is more a long-term character. On the other 
hand the effect on the public and on concerns of the EU citizens especially in the follow of 
contamination due to accidents (e.g. Séveso) or abnormal operating conditions is very 
important and results in strong political pressure.  
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2.2.1 Importance of dioxin sources 
Concerning the known sources of dioxins it is possible to assess their importance (see Table 2). 
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Table 2: Assessment of the importance of regular PCDD/F sources in EU Member States between 1993 and 1995 [based on LUA NRW 1997] 

 incineration 
of domestic 
or municipal 

waste 

incineration 
of hospital 

and 
industrial 

waste  

residential 
combustion 

of woods 

sinter 
plants 

preservation 
of wood 

traffic electric 
furnace 

steel plant 

secondary 
metal 

production

other total 
[g I-TEQ/a]

A � �  ��� �� � � � � 121 

B ��� ��� � ��� ��� � � � � 484 

D ��� � � ��� �� � � �� � 840 

DK  �� �� / �� � � � � 50 

E �� ��� ��� ��� �� � � � � 327 

F ��� ��� ��� ��� �� � � � � 1119 

GR � ��� ��� / �� � � � � 122 

I ��� ��� ��� �� �� � � � � 1050 

IRL �  / / �� � � � � 33 

L � n.d. /  � � � / � 50 

NL �� � �� ��� �� � � �� � 117 

P � ��� ��� � �� � � / � 127 

S �� �  �� �� � � � � 89 

SF �� � ��� ��� �� � � � � 69 

UK  � � ��� �� � � � � 928 

EU ��� ��� ��� ��� �� � � � � 5750 
� � �  > 15% relative importance � � 5 – 15% relative importance  � < 5% relative importance  
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> 50% relative importance n.d.: no data    / not relevant  
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In the middle of the 1990ies European dioxin emission inventories into the air covered only 
about 50% of the total emissions. Considering all known sources in Europe the following 
emissions of dioxins can be estimated: 

Table 3: Assessment of the importance of PCDD/F emissions through air, waste water, and solid residues in the 
EU (plus Switzerland and Norway) in 1993 to 1995 [see LUA NRW 1997] 

emission path I-TEQ [g/year] note 

air approx. 6500  

solids approx. 3500 uncertain, since there are only few data available 

water  approx. 20 uncertain, since there are only few data available 

 
It is important to mention, that the importance of the single sources differ considerably bet-
ween the Member States. 

The estimated relative importance of emission of dioxins from accidental fires is about 6 to 
7% and from illegal domestic combustion of waste about 3% (relative to all known sources in 
Europe). 

With regard to dioxin emissions due to accidents or abnormal operating conditions the 
quantitative importance of the sources is difficult to assess. However, the following fields are 
estimated to be of major importance: 
�� fires with products containing chlorine 
�� chemical manufacturing, especially production of  

- pentachlorophenol 
- chloroaniline 
- chlorobenzene 
- electrolysis for the production of chlorine 
- 1,2-dichloroethane 
- epichlorohydrine 
- perchloroethylene 
- trichloroetylene 
- chlorotoluene 
- chloronitrobenzene 

The conclusion is, that a small number of emission source types are responsible for the major 
share of the European dioxin emissions: waste incineration, diverse installations in metal 
production, especially iron ore sinter plants and non industrial domestic combustion of wood. 
There are also considerable emissions from accidental fires and wood preservation. 
Emissions from natural reservoirs like soil and sediment are estimated to be of minor 
importance. 

2.2.2 Importance of PCB sources 
PCBs have been industrially produced and according to their properties (liquid at room 
temperature, very high thermal conductivity, low electric conductivity, non explosive, high 
flash point: 170 – 380°C, low water solubility) they were broadly applied and mostly sold for 
use in insulating cooling fluids in electrical transformers and installations, as liquid dielectrics 
in capacitors or as heat transfer substances, cutting oils, hydraulic fluids, lubricating oils and 
plasticisers. 
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According to estimations the world production from 1930 to 1983 was 1,2 to 1,5 million tons 
of PCBs. Untill the end of 1984 overall production of PCBs in Europe has been approximately 
0,4 million tons [see UBA 1996 b]. PCBs were never intended to be released into the 
environment but through various pathways such as industrial and municipal waste disposal 
and leaks from technical or mechanical equipment PCBs found their way into the air, water 
and soil [Hutzinger 1974]. Due to their persistence and chemical properties PCBs are still 
existing ubiquitously in the environment [Kaiser 1998]. 

With the second PCB Directive [85/467/EEC, amending 76/769/EEC] the use of PCBs has 
been banned at the European level and severe restrictions have been imposed on the 
marketing and use of PCBs and PCTs as a consequence of the risks to man and the 
environment. The regulations allow operation of installations filled with PCBs to the end of 
their service life and refilling of these installations with PCBs shall be permitted as long as 
there are no substitutes available. At Community level the directive has been enforced in the 
Member States at the end of the 1980ies. Since then at Community level PCBs are no longer 
produced and processed. Appropriate substitutes are available with comparable properties. 

Whilst the current sources of dioxins have been studied and inventoried quite well there is 
little information available on the contemporary sources of PCBs. The PCB problem has been 
seen as an historic one. Recent findings indicate that there may be significant contemporary 
emissions from a number of industrial processes [Dyke 1998]. More recent data are required 
to assess whether PCBs are formed in the processes (e.g. in metal plants or processing of 
scrap metal) or whether the findings are due to re-emission of existing PCBs. 

In contrast to dioxin emissions PCB releases from combustion processes appear small 
compared to other sources. Emissions to air (about ¼) are estimated to be less important 
than to land (nearly ¾). Emissions to water (mainly due to releases by rivers and direct 
discharges to coastal waters but also to application of sewage sludges) seem to be of minor 
importance. Table 3 (mainly based on a recent inventory in the UK [Dyke 1998]) shows the 
importance of PCB sources (due to the lack of data with considerable uncertainty): 
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Table 4 : Assessment of the importance of PCB sources 

Source Emission to air [%] Emission to land [%] Importance 

Fragmentisers 2-6 70-90 ��� 

Leaks from capacitors 70-90 5-15 ��� 

Leaks from transformers 1-3 0,5-2 � 

Application of sewage sludge to land 1-3 1-3 � 

Landfill of household waste < 0,1 1-5 � 

Waste incineration <0,1-0,5 < 0,1 � 

Coal combustion 2-6 <0,1-0,5 � 

Oil combustion 1-3 < 0,1 � 

Steel produced in electric arc furnaces 5-10 <0,1-0,5 � 

Manufacture of RDF (refuse-derived fuel) <0,1-0,5 1-5 � 

Steel production 0,5-2 < 0,1 � 

Sinter production 0,1-0,5 < 0,1 � 

Other sources <0,5 <0,5 � 
��� rel. importance > 15% �� rel. importance 5-15%  � rel. Importance < 5 

The conclusion is, that the major part of PCB emission is due to emissions from 
fragmentisers and existing technical devices. Of considerable importance is the application of 
sewage sludge and waste disposal. The question whether certain combustion and production 
processes do significantly contribute to new formation should be clarified by further research. 
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3 Presence of Dioxins and PCBs 
The presence of dioxins and PCBs in environmental media (soil, sediment, air, water, 
vegetation, wildlife and humans) and other matrices (sewage sludge, consumer goods, 
residues) have been largely investigated. Dioxins and PCBs have been identified in almost 
every environmental compartment or matrix.  

An important fact which one should bear in mind when considering the contamination of the 
environment with dioxins and PCBs, is the high persistence of these substances. Half lives of 
dioxins differ – depending on the carrier matrix – from days (see Tables 16 and 17 Technical 
File) to 99 years [Knecht 1999, p 13]. The half life of TCDD in humans is about 7 years 
[Knecht 1999, p. 94]. Factors shortening the half lives of PCDD/Fs in the human body are low 
age, low body weight and smoking of tobacco [Knecht 1999, p. 106]. Half lives of PCBs range 
from several days up to 24 years (see Table 18, Technical File). 

Due to the long half lives in combination with comparatively poor degradation and metabolism 
dioxins and PCBs are highly persistent. As a result – in the case of long memory matrices like 
soil, sediment or body fat tissue – continuous immission may lead to further increase of 
concentrations and contamination may last for a comparatively long time, even if no further 
immission takes place. 

Furthermore it is important to mention, that dioxins and PCBs tend to accumulate in biological 
tissues. As a result of their lipophilicity and high persistence the concentration increases in 
the food chain of an ecosystem from one succeeding trophic level to another 
(biomagnification; see chapter 4). 

To a large extent the following data on environmental levels of dioxins are based on a recent 
study which presents currently existing data on environmental presence of dioxins in the EU 
Member States [AEA 1999]. 

The availability of data differs considerably between the Member States and there is still need 
for data either to complete the data base or to update existing data. The following table 
presents the range of reported typical dioxin concentrations and maximum concentrations 
measured in locations with known contamination. 

Concentrations of dioxin measured in EU Member States [AEA 1999] 
Environmental Matrix Measured typical 

Range 
Maximum Concentration at 

Contaminated Sites 
Units 

Soil <1 – 100 100.000 ng I-TEQ/kg d.m. 
Sediment <1 – 200 80.000 ng I-TEQ/kg d.m. 
Air (ambient) 
 (bulk deposition) 

<1 – 100s 
<1 – 100s 

14.800 fg I-TEQ/m3 
pg I-TEQ/m2 d 

Sewage Sludge <1 – 200 
(average 15 – 40) 

1.200 ng I-TEQ/kg d.m. 

Spruce/Pine Needles 
(biomonitors) 

0,3 – 1,9 100 ng I-TEQ/kg d.m. 

 

Congener specific analytical procedures for qualitative and quantitative detection of PCBs 
has not been developed as far as, for example, analysis of PCDD/Fs and there are 
comparatively few data on PCBs available. Generally, the PCB levels found in environmental 
matrices are higher than the levels of PCDD/Fs [Fiedler 1995 b]. 
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3.1 Contamination of soil 
Soil is a typical receiving matrix with long memory. Due to low mobility and long half lives of 
dioxins and PCBs in soils the contamination remains for a long time and accumulation may 
occur. Typical contamination is between 1 and 100 ng I-TEQ/kg dry matter. Maximum 
concentrations reach up to 100.000 ng I-TEQ/kg dry matter. 

Investigations have shown that soil contamination with dioxins and PCBs is restricted to the 
upper soil horizons (with a mean PCDD concentration of approx. 13 ng I-TEQ/kg dry 
substance) and that under normal conditions they are not eluted into deeper mineral horizons 
(mean PCDD concentration in B and C horizons approx. 0,02 ng I-TEQ kg/dry substance). 
This is also valid for PCBs [Kraus 1995]. 

PCB concentrations range between around 200 µg/kg d.m. in flooded areas and average 
values around 10 to 20 µg/kg d.m. in agricultural soils. Concentrations range from very low 
concentrations up to more than 1000 µg/kg [BStMLU 1995, Fiedler 1995].  

3.2 Contamination of sediment 
Sediment is an ultimate sink for dioxins and corresponding to soil it is a typical receiving 
matrix with long memory. Typical contamination is between 'not detectable' and 500 ng I-
TEQ/kg dry matter. Maximum concentrations reach up to 80.000 ng I-TEQ/kg dry matter. 

3.3 Contamination of sewage sludge 
Contamination of sewage sludge results from household effluents, especially from washing 
machines, dishwashers and superficial run off. Average contamination is quite similar in 
reported data from the Member States and ranges between 15 and 40 ng I-TEQ/kg d.m. 
Contamination up to more than 1.000 ng I-TEQ per kg d.m occurs due to untreated industrial 
effluents entering municipal sewer systems. 

Average contamination of sewage sludge with PCBs is around 150 µg/kg d.m. [BStMLU 
1995]. 
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3.4 Contamination of air 
The air is the most important long distance transport medium for dioxins and PCBs. The 
concentrations change rapidly depending on the current pollution situation. Air concentrations 
of dioxins show strong seasonal variations. In general, concentrations in winter are much 
higher than in summer. Air concentrations are measured directly, as deposition samples or by 
way of biomonitors like kale, spruce or pine needles. Concentrations of dioxins in ambient air 
range from 1 to several hundred fg I-TEQ/m3 and from 1 to several hundred pg I-TEQ/m2 d. 

Ambient air contamination with PCBs ranges between around 100 ng/m3 in industrial areas 
and decreases over rural areas to values on the open sea around 0,03 ng/m3 [BStMLU 1995]. 
The Arctic air still has a concentration of around 0,014 ng/m3 [Fiedler]. 

3.5 Contamination of water 
Due to the low water solubility concentrations of dioxins are present in water far below of 0,1 
pg N-TEQ/l. There are only few data available on water contamination and the following 
concentrations have been reported in the effluents from cable industry (221 pg N-TEQ/l), from 
recycling paper mills (133 pg N-TEQ/l and 0,34 pg N-TEQ/l), in the run off from the chloralkali 
industry (> 10 pg N-TEQ/l) and in the effluents from laundry and dishwashers (approx. 1 pg 
N-TEQ/l up to 3 pg N-TEQ/l). 

PCB contamination of water is mainly due to adsorption to suspended particles. 
Contamination in German rivers ranges between 10 ng/l (e.g. Inn, Iller) up to 300 ng/l (e.g. 
Ruhr). Average contamination of marine water ranged at the end of the 1980ies from 8,3 to 27 
pg/l [Fiedler 1995 b]. 

3.6 Contamination of vegetation 
Plants have been used as biomonitors for dioxin measurement programmes on a long term 
basis and for the identification of potential point sources. The advantage of biomonitoring is 
that the contamination may integrate the load for a certain time period according to the life 
cycle of the corresponding biomonitor. Kale showed contamination up to 106 ng I-TEQ/kg 
d.m. nearby a steel production plant and 12,6 ng I-TEQ close to combustion sources. A 
typical load for grass is 0,7 I-TEQ/kg dry weight [21, UBA 1996 p. 30]. Background 
contamination of spruce and pine needles range from 0,3 to 1,9 ng I-TEQ/kg d.m. (normally in 
rural areas around 0,5 and in urban areas from 1 to 1,7 ng I-TEQ/kg d.m.), respectively 0,53 
to 1,64 pg I-TEQ/g d.m. in the neighbourhood of a copper reclamation plant, values ranging 
from 51 to 86 ng I-TEQ/kg d.m. have been detected. 

3.7 Contamination of animals 
Fish are highly bioaccumulative for dioxins and concentrations reported from Member States 
range from 9,1 to 700 pg TEQ/g fat. Fish and shellfish are frequently used as biomonitors for 
the aquatic environment. Concentrations in aquatic organisms are usually much higher than 
those found in terrestrial animals. However, terrestrial top predators like sea eagles or 
guillemots show high concentrations (e.g. white tailed sea eagle: 830 to 66.000 pg/g fat or 
ringed seals 6,3 to 217 pg TEQ/g fresh weight). 

Cow milk background contamination – as an indicator for milk cow exposure – in highly 
industrialised countries ranges between 1 and 3 pg I-TEQ/g fat. Data from hotspots reach up 
to 69,5 pg TEQ/g fat. 

Background PCB contamination of milk in Germany is around 0,3 µg/g fat. 

3.8 Contamination of livestock food sources 
A pilot project which was terminated in Germany in 1996 has shown that in all 70 samples of 
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various feed components for concentrated animal feedstuffs there was a significant but not 
high load of PCDD/Fs found. An important result of the work is the observation, that after the 
cleaning of various feed components the dioxin concentration of the feed decreases 
significantly [UBA 1996]. 

3.9 Contamination of human food sources 
Studies have shown, that PCDD/Fs occur predominantly in food of animal origin and are less 
important in food produced from plants [UBA 1996]. Several studies have shown, that food 
products are frequently contaminated with dioxins. The most important results of German 
studies – varying from 0,3 – 982 TEQ/kg fat - are summarised in table 9, (see Technical File). 
Fruits and vegetables have the lowest concentrations. Results for the concentrations of plant 
based food products vary between 0,3 and 6,6 I-TE ng/kg dry weight [UBA 1996]. Elevated 
concentrations occur in meat (up to 7,4 ng I-TEQ/kg fat in veal), poultry and poultry products 
(up to 160 ng I-TEQ/kg fat in chicken) and fish (up to 982 ng BGA-TEQ/kg fat in brown trout). 
These products show at the same time the largest ranges in contamination. 

Except the comparatively high dioxin values for chicken eggs (1 to 153 TEQ/kg d.m.) and 
other poultry products these findings are in line with the results at the European level (see 
Table 10, Technical File). In Sweden fish contamination seems to be comparatively high. At 
the European level elevated concentrations occur in meat and fish, showing large variations. 
Average concentrations for milk and milk products, poultry and eggs range around 1 to 2 pg I-
TEQ/g fat. Fats and oils, breads and cereals usually have slightly lower concentrations. 

With regard to PCB data from The UK, The Netherlands and Sweden, TEQ exposure from 
food due to contamination with PCBs seems to be comparable to exposure due to dioxin 
contamination (see e.g. Table 11, Technical File). According to estimations the total average 
intake via food in Sweden in 1990 is composed of 1,8 to 2,5 pg TEQ/kg bodyweight per day 
dioxin contamination plus 2,3 pg TEQ/kg bodyweight per day PCB contamination. As a result 
the total estimated exposure is 4,1 to 4,8 TEQ and is thus above the recommended WHO-
TDI (see chapter 1.2). 
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At the European level the total dietary dioxin exposure estimates in the European Member 
States range between 0,93 (The Netherlands) and 3,0 pg I-TEQ/kg bodyweight and day 
(Spain). The total dietary PCB exposure reported from several Member States is about 50 % 
of the overall dietary WHO-TEQ exposure due to dioxins and PCBs. If one considers that 
PCBs contribute an equivalent amount as dioxins to the daily TEQ exposure, it is likely that 
the average daily intake (ADI) is often above the WHO recommended range of tolerable daily 
intake of 1 to 4 WHO-TEQ/kg bodyweight and day. 

3.10 Human contamination 
Dioxins accumulate in the body and the average concentration increases from year to year. 
Concentrations have been measured in human breast milk, blood and body tissue. 
Concentration can be influenced by some predominant factors such as location (rural, urban 
or industrial environment), occupation, dietary habits, length of nursing period, age, sex and 
body weight. The most consistent data are available for young women. 

From 1988 to 1993 the average dioxin concentration in breast milk in Member States 
decreased by around 8,3 % per year although the concentrations in the body increased 
during the same period (e.g. in Germany: 12 % decrease in breast milk concentration per 
year and during the same period increase in body concentration around 0,3 pg I-TEQ/g fat 
per year). However, it is estimated for the population as a whole, that the rate of accumulation 
of dioxins in the body has declined over the past two decades. 

The average dioxin concentration reported for 1993 of 17,7 and 24 pg I-TEQ/g fat in breast 
milk for rural and industrial areas respectively (see Table 8, Technical File), suggests that the 
average daily intake of a 4 kg infant ranges from 106 to 144 pg I-TEQ/kg per day (800 ml milk 
with 3% fat per day) and is thus far greater than the WHO TDI (tolerable daily intake) 
recommendation of 1 to 4 pg I-TEQ/kg per day. 

Contamination of human blood with dioxins has decreased between 1988 and 1996 in 
Germany by 12% per year with a mean concentration of 16,5 pg I-TEQ/g fat in 1996. 

Reported dioxin mean values for human tissue range from 18,6 to 50 pg I-TEQ/g fat. 

PCBs have first been detected in the environment in 1966. In 1970 they have been detected 
in high concentrations in human adipose tissue. In Germany mother's milk has been analysed 
on PCB contamination. Since about 1984 the average values for PCB concentrations have 
been decreasing constantly. The range of PCB-concentrations in mother's milk in the last ten 
years varies between 0.5 and 2.5 mg/kg milk fat. 
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4 Material flow and contamination paths of 
dioxins and PCBs 

4.1 Material flow 
For the advantages of the material flow approach see Part A – Options, chapter 2. 

The chlorine-organic substances dioxins and PCBs have similar fundamental properties (see 
chapter 4.2). After having been released from a certain source the transmission behaviour 
and the accumulation in the environment is due in particular to their lipophilicity and high 
persistence. Consequently the transmission paths in the qualitative material flow are 
principally the same for dioxins and PCBs. 

Material flow structure 

At the beginning of the transmission chain the sources have to be considered (see chapter 
2). At the sources dioxins or PCBs arise wanted of unwanted. Originating from the primary 
sources the dioxins and PCBs are transported into the environment via four paths, namely in 
the form of contaminated products, waste water, waste gas and solid residues. 

After their emission, dioxins and PCBs are transported via the atmosphere, in water or in 
solid form via certain transmission paths (see chapter 4.3) leading to the contamination of the 
environmental compartments: air, water, soil and organisms (see chapter 3). Furthermore, 
transmission takes place between the individual compartments (e.g. atmospheric deposition 
of contaminants from the air to soil, water and plants, revolatilisation from water etc; see 
chapter 4.3). 

with regard to environmental and health effects, it is important to follow the material flow in 
the transmission chain, which finally leads to environment and health effects concerning 
wildlife and man. 
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4.2 Selected properties of dioxins and PCBs with relevance to environmental 
behaviour 
An array of chemical physical properties is responsible for important behaviour of dioxins and 
PCBs and their environmental fate. Selected parameters permit the assessment of the 
environmental behaviour of dioxins and PCBs. These important parameters are explained 
below (for technical details see chapter 1 and Technical File, tables 2 and 6). 

As a result of their similar physical chemical properties the environmental transmission and 
the corresponding material flow structure for dioxins and PCBs is principally the same. 

Organic carbon water partition coefficient (Koc) 

The transport and fate of PCBs in aquatic systems and their partitioning in various 
compartments of the environment depend to a large degree on the sorption reactions. 
Generally sorption increases with increase in chlorine content of the chlorobiphenyl and with 
surface area and organic carbon of the sorbent. The Koc describes the affinity of substances 
to organic carbon and it allows to conclude on adsorption properties in soil and sediment from 
the water phase. 

Koc values for dioxins are very high and consequently adsorption of PCDD/Fs to soil and 
sediment is very high. Values for PCBs are a somewhat lower but they also tend strongly to 
adsorb to soil and sediments. Generally Koc values for dioxins and PCBs increase with an 
increasing degree of chlorination. 

Octanol water partitioning coefficient (Kow) and water solubility 

The Kow is used for hydrophobic organic substances. It is a measure of the lipophilicity (fat 
solubility) of substances. Due to the wide range of Kow values they are usually cited as their 
logarithms. 

The low water solubility and high log Kow values for dioxins and PCBs express the high 
lipophilicity of these substances which increases with the increasing degree of chlorination. 
As a result dioxins and PCBs tend to adsorb to non polar surfaces and to accumulate in 
lipophilic matrices. 

Vapour pressure 

Vapour pressure is a measure of the volatility of substances. It enables to conclude on the 
partitioning between the vapour and particle phase and between the vapour and dissolved 
phase in water. 

Dioxins exhibit comparatively low vapour pressure and their volatility is relatively low. Vapour 
pressure values and thus volatility of PCBs is usually notably higher compared to dioxins. 
Dioxins and PCBs are classified as semi-volatile substances. The higher their degree of 
chlorination, the lower is their volatility and water solubility. In environmental samples, where 
PCBs are adsorbed to soil or sediment surfaces, the rate of vaporisation is greatly reduced. 
The vaporisation from aqueous solutions is abnormally high. Thus evaporation from 
contaminated surface waters may represent a major means of environmental PCB transport 
[e.g. Waid 1986, p. 55]. 

4.3 Environmental behaviour 
According to their properties (see above, chapter 4.2) in conclusion one can say that dioxins 
and PCBs 
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• tend to bind to organic matters in soil and sediment 

• tend to accumulate in biological, especially fatty tissues 

• are only poorly water soluble and tend to adsorb to particles in water 

• are generally present in the atmosphere - according to their volatility adsorbed to particles 
or in the gaseous phase 

The emission of dioxins and PCBs into the environment is caused by primary and secondary 
sources (see chapter 2). They are transmitted and transported on long distances and due to 
their persistence these contaminants are ubiquitous [Fiedler 1995, p 15]. 

Their characteristics make dioxins and PCBs persistent and accumulative in the environment. 
Because of their persistence and the fact that they are poorly metabolised they can 
bioaccumulate in the food chain leading to an increase in concentration at each succeeding 
trophic level (biomagnification) [D'Itri 1983]. 

Generally there are three possible transport phenomena which can contribute to the 
transmission of dioxins and PCBs: transmission in solved form, adsorbed to particles and 
transmission in the gas phase. 

4.3.1 Atmospheric transport 
Due to their volatility dioxins and PCBs are transported via the air either as gases or 
adsorbed to particles. Depending on the site of release, meteorological conditions and the 
properties of the particles present in the air to which they are adsorbed the transport may be 
effected over long distances before deposition takes place. Depending on their volatility 
deposited dioxins and PCBs may revolatilise or may be removed in suspended form from any 
environmental compartment and may be transported further. Consequently an atmospheric 
entry is always and everywhere given. The regional concentration of sources may alter 
regional pollution patterns [see Fiedler 1995, p 15]. 

Deposition leads to atmospheric contamination of soil, vegetation, other organisms and 
surface water. 
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4.3.2 Contamination paths, transport and fate in terrestrial 
ecosystems 

Soil 

Soil contamination is effected by atmospheric deposition, direct leakage from disposals or 
technical devices or by the application of sewage sludge or compost on agriculturally used 
soils. In the 1960s and 1970s the application of chlorinated pesticides containing dioxins has 
been an important contamination source. Due to long half lives of dioxins and PCBs in soil 
contamination remains for a long time and accumulation occurs. 

Studies on transport of dioxins and PCBs in soil and possible contamination of groundwater 
show that there is no significant transport in solved form and as a result no transport from the 
upper into deeper situated soil horizons. Transport in relevant quantities only occurs bound to 
particles due to mechanical mechanisms [Kraus 1995] such as soil splash and run off, wind 
erosion and transport, effects of agricultural working practices or uptake of soil by animals 
together with food. These mechanisms may cause contamination of other environmental 
compartments e.g. animals or surface water bodies  

Plants 

Plant contamination is mainly effected by three contamination paths which are predominantly 
(i) adsorption from the gas phase, (ii) deposition of particles and (iii) precipitation (estimated 
ratio for the contamination of grass: (i) : (ii) : (iii) = 10 : 1 : 0,5 [Fiedler 1995, p 15]). The 
pollution of plants with contaminated soil particles as a result of soil splash may also play a 
certain role. 

In soil dioxins are fixed to the organic matrix and are consequently poorly bioavailable for 
plants [UBA 1996 p. 29]. The water solubility of dioxins and PCBs is extremely low and 
consequently plant uptake from contaminated soil via the roots is usually negligible. However, 
there seem to be considerable species-dependent differences in root uptake. Especially in 
the case of agricultural root crops the root uptake may be important. The transfer from soil to 
plants via gas phase is not important [Fiedler 1995, p 19]. 

The mobility of the contaminants in plants is low and consequently organs with high exposure 
to the atmosphere (leaves) show much higher contamination than organs with only small 
contact area to the atmosphere (e.g. fruits) [Fiedler 1999, p 16]. 

Contaminated plant material contributes to further contamination of animals and humans (via 
food) and the soil (via rotten plants, compost). 

Animals 

Animal contamination is effected by absorption through the skin, the lungs, and – most important – 
the gastrointestinal tract. Direct atmospheric contamination is estimated to be negligible. Once 
these chemicals are inside an organism they are transported through the blood stream to all 
organs. Because they are highly lipophilic, dioxins and PCBs also tend to settle in adipose tissues. 

Concerning the contamination paths, most attention has been given to contamination of 
livestock animals and especially meat and milk of cows via soil - grass - hay [e. g. Fiedler 
1995]. There are results showing, that PCDD/Fs and PCBs are carried over from 
contaminated feedstuffs and from soil which is taken up together with the nourishment [e.g. 8, 
3 from UBA 1996, p. 3 and Fiedler 1995, pp 28]. The degree of soil uptake depends on 
various factors (soil, weather, state of the turf etc. and on harvesting methods). During 
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pasturage soil uptake is estimated to cause about 10% of the total daily intake of PCDD/F of 
an average cow (see Technical File, chapter 4.2, 'Soil uptake'). 

The transmission of dioxins and PCBs from feedstuffs via the animal into the human food 
chain depends on two important selective processes determining the transport from 
feedstuffs into meat or milk: absorption and metabolism. Absorption happens by passive 
diffusion following the concentration gradient mainly from the digestive tract into the adjoined 
blood vessels and afterwards in other body tissues. To a certain extent dioxins and PCBs are 
metabolised in the liver and are excreted via urine metabolism. Persistent dioxins and PCBs 
are either stored and accumulated in the organism or they are excreted with milk (see 
Technical File chapter 4.2, 'Absorption, bioavailability, metabolism'). 

The accumulation follows a concentration balance between blood and body tissues and 
increases with the corresponding fat degree of the relevant body tissue. Accumulation 
especially takes place in liver, milk and muscle fat [Fiedler 1995, pp 36]. It should be noted, 
that even if dioxins and PCBs accumulate in certain tissues, they are not isolated there. An 
equilibrium is reached in which the concentration in each tissue is dependent upon 
absorption, the concentration in the blood and all other tissues and excretion. 

Dioxins and PCBs are partly carried over into excreted substances like milk or urine (see 
Technical File, chapter 4.2, 'Carry over'). Most studies concerning contamination of milk and 
meat are dealing with cows. There are no or only few data available concerning other animals 
(e.g. pigs, calves, bulls, poultry, etc.) [UBA 1996] but the general contamination mechanisms 
(contamination via the air and other contaminated compartments like soil or plants followed 
by direct or indirect uptake) can be assumed to be the same. 

Contaminated animals and their excreted substances contribute to further contamination of 
animals and humans (via meat and milk) and the soil (via urine and faeces). 

The relevant path for wildlife contamination is via the compartments of wildlife ecosystems. 
Dioxins and PCBs enter an ecosystem, are spreaded and accumulate in its compartments 
and are taken up by the wildlife living in the ecosystem. Due to the effect of biomagnification 
the concentrations of dioxins or PCBs reach in certain cases considerably high 
concentrations especially at the end of the food chain. 



irce – "Dioxins and PCBs: Environment and Health Effects" – Part B 
4 MATERIAL FLOW AND CONTAMINATION PATHS OF DIOXINS AND PCBS 

26 

4.3.3 Contamination paths and fate in aquatic ecosystems 
Input into water is effected via deposition from the atmosphere (gaseous, dissolved in rain 
drops or adsorbed to particles) terrestrial run off from soil and surface waters and industrial 
effluents. In the water body, dioxins and PCBs partition fast to particle surfaces, organic 
matter and accumulate thus in sediments. As a result of their volatility (especially lower 
chlorinated PCBs are comparatively volatile) they can partly volatilise and return to the 
atmosphere. 

Aquatic organisms are contaminated by direct uptake via skin and most importantly by taking 
up contaminated sediment and food. 

Especially in aquatic ecosystems the concentration increases in the food chain from one 
trophic level to another (biomagnification). As an example the following illustration shows the 
biomagnification of PCBs in the food chain of a central European lake (Lac Leman; see also 
Table 12, Technical File): 

Illustration 5: The effect of biomagnification: concentrations of PCBs [ppm/dry weight] in environment 
compartments of the Lac Leman [see Rompp 1998]: 

compartment sediment water plants plankton mussels fishes bird eggs 

ppm/dry weight 0,02 0,04-0,07 0,39 0,60 3,2-4,0 5,6 

 

 
Due to the effect of biomagnification the concentrations of dioxins or PCBs reach in certain 
cases considerably high concentrations at the end of the food chain.  

Contaminated aquatic animals (e.g. fish, muscles) contribute to further contamination of 
terrestrial animals feeding on aquatic organism (e.g. white tailed sea eagle) and humans. 

4.3.4 Human contamination paths and fate 
Human contamination is a result of exposure via direct adsorption from the atmosphere and 
other environmental compartments and via food uptake from aquatic and terrestrial 
ecosystems. 

Direct contamination paths 

Only a small share of contamination occurs directly and is of negligible importance (e.g. via 
skin or via breathing of contaminated air) [see e.g. UBA 1996] even if there is a certain rate of 
dioxin intake via air by breathing which is mainly due to fumes from domestic incineration and 
transport [Knecht 1999, p 17]. Contamination from natural reservoirs seems to be negligible. 
Only with regard to certain risk groups direct contamination can become relevant (e.g. 
occupational exposure). 

 B I O M A G N I F I C A T I O N
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Food contamination paths 

The relevant path for human contamination is via the food chain as a result of food product 
consumption (95 to 98% of total contamination). Dioxins and PCBs enter the human food 
chain mainly via livestock animal food and feedstuffs and food chain plants. The further 
transmission path is through livestock and plants and products from livestock (usually more 
than 80%) and plant products (usually less than 20% but also up to about 40%) to humans 
via direct uptake with food. Another portion of uptake is via food products from wildlife 
animals and plants (which is less important for an average adult but might be important for 
certain risk groups). 

Apart from the fodder chain via green plants, silage plants or dry plants, there is another 
important accumulation of dioxins and PCBs in the food chain by industrially produced 
concentrated feedstuffs. The contamination in this case is predominantly due to two 
immission sources. First contamination via the air in the form of dust on the surface of 
feedstuff ingredients and second via feedstuff ingredients - which are imported remnants from 
food production all over the world and which are frequently contaminated with pesticides or 
fungicides [UBA 1996 p. 8-9]. Other possible sources of minor importance would be machine 
greases and oils or silo paints. 

Industrially produced concentrated feedstuffs play an important role in intensive livestock 
rearing in the case of pigs, poultry, aquaculture and milk cows. There are no dioxins arising 
from the production processes of concentrated feedstuffs. Contamination is mainly due to the 
above mentioned contamination paths. This fact gives the chance to reduce significantly the 
contamination of food products of animal origin with dioxins by either applying appropriate 
technical measures (see Technical File) or by substituting the contaminated ingredients of 
concentrated feedstuffs. 

Dioxins and PCBs are known to be passed from the mother to the foetus through placental 
blood, and to the baby via breast milk. Breast fed infants are considerably exposed to dioxins 
and PCBs via breast milk. Exposure only by dioxins exceeds the WHO recommended 
tolerable daily intake (1 to 4 pg WHO-TEQ/kg bodyweight per day including dioxins and PCBs 
and based on an average lifetime exposure) by a factor between 27 and 144 [AEA 1999]. 

The human contamination with fat soluble organochlorine substances like dioxins and PCBs 
is predominantly due to uptake with food. The contamination of an average adult in central 
Europe is estimated to be 1/3 from milk and milk products [Fiedler 1995, p 11]. The roughly 
estimated average contribution to dioxin exposure via food in some – not necessarily 
representative – EU member States is about 33% by milk and milk products, 17% by meat 
and meat products, 25% by fish and 25% by other food sources including eggs, fats and oils, 
cereals and fruits/vegetables. There are considerable differences between Member States 
(see Tables 13 and 14, Technical File). Cereals and fruits/vegetables contribute with about 
17%. The I-TEQ contamination as a result of exposure to PCBs due to food uptake is 
estimated to be in the same range as the load with dioxins (see Table 15, Technical File). 
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Occupational exposure 

Certain groups are exposed to elevated PCDD/F levels due to their professional occupation. 
Persons who are working in these fields show elevated I-TEQ loads in their blood fat (see 
technical file chapter 4.2, 'occupational exposure'). 

It is estimated that the most important working fields causing dioxin contamination are the 
former phenoxy-herbicide production and processing, capacitor production and non-ferrous 
metal recycling in secondary copper steel industry. According to experts these working fields 
no longer exist. 

However, recent reports of dioxin contamination due to occupational exposure are alarming. 
E.g. employees of an Austrian textile research institute have been heavily contaminated 
showing the typical effects of dioxin contamination. The blood of the concerned employees 
showed contamination values of 2,3,7,8-TCDD of 144 and 26 ng/g fat. 

Relevant transmission paths for human contamination 

Consequently the relevant transmission paths concerning the entry to the human food chain 
are the following 

• consumption of food based on livestock 

• consumption of food based on food chain plants 

• consumption of food based on wildlife animals and plants 

• contamination of breast fed infants via the mother's milk 

• direct uptake from the atmosphere and other environmental compartments (e.g. via skin, 
lungs) 

Other transmission, mainly by direct uptake via skin or lungs may be important for certain risk 
groups (e.g. due to occupational exposure). 

4.4 Environmental degradation and metabolism 
In the atmosphere, water and soil close to the surface dioxins and PCBs are photodegraded 
as a result of sunlight or UV-radiation (photolysis). By photodegradation one or more chlorine 
atoms is split away from the dioxin and the PCB molecule respectively. Other mechanisms for 
degradation are hydroxilation with OH radicals, microbial degradation and metabolism in 
other organisms. 

4.4.1 Environmental degradation of dioxins and PCBs 
Half lives of dioxins and PCBs vary between several hours and several years (see Technical 
File, Tables 16, 17 and 18). The persistence (thermodynamic stability) increases with 
increasing degree of chlorination [Rompp 1998]. Corresponding to this, the degradation of 
dioxins and PCBs in the environment depends largely on the degree of chlorination of the 
biphenyl, with persistence increasing with the degree of chlorination. 

Degradation in air 

One possible route of environmental breakdown of PCBs is photodegradation. PCBs do 
absorb in the 280 to 300 nm range which is the high energy end of the solar spectrum on 
earth. The photodegradation effects a partial dechlorination of the PCBs with stepwise loss of 
chlorine down to dichlorobyphenyl. Environmental photodegradation is estimated to be an 
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important way of PCB elimination in the environment [Waid 1986, pp. 56]. Analogous 
degradation of dioxins in the atmosphere occurs by photodegradation and hydroxilation. 
Photodegradation reactions predominantly occur in the case of volatilised dioxins and seems 
to be considerably reduced if the dioxins are associated with particles. The rate of 
photodegradation is congener specific. 

Degradation in water, sediment and soil 

Dioxins are partially microbial and photochemically degraded in water, sediment and soil. 

Aerobic and anaerobic microorganisms decompose and metabolise PCBs. Small 
concentrations of PCBs (e.g. 500 ppm) can stimulate bacterial growth by providing carbon, 
large concentrations are toxic to microorganisms. Lower chlorinated PCBs are degraded at a 
faster rate. The main mechanism in biodegradation is hydroxilation, producing less 
chlorinated PCBs. 

Dioxins are persistent in sediment but there appears to be some evidence, that they may be 
microbially degraded under certain environmental conditions. 2,3,7,8-TCDD is comparatively 
resistant to microbial degradation in water. The inability of microorganisms to metabolise 
2,3,7,8-TCDD is a result of its high toxicity. PCDFs are less resistant than PCDD. The 
organisms capable of PCDF degradation include Pseudomonas spp. Apparently degradation 
only takes place in the absence of other carbon sources [Ullmann 1995]. There are methods 
that can be used for congener specific biodegradation of small levels of PCBs at small scale 
in water. Alkaligenes odorans and Alkaligenes denitrificans appear to be the aerobic 
microorganisms responsible for the PCB biodegradation. Certain PCB isomers are not 
degraded [Ackerman 1983]. 

Photodegradation of dioxins and PCBs in soil is restricted to the upper soil horizons. Microbial 
degradation in soils is estimated to be very slow. However, both - dioxins and PCBs - with a 
low degree of chlorination are degraded faster under aerobic conditions, while those with a 
high degree of chlorination are degraded faster under anaerobic conditions [Rompp 1998]. 
Organisms degrading PCBs in soil and other compartments are e.g. bacteria such as 
Corynebacterium and Pseudomonas putida or mycorrhizal fungi. With regard to the 
degradation of PCBs by Pseudomonas putida it was found that degradation for soil-bound 
PCBs was the same as that for free PCBs in a non-soil assay [Unterman 1988]. However, the 
most toxic PCBs are very stable and resistant to biodegradation and metabolism. In general, 
bacteria cannot use chlorinated aromatic hydrocarbons as substrate. However, some 
microorganisms are capable of using lower chlorinated PCBs as carbon source. Thus, 
Acinetobacter sp. P6, Achromobacter sp. B 218, and Bacillus brevis B 257 can grow on 4-
chlorobiphenyl as the only carbon source [Fiedler www]. 

4.4.2 Metabolism of dioxins and PCBs 
After intake, dioxins and PCBs are metabolised, excreted or accumulated in body tissues. As 
Ah receptor-mediated effects are caused primarily by the parent compound, 
biotransformation to more polar metabolites, metabolism is generally considered a 
detoxification step and necessary for excretion via urine or bile. 

The metabolites are either excreted or accumulated in body tissues. In most vertebrate 
species, the 2,3,7,8-substituted dioxins are the congeners which are predominantly retained. 
If chlorine atoms are present on all 2,3,7,8 positions, the biotransformation rate of dioxins is 
strongly reduced, resulting in significant bioaccumulation. In most species the liver and 
adipose tissue are the major storage sites. Although kinetics influence the biological and toxic 
effects, genetic factors seem to play a dominant role [IARC 1997]. Usually lower chlorinated 
dioxins and PCBs are eliminated relatively fast compared to higher chlorinated congeners 
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(half lives see Technical File Tables 16 to 18) [Casabona 1998, Rompp 1998]. There is no 
information on the fate of PCBs sorbed or taken up by plants [Waid 1986, pp 58]. 

As mentioned above, dioxins and PCBs have to be hydroxylated to make them more polar 
and thus excretable. The limiting step in the elimination is that of metabolism, which is 
primarily effected by the hepatic P-450-dependent monoxygenase system.  

Hydroxylation of PCBs mainly occurs at para or meta positions if these sites are 
unsubstituted. The chlorine content, the substitution pattern and the presence of certain 
isoenzymes of the cytochrom-P-450 system are important factors to determine the 
transformation rate of PCBs [see Fiedler 1994]. In general, metabolism of PCBs decreases 
with increasing degree of chlorination and decreasing number of unsubstituted carbon atoms. 
Due to the low transformation and excretion rates of PCBs, certain congeners accumulate in 
organisms [Fiedler www]. Research indicates that the more highly chlorinated PCB 
congeners and those that lack unsubstituted meta-para positions are resistant to metabolism 
and tend to accumulate in tissues. Bioaccumulated PCBs appear to be more toxic than 
commercial PCBs and more persistent in the body. Furthermore PCB-metabolites such as 
hydroxylated PCBs (OH-PCBs) or methylsulfonyl-PCBs are frequently formed in the 
metabolism and some of them accumulate and show additional effects (e.g. estrogenic 
effects) to the effects of PCBs [Lund 1998]. 

Generally the metabolism of persistent organic pollutants (POPs) often proceeds via reactive 
intermediates which in turn may be cytotoxic. The stable metabolites are often nearly as 
persistent and as bioconcentrating as their parent compound (e.g. methylsulfonyl-PCBs) and 
should be kept in mind in risk assessment of POPs [Lund 1989]. The toxicity of dioxins is 
produced by the parent compound, rather than by its metabolites [Casabona 1998].  
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5 Effects of dioxins and PCBs 
5.1 Effects of dioxins 
After an accident in chemical manufacturing (production of trichloro-phenol) in 1953, severe 
diseases have been observed in the workers concerned. At that time it was completely 
unknown, which substance was the reason for these diseases which also have been 
observed at other trichloro-phenol production sites. In the following years it was found out that 
the most important substance was 2,3,7,8-TCDD and research was first concentrated on 
production plants for herbicides and pesticides. Today it is well known and recognised that 
dioxins arise from various other processes, that they are highly toxic and that they cause far 
reaching and severe environmental and health effects. In order to demonstrate the risks 
which are due to contamination with dioxins, their important environmental and health effects 
will be cited in the following. 

The most important effects of dioxins are 
��Cytochrome P450 induction affecting metabolism and thus leading to disturbances in 

biological functions through a mechanism involving the Ah receptor 
�� Immune system suppression 
��Hepatic porphyria by disruption of the production process of a haemoglobin component (a 

blood pigment which is responsible for O2 transport) in the liver resulting in sensory 
disorders, paralysis and psychological effects [AEA 1999] 

• Carcinogenity through a mechanism involving the Ah receptor. 2,3,7,8-TCDD is a multi-
site carcinogen causing skin and liver tumours in animals and humans [IARC 1997] 

• Disruption of Vitamin A Metabolism: dioxins can inhibit the process by which Vitamin A is 
stored in the liver resulting in foetal damage, growth disorders and sterility [AEA 1999]. 

• Reproductive and developmental effects: some studies in humans have shown alterations 
in hormone levels and sperm characteristics after PCDD exposure. 2,3,7,8-TCDD is both 
a reproductive and developmental toxin in experimental animals. Developmental effects: 
in animal studies effects on the developing organism occur at doses > 100 times lower 
that those required in the mother. Sensitive targets include the developing reproductive, 
nervous and immune systems. Hormone disruption may play a role in these events. 

5.1.1 Environmental effects 
Effects on plants 

No toxic effects on plants have been reported [Waid 1988, AEA 1999]. 

Effects on animals 

For some species 2,3,7,8-TCDD is higly toxic at minute dose levels. For several animal 
species and taxa the toxicity has been investigated.  

Most invertebrates are not susceptible to dioxins. Only a small number of studies could show 
toxic effects and reduced reproductive results in invertebrates. Only one study showed 
cytochrome P450 induction and thus indicates the presence of a common effect mechanism 
for invertebrates and other species [AEA 1999]. 

The effects of dioxins on fish are developmental disturbance and behavioural responses in 
later stages including reduced feeding, lethargy, unresponsiveness and “ head-up” swimming. 
In general, dioxins are of greatest toxicity to fish eggs and early life stages. Toxicity in fish 
tends to be higher for congeners containing four, five or six chlorine atoms. Fish show great 
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sensitivity to these dioxins [AEA 1999]. 

The effects of dioxins on birds vary from decreased egg production, embryotoxicity, 
cardiovascular and brain malformations [AEA 1999]. 

The extraordinary potency of 2,3,7,8-TCDD and related 2,3,7,8-substituted PCDDs has been 
demonstrated in many mammals. The lethal dose of 2,3,7,8-TCDD, however, varies more 
than 5000-fold between the guinea-pig (LD = 1 ppb/kg bodyweight), the most sensitive, and 
the hamster (LD = 5 ppm/kg bodyweight), the least sensitive species. In all mammalian 
species tested so far, lethal doses of 2,3,7,8-TCDD result in delayed death preceded by 
excessive body weight loss ('wasting syndrome'). Other signs of 2,3,7,8-TCDD intoxication 
include thymic atrophy, hypertrophy/hyperplasia of hepatic, gastrointestinal, urogenital and 
cutaneous epithelia, atrophy of the gonads, subcutaneous oedema and systemic 
haemorrhage dioxins cause suppression of both cell-mediated and humoral immunity in 
several species at low doses. dioxins have the potential to suppress resistance to bacterial, 
viral and parasitic challenges in mice. [IARC 1997]. Most of the effects were first researched 
in mammals, particularly in laboratory rats and mice, but have also been found in field 
experiments on wild mammals [AEA 1999]. 

Dioxins are disrupting the fetal development of small mammals [Knecht 1999, ALLOWAY 
1996]. 

Animal studies show hormonal disruption due to TCDD exposure leading to functional 
disorder of the thyroid gland and the suprarenal gland cortex [Knecht 1999] 

2,3,7,8-TCDD administered at low doses by different routes to rats and mice causes tumours 
at multiple sites. It also causes tumours in hamsters [IARC 1997]. TCDD is the most effective 
known substance promoting cancer in animals [Knecht 1999, S. 13]. Doses below 1 ng 
TEQ/kg/d do not show any effect (NOAEL) [Rompp, 1998, S. 1001]. 

5.1.2 Human health effects 
The following important human responses to dioxins have been reported [according to 
Ullmann 1995]: 

• toxic effects on the liver (including porphyria) 

• dermal toxicity including chloracne 

• disturbance of the nervous system 

• cancerogenity 

• disturbance of the immune system (immunotoxicity) including thymic atrophy and cell 
mediated humorale immune responses 

• impairment of reproduction and development 

• body weight loss (wasting syndrome) 

• effects on hormones 

Acute mortality due to dioxin toxicity has not yet been reported [Rompp, 1998, S. 1001]. 
Recent dose-effect studies have shown, that workers who have been occupationally exposed 
to TCDD show an elevated rate of mortality due to cancer, cardiovascular diseases and 
ischiaemic heart diseases [Knecht 1999, p. 112]. 

Human exposure to 2,3,7,8-TCDD or other PCDD congeners due to industrial or accidental 
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exposure has been associated with chloracne and alterations in liver enzyme levels in both 
children and adults. An increased prevalence of diabetes and increased mortality due to 
diabetes and cardiovascular diseases have been reported [IARC 1997]. Children exposed in 
the womb to higher concentrations of dioxins show skin defects, developmental delays, low 
birth weight, behaviour disorder, decreased penile length at puberty, reduced height among 
girls at puberty and hearing loss. It is not clear to what extent these effects are due to dioxin 
like compound such as co-planar PCBs when considering the complex chemical mixtures to 
which human individuals are exposed [AEA 1999]. PCDD/F contamination may cause 
disturbances of the fat metabolism in humans [Knecht 1999, p 157] 

Signs of 2,3,7,8-TCDD intoxication include body weight loss, thymic atrophy, 
hypertrophy/hyperplasia of hepatic, gastrointestinal, urogenital and cutaneous epithelia, 
atrophy of the gonads, subcutaneous oedema and systemic haemorrhage. In tissue culture, 
2,3,7,8-TCDD affects growth and differentiation of keratinocytes, hepatocytes and cells 
derived from other target organs [IARC 1997]. 

Dermal toxicity 

2,3,7,8-TCDD causes chlorine acne even after short time contact with TCDD contaminated 
material. Within some days acneform pustules develop and may lead to strong mutilations 
and which are very stubborn and may persist the whole life. The persistence is correlated to 
the remaining contamination with TCDD [Knecht 1999, p 147]. 

The literature reports several other dermal diseases caused by TCDD like acute dermatitids, 
cutane porphyry, parapsoriasis en plaque, pigment disorders, hypertrichy and sun allergies 
[Knecht 1999, p 150]. 
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Disturbance of the nervous system 

Exposure to dioxins causes long lasting psycho-nervous disturbances (depression, 
aggression and other psychic alterations) which may last for several decades after the end of 
exposure (in correlation to the remaining dioxin contamination). The psychic disturbance is 
similar to the symptomatic picture of the toxic encephalopathy [Knecht 1999, pp. 146,152]. 
Infants exposed to PCDD/Fs through breast milk exhibit alterations in thyroid hormone levels 
and possible neurobehavioural (object learning) and neurological deficits [IARC 1997]. 

Carcinogenity 

Several studies show strong evidence for the human carcinogenity of TCDD [Knecht 1999, p. 
113 referring to Fingerhut et al 1991, Zober et al 1990 and 1994, Manz et al 1991, Ott et al 
1996 and Kogevinas et al 1997]. Recent research on dose-effect relations prove the human 
carcinogenity of TCDD at high concentration levels and confirm the evidences at lower 
concentration levels [Knecht 1999, p. 112].  

The IARC (International Agency for Research on Cancer), which is the responsible 
commission for the assessment of the carcinogenity of substances, has classified 2,3,7,8-
TCDD in group 1 of carcinogenous working substances [Knecht 1999, p. 86]. Also other 
dioxins are suspect to promote tumours in humans. Experimental data indicate that 2,3,7,8-
TCDD and probably other PCDDs and PCDFs are not direct-acting genotoxic agents but they 
are promoting the formation and development of tumours [IARC 1997]. 

Hormone disruption 

There are indications, that dioxins induce developmental defects. Dioxins and related 
compounds may be regarded as endocrine disruptors, causing estrogenic and antiestrogenic 
effects [Birnbaum, 1995]. There are evidences, that dioxins cause hormone disruption in 
women leading to elevated mammal breast cancer risk [Knecht 1999, p. 143] and that they 
influence the hormonal balance in men [Knecht 1999, p 143 referring to Tomczak et al 1981, 
Egeland et al 1994 and Sweeney et al 1997/1998]. These effects are thought to occur 
especially after exposure to dioxins together with other organochlorine substances [Knecht 
1999, p. 143 referring to Arnold et al 1996, Davis et al 1993 and Coosen & van Velsen 1989]. 

Immunotoxicity 

Changes in the immune system and glucose metabolism have been observed in adults. The 
disturbance of the immune system by PCDD/F, especially by 2,3,7,8-TCDD which is 
extremely effective, is widely reported .The immunsupressive effect is not specific because it 
is not due to a specific reaction with antigene receptors on T- or B-cells but it disturbes the 
cell differenciating organs and humoral functions [Knecht 1999, p 172]. PCDDs cause 
suppression of both cell-mediated and humoral immunity in several species at low doses 
[IARC 1997].  

5.2 Effects of PCBs 
Acute toxicity of most of the 209 PCB congeners is relatively low. The coplanar or so called 
dioxin like PCBs show the highest toxicity (see chapter 1.4) and a broad spectrum of toxic 
responses. Due to the same Ah-receptor mediated mechanism the effects are to a large 
extent similar to the above described effects of dioxins (see chapter 5.1). Non dioxin like 
PCBs are acting according to other, not yet known mechanisms [Fiedler 1995 b]. 
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5.2.1 Environmental effects 
Effects on plants 

Some higher plants take up PCBs. Concerning the effects there are only few results reporting 
about growth inhibition, inhibition of water uptake, reduced oxygen production rates and 
alterations in the structure of algae organelles [Kaiser 1998]. 

Effects on animals 

Many of the toxic effects are similar to dioxin related effects. 

PCBs show acute toxic, immune suppressive, carcinogen, reproduction and foetotoxic effects 
in birds [Kaiser 1998]. 

Acute toxicity in mammals is comparatively low: the dose required to kill 50% of a treated 
sample of animals (LD50) is relatively high (ranging from 0.5 g/kg to 11.3 g/kg body weight; 
[Sullivan and Krieger et al.,1992]). The lethal doses (LD50) in Rats for example are 1,3 to 11,3 
g/kg bodyweight for oral uptake and 0,5 g/m3 air for inhalative uptake [Kaiser 1998]. One of 
the first appearing symptoms is the waste syndrome. Foetotoxic effects are reported from 
various species. In rats and mice PCBs promote the development of liver tumours and 
genotoxic effects in mammals cannot be excluded [Fiedler 1995 b]. 

Neurotoxicity has been observed in several animal species exposed in laboratory studies to 
PCBs including retarded learning, decreased performance in discriminating learning tasks, 
hypoactivity, deficits in spatial discrimination, diminished exploratory behaviour, decreased 
responses to pain stimuli and difficulty in learning complex tasks [U.S. EPA 1999]. 

The endocrine system of rats exposed to PCBs is disturbed. The rats had reduced thyroid 
hormone levels which are critical for normal growth and development. Serum levels of 
adrenal cortex hormones were decreased after dietary exposure to either Aroclor 1242 or 
1221. The decrease in serum hormonal levels was dose-related and increased with 
increasing degree of mixture chlorination [U.S. EPA 1999]. 

PCBs induced effects on the immune system that were demonstrated in several species of 
animals. Rats exposed to PCBs had reduced thymus weights and reduced natural killer cell 
activities. Mice showed decreased resistance to infection leading to death and monkeys 
exposed to very small doses had a significant decrease in immune globulins [U.S. EPA 
1999]. 
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Reproductive function of mammals may be disrupted by exposure to PCBs. (alterations in 
menstrual cycles, decreases in fertility, increased number of abortions, and reduced number 
of conceptions). Effects were observed long after the dosing with PCBs occurred [U.S. EPA 
1999]. 

Animal studies have shown that certain PCBs (particularly with greater than 50% chlorination) 
produce benign and malignant liver neoplasms in mice and rats. PCBs were inadequately 
tested in mice for induction of skin tumours [IARC 1998]. 

5.2.2 Health effects 
Toxicity 

The following important responses to PCBs have been reported [according to Crine 1988, 
completed]: 

• acute lethality at relative high dose levels (> 1 g/kg in most animal species) 

• dermal toxicity (including chloracne) 

• toxic effects on the liver (including porphyria) 

• disturbance of the nervous system 

• disturbance of the immune system including thymic atrophy 

• impairment of reproduction 

• body weight loss (wasting syndrome) 

• induction of diverse enzyme systems 

Symptoms of acute intoxication with PCBs include tiredness, general disorders (head aches, 
abdominal pain, deafness and others), alterations in menstruation, bronchitis and alteration of 
biochemical parameters. Due to their lipophilicity PCBs pass the placenta and exert their 
effects directly on the foetus. PCB exposure of the mother leads to low birth weight and 
growth disorders of their children. 

Chronic toxicity: PCBs induce cytochrom-P450 dependent monooxygenases. They show 
toxic effects mainly in the liver and on the skin. PCBs show immune suppressive effects and 
may cause foetotoxic effects [Kaiser 1998]. 

Studies indicate, that infants of PCB contaminated mothers show decreases in gestational 
age, birth weight and head circumference. Neurobehavioral deficits observed included 
depressed responsiveness, impaired visual recognition, delay in psychomotor development 
and poor short-term memory. Later in their life the children still may have deficits in weight 
gain, depressed responsiveness, and reduced cognitive function [U.S. EPA 1999]. 
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PCBs are not genotoxic. Concerning human carcinogenity there is actually no unambiguous 
study showing a relation between PCB exposition and the occurrence of cancer. 
Nevertheless PCBs are classified as suspected to be carcinogenous [Kaiser 1998] They are 
classified by the IARC in group 2A: probably carcinogenic to humans [IARC 1998]. 

Information on the possible carcinogenic risk of human exposure to polychlorinated biphenyls 
(PCBs) comes from studies of occupational populations and of populations exposed to the 
compounds accidentally. PCB mixtures may be contaminated with polychlorinated 
dibenzofurans and polychlorinated dibenzodioxins. The available studies suggest an 
association between cancer and exposure to PCBs. According to an assessment of the IARC 
an increased risk from hepatobiliary cancer emerged consistently in different studies. Since, 
however, the numbers were small, dose-response relationships could not be evaluated, and 
the role of compounds other than PCBs could not be excluded, the evidence was considered 
to be limited [IARC 1998]. 
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6 Methods for detection of dioxins and PCBs 
During the last decade strong efforts have been laid upon the development of new selective 
and sensitive methods for the analyses of persistent organic pollutants (POPs) at the sources 
and in various environmental samples. New capillary gas chromatographic methods with 
highly sophisticated mass spectrometric detectors allow reliable detection into the fg/g  
(10-15 g/g) range. 

Having in mind the complete analytical procedure – including sampling, sample preparation, 
extraction, clean-up and finally detection – the existing methods are often connected to one 
or more of the following disadvantages: they may be expensive, insensitive and time-
consuming. Despite the substantial progress made in developing highly sensitive detection 
methods, no comparable progress has been made with respect to extraction and clean-up 
procedures. With regard to detection, difficulties still remain, e.g. to identify individual PCB 
congeners in complex mixtures or continuous measurement methods. 

As a consequence the focus in most recent research and development has been laid on the 
improvement of these procedures. With special respect to dioxin and PCB measurement, 
control and monitoring progress in high quality, reliable, cheap and easy, handy and, last but 
not least, time saving procedures including screening methods for a first assessment of a 
contamination are of special importance. 

Perspectives in extraction 

The extraction is aimed at a possibly quantitative separation of the dioxins or PCBs out of the 
sample matrix and to bring them into a medium which is appropriate for further clean-up or 
detection. 

A variety of extraction methods are used such as column extraction, soxhlet extraction, 
accelerated solvent extraction (ASE), microwave-assisted extraction (MAE), solid phase 
extraction (SPE) or supercritical fluid extraction (SFE). For watery samples extraction is no 
problem. Extraction from biological and solid samples is more difficult and takes more time 
(conventional extraction like soxhlet takes hours or days). 

Due to recent research and development there are important improvements in extraction 
methods appropriate to improve the effectiveness of dioxin or PCB measurement. E.g. in the 
last years, the possibilities for selective extractions from solid samples with SFE, ASE and 
MAE have been investigated and are more and more applied for the analyses of dioxins and 
PCBs. These methods may allow direct detection after the extraction without necessary clean 
up steps and consequently can accelerate measurements. Advances in SFE make the quality 
of the results comparable to other measurement methods [van der Velde 1998]. Appropriate 
methods for extraction according to the sample properties have to be choosen out of the 
different methods for extraction (for a discussion of various extraction methods see e.g. 
[Kallenborn 1998]). A method based on solid phase extraction (SPE) of PCBs from whole 
blood and direct composition of lipids and other non persistent components by sulphuric acid 
on the SPE column could reduce solvent consumption and facilitate sample handling in 
human blood biomonitoring of PCBs [Karel 1998]. Methods using an immunoaffinity column 
for extraction can simplify dioxin serum sample clean-up and decrease solvent consumption, 
thereby decreasing the analysis costs [e.g. Huwe 1998]. SFE, ASE or MAE are appropriate 
extraction methods to reduce the time for extraction, improve the precision of analyse 
recoveries and reduce the sample preparation costs [Bandh 1998, Davis 1998].  

Perspectives in clean-up 
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Lipids and other unwanted co-extractants remaining after extraction have to be separated in 
subsequent clean-up steps from the sample. In clean-up methods there is need for 
improvement with regard to costs and effectiveness due to the increasing demand for high 
throughput and high quality laboratory measurements for contaminated environmental 
samples. 

Computer supported and programmable automated clean up systems for various POPs 
including dioxins and PCBs can be useful means to attempt these improvements [Turner 
1998]. Usually clean-up is realised by applying high resolution chromatographic methods. 
With regard to the measurement of co-planar PCBs some additional steps are required 
during extraction and clean-up (additional separation according to structural properties e.g. 
with activated coal columns and further separation by multidimensional chromatographic 
methods) [Fiedler 1995 b]. New methods using prepacked SPE-tubes enable separation of 
PCBs in three fractions (non-ortho, mono-ortho and the rest of the PCBs) [e.g. Molina 1998] 

Perspectives in detection 

There have been problems in the identification of co-planar PCBs due to the lack of reference 
compounds. If they have been available, they have been tremendously expensive. Actually all 
209 PCB congeners are available at reasonable prices. Furthermore there have been 
problems to identify the single congeners by using gas chromatography and mass 
spectrometry (GC-MS) for detection which can be solved by modern detection methods 
[Haglund 1998]. The use of enzyme immunoassay (EIA) kits to rapidly screen environmental 
samples has dramatically simplified field analysis of PCBs [Sherry 1997]. Corresponding 
immunoassay kits for the field analysis of dioxins have not been sensitive enough nor 
sufficiently specific. Recent developments in measurement of PCDD/F TEQs by 
immunoassays are promising [Harrison 1998; Zennegg 1998]. The labour intensive and time 
consuming work of identifying the isomer peaks after detection by GC-MS can be automated 
and isomer identification can be more exactly by fully automatic quantitative computer support 
[Kato 1998]. 

Continuous measurement 

The Proposal on the incineration of hazardous waste foresees continuous measurements of 
the air emission limit values for dioxins as soon as appropriate measurement methods are 
available. As a result a focal point for research and development has been set on methods 
allowing continuous dioxin measurement at the sources. Such methods are currently not 
available at adequate conditions. Technology is available for semi-continuous measurements 
which is expensive, non mobile and has high running costs. However, research and 
development in on-line capable, selective and sensitive measurement based on resonance 
enhanced multiphoton ionization (REMPI) is ongoing and is currently tested in a pilot 
incineration plant. One of the most crucial points is the sensitivity of monitors for substances 
which are only found in traces such as dioxins [Oser 1998]. Furthermore, there are reports on 
portable screening tools capable of identifying and quantifying PCDD/Fs in the field in less 
than 10 seconds based on gas chromatography and surface acoustic wave detection (GC-
SAW) [Staples 1998]. The speed and the accuracy of this technology may be suitable for 
continuous real time control and monitoring of dioxin emissions. 

Quality control measures 

An important point in environmental monitoring and control is the reliability and quality of 
measurement. To assure the quality of analytical data it is important to organise international 
intercalibration studies in which an inter-laboratory comparison of environmental analytical 
results of dioxins and planar PCBs is made [van Bavel 1998]. Intercalibration studies would 
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be a possible approach for the certification of laboratories and enable the laboratories 
themselves to improve their analytical capacity or to confirm their capability. Another 
important point to assure the quality of measurements is the availability of certified reference 
materials, enabling analytical laboratories to ensure accuracy for analysis and method 
development [Chiu 1998]. 
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7 Suggested options for the reduction of dioxins 
and PCBs 

 
According to the material flow approach (see Part A, chapter 2) policy options for the 
European Parliament are based on the material flow (chapter 4) and thereof follows an 
important differentiation of the options (for further differentiation see Part A: Options). 

• options related to sources 
• options related to the transmission chain 
• options related to human health 

The options are furthermore based on 

• scientific and technological or other possibilities for the improvement of production, 
abatement or elimination processes 

• scientific and technological or other possibilities to prevent the spreading of dioxins and 
PCBs in the transmission chain or to exert their effects on human health or the 
environment 

• the assessment of the improvement potential based on the material flow 

Basic scientific and technological background with regard to the material flow and the options 
is given in the previous chapters 1 to 6 of the present Part B. The options are presented in 
the options part of the study (see Part A: Options). In Part A the important background to 
each option is explained and it is referred to the corresponding scientific and technological 
background information in Part B (Arguments and Evidence) and Part C (Technical File) 
respectively. 
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1 Dioxins and PCBs 
1.1 Definition and classification: Dioxins 
 

Table 5: types of dioxin isomers 

Number of 
chlorine atoms 

Isomer group Number of  
PCDD isomers 

Number of 
PCDF isomers 

1 monochlorinated DD/DF* 2 4 
2 dichlorinated DD/DF 10 16 
3 trichlorinated DD/DF 14 28 
4 tetrachlorinated DD/DF 22 38 
5 pentachlorinated DD/DF 14 28 
6 hexachlorinated DD/DF 10 16 
7 heptachlorinated DD/DF 2 4 
8 octachlorinated DD/DF 1 1 

Total number of congeners: Σ = 75 Σ = 135 

* DD = dibenzodioxin, DF = dibenzofuran 
 

Table 6: Overview for selected chemical-physical key properties of some PCDD congeners [Knecht 1999, p. 17, 
[1]] 

Congener melting point 
[°C] 

Koc 
[Krauß 1995] 

log Kow 
[Krauß 1995] 

water 
solubility 
[mg/l] at 

25°C 

vapour 
pressure 

[Pa] at 25°C

2,3,7,8-TCDD 305 3*107 6,76 2,0/107 1,93/105 

1,2,3,7,8-PeCDD 240 - - 5,8/108 - 

1,2,3,4,7,8-HxCDD 273 - - 5,1/109 4,42/106 

1,2,3,6,7,8-HxCDD 285 - - 4,8/109 - 

1,2,3,7,8,9-HxCDD 243 - - 6,5/109 - 

1,2,3,4,6,7,8-HpCDD 264 - - 7,5/1010 2,40/106 

OCDD 325 12*107 8,20 1,1/1010 0,74/107 
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1.2 Toxicity: Dioxins 
Table 7: Toxic equivalency factors (I-TEFs) of 17 dibenzodioxins and dibenzofurans [NATO 1988]: 

Dibenzodioxins Dibenzofurans 
Congener I-TEF Congener I-TEF 
2,3,7,8-TCDD 1 2,3,7,8-TCDF 0,1 
1,2,3,7,8-PeCDD 0,5 2,3,4,7,8-PeCDF 0,5 
1,2,3,4,7,8-HxCDD 0,1 1,2,3,7,8-PeCDF 0,05 
1,2,3,7,8,9-HxCDD 0,1 1,2,3,4,7,8-HxCDF 0,1 
1,2,3,6,7,8-HxCDD 0,1 1,2,3,7,8,9-HxCDF 0,1 
1,2,3,4,6,7,8-HpCDD 0,01 1,2,3,6,7,8-HxCDF 0,1 
OCDD 0,001 2,3,4,6,7,8-HxCDF 0,1 
  1,2,3,4,6,7,8-HpCDF 0,01 
  1,2,3,4,7,8,9-HpCDF 0,001 
  OCDF 0,001 

 

Table 8: WHO Toxic Equivalency Factors (WHO-TEFs) for mammals, fish and birds [van den Berg 1998] 

Congener Humans/Mamma
ls 

Birds Fish 

2,3,7,8-TCDD 1 1 1 
1,2,3,7,8-PeCDD 1 1 1 
1,2,3,4,7,8-HxCDD 0.1 0.05 0.5 
1,2,3,6,7,8-HxCDD 0.1 0.01 0.01 
1,2,3,7,8,9-HxCDD 0.1 0.1 0.01 
1,2,3,4,6,7,8-HpCDD 0.01 <0.001 0.001 
OCDD 0.0001 0.0001 <0.0001 
2,3,7,8-TCDF 0.1 1 0.05 
1,2,3,7,8-PeCDF 0.05 0.1 0.05 
2,3,4,7,8-PeCDF 0.5 1 0.5 
1,2,3,4,7,8-HxCDF 0.1 0.1 0.1 
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1 
1,2,3,7,8,9-HxCDF 0.1 0.1 0.1 
2,3,4,6,7,8-HxCDF 0.1 0.1 0.1 
1,2,3,4,6,7,8-HpCDF 0.01 0.01 0.01 
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.01 
OCDF 0.0001 0.0001 <0.0001 
3,4,4’,5-TCB (81) 0.0001 0.1 0.0005 
3,3’,4,4’-TCB(77) 0.0001 0.05 0.0001 
3,3’,4,4’,5-PeCB (126) 0.1 0.1 0.005 
3,3’,4,4’,5,5’-HxCB (169) 0.01 0.001 0.00005 
2,3,3’,4,4’-PeCB (105) 0.0001 0.0001 <0.000005 
2,3,4,4’,5-PeCB (114) 0.0005 0.0001 <0.000005 
2,3’,4,4’,5-PeCB (118) 0.0001 0.00001 <0.000005 
2’,3,4,4’,5-PeCB (123) 0.0001 0.00001 <0.000005 
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2,3,3’,4,4’,5-HxCB (156) 0.0005 0.0001 <0.000005 
2,3,3’,4,4’,5’-HxCB (157) 0.0005 0.0001 <0.000005 
2,3’,4,4’,5,5’-HxCB (167) 0.00001 0.00001 <0.000005 
2,3,3’,4,4’,5,5’-HpCB (189) 0.0001 0.00001 <0.000005 

1.3 Definition and classification: PCBs 
 

Table 9: Types of dioxin isomers 

Number of chlorine atoms Isomer group Number of isomers 

0 biphenyl 1 
1 monochlorobiphenyl 3 
2 dichlorobiphenyl 12 
3 trichlorobiphenyl 24 
4 tetrachlorobiphenyl 42 
5 pentachlorobiphenyl 46 
6 hexachlorobiphenyl 42 
7 heptachlorobiphenyl 24 
8 octachlorobiphenyl 12 
9 nonachlorobiphenyl 3 
10 decachlorobiphenyl 1 

Total number of congeners: Σ = 209 
 

Table 10: Overview of some chemical-physical key properties of PCBs [Krauß 1995, pp. 38-41] 

Congeners Koc log Kow water solubility 
[mg/l] at 25°C 

vapour pressure
[Pa] at 25°C 

monochlorobiphenyls 3*103-8*103 4,2-4,9 1,3-1,7 2,2*103-9,2*102 

dichlorobiphenyls 7*103-4,3*104 4,6-5,5 5,6/102-7,9/101 3,7*102-7,5*101 

trichlorobiphenyls 4,1*104-4,4*104 5,5 1,5/102-6,4/101 1,1*102-1,3*101 

tetrachlorobiphenyls 3,0*104-7,2*104 5,2-5,8 1,9/102-1,7/101 1,8*101-4,4*100 

pentachlorobiphenyls 7,7*104-9,5*104 5,8-6,0 4,5/103-1,2/102 5,3*100-8,8*10-1 

hexachlorobiphenyls 1,2*106 6,7 4,4/104-9,1/104 1,9*100-2,0*10-1 

heptachlorobiphenyls - - 4,7/104 5,3*10-1-4,8*10-2 

octachlorobiphenyls - - 1,8/104-2,7/104 7,82*10-2-9,0*10-

3 

nonachlorobiphenyls - - 1,1/104 3,2*10-2-1,1+10-2
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decachlorobiphenyls - - 1,6/105 5,6*10-3 

 

1.4 Toxicity: PCBs 
The physicochemical properties of PCBs vary on a congener-by-congener basis. Other as the 
dioxin congeners the phenyl rings of PCBs can relatively easily rotate around the (sigma) 
binding between the two phenyl rings. The most toxic congeners (3,3’,4,4’-tetra, 3,3’,4,4’,5-
penta- and 3,3’,4,4’,5,5’-hexachlorbiphenyl) can assume coplanar conformations and are 
approximate isostereomers of the highly toxic 2,3,7,8-PCDD. These three PCBs exhibit high 
affinities to the Ah receptor. 

The most toxic congeners however, are those that hold a coplanar conformation with chlorine 
substituents on the meta and para positions of the phenyl rings. Ortho-chloro substituents do 
diminish but do not eliminate Ah receptor binding affinities. 

Illustration 6: Ortho- (o), meta- (m) and para-positions (p) in the PCB skeleton molecule 

 
 

 

 

 

There is a group of 4 compounds (3,4,4’,5-tetra-, 3,3’,4,4’-tetra, 3,3’,4,4’,5-penta- and 
3,3’,4,4’,5,5’-hexachlorbiphenyl) that are the most toxic PCBs but many mono-ortho coplanar 
PCBs elicit toxic effects similar to 3,4,7,8-TCDD and even some diortho coplanar substituted 
PCBs may exhibit some 2,3,7,8,-TCDD-like activity [Crine 1988, p 53, 54]. 

PCB mixtures in environmental samples do not only vary concerning their relative toxic 
potential, but also their biologic and ecotoxicologic effects. The structural and functional 
similarities to dioxins offer the possibility to assess their toxicity relative to the toxicity of 
dioxins and recently the toxic potential of coplanar PCBs is related to the toxicity of dioxins 
and is indicated in toxic equivalence factors (see Table 4).  

(o) (m) 
 

       (p) 
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3 Presence of Dioxins and PCBs 
 

Table 11: Dimensions of mass unit 

mg Milligram 10-3
 g 

µg Microgram 10-6
 g 

ng Nanogram 10-9
 g 

pg Picogram 10-12
 g 

fg Femtogram 10-15
 g 

 

Table 12: Average reported concentrations of dioxins in human breast milk [AEA 1999] 

Environment Average Concentration pg I-TEQ/g fat 
 1988 1993 % Change 
Rural 28,2 17,7 37 
Urban 29,5 19,2 35 
Industrial 35,9 24,0 33 
 

Table 13: PCDD/F concentrations in various food products from animal origin: 

Food product PCDD/F concentration 
[ng I-TE/kg fat] 

Literature source  
[see UBA 1996] 

Beef 2,59 – 3,5 [3] 

Beef fat 0,6 – 4,8 [5, 8, 7] 

Cow milk 0,57 – 7,06 [7] 

Veal 7,4 [3] 

Lamb loin 0,4 [4] 

Sheep/Lamb fat 1,1 – 1,7 [7] 

Pork meat 0,28 – 0,5 [3] 

Pork cutlet 0,3 [4] 

Dripping 0,8 [3] 

Chicken 2,3 – 160 [3, 5, 7] 

Chicken eggs 1 – 153 [5b, 6, 7] 

Duck fat 15 – 27,9 [5, 7] 
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Goose fat 0,9 – 20 [7] 

Goose liver 2,6 – 42 [7] 

Herring 0,83 – 10,8 [3, 9] 

Red perch 19,1 [9] 

Mackerel 4,7 [9] 

Cod 7,7 - 10,5 [4, 9] 

Eel 19,1 – 69,7 [9] 

Brown trout 133 – 982 (BGA-TEQ) [5b] 

trout fillet 7,1 – 8,3 [5b] 

Table 14: Ranges of concentrations of dioxins found in foodstuffs across the EU (pg I-TEQ/g fat; * pg I-TEQ/g fresh 
weight) [AEA 1999] 

Foodstuffs Minimum Median Maximum 

Milk 0,2 1,3 2,6 

Milk products 0,5 1,3 3,8 

Meat and meat products 0,1 1,3 16,7 

Poultry 0,7 1,6 2,2 

Fish 2,4 21,2 214,3 

Eggs 1,2 1,5 4,6 

Fats and oils 0,2 0,6 2,6 

Bread and cereals 0,1 0,9 2,4 

Fruit and vegetables 0,01 0,02 0,2 
 

Table 15: The Netherlands: Concentrations of dioxins and PCBs in food products (1991) [AEA 1999] 

Food type Dioxins 

(pg I-TEQ/g fat) 

PCBs 

(pg WHO-TEQ/g fat) 

Refined fish oils 0,99 1,3 

Consumer milk 1,5 1,3 



irce – "Dioxins and PCBs: Environment and Health Effects" – Part C - Draft 
TECHNICAL FILE 

7 

Butter 1,8 2,1 

Cheese 1,4 1,6 

Animal fat 0,43 –14 0,16 – 25 

Animal liver 3,3 – 61 2,1 – 28 

Meat products 0,68 0,48 

Nuts 0,26 0,06 

Eggs 2 1,8 

Cereals 0,74 – 0,85 0,19 – 1,2 

Lean Sea Fish 49 103 

Freshwater Fish 2,4 4,5 

Fatty Sea Fish 6,8 11 

Game 17 17 
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4 Contamination paths (transmission and material 
flow structure of dioxins and PCBs 

4.2 Environmental behaviour 
Soil uptake 

Together with feedstuffs cows are taking up soil. The degree of soil uptake depends on various 
factors (soil, weather, state of the turf etc. and on harvesting methods). There are estimations 
for the average soil uptake per cow and per day in the Netherlands which are 150-300 g/d 
(pasturage) and 200-600 g/d [Fiedler 1995, p 138] (stall feeding with grass silage; the degree of 
soil contamination decreases in the following row: turnip silage, grass silage, hay, maize silage, 
concentrated feedstuffs [Fiedler 1995, p 125]). During pasturage soil uptake is estimated to be 
1 – 2% of the food uptake and consequently under normal conditions about 10% of the total 
daily intake of PCDD/F of an average cow. [Fiedler 1995, p 24]. In some cases contaminated 
soil (elevated concentrations of PCBs and dioxins) gives reason for elevated concentrations of 
the contaminants in the corresponding milk products [see Fiedler 1995, p. 11]. 

Absorption, bioavailability, metabolism 

Absorption is the transition of a pollutant into the blood circulation which is a necessary 
condition for the distribution, accumulation and finally the exertion of toxic effects. The 
absorption of lipophilic substances happens by passive diffusion following the concentration 
gradient mainly from the digestive tract into the adjoined blood vessels.  

The absorption predominantly depends on the bioavailability of a substance. The results 
concerning the bioavailability of dioxins in soil and feedstuff are contradictory. Carry over rates 
from different matrices to organisms differ from less than 1% up to 95% [Fiedler 1995, pp 29]. 
The absorption of PCDD/F from mother's milk by babies is about 90% [Fiedler 1995, p 71] 

The metabolism of organochlorine substances is effected in the liver by enzymes primarily by 
the hepatic P-450-dependent monoxygenase system. Hydroxylated products are the major PCB 
metabolites and, based on available studies, it can be concluded that hydroxylation mainly 
occurs at para or meta positions if these sites are unsubstituted. In general, metabolism of PCB 
decreases with increasing number of chlorine atoms present and with decreasing number of 
adjacent unsubstituted carbon atoms [Fiedler 1994]. The hydroxilation leads to an increased 
water solubility. The metabolised resulting substances can subsequently be excreted e.g. via 
the urine.  

In the digestive tract dioxins and PCBs are persistent. Their persistence in the liver is congener 
specific and depends on the chlorination pattern. The high toxic 2,3,7,8- and 2,3,4,7,8-
substituted TCDD/F congeners are persistent, meanwhile the other congeners are metabolised 
in relative short time. The persistence of PCBs is also congener specific according to their 
chlorination pattern [Fiedler 1995, pp 34, 35]. Persistent dioxins and PCBs are either stored and 
accumulated in the organism or they are excreted with milk (mother milk, cow milk). 

Carry over 

The carry over is the transmission of substances from incorporated substrates into excreted 
substrates e.g. the excretion of pollutants via milk (ng/d) per uptake of pollutants (ng/d) via food 
in percent. The carry over of dioxins and PCBs into the milk is predominantly directly effected 
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with blood fat (around 90%) [Fiedler 1995]. Carry over rates for 2,3,7,8-TCDD from feedstuffs to 
cow milk vary around 30 to 40%, for PCBs they vary from around 20 to 80% [Fiedler 1995]. 

The bioaccumulation and carry over of dioxins and PCBs is congener specific. This fact may be 
important considering the risk assessment and threshold values for dioxins and PCBs because 
the potential for bioaccumulation of the single congeners in the next chain link is different and 
should be considered. Having this in mind an enlargement of the TEQ-concept considering 
factors of transfer within the food chain may be reasonable [Fiedler 1995, p 70]. 

Table 16: Biomagnification of PCBs in the food chain of the Northsea (see: Rat der Sachverständigen für 
Umweltprobleme: Umweltprobleme der Nordsee: Stuttgart 1980) 

 PCB load (mg/l; mg/kg fat) Accumulation factor 

water  0,000002 1 

vegetable plankton 8 4 x 106 

animal plankton 10 5 x 106  

invertebrates 5 - 11 2,5 - 5,5 x 106 

fish 1 - 37 0,5 - 18,5 x 106 

marine birds 110 55 x 106 

marine mammals 160 80 x 106 
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Table 17: Average contribution to human dioxin exposure (%) via food in some EU member States [completed after 
AEA 1999, * UBA 1996 and ** Theelen et. al 1991] 

 Milk/milk 
products 

Meat/meat 
products 

Fish Other 

 Milk Milk 
products 

Meat 
and 

products

Poultry Fish Eggs Fats and 
oils 

Bread 
and 

cereals* 

Fruits 
and 

vegetabl
es* 

France 29 6 35 3 - 2 27 
Germany * 33 33 25 < 10 
Catalonia 
(Spain) 

16,1 9,9 14,5 1,7 13,7 23,1 9,5 

Netherl. ** 43 25 31 < 1 
Sweden 36 9 38 2 10 - 5 

UK 38 15 4 4 9 30 - 

   ca. 2,2 ca. 5,9 ca. 9,6 ca. 7,3 Average 

ca. 33 ca. 17 ca. 25 ca. 25 
Range 16,1-43 6-33 4-38 <1-48 

 

Table 18: Contribution of various food products to human contamination with PCDD/F [based on Fiedler 1995 
according to McLachlan 1991; completed] 

relative uptake [%] Land average 
uptake 

[pg TEQ/d] fish milk meat other 

Source 

Germany 130 26 32 30 12 [Beck et al 1989] 

Germany 85 32 32 32 4 [Fürst et al 1990] 

Germany ca. 701 25 33 33 <10 [UBA 1996 [7 (1993)]] 

Netherlands 75 31 43 25 <1 [Theelen et al 1991] 

Japan 175 60 - - - [Kashimoto et al 1991] 
1 assuming an average body weight of 70 kg and an average intake of 1 pg TEQ/kg bodyweight, according 

to [UBA 1996 [26 (1995), 27 (1995)]] 
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Table 19: Sweden: Daily intake of dioxins and PCBs (1990) [AEA 1999] 

Food category dioxins (pg N-TEQ/day) PCBs (pg PCB-TEQ/d) 

Dairy products 17-53 39 

Meat and meat products 13,1 18,9-19,1 

Fats oils and dressings 14,3  

Fish and fish products 50-55 76 

Eggs 2,8 5,6 

Vegetables 5  

Fruits 3,6  

Drinking water 0,004  

Total intake 106-147 139,5-139,7 

Intake per kg bodyweight 1,8-2,5 2,3 

 

Occupational exposure 

Certain groups are exposed to elevated PCDD/F levels due their professional occupation. 
Persons who are working in these fields show elevated I-TEQ loads in their blood fat (mean 
values of biomonitoring studies in brackets (1st value exposed workers/2nd value control group) 
[Knecht 1999, pp 26]). The congener profiles found in the blood of the workers correspond to 
the congener profile of the relevant working field. The most important sources for occupational 
exposure to PCDD/F are phenoxy-herbicide production and processing (approx. 200/46 I-TEQ 
pg/g), metal recycling (68,5/21,7 I-TEQ pg/g and 75,6/21,7 I-TEQ pg/g), capacitor production 
(no biomonitoring values of I-TEQ), sanitation after destructive fires (36,8/21,7 I-TEQ pg/g), 
metal sintering (28,3/21,7 I-TEQ pg/g), waste incineration (19,3/21,7 (German plant), 38,3/33,7 
(Netherlands plant) and 18,3/24,6 (Swedish plant) I-TEQ pg/g), chloralkali electrolysis 
(19,4/21,7 (German plant), 30,2/26,3 (German plant) and 37,0/12 (Swedish plant) I-TEQ pg/g), 
soldering of flame retarded printed circuits (no biomonitoring values of I-TEQ), welding and 
burning of metals (26,6/19,1 I-TEQ) [Knecht 1999, S. 60/61/62] 
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4.3 Environmental degradation 
 

Table 20: Half lives of 2,3,7,8-PCDD [according to Rompp 1998, completed]: 

Environmental compartment/matrix Half life 

soil (apart from the upper horizons) 2-9 a 

water (40° latitude) 21-118 h 

atmosphere approx. 1 week 

rat approx. 1 month 

human approx. 8 years 

 

Table 21: Half lives of PCDD/F [according to AEA 1999], * [Casabona 1998]: 

Environmental 
compartment/matrix  

Substance Half life 
residence time 

surface water (40° latitude) PCDDs 0,4 to 225 days 

sediment water 2,3,7,8-TCDD approx. 550 days 

atmosphere TCDD vapour 200 hours 

atmosphere PCDD/Fs 8 (PCDDs) to 29 (PCDFs) days 

rat liver PCDFs *2 to 52 days 

rat adipose tissue PCDFs *2 to 33 days 

 

Table 22: of PCBs [according UNEP 1995], * [Hoet 1993], ** [Wolff 1992], *** [Alloway 1996]: 

Environmental 
compartment/matrix or 

degradation mechanism 

Substance Half life 
residence time 

photodegradation monochlorobiphenyl approx. 10 days 

photodegradation heptachlorobiphenyl approx. 1,5 years 

human serum highly chlorinated PCBs * 6 to 7 years  
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human serum low chlorinated PCBs * 33 to 34 months 

human serum highly chlorinated PCBs ** 8 to 24 years 

human serum low chlorinated PCBs ** 1 to 6 years 

soil PCBs *** approx. 1 year 
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Other technical background 
 
Technological dioxin emission abatement measures appropriate for relevant dioxin sources 

 
Table 23: Technological solutions in abatement technologies [based on various sources]: 

Source Technological solutions 

Combustion 
processes (e.g. 
waste incineration, 
metal production) 
(primary measures) 

Optimised incineration conditions 
(temperature, residence time, O2-
concentration, turbulence, organic 
carbon content) 

Inhibition of dioxin formation by 
adding inhibition substances in the 
waste gas 

Metal production 
installations 
(primary measures) 

Substitution of 
input material 

Optimised 
production 
process 

  

Dust collector Spray absorber  
+ electrostatic 
precipitator or cloth 
filter 

Scrubber 
(with added 
activated coke) 

Flow injection 
process 
+ cloth filter 

Waste gases from 
combustion 
processes  
(sec. measures ) 

Fluidised bed 
process 

Fixed bed or 
travelling bed 
process 

Catalytic 
decomposition 
(after all other 
cleaning stages) 

Electron irradi-
ation process 
(not yet applied at 
large scale) 

Metal production 
installations: 
electric steelmaking 
(sec. measures) 

Thermal 
combustion 

Air quencher   

Metal production 
installations: 
sintering strand 
dust elimination in 
iron ore sinter 
plants 
(sec. measures) 

Dust collector Adsorption 
process 

Cloth filter Catalytic 
oxidation 

 

Research on domestic incineration of wood 

Low dioxin emission was only found from domestic incineration in which fuels such as wood in 
natural condition, coal or briquettes are incinerated. Considerably higher values result from 
burning of specially treated wood (e.g. with organohalogen coating, NH4Cl-containing 
hardeners, NaCl-containing dilluents in binders, PCP or Lindan) or wood residues (e.g. 
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chipboard or old furniture). Increased dioxin emission may also result from incineration of waste 
paper, cardboard or similar material [UBA 1993 b]. 

Substitution of PCBs 

For the substitution of PCBs in technical devices a selection of various technical PCB 
substitutes is available. By means of catalogues giving a survey of physical, ecotoxicological 
and toxicological data of the relevant substitutes [e.g. UBA 1993] manufacturers and operators 
are enabled to select appropriate substitutes. 

 

Elimination of PCBs 

From the technical point of view the elimination of PCBs is principally no problem.  

Possible treatment methods other than incineration are for fluid PCB wastes the hydration or 
the treatment with metallic natrium (not yet at large industrial scale). Solid PCB wastes are 
actually often disposed off in underground. 

The most effective method for destroying polychlorinated biphenyls is via high temperature 
incineration. PCBs are almost completely destroyed, leaving behind an inorganic ash. Certain 
harmless by-products are formed upon combustion, mainly CO2, H2O and HCl [Ackerman et al., 
1983]. There is also a chance, however, that free chlorine and highly toxic chlorinated dioxins 
and furans may be formed as well [Barton et al., 1987]. In order to avoid this, optimal 
incineration conditions have to be kept. 

There are several incineration methods available for PCB destruction. Some of the methods are 
more suitable for only liquid or solid waste, while one method, the rotary kiln incinerator, is 
suitable for processing both liquid and solid waste [Ackerman et al., 1983]. The normal 
operating temperature for the rotary kiln incinerator ranges from 800°C to 1300°C. Mixing of the 
waste with combustion air allows for its complete degradation. Due to the high temperature, 
some of the waste PCB enters the vapour phase and its destruction occurs in a separate high 
temperature combustion chamber. Control of HCl emissions is attained by the use of a scrubber 
system adding neutralising hydrated lime slurry [Ackerman et al., 1983]. 

Although there are no large scale biological treatment systems for PCB degradation, there are 
two methods currently used as waste water treatments that can be used to biodegrade small 
levels of PCBs in water. These methods include the activated sludge and trickling filter 
methods. Both rely on the fact that PCBs will not readily dissolve in water but are well adsorbed 
onto surfaces, where bacteria are present [Ackerman et al., 1983]. 

The activated sludge method requires a certain level of dissolved oxygen to be present in the 
waste for degradation to occur. Alkaligenes odorans and Alkigenes denitrificans appear to be 
the aerobic microorganisms responsible for the biodegradation. The bacteria are located in 
aeration tanks which then settle out with the degraded waste; the resulting effluent water is 
purified. The resulting sludge must then undergo incineration methods to assure complete PCB 
degradation since studies have shown that certain PCB isomers are not degraded by bacteria. 

The trickling filter method works by providing a surface area composed of rocks on which 
bacteria, as well as fungi can grow and produce a slime layer. The waste is sprayed over the 
rocks and aerobic degradation occurs. Again, the problem arises that certain PCB isomers are 
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not degraded and the resulting contaminated sludge must undergo further processing for 
complete destruction. 

Technical measures for the reduction of feedstuff contamination 

Food products are frequently contaminated with dioxins and the contamination is often due to 
known contamination paths. This fact opens the possibility to reduce the contamination of food 
products or feedstuffs significantly by appropriate technical measures.  

As an example the contamination of concentrated feedstuffs is taken: in this case the 
contamination is predominantly due to (1) contamination via the air in the form of dust on the 
surface of feedstuff ingredients and (2) via feedingstuff ingredients - frequently imported 
remnants from food production all over the world, frequently contaminated with pesticides or 
fungicides leading to dioxin or PCB contamination. Most important sources for the dioxin load in 
plant based concentrated feedstuffs are cereals, and plant protein carriers like green flour. 
Technologies are available to clean the cereal basic products (air classifying method) which 
may result in a reduction of the dioxin load in the concentrated Feedstuffs of 40 – 50%. 
Concerning green flour, the contamination path is a result of direct drying processes during their 
production. Indirect heating processes can significantly contribute to a further reduction of total 
contamination, which is estimated to be around 80% (after cereal and plant protein carrier 
cleaning technologies). These simple technologies could therefore significantly contribute to a 
decreasing contamination of the consumers [UBA 1996 p. 45] and they are applicable in 
several similar food or feedstuff production processes. 
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