
DEPARTMENT OF THEMATIC STUDIES

MASTER OF SCIENCE THESIS

Risk assessment and naturally produced dioxins

Malin Rodstedth

Linköpings Universitet, Campus Norrköping, Environmental Science Programme,
SE-601 74  NORRKÖPING

Sweden



 

Rapporttyp
Report category

       Licentiatavhandling
       Examensarbete

AB-uppsats
       C-uppsats
   x    D-uppsats
       Övrig rapport

       ________________

Språk
Language

      Svenska/Swedish
   X    Engelska/English

      ________________

Titel
Riskbedömning och naturligt producerade dioxiner

Title
Risk assessment and naturally produced dioxins

Författare
Author
Malin Rodstedth

Sammanfattning
Abstract

The highly toxic man-made substance referred to as dioxin (polychlorinated dibenzo-para-dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs)) causes severe health damages both to humans and other organisms, with lethality as its worst. Because of the toxicity several risk
assessments has been performed on dioxins trying to determine at what concentration there are no risk of exposure. Resent years of research has
discovered that these substances are not only anthropogenically but also produced in natural processes, like volcanoes and forest fires. To
investigate if there is a need to take these naturally formed dioxins into account in the risk assessment processes, interviews with persons at
relevant institutions in Sweden has been made. Analyses of existing risk assessment methods and political documents were also made to complete
the picture. The general attitude seams to be awareness of the natural contribution, but clueless when it comes to adapting it to the risk
assessments. When scenarios of different possibilities of natural background levels were compared to available risk assessments there could be
concluded that the natural contribution is of importance and should be pronounced as a special part of the risk assessment process.

ISBN
_____________________________________________________
ISRN  LIU-ITUF/MV-D--02/16--SE
_________________________________________________________________
ISSN
_________________________________________________________________
Serietitel och serienummer
Title of series, numbering

Handledare
Tutor
Gunilla Öberg

Nyckelord
Keywords

Risk assessment, dioxins, furans, natural production

Datum  2002-08-12
Date

URL för elektronisk version

http://www.ep.liu.se/exjobb/ituf/

Institution, Avdelning
Department, Division
Institutionen för tematisk utbildning och forskning,
Miljövetarprogrammet
Department of thematic studies,
Environmental Science Programme



“Risk assessment and naturally produced dioxins”

2

Abstract
The highly toxic man-made substances referred to as dioxin (polychlorinated dibenzo-para-
dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)) causes severe health damages
both to humans and other organisms, with lethality as its worst. Because of the toxicity
several risk assessments have been performed on dioxins trying to determine at what
concentration there are no risk of exposure. Resent years of research has discovered that these
substances are not only anthropogenic but also produced in natural processes, like volcanoes
and forest fires. In the present study, it was investigated if there is a need to take these
naturally formed dioxins into account in the risk assessment processes. This was done by
interviewing persons at relevant institutions in Sweden. Analyses of existing risk assessment
methods and political documents were also made to complete the picture. The general attitude
seams to be awareness of the natural contribution, but cluelessness when it comes to adapting
the risk assessment process to this fact. As a second step, scenarios of different possible
natural background levels were constructed based on present day knowledge. The scenarios
show that the natural contribution cannot be neglected when related to present risk assessment
levels. The conclusion is that it is necessary to develop methods that take natural background
levels of dioxins into account in the risk assessment process.
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Introduction
Man has created a tremendous number of chemicals, many of them harmful and dangerous.
One of these is a dioxin called TCDD (2,3,7,8-tetrachloro-dibenzodioxin) (figure 1) and is
considered the most toxic man-made compound, due to the fact that an extremely low dose of
dioxin is toxic compared with most other chemicals (Birnbaum, 1993). Toxicological effects
on wild animals can be chronic and acute, and contain visual disturbances, digestive
problems, reduced fertility and growth rate, immunotoxic effects and cancer (2001/C 322/02).
However, there is a wide range of differences in sensitivity to dioxin lethality in animals. At
the highest doses, dioxin causes delayed lethality, with the time to death being species
specific. Dioxin exposures to humans are associated with an increased risk of severe skin
lesions, altered liver functions, general weakness, drastic weight loss, abnormalities in
endocrine and nervous system, to mention some of the effects (UNEP Chemicals, 2001). A
specific cellular protein aryl hydrocarbon receptor, known as the Ah-receptor, binds dioxin
and this complex binds to DNA, which seams to be the reason for the negative effects caused
by dioxins (Birnbaum, 1993). The Ah-receptor has high affinity with TCDD (de Wit and
Strandell, 2000). Binding to DNA makes the dioxins special from most other toxic substances
that binds to more specific organs or cell types.

Dioxins are not only dangerous to animals and humans by toxicity they have several other
characteristics that increase the threats to organisms by these substances. They are colourless,
odourless solids, with high melting and boiling points and low vapour pressure (Stringer and
Johnston, 2001). Dioxins are also environmentally and metabolically stable as well as highly
lipophilic. These qualities make them resistant towards chemical, biological and physical
attacks, and make them accumulate in the environment and organisms (Bernes, 1998). This
means that when dioxins are let out into the environment they are present there for a long
time, and that includes organisms, when it is in the food chain it settles. Dioxins as
environmental contaminants are detectable in almost all compartments in the global
ecosystem in trace elements (UNEP Chemicals, 2001). In lakes and rivers dioxins are often
detected bound to sediments or other organic substances (UNEP Chemicals, 2001). When
bound to particles, like in soil, they do not move easily. In air, dioxins are attached to particles
like soot and fly ash. Humans get their food both from the vegetable and animal kingdoms,
and are a top-predator of many food chains. The individual choices of food sources strongly
influence the quantities of dioxins accumulating in the body. The aquatic food webs have
higher concentration of dioxins than the terrestrial, and therefore are seafood our largest
intake source of dioxin (Bernes, 1998). This also means that organisms in the aquatic
ecosystems are a very exposed group, as well as seabirds (Bernes, 1998).

Dioxins are in fact two large groups of substances, polychlorinated dibenzo-para-dioxins
(PCDDs) and polychlorinated dibenzofurans (PCDFs). These two related families of
compounds are made up of chlorinated benzene rings connected by one or two atoms of
oxygen (figure 2; Stringer and Johnston, 2001). The dioxin family consists of 75 congeners
and the furan family of 135 congeners, giving a total of 210 different substances. The
congeners differ in how many and where the chlorine atoms are attached to the dioxin or
furan molecule. Only 17 of these 210 congeners (7 PCDDs and 10 PCDFs) are considered to
be both persistent and highly toxic and the lipophilicity increases with increasing degree of
chlorination (de Wit and Strandell, 2000). These 17 are the ones that have chlorine atoms in
the 2, 3, 7 and 8 positions and have between four and eight chlorine atoms attached (tetra-,
penta-, hepta- and octachlorinated). Dioxins and furans are two of the twelve substances
known as persistent organic pollutants, POPs (Nordic council of ministers, 2000).
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Figure 1. The molecular structure of 2,3,7,8-tetrachloro-dibenzodioxin or TCDD

a) b)

Figure 2. The dioxin molecule (a) and the furan molecule (b), with the nine positions where
chlorine atoms may be attached.

In contrast to other chemicals of environmental concern, such as polychlorinated biphenyls
(PCB) and polychlorinated pesticides like DDT, PCDD/F never were produced intentionally.
They are formed as by-products of several industrial activities and all combustion processes.
The primary anthropogenic sources of dioxins are combustion, chemical manufacturing, metal
smelting, refining processing and the pulp and paper industry. Thermal processes are today
maybe the main source, including municipal solid waste incineration, fossil fuel power plants,
the steel industry and traffic (UNEP Chemicals, 2001). Dioxins can be formed in all thermal
processes in which chlorine-containing substances are burnt together with carbon and a
suitable catalyst, preferable copper, at temperatures above 300°C in the presence of excess air
or oxygen (Stinger and Johnston, 2001). The cycling of dioxin through the environment is a
complex process, involving multiple sources, flows, reservoirs and sinks. The combustion
processes dominate sources to air (Stringer and Johnston, 2001). The sources to water include
storm runoff, air deposition and wastewater discharges. Contributions to land include air
deposition and land spreading of wastewater treatment sludge. Reservoirs of dioxins are soil,
sediments, forests and manufactured materials, where dioxins are temporarily stored but may
later be released into the circulating environment. The dioxin molecules are transported
between the different reservoirs with flows including air born transport of vapour and dioxin
contaminated particles, water transport of contaminated suspended particles, transport from
land trough wind and water erosion, transport by biota and movement through commerce
contaminated materials (UNEP Chemicals, 2001). Sinks represent the long term storage and
isolation of dioxin in undisturbed soil and sediment. The compounds are also mineralised in
the environment although the degradation rate is slow.

The danger humans have exposed themselves and the environment to by releasing hazardous
substances, like dioxins, have resulted in a driving force to assess and manage the problems
arising with it. Researchers and environmental supervisors try to identify and quantify the
risks of environmental pollutants, while governments and politicians evaluate the results.
Laws are one way of dealing with the unacceptable risks (Bernes, 1998). A crucial assignment
is to assess boundaries between harmful and harmless doses or concentrations. The basis for
these kinds of assessments is animaltesting, supplemented with cell and tissue cultures
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(Bernes, 1998). Complicating the assessment is that different effects can appear at different
dose levels within a species. Another source of uncertainty is the step to translate effect levels
for animals to humans. Especially when the level differs, in some cases by thousands between
different animals (deWit and Strandell, 2000). The most common way of expressing the effect
dose is by per kg body weight.

In the end of the 1980’s a Nordic expert group made a risk assessment, primary based on
studies of the ability of TCDD to cause liver cancer on rats. When translated to tolerable
intake for humans, a safety factor was added. This resulted in a tolerable daily intake of 5 pg
TCDD/kg body weight. The World Health Organisation, WHO, recently updated their
recommendation of tolerable weekly intake (TWI) to 14 pg TEQ/kg body weight (TEQ =
toxic equivalent, see page 8, the European Union agrees with this value. Because the high
exposure risk caused by provisions the European Union have set different maximum
concentrations of dioxin in different types of food products (EG nr 2375/2001). The U.S. EPA
has recommended a tolerable daily intake of 0,0006 pg TEQ/kg body weight.

When looking at trend data of dioxins, there is a clear pattern (Alcock and Jones, 1996). In the
1930’s, the amount in the environment started to increase, as well as industrial processes
producing these substances. The highest peak is in the 1960’s, which is followed by a
dramatic decline as a result of a new awareness resulting in massive management strategies
and treatment techniques. Interestingly, these trend data also show that pre-industrial time
have a concentration level of dioxin that can not be denied. The last years of research (Alcock
et al., 1996; Cleverly, et al.; 1996, Ferrario, 2000) has confirmed that dioxins can in fact be
formed by natural processes such as forest fires, compost heaps and volcanoes. This natural
formation questions a since long wide-spread conception, that what is produced by nature has
a more noble value and a more pure purpose than what is a product of human activity (Soper,
1995). It might be hard to believe that such a toxic and harmful substance as dioxin can be
just as harmful if it originates form natural sources. The truth is that practically every
substance can be harmful to the environment, even water, and that most compounds that are
produced by humans are also produced by other sources in the environment. The crucial
question is not the source but the amount or the concentration. Taking this into account, an
interest arises concerning the naturally formed dioxins. Do the natural contribution of dioxins
and furans influence the risks associated with these types of substances.

The objective of this study is therefore to evaluate if there is a need to take naturally formed
dioxins into account in risk assessment processes.

Telephone interviews
To get an overview of the area of dioxins and risk assessment in Sweden today, telephone
interviews were made. The institutions that, according to earlier knowledge, were presumed
to possess relevant information were chosen. Contact with the proper person was made, either
by asking for the person in the organisation responsible for dioxins or risk assessments, or by
asking for a specific name according to what have been found in literature or after tips. The
interviews were performed gradually. Information saturation was reached after a few
interviews since the same institutions were mentioned as pertinent; the department of
environmental chemistry at the University of Umeå, Institute for applied environmental
research at the University of Stockholm and the Swedish Environmental Protection Agency.
Suitable persons at other institutions, the National Chemicals Inspectorate, the University of
Uppsala, Swedish Museum of National History, the Swedish National Food Administration
and the Swedish Environmental Research Institute were also interviewed. The interviews
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were followed the same structure. The interviewed persons were introduced to the author by
name and affiliation, which is the Environmental science programme at the University of
Linköping. They were told that the information received were to be used for a master thesis.
Thereafter the subject of the discussion were presented as risk assessment on naturally
produced dioxins, and the interviewees were asked to have an opinion on natural sources of
dioxins and to make a guess of possible concentrations of these in the environment. They
were also asked for tips on literature and to mention other persons that could be of interested
for the study. These were then contacted and interviewed as mentioned above.

Literature studies

General and operationalized risk assessment
By talking to persons familiar to the subject of dioxins and risk assessment and by leafing
through literature, a number of questions of interest were identified. The first was to describe
which components that generally make up a label for risk assessment. This was done by
analysing the descriptions given in general literature on the subject. The second was to
identify how risk assessment is operationalized which was handled by choosing and analysing
the components of four central risk assessment methods. The chosen methods are the EPA
Risk assessment Framework, which is used by the United States Environmental Protection
Agency (U.S. EPA; Landis and Yu, 1995); the PEC:PNEC approach used by the European
Union (Bakker et al., 1998; Jager et al., 2001) and Environmental quality criteria which is
used by the Swedish Environmental Protection Agency (SEPA, 1999 b). In addition, Interim
Policy Guidelines which is used by the Agency for Toxic Substances and Disease Registry
(de Rosa, 1997) was chosen since this method appeared to use a different approach as
compared to the others. These four methods had been found by screening literature and after
tips from interviewees, searching the Internet and from further citations and references in
articles. The chosen methods of risk assessment were analysed according to differences and
similarities.

Natural background levels
The current situation of naturally formed dioxins in risk assessment use was investigated by
studying the risk assessment made today and the handling of the natural contribution. Possible
natural background levels of dioxins are described and discussed based on recent articles on
the subject and the opinions given by the informants. Different scenarios of dioxin limits are
calculated and these are discussed in relation to the risk assessment approaches. To identify
and describe how the naturally formed dioxins are dealt with on a political level, by
governments and other politically chosen organisations, a number of documents have been
analysed. The World Health Organisation recently published “Assessment of the health risk
of dioxins: re-evaluation of the Tolerable Daily Intake (TDI)” (WHO Consultation, 1998).
Two documents from the European Union (EG nr 2375/2001; 2001/C 322/02) describe the
situation in Europe. The opinions from the United States and EPA are reflected in other, more
general literature (e.g. Bernes, 1998; Landis and Yu, 1995).
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Interview response
When the informants were introduced to the aim of the present paper, the reactions were fairly
similar, with pronounced interest but with a lack of knowledge. A typical answer could be,
“That was an interesting and important approach. That is a way of looking at it that I have
never thought of”. Though, one of the informants was of the opinion that it would be an
impossible task to take the naturally formed dioxins into the work of risk assessment. Not
many of the interviewees were willing to make a guess of a possible concentration of dioxins
originating from natural formation.

What is risk assessment?
Risk can not be directly measured, but rather calculated from other events, and involves a
number of assumptions and uncertainties (Jager et al., 2001). Risk assessment aims to protect
humans and the environment from the possible adverse effects of substances. It is supposed to
provide a bridge between research and risk management. Risk assessment is also a
management tool used for making decisions, often with a great deal of uncertainty. It is the
science of environmental toxicology that tries to answer specific questions, but social
perceptions and values often set the endpoints of risk assessment (Ahlborg, 1996). Risk
assessment is a process whereby biological, dose-response, and exposure data that are judged
as relevant are combined to produce a qualitative or quantitative estimate of adverse outcome
from a defined activity or chemical agent (Forbes and Forbes, 1994). There are some
uncertainties included in risk assessment work. In literature on risk assessment, it is often stressed
that the possible sources of uncertainties should be identified and a selection must be made
with regard to the uncertainties to be included in the assessment (e.g. Jager et al., 2001). One
of these uncertainties is the lack of knowledge. Another is the natural variability in time and
space, within species, between species and between habitats and ecosystems. Many
frameworks are not performed for an existing location, but for a so-called standard
environment. A model is a simplification of reality, which also increases the uncertainties of
what the real risks are (Ahlborg, 1996).

Ecological risk assessment is the probability of an effect occurring within an ecological
system (Landis and Yu, 1995). Important components of a risk assessment are the estimations
of hazard and exposure due to a stressor. According to Landis and Yu (1995), a stressor is a
substance, circumstance or energy field that causes impact, positive or negative, upon a
biological system. In this study dioxins and furans are defined as the stressor. Hazard is the
potential of a stressor to cause effects upon the system. Exposure is a measure of the
concentrations or persistence of a stressor within the defined system. A stressor poses no risk
to an environment unless there is exposure.

The analyses of different risk assessment methods in general literature as well as scientific
articles and reports from governments and organisations, rendered the conclusion that risk
assessment are used in different ways and on alternative levels. There is one general level
where literature explains the ideas of risk assessment and the basic steps and processes (e.g.
Ahlborg, 1995; Forbes and Forbes, 1994). Then there is the level of operationalisation, the
way risk assessment is used in practice (e.g. WHO Consultation, 1998). Here, there are two
different approaches.
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Risk assessment on a general level
The general risk assessment approach can be recognised with some important components
that in some way or another permeates the more specific methods of risk assessment. The
majority of the literature on risk assessment has a similar approach and components of the
risk assessment process. Though different authors present it a little different and put the
components in alternative orders, the basics are the same. The most important components are
hazard identification, dose-response assessment, risk characterisation and exposure
assessment. Hazard identification is the first step in risk assessment, and is based on factors
related to the potential mobility of a chemical in the environment, the potential reactivity of a
chemical and the potential effects of the chemical on living systems. Dose-response
assessment is the next step, and an attempt to determine how dangerous a substance is, to
relate environmental concentrations and effects on living systems. Risk characterisation, the
third step, involves extrapolating the toxicological data from one species to another, using
safety factors. Finally, exposure assessment is the part of risk assessment that includes
estimates of the intensity, frequency, route and duration of exposure, as well as nature and
size of the exposed population.

While dioxins and furans are two such large groups of different congeners, they have a large
range of ecotoxicological properties and bioaccumulation ability resulting in a variety of
hazardous levels and qualities (Calow, 1998). This creates difficulties in how to assess the
danger of these substances. Use of TCDD alone as the only measure of exposure to PCDD/Fs
severely underestimates the risk, even if this is the most toxic of the congeners (WHO
Consultation, 1998). However, to make calculations of all 210 would be too difficult and
time-consuming, especially when the concentrations are low. An effective and fair way of
handling this problem has been developed in the Toxicity Equivalency Factors (TEF) for the
17 most toxic dioxins and furans. TEF is a way to quantify toxicity and is a usable tool in the
work with risk assessments. The TEF approach has been developed as an administrative tool
and allows converting quantitative analytical data for individual PCDD/F congeners into a
single Toxic Equivalent (TEQ). The most toxic of the congeners, TCDD, is the starting-point,
and other PCDD/Fs are compared to TCDD according to relative toxicity (de Rosa et al.,
1997). The TEQ value for one TCDD molecule is one, and TEF values for all other dioxin-
like compounds are less than one (appendix 1). The TEQ is defined as the product of the
concentration of an individual congener and the corresponding TEF for that compound. The
total TEQ is the sum of the TEQs for each of the congeners in a given mixture. The TEF
concept is based on the assumption that dioxin-like compounds share a common mechanism
of action, binding to the Ah-receptor. This approach is equally valid for human risk
assessment as for wildlife. The base is acute toxicity values from in vivo and in vitro studies.
Emission factors in TEQ are more available in the literature than emission factors for
individual isomers or congeners, mostly because inventories for dioxins are aimed at
governments and industries for risk assessment purposes. However, for the atmospheric
modelling community, this is insufficient information while TEQ values do not fit transport
modellers. Thus future inventories for PCDD/Fs should ideally report both emissions in
weight as well as TEQ (Nordic council of ministers, 2000).
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Operationalization of risk assessment
The first level encompasses the setting of general concentrations of dioxins to prevent risk,
levels of no effect concentrations and to decide the magnitude of guideline values (e.g.
Bernes, 1998). There are a few alternatives of these general concentrations depending on
which organisation or government that are responsible. As mentioned earlier, tolerable daily
intake (TDI) is a common way of expressing this level of where the limit for human risk is.
Another way to express a risk level, more adapted to ecosystems, is guideline values.

The second level of risk assessment is operational by site-specific assessments. This is a way
to estimate the risk of exposure to human or ecosystems in a specific defined area and this is
the focus of the present investigation. The operationalisation of risk assessments aims at
determining the risk of this specific area and its ecosystems and populations. This approach is
often used in a region where an important anthropogenic source is situated. There are several
methods to operationalise risk assessments.

Beneath follows a short description of the four risk assessment methods chosen to represent
the most common in practice use. The description includes analyses of where and how a
possible natural source are or could be added to each method.

ATSDR Interim Policy Guideline (de Rosa et al., 1997)
The Agency for Toxic Substances and Disease Registry (ATSDR) has adopted an interim
policy guideline to assess the public health implications if dioxin in residential soils (de Rosa
et al., 1997).
Step 1. Screening for contaminants of concern
Review soil sampling data and compare levels against dioxin comparison values that are not
site-specific. If one or more soil sampling values exceed the screening value of 50 parts per
trillion (ppt) of toxicity equivalents (TEQs) further site-specific evaluations are needed as
described in step 2. However, even if samples are below these values it may still be necessary
to conduct a more detailed site-specific evaluation.
Step 2. Evaluation potential exposure pathways
Further evaluation includes the most critical aspect of hazard evaluations, the determination
of likelihood of exposure of populations. If a completed or potentially completed exposure
pathway is identified, then the extent of exposure and public health implications are further
evaluated. Site-specific exposure scenarios based on site specific factors are evaluated in
conjunction with relevant toxicological, epidemiological, and medical information, this
involves assessing site-specific information about the likelihood, frequency, routs and levels
of exposure to contaminant and the populations that are likely to be exposed. Where estimated
levels of exposure in soil fall in the range of greater than 50 ppt to less than 1 ppb TEQs s
weight of evidence approach is recommended to evaluate the exposure. A level of 1ppb TEQs
is used to determine the potential need for public health actions on a site-specific basis of
adequate sampling and measured exposure.
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Step 3. Defining public health implications/actions
Where exposures to concentrations in soil exceeding 1 ppb TEQs are significant actions to
prevent or interdict exposure should be taken.

Screening level Evaluation levels Action level
<50 ppt (0,05ppb) TEQs >0,05 ppb but <1ppb TEQs >1ppb TEQs

A possible natural dioxin source would in this method with advantage added to step two,
while this is where the more specific concentration related components are presented.

EPA Risk Assessment Framework (Landis and Yu, 1995)
The United States Environmental Protection Agency (U.S.EPA) has developed a framework
for ecological risk assessments, which has become a standard conceptual model (Landis and
Yu, 1995). The problem formulation component of the risk assessment process is the
beginning of an iterative process. The process of formulation is itself comprised of several
subunits; discussion between the risk assessor and risk manager, stressor characteristics,
identification of the ecosystem potentially at risk, ecological effects, endpoint selection, and
input from data acquisition, verification and monitoring. The various factors just mentioned
are completed in the analysis, where the central process is the characterisation of the
ecosystem of concern. Characterisation of exposure is a straightforward determination of the
environmental concentration range or, if available, the actual dose received by the biota of a
particular stressor. In addition to the state of the system at the time of pollution, the history of
the environment as contained in the genetic make up of the populations plus the presence in
the past or present of additional stressors all impact the chemical-ecosystem interaction. The
goal of the exposure analyses is to quantify the occurrence and availability of the stressor
within the ecosystem, and the most common way of determining exposure is by use of
analytical chemistry. The characterisation of ecological effects is perhaps the most critical
aspect of the risk assessment process. Toxicity effects measured under set conditions in a
laboratory can be made with a great deal of accuracy. Unfortunately, as the system becomes
more realistic and includes multiple species and additional routes or exposure the ability to
even measure effects is decreased. Toxicity data from several sources is usually compiled and
compared. Risk characterisation is the final stage of the risk assessment process, and includes
risk estimation and risk description compartments. The overall process is a combining of the
ecological effect with the environmental concentrations to provide a likelihood of effects
given the distribution of the stressor within the system. The process is visually described in
the schematic picture below (figure 3).
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Figure 3. Schematic figure of the framework for ecological risk assessment according to the
U.S.EPA Risk assessment Framework.

In this method the exposure analyses is the step in which the natural exposure should be
included, because here is where the environmental concentration range is determined.
Mentioned here is factors as end-of-pipe and deposition exposure. It is also stated that the
most common way of determining exposure is by analytical chemistry determining
concentrations in the media and biological components. This can of course include a natural
background concentration but it is not specially announced.
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Environmental quality criteria (SEPA, 1999 b)
The Swedish environmental protection agency (SEPA, 1999) has developed the
environmental quality criteria, which are intended to make a classification of risk of health
and /or environmental damages possible. The environmental quality criteria presented here
are developed for contaminated areas; waste deposits, land, groundwater or sediments. The
risk of health and/or environmental damages at a contaminated area is depended on four
assessment criteria. The final classification of the risk in the specific area is then assessed
when the above factors are co-ordinated.
1. Hazard assessment
2. Contamination level
3. Migration potential
4. Human sensitivity and protection value

Hazard assessment
The hazardous character of a compound is determined by its chemical and physical quality,
and can advisable be founded on classifications by the National Chemicals Inspectorate. The
substances are divided into four danger levels; low, moderate, high and very high. PCDD/Fs
are at the very high level.
Contamination level
This factor is based on the guideline values of the contaminant and measured concentration is
related to these values in different classification (table 1). The guideline value for PCDD/Fs
are 10 ng/kg dw (SEPA).

Table 1. The classifications for the level of contaminants.
Less serious < the guideline value
Moderate serious 1-3 times the guideline value
Serious 3-10 times the guideline value
Very serious > 10 timed the guideline value

Migration potential
The risk of health and/or environmental damage is to a large extend depended on the
distribution of the substance in the area. An evaluation of the distribution includes
information on spreading, occurrence of chemical form, the geological and hydrological
characteristics of the area and the chemical qualities of the soil. The risk of negative effects to
health and environment is considered to be greater with increasing distribution conditions. For
classification levels and general conditions in Swedish soils see SEPA (report 4918).
Human sensitivity and protective value
The risk of health damages depends on the exposure to humans, here mentioned as sensitivity
of an area. Classification levels are based on the human activity in the examined area. The
risk of damage on the environment is weigh against an assessment of the protective value of
the area. The high classification values are based on areas where ecosystems are specially
protected.

The final risk assessment is made graphically in a model (figure 4). The migrations potential
are represented by horizontal lines; one for distribution to soil and groundwater and to surface
water, one line for distribution in surface water, one for distribution in sediment and one line
for distribution from or to buildings. On each of these four lines the hazardous character of
the substance, contamination level, human sensitivity and protective value of the area are
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marked. The location of the markers is crucial for the risk classification of the area in
question. If the markers are situated in different risk classes an assessment of the best class to
describe the area must be chosen.

Figure 4. An example of a completed diagram for comprehensive risk assessment according
to the environmental quality criteria (SEPA, 1999 b)

One crucial part in this method is the guideline value. However, there is no information of
what data this value is based on, or if a natural background level is included in the
calculations.

PEC:PNEC (Bakker et al., 1998)
This method is described according to Bakker et.al (1998) and is developed especially for
terrestrial ecosystems. The Predicted Environmental Concentration (PEC) that results from
the actual load in the terrestrial ecosystem is calculated. The calculated PEC is subsequently
compared with the critical limit in the terrestrial ecosystem, which is the Predicted No Effect
Concentration (PNEC). The ratio PEC:PNEC gives an indication of the risk that the
ecosystem suffers form the actual load of the persistent organic pollutants, POPs.

Work order:
1. Select a receptor
2. Determine the actual load
3. Select a computation method
4. Collect the input data
5. Calculate the Predicted Environmental Concentration (PEC)
6. Determine the critical limit (PNEC)
7. Determine the PEC:PNEC ratio
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Selecting a receptor
When selecting a receptor for risk assessment purposes, the crucial question is: What do we
want to protect? Due to the bioaccumulating and biomagnifying nature of many POPs, the
risk assessment should be primary directed at (top-) predators, including humans, but without
neglecting lower organisms. Groundwater should also be taken into account.
Determine the actual load
The actual load of a POP on a terrestrial ecosystem can have two forms: Atmospheric
deposition and other (direct) loads. The main difficulty in establishing the source-receptor
relationship for POPs is the possibility that volatile POPs can re-volatilise after being
deposited on the earth’s surface. For dioxins, however, this is not a major process. For those
substances the source-receptor modelling as developed form acidifying compounds and heavy
metal can be used. The transportation and dispersioin of POPs in the atmosphere are similar
as for other air pollution components.
Calculation method
The models described here are based on the critical limit in the top soil layer. Other
assumptions that the models are based on are:
- The concentration of the POP in the observed top soil has reached a steady state, i.e.

concentration does not change in time.
- The POP present in the observed soil follows the concept of equilibrium partitioning. This

means that the POP in the soil system is assumed to partition over the adsorbed phase, the
soil solution and the soil gas phase and that the concentrations in each of these phases is in
a state of equilibrium at any moment.

- The observed top soil is homogeneously mixed.
- Transport of water and POPs predominantly takes place in vertical direction.
A number of different calculation methods are presented in Bakker et al. (1998).
The steady-state mass balance of POPs in a soil layer is characterised by a total output flux
that is equal to the total input flux (equation 1).

Xtl = Xvol + Xsr + Xbp + Xle + Xde + Xru (equation 1)

Where:
Xtl = the total load of compound X on the upper boundaty of the layer (g*m-2*yr-1)
Xvol = the loss of compound X from the soil later by volatilisation (g*m-2*yr-1)
Xsr = the input or loss of compound X into or from the soil layer by surface runoff (g*m-2*yr-

1)
Xbp = the loss of compound X from the soil layer by bypass flow (g*m-2*yr-1)
Xle = the loss of compound X at the lower boundary of the oil layer by leaching (g*m-2*yr-1)
Xde = the loss of compound X from the soil layer by degradation (g*m-2*yr-1)
Xru = the loss of compound X from the soil layer by uptake via roots (g*m-2*yr-1)

Input data
The data required are divided in hydrological/meteorological data, compound related data and
soil related data. The hydrological/meteorological data includes precipitation, interception
evaporation, soil evaporation, soil water loss by transpiration and the fraction of the root
uptake. The compound related data are the total load on the top soil layer, the rate constant for
degradation, the adsorption coefficient to soil organic carbon and the factor to account for less
efficient adsorption to DOC with respect to adsorption to particulate organic carbon. Finally,
the soil related data includes dry bulk density, organic carbon content, concentration of
dissolved organic carbon DOC, and the mixing depth.
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Calculate the Predicted Environmental Concentration (PEC)
When all processes of the mass balance equation 1 are taken into account the steady-state
PEC is calculated according to equation 2 below.

(Xdd + Xwd + Xol – Xsr – Xbp) * Kp,s
ctXs =  ----------------------------------------------------------------------------------------------------

(ktf * Kh) + (fXru * frru * Et) + (Fle * (1 + Kp,doc * DOC)) + (kdeg * ρ * Kp,s * dz)

(equation 2)
Where:
ctXs = the Predicted Environmental Concentration (PEC; g*kg-1)
Xdd = the dry deposition flux of compound (g*m-2*yr-1)
Xwd = the wet deposition flux of compound (g*m-2*yr-1)
Xol = the sum of (non-atmospheric) other loads of compound X (g*m-2*yr-1)
Xsr = the input or loss of compound X into or from the soil layer by surface runoff (g*m-2*yr-

1)
Xbp = the loss of compound X from the soil layer by bypass flow (g*m-2*yr-1)
Kp,s = the partition coefficient of compound X between soil and soil solution (m3*kg soil-1)
ktf = the transfer coefficient between soil and air (m*yr-1)
Kh = Henry’s law constant of compound X (-)
fXru = the preference facto for root uptake of compound X (-)
frru = the fraction of the root uptake that takes place in the top soil layer (-)
Et = the transpiration rate in the root zone (m*yr-1)
Fle = the flux of water leaching from the top soil layer (m*yr-1)
Kp,doc = the partition coefficient of compound X between DOC and soil solution (m3*kg DOC-

1)
DOC = the concentration of dissolved organic carbon in the soil solution (kg*m-3)
kdeg = the rate constant for degradation (yr-1)
ρ = the dry bulk density of the soil (kg*m-3)
Dz = the thickness of the top soil layer (m)

Determine the critical limit (PNEC)
Critical limits should be based on insight in the relation between the chemical status of the
soil and the response of one or more biological indicators. The risk assessment for POPs
should be directed at the following receptors:
1. Lower organisms such as microorganisms, macrofungi, earthworms and plants.
2. Higher organisms such as mice and predators such as birds and mammals of prey.
3. Human beings that consume crops that are grown on the soil under consideration.
4. Groundwater.
For predators the critical limit is oftern expressed as concentration in their food, for humans
the Acceptable Daily Intake (ADI) is often adopted. For lower soil organisms the
concentraionin the soil solution is mostly assumed to be the bioavailable concentration.
Determine the PEC:PNEC ratio
The PEC value divided with the PNEC value results in the ratio. If the ratio is greater than 1,
negative effects on the receptor are predicted, if it is smaller than 1, no negative effects are
predicted.
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A possible natural background concentration could in this case be included to several
nominator terms in equation 2, Xdd, Xwd, Xol, Xsr and Xbp. To make the natural contribution
more clarified this equation could bane another factor added next to the ones already
mentioned, where Xnc represents the natural concentration (equation 3).

(Xnc + Xdd + Xwd + Xol – Xsr – Xbp) * Kp,s
ctXs =  ----------------------------------------------------------------------------------------------------

(ktf * Kh) + (fXru * frru * Et) + (Fle * (1 + Kp,doc * DOC)) + (kdeg * ρ * Kp,s * dz)

Application of risk assessment
The Swedish Environmental Protection Agency uses the environmental quality criteria to
assess the risk of a substance. The correspondence in the United States (U.S.EPA) who has
developed the framework that is quite different from the environmental quality criteria
(SEPA, 1999 a). The U.S.EPA differs from most other countries in the hazard assessment of
dioxins. They assume that dioxins are a complete carcinogen both initiation and promoting
tumour growth, using a model with linear relationship between dose and tumour incidence.
This results in a tolerable weekly intake (TWI) of 0,0042 pg TEQ/kg body weight. Most other
countries and organisations like the World Health Organisation (WHO) only assume dioxin to
be a promoter of cancer tumours and have a TWI of 14 pg TEQ/kg body weight. Companies
probably use policy guidelines.

The European Union, and the European Environmental Agency (EEA) uses the PEC:PNEC
approach (Jager et al., 2001). The union has a strategy to assess the present conditions, reduce
the exposure and reduce the effects on the environment. A quantitative goal for human intake
of 14 pg WHO TEQ / kg body weight / week is set (EG nr 2375/2001). There is a list of
different research projects that the European Union likes to see accomplished within the
dioxin field. One of these is “natural dioxin sources and their share of the total discharge to
the environment”. Unfortunately it is only of moderate priority.

Reflections
At first glance, the different risk assessment methods seem to be of large variety. However, a
closer look reveals that that is not the case. The different methods are variations of each other,
and more or less complicated. They all follow the general description in one way or the other.

The PEC:PNEC approach seems to be based on carefully prepared, comprehensive
mathematical models and calculations, but in the end all that matters is if the final figure
reaches below or above one. As it is above one that the actual level reaches above the
predicted level and becomes a risk. It is in this case very important to make the
precalculations as exact as possible. Environmental quality criteria give a totally different
result. The graphical illustration (figure 4) gives a more balanced result with a chance to se
the whole picture, a way of seeing all the parts and perspectives in a lucid way, which makes
it possible to elect the most risky areas. On the other hand, this gives the assessor more space
for personal opinions in the final verdict.

Ecological risk assessment is on the whole very difficult because an ecosystem contains so
many different compartments, with different sensitivity of exposure. They also differ with the
medium; water (fresh or salt), soil, air etc. The methods described here can all be adapted to
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soil, the environmental quality criteria and the PEC:PNEC approach are here especially for
soil, but can with some adjustments be used on other mediums.

It could be established that there is a lack of a factor representing the natural contribution of
dioxins in the present methods of risk assessment. It seems that all risk assessment methods
are underestimation if the natural production is excluded. In a process of including a specific
natural background concentration some difficulties arises. There is the fact that there is very
difficult or maybe impossible to separate dioxin concentrations from anthropogenic or natural
sources. If a natural background concentration level is introduced to the risk assessment
methods as a special component other components that now might already include these
natural contributions have to be compensated. Though, compensated with care. It does not
mean that one part of a component can be declared invalid just because the sources come
from natural processes. None of the methods described above have a specific component
especially for the natural sources. Though, for all of the methods, it can be interpreted that the
natural sources are presently integrated in other factors, deliberately or unaware. One
difficulty with this could arise in the data collecting process if the natural part is not directly
mentioned and might be forgotten due to lack of this knowledge. Because of this, it must be
seen as an advantage to clarify the natural contribution for example as a factor. On the other
hand, if the natural contribution is already included in other components and a specific factor
for natural sources are added it can be an overestimation of the total amounts. However, to
make a mistake in this direction must be considered less serious due to the dangerous
characteristics of dioxins. To add a few picograms too much just contributes to the safety of
not getting exposed of these substances. A conclusion that could be drawn, after have studied
documents on the application of risk assessment and spoken to concerned persons, is that the
fact that dioxins are naturally produced is commonly acknowledged. However, it appears as if
none of the organisations or governments have evaluated whether this fact should be taken
into account in the risk assessment process, or if it in any other ways would influence the
present work with dioxins.
This leads to the question: in what amounts are these naturally formed dioxins present?

Natural levels of dioxins in the environment
To be able to introduce the natural sources and amounts of dioxins in the risk assessment
process, the important sources must be identified and the amounts quantified. A number of
authors have tried to come up with analytical results representing a natural contribution. From
surveys, foremost carried out on sediments, a table was compiled (table 2). This table shows
levels of dioxins probably sprung form natural sources. Some of the concentrations are a
result of PCDD added to PCDF to get the sum of them both, while these two groups are not
separated in this study. In the study made by Isosaari et al (2002) a time sequence of data is
presented. To get only one value a mean value are presented here, with the latest value
excluded due to possible human activity during this time period. Due to the many
uncertainties in deciding the natural contribution of dioxins, like geographical and ecological
differences, time delays and measurement difficulties, the factor presented is a guess but they
should be able to give a hint in what amount the background concentration is likely to be.

Potential non-industrial sources of PCDD/Fs to the aquatic environment include volcanic
eruptions, domestic fires, forest fires, stubble burning, motor vehicles and even cigarettes
(Isosaari, 2002). A potential natural formation mechanism for chlorinated organic compounds
is biochemical syntheses. Living organisms are capable of synthesising a variety of
halogenated compounds. As long as the levels of precursors and conditions do not change, the
formation potential of PCDD/Fs via natural formation processes should remain constant,
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according to Issaari (2002). Even though modern emissions of PCDD/Fs from anthropogenic
sources overwhelm natural sources, it is not evident whether natural sources can contribute to
the background profiles in areas far away from industrial sources. Sediment samples are ideal
for the tracing of pollution history. They receive pollution from the drainage basin as well as
from the direct atmospheric deposition and the ages of the sediment layers can be determined
by measuring the activities of radioactive isotopes.

A study on ball clay performed by Ferrario et al. (2000) shows a considerable concentration
of dioxins in profiles too far down to be affected by human exposure. OCDD was the
congener at the highest concentration. The furan concentrations are dramatically lower than
the dioxins.

In another study, made by Alcock et al. (1996), on historical samples of soils there is shown
that PCDD/F were present in the late 1800s at detectable levels and that the soil has acted as a
sink for atmospheric dioxins in resent decades due to their persistence.

In a study performed by Cleverly et al. (1996) sediment cores from geographically distributed
lakes over the United States were determined chronologically over the past 200 years
according to dioxin-like compounds. Generally, PCDD and PCDF concentrations began to
rise in the 1930s and 1940s and began to decline in the 1960s and 1970s. The PCDD
concentrations range from 10 pg g-1 to 2806 pg g-1. The concentrations of PCDFs were
dramatically lower than the PCDD concentrations.

In another study on sediment cores (Isosaari et al. 2002) the bottoms of the cores were dated
as far back as over 8000 years ago. Low concentrations of PCDD/Fs were found in all the
subsamples, though the highest concentrations in the surface sediments. OCDD and OCDF
were the most predominant congeners. The second highest concentrations of dioxins seemed
to occur at the depth of 124-157 cm, representing sediments that had been deposited about
3418-4350 years ago.

Natural combustion processes such as forest fires produce PCDD/Fs. Gabos et al. (2001) have
studied sediment samples from forest fire areas. A presumable considerable source among the
natural sources. The partly burned sites had a significant lower concentration of PCDD/Fs
than the totally burned sites, which concentration is used in this case.

Calow (1998) presents a review of different tudies including herbage samples, sediment and
soil.

For all these studies the common factors are that OCDD is the most abundant of the
congeners and the concentrations of dioxin are higher than those of furans.
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Table 2. Compilation of natural concentrations of PCDD/Fs according to different authors,
ng kg-1 d.w.
Medium Time from today

(years)
Concentration
 (ng kg-1 d.w.)

Reference

Sediment from
freshwater lakes,
USA

150 25 Cleverly et al., 1996

Sediment from
freshwater lakes,
Finland

300-8000 6 Isosaari et al., 2002

Ball clay 42000 Ferrario et al., 2000
Sediment following
forest fire

5 Gabos et al., 2001

Surface sediment
from the western
Baltic sea and Oder
river estuarine system

3,3-22,4 Dannenberger et al.,
1997

Herbage samples 150 40 Calow, 1998
Sediment from Baltic
proper

110 100 Calow, 1998

Soil 120 50 Calow, 1998

The compilation of these studies is shown in table 2. The concentrations are of large variety
from 3 to 42000 ng kg-1. The differences are probably due to a lot of factors, including
medium, analyse method and time references. The task of estimating the lifetime for a
persistent pollutant is very complicated. There has to be an evaluation of what can be old and
new emissions. The degradation of dioxins in the environment depends largely on the degree
of chlorination and on the position of the chlorine atoms in the molecule. The persistence
increases as the degree of chlorination increases. The half-life of these compounds depends on
the medium. In air the half-life is 1-10 days, depending on the presence of particulate matter
on which dioxins can be adsorbed. In water corresponding time is 1,1-1,6 years, in soil 1-12
years and in sediments 4-6 years. The half-life of a compound influences the interpretation of
the analyses and may lead to an underestimation of the real amounts of dioxins in the past.
Another fact is that environmental pollutants concentrate in sediments. However, if these
factors complicate the final judgement there are in this case believed that the studies used here
as foundation for the natural contribution is accurately performed and can be trusted. Even
though, one may not forget the uncertainties underlying these kinds of estimations. This is
why different kinds of studies are used and a couple of scenarios of the natural concentration
are presented beneath to handle some of these uncertainties.

There are different ways of looking at the problem of combining these given values to one
possible, representing the natural contribution of dioxins in the environment. Are all these
calculations and measurements suitable for the objective of this paper? What mathematical
calculation method should be used? Does the final background concentration differ due to
these kinds of differences? The one value that arises above the rest is the study on ball clay
(Ferrario et al., 2000). Because of this it could be assumed that ball clay is not a representative
medium for natural production of PCDD/Fs or that the production in this clay is especially
high. Due to this fact this contribution is excluded as a foundation towards a guess of the
factor of natural production, in the first scenario. The rest of the concentrations in the studies
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have a range from 3,3 to 100 ng kg-1. The final factor was received by calculation the
arithmetic mean value of these concentrations, and round off it due to the fact that a specific
value are unlikely. The factor of natural production is then 35 ng kg-1. Even if only the
concentrations based on sediment studies are used the same final factor is received. On the
other hand, if there has been a measurement with scientific legitimate on a pre-industrial
source of 42000 ng kg-1 it must be assumed that a natural background concentration of this
magnitude can be expected on occasion. Therefor the factor can be expressed as 42000 ng kg-

1. But then again, the rest of the studies show a more similar pattern, with results within the
same range. An arithmetic mean value including the results of all studies could be one way to
let the majority of the lower values be the base but still letting the high value from the ball
clay study have an influence. This would result in a background level of 5280 ng kg-1.

The importance of natural contributions in risk assessments
Is the natural background concentration relevant for the amounts of human intake of dioxin?
According to de Wit and Strandell (2000) Swedish persons have a mean daily intake of 1,8-
2,5 pg ITEQ/kg body weight, which is similar to most European countries. The main sources
of intake have been mentioned as soil ingestion, air inhalation and smoking, approximately
equally distributed. When it comes to soil, humans ingests 0,02-0,1 g soil/day and the soil
contains 5-50 pg ITEQ/g soil. To reverse this to the concentration unit of pg/kg d.w. is
difficult not knowing the exact composition of dioxin and furan congeners, but certain is that
the concentration is larger than 50 pg/g soil because there is not likely that TCDD is the only
congener and all other congener are multiplied with less than one. 50 pg/g soil corresponds to
50 ng/kg soil. This means that a natural background concentration of 35 ng/kg would
represent a major part. The other two scenarios (5280 and 42000 ng/kg) would completely
cover the content in the soil, and more to it.

How about the environment and ecosystems, could the natural background concentration
effect them? Looking at the Swedish guideline value of 10 ng/kg d.w. set by SEPA the three
scenarios (35, 5280 and 42000 ng/kg) of background level clearly could have an influence.
All three rise above the guideline value. This could be a result of the natural concentration not
being included in the work of making a guideline value, and a belief that without the
anthropogenic sources a zero level could in theory be reached. Though, a guideline value set
to zero would be impossible due to the persistent nature of PCDD/Fs and the fact that today’s
society, at least not in the nearest future, would change its ways to combustion processes or
other processes with dioxins as one of the pollutants.

The commission of the European Union has verified that goal in the Fifth Environmental
Action Programme will not be fulfilled. The discharge of dioxins from industrial sources have
been considerably reduced (90% 2005 in comparison to the value of 1985), but the non-
industrial sources have much less discharge reduction (2001/C 322/02). There is a lot to be
done to reduce the industrial sources and a great deal has been done, reflecting in the 90%
reduction. Still the ideal state is not reached but it is only a question of a few percentages and
no massive results. This means if primary dioxin emissions are reduced, recycling of
previously emitted emissions back to the air, as well as new natural formation, will assume
greater relative importance as a source (Calow, 1998).

As mentioned earlier, it seams that there to some extend has been accepted that dioxins are
both anthropogenically and naturally formed. However, by looking at articles and documents,
it seams that there has been no attempt to include the natural contribution in the work of risk
assessment. The information of dioxin being naturally formed is pretty new, but something
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known for a long time is natural formation and migration of other substances, for example
metals and radon. How are these substances handled in the use of risk assessments? For
groundwater, fresh water and seawater the SEPA uses a different assessment method than the
one described above for contaminated soil. This method is based on a similar approach as the
PEC:PNEC. The term comparison value is used to set a level for the naturally produces
substances, or values representing the time before the industrialism. Different classes then
depends upon the divergence from this comparison value (SEPA, 1999 a).

Divergence = measured value / comparison value

The comparison value for different metals is given from data on uncontaminated areas, not
counting deposition from air. Usually the 90th percentile is set as the comparison value. Even
though the acknowledgement mentioned above concerning naturally formed dioxins, the
comparison values for all organic pollutants are zero. One explanation can be that today there
are no natural level presented. This, on the other hand, can be a result of lacking research on
the area or the compacting fact that dioxins are persistent and can travel over large
geographical areas resulting in no uncontaminated areas on any spot of the earth.

Conclusions
The interviews and the analyses on risk assessment methods and application of risk
assessment all pointed in the same direction. It is generally considered and appears
unquestioned that dioxins is a product of both anthropogenic and natural processes, but that is
the end of the discussion. There appears to be no thoughts or attempts to move another step
and apply the knowledge about natural background levels to the risk assessment work. The
part of this study discussing natural background concentrations and their importance for the
results of the risk assessments clearly shows that the magnitude of the natural levels does
matter in this context. If the natural background concentration is not included or considered in
the risk assessment process it must be questioned if a proper assessment can be performed,
since potential sources are excluded. Demonstrably, as showed for metals, natural sources can
be an evident part of the risk assessment process. The uncertainties concerning dioxins should
be able to be reduced with increased research on for example the natural background
concentrations in soil, water and so forth. The conclusion is that the natural contribution must
be included in the risk assessment methods, either by developing new methods or by the
devlopment of already existing methods. In fact, the most important thing is to apply the
already available knowledge to the practical work of risk assessment to take a step towards
better risk management for humans and the environment.
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Appendix 1.

Recommended Toxicity Equivalency Factors (TEFs) for PCDDs and PCDFs according to
Nordic (N-TEF), international (I-TEF) and revised international (WHO I-TEF) models (de
Wit and Strandell, 2000).

CONGENER N-TEF I-TEF WHO I-TEF
2,3,7,8,-TeCDD 1,0 1,0 1,0
1,2,3,7,8-PeCDD 0,5 0,5 1,0
1,2,3,4,7,8-HxCDD 0,1 0,1 0,1
1,2,3,6,7,8-HxCDD 0,1 0,1 0,1
1,2,3,7,8,9-HxCDD 0,1 0,1 0,1
1,2,3,4,6,7,8-HpCDD 0,01 0,01 0,01
OCDD 0,001 0,001 0,0001
2,3,7,8-TeCDF 0,1 0,1 0,1
1,2,3,7,8-PeCDF 0,01 0,05 0,05
2,3,4,7,8-PeCDF 0,5 0,5 0,5
1,2,3,4,7,8-HxCDF ,01 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 ,001
OCDF 0,001 0,001 0,0001




