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NOTE TO THE READER

The term ‘carcinogenic risk’ in the IARC Monographs series is taken to mean the
probability that exposure to an agent will lead to cancer in humans.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only
that the published data have been examined. Equally, the fact that an agent has not yet
been evaluated in a monograph does not mean that it is not carcinogenic.

The evaluations of carcinogenic risk are made by international working groups of
independent scientists and are qualitative in nature. No recommendation is given for
regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the carcino-
genic risk of an agent to humans is encouraged to make this information available to the
Unit of Carcinogen Identification and Evaluation, International Agency for Research on
Cancer, 150 cours Albert Thomas, 69372 Lyon Cedex 08, France, in order that the agent
may be considered for re-evaluation by a future Working Group.

Although every effort is made to prepare the monographs as accurately as possible,
mistakes may occur. Readers are requested to communicate any errors to the Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.
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TARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS'

PREAMBLE

1. BACKGROUND

In 1969, the International Agency for Research on Cancer (JARC) initiated a pro-
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individual chemicals. The Monographs programme has since been
expanded to include consideration of exposures to complex mixtures of chemicals (which
occur, for example, in some occupations and as a result of human habits) and of
exposures to other agents, such as radiation and viruses. With Supplement 6 (IARC,
1987a), the title of the series was modified from IARC Monographs on the Evaluation of
the Carcinogenic Risk of Chemicals to Humans to IARC Monographs on the Evaluation
of Carcinogenic Risks to Humans, in order to reflect the widened scope of the
programme.

The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted
by the working groups whose deliberations resulted in the first 16 volumes of the JARC
Monographs series. Those criteria were subsequently updated by further ad-hoc working
groups (IARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991a; Vainio et al., 1992).

2. OBJECTIVE AND SCOPE

The objective of the programme is to prepare, with the help of international working
groups of experts, and to publish in the form of monographs, critical reviews and eva-
luations of evidence on the carcinogenicity of a wide range of human exposures. The
Monographs may also indicate where additional research efforts are needed.

The Monographs represent the first step in carcinogenic risk assessment, which
involves examination of all relevant information in order to assess the strength of the
available evidence that certain exposures could alter the incidence of cancer in humans.
The second step is quantitative risk estimation. Detailed, quantitative evaluations of
epidemiological data may be made in the Monographs, but without extrapolation beyond

"This project is supported by PHS Grant No. 5-UO1 CA33193-15 awarded by the United States National
Cancer Institute, Department of Health and Human Services. Since 1986, the programme has also been
supported by the European Commission.
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the range of the data available. Quantitative extrapolation from experimental data to the
human situation is not undertaken.

The term ‘carcinogen’ is used in these monographs to denote an exposure that is
capable of increasing the incidence of malignant neoplasms; the induction of benign neo-
plasms may in some circumstances (see p. 17) contribute to the judgement that the
exposure is carcinogenic. The terms ‘neoplasm’ and ‘tumour’ are used interchangeably .

Some epidemiological and experimental studies indicate that different agents may act
at different stages in the carcinogenic process, and several different mechanisms may be
involved. The aim of the Monographs has been, from their inception, to evaluate evi-
dence of carcinogenicity at any stage in the carcinogenesis process, independently of the
underlying mechanisms. Information on mechanisms may, however, be used in making
the overall evaluation (IARC, 1991a; Vainio et al., 1992; see also pp. 23-25).

The Monographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
The evaluations of IARC working groups are scientific, qualitative judgements about the
evidence for or against carcinogenicity provided by the available data. These evaluations
represent only.one part of the body of information on which regulatory measures may be
based. Other components of regulatory decisions may vary from one situation to another
and from country to country, responding to different socioeconomic and national
priorities. Therefore, no recommendation is given with regard to regulation or legis-
lation, which are the responsibility of individual governments and/or other interna-
tional organizations.

The IARC Monographs are recognized as an authoritative source of information on
the carcinogenicity of a wide range of human exposures. A survey of users in 1988 indi-
cated that the Monographs are consulted by various agencies in 57 countries. About 4000
copies of each volume are printed, for distribution to governments, regulatory bodies and
interested scientists. The Monographs are also available from the International Agency
for Research on Cancer in Lyon and via the Distribution and Sales Service of the World
Health Organization.

3.  SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) there is evidence of human
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term
‘agent’ is used to include individual chemical compounds, groups of related chemical
compounds, physical agents (such as radiation) and biological factors (such as viruses).
Exposures to mixtures of agents may occur in occupational exposures and as a result of
personal and cultural habits (like smoking and dietary practices). Chemical analogues
and compounds with biological or physical characteristics similar to those of suspected
carcinogens may also be considered, even in the absence of data on a possible carcino-
genic effect in humans or experimental animals.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcino-
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genicity (IARC, 1973-1996) and directories of on-going research in cancer epidemiology
(IARC, 1976-1996) often indicate exposures that may be scheduled for future meetings.
Ad-hoc working groups convened by IARC in 1984, 1989, 1991 and 1993 gave recom-
mendations as to which agents should be evaluated in the IARC Monographs series
(IARC, 1984, 1989, 1991b, 1993).

As significant new data on subjects on which monographs have already been prepared
become available, re-evaluations are made at subsequent meetings, and revised mono-
graphs are published.

4. DATA FOR MONOGRAPHS

The Monographs do not necessarily cite all the literature concerning the subject of an
evaluation. Only those data considered by the Working Group to be relevant to making
the evaluation are included.

With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are
reviewed by the working groups. In certain instances, government agency reports that
have undergone peer review and are widely available are considered. Exceptions may be
made on an ad-hoc basis to include unpublished reports that are in their final form and
publicly available, if their inclusion is considered pertinent to making a final evaluation
(see pp. 23-25). In the sections on chemical and physical properties, on analysis, on
production and use and on occurrence, unpublished sources of information may be used.

S.  THE WORKING GROUP

Reviews and evaluations are formulated by a working group of experts. The tasks of
the group are: (i) to ascertain that all appropriate data have been collected: (11) to select
the data relevant for the evaluation on the basis of scientific merit; (iil) to prepare
accurate summaries of the data to enable the reader to follow the reasoning of the
Working Group; (iv) to evaluate the results of epidemiological and experimental studies
on cancer; (v) to evaluate data relevant to the understanding of mechanism of action; and
(vi) to make an overall evaluation of the carcinogenicity of the exposure to humans.

Working Group participants who contributed to the considerations and evaluations
within a particular volume are listed, with their addresses, at the beginning of each publi-
cation. Each participant who is a member of a working group serves as an individual
scientist and not as a representative of any organization, government or industry. In
addition, nominees of national and international agencies and industrial associations may
be invited as observers.

6.  WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of the
monographs are announced and participants are selected by IARC staff in consultation
with other experts. Subsequently, relevant biological and epidemiological data are
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collected by the Carcinogen Identification and Evaluation Unit of IARC from recognized

sources of information on carcinogenesis, including data storage and retrieval systems
such as MEDLINE and TOXLINE.

For chemicals and some complex mixtures, the major collection of data and the
preparation of first drafts of the sections on chemical and physical properties, on
analysis, on production and use and on occurrence are carried out under a separate
contract funded by the United States National Cancer Institute. Representatives from
industrial associations may assist in the preparation of sections on production and use.
Information on production and trade is obtained from governmental and trade
publications and, in some cases, by direct contact with industries. Separate production
data on some agents may not be available because their publication could disclose
confidential information. Information on uses may be obtained from published sources
but is often complemented by direct contact with manufacturers. Efforts are made to
supplement this information with data from other national and international sources.

Six months before the meeting, the material obtained is sent to meeting participants,
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first
drafts are compiled by IARC staff and sent, before the meeting, to all participants of the
Working Group for review.

The Working Group meets in Lyon for seven to eight days to discuss and finalize the
texts of the monographs and to formulate the evaluations. After the meeting, the master
copy of each monograph is verified by consulting the original literature, edited and
prepared for publication. The aim is to publish monographs within six months of the
Working Group meeting.

The available studies are summarized by the Working Group, with particular regard
to the qualitative aspects discussed below. In general, numerical findings are indicated as
they appear in the original report; units are converted when necessary for easier compa-
rison. The Working Group may conduct additional analyses of the published data and use
them in their assessment of the evidence; the results of such supplementary analyses are
given in square brackets. When an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader, a comment is given in
square brackets.

7. EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the people most likely to be exposed and the factors that contribute to the
exposure are included at the beginning of each monograph.

Most monographs on individual chemicals, groups of chemicals or complex mixtures
include sections on chemical and physical data, on analysis, on production and use and
on occurrence. In monographs on, for example, physical agents, occupational exposures
and cultural habits, other sections may be included, such as: historical perspectives,
description of an industry or habit, chemistry of the complex mixture or taxonomy.
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Monographs on biological agents have sections on structure and biology, methods of
detection, epidemiology of infection and clinical disease other than cancer.

For chemical exposures, the Chemical Abstracts Services Registry Number, the latest
‘Chemical Abstracts Primary Name and the IUPAC Systematic Name are recorded; other
synonyms are given, but the list is not necessarily comprehensive. For biological agents,
taxonomy and structure are described, and the degree of variability is given, when
applicable.

Information on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. For biological agents,
mode of replication, life cycle, target cells, persistence and latency and host response are
given. A description of technical products of chemicals includes trades names, relevant
specifications and available information on composition and impurities. Some of the
trade names given may be those of mixtures in which the agent being evaluated is only
one of the ingredients. '

The purpose of the section on analysis or detection is to give the reader an overview
of current methods, with emphasis on those widely used for regulatory purposes.
Methods for monitoring human exposure are also given, when available. No critical eva-
luation or recommendation of any of the methods is meant or implied. The IARC
publishes a series of volumes, Environmental Carcinogens: Methods of Analysis and
Exposure Measurement (IARC, 1978-93), that describe validated methods for analysing
a wide variety of chemicals and mixtures. For biological agents, methods of detection
and exposure assessment are described, including their sensitivity, specificity and repro-
ducibility.

The dates of first synthesis and of first commercial production of a chemical or
mixture are provided; for agents which do not occur naturally, this information may
allow a reasonable estimate to be made of the date before which no human exposure to
the agent could have occurred. The dates of first reported occurrence of an exposure are
also provided. In addition, methods of synthesis used in past and present commercial
production and different methods of production which may give rise to different impu-
rities are described.

Data on production, international trade and uses are obtained for representative
regions, which usually include Europe, Japan and the United States of America. It should
not, however, be inferred that those areas or nations are necessarily the sole or major
sources or users of the agent. Some identified uses may not be current or major appli-
cations, and the coverage is not necessarily comprehensive. In the case of drugs, mention
of their therapeutic uses does not necessarily represent current practice nor does it imply
judgement as to their therapeutic efficacy.

Information on the occurrence of an agent or mixture in the environment is obtained
from data derived from the monitoring and surveillance of levels in occupational envi-
ronments, air, water, soil, foods and animal and human tissues. When available, data on
the generation, persistence and bioaccumulation of the agent are also included. In the
case of mixtures, industries, occupations or processes, information is given about all
agents present. For processes, industries and occupations, a historical description is also
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given, noting variations in chemical composition, physical properties and levels of
occupational exposure with time and place. For biological agents, the epidemiology of
infection is described.

Statements concerning regulations and guidelines (e.g., pesticide registrations,
maximal levels permitted in foods, occupational exposure limits) are included for some
countries as indications of potential exposures, but they may not reflect the most recent
situation, since such limits are continuously reviewed and modified. The absence of
information on regulatory status for a country should not be taken to imply that that
country does not have regulations with regard to the exposure. For biological agents,
legislation and control, including vaccines and therapy, are described.

8. STUDIES OF CANCER IN HUMANS
(a) Types of studies considered

Three types of epidemiological studies of cancer contribute to the assessment of carci-
nogenicity in humans — cohort studies, case—control studies and correlation (or ecolo-
gical) studies. Rarely, results from randomized trials may be available. Case series and
case reports of cancer in humans may also be reviewed.

Cohort and case—control studies relate individual exposures under study to the occur-
rence of cancer in individuals and provide an estimate of relative risk (ratio of incidence
or mortality in those exposed to incidence or mortality in those not exposed) as the main
measure of association.

In correlation studies, the units of investigation are usually whole populations (e.g., in
particular geographical areas or at particular times), and cancer frequency is related to a
summary measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individual exposure is not documented, however, a
causal relationship is less easy to infer from correlation studies than from cohort and
case—control studies. Case reports generally arise from a suspicion, based on clinical
experience, that the concurrence of two events — that is, a particular exposure and
occurrence of a cancer — has happened rather more frequently than would be expected
by chance. Case reports usually lack complete ascertainment of cases in any population,
definition or enumeration of the population at risk and estimation of the expected number
of cases in the absence of exposure. The uncertainties surrounding interpretation of case
reports and correlation studies make them inadequate, except in rare instances, to form
the sole basis for inferring a causal relationship. When taken together with case—control
and cohort studies, however, relevant case reports or correlation studies may add
materially to the judgement that a causal relationship is present.

Epidemiological studies of benign neoplasms, presumed preneoplastic lesions and
other end-points thought to be relevant to cancer are also reviewed by working groups.
They may, in some instances, strengthen inferences drawn from studies of cancer itself.
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(b) Quality of studies considered

The Monographs are not intended to summarize all published studies. Those that are
Judged to be inadequate or irrelevant to the evaluation are generally omitted. They may
be mentioned briefly, particularly when the information is considered to be a useful
supplement to that in other reports or when they provide the only data available. Their
inclusion does not imply acceptance of the adequacy of the study design or of the
analysis and interpretation of the results, and limitations are clearly outlined in square
brackets at the end of the study description.

It is necessary to take into account the possible roles of bias, confounding and chance
in the interpretation of epidemiological studies. By ‘bias’ is meant the operation of
factors in study design or execution that lead erroneously to a stronger or weaker asso-
ciation than in fact exists between disease and an agent, mixture or exposure circum-
stance. By ‘confounding’ is meant a situation in which the relationship with disease is
made to appear stronger or weaker than it truly is as a result of an association between
the apparent causal factor and another factor that is associated with either an increase or
decrease in the incidence of the disease. In evaluating the extent to which these factors
have been minimized in an individual study, working groups consider a number of
aspects of design and analysis as described in the report of the study. Most of these
considerations apply equally to case—control, cohort and correlation studies. Lack of
clarity of any of these aspects in the reporting of a study can decrease its credibility and
the weight given to it in the final evaluation of the exposure.

Firstly, the study population, disease (or diseases) and exposure should have been
well defined by the authors. Cases of disease in the study population should have been
identified in a way that was independent of the exposure of interest, and exposure should
have been assessed in a way that was not related to disease status.

Secondly, the authors should have taken account in the study design and analysis of
other variables that can influence the risk of disease and may have been related to the
exposure of interest. Potential confounding by such variables should have been dealt with
either in the design of the study, such as by matching, or in the analysis, by statistical
adjustment. In cohort studies, comparisons with local rates of disease may be more
appropriate than those with national rates. Internal comparisons of disease frequency
among individuals at different levels of exposure should also have been made in the
study.

Thirdly, the authors should have reported the basic data on which the conclusions are
founded, even if sophisticated statistical analyses were employed. At the very least, they
should have given the numbers of exposed and unexposed cases and controls in a case—
control study and the numbers of cases observed and expected in a cohort study. Further
tabulations by time since exposure began and other temporal factors are also important.
In a cohort study, data on all cancer sites and all causes of death should have been given,
to reveal the possibility of reporting bias. In a case—control study, the effects of investi-
gated factors other than the exposure of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confidence intervals and significance tests, and to adjust for confounding
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should have been clearly stated by the authors. The methods used should preferably have
been the generally accepted techniques that have been refined since the mid-1970s.
These methods have been reviewed for case—control studies (Breslow & Day, 1980) and
for cohort studies (Breslow & Day, 1987).

(¢) Inferences about mechanism of action

Detailed analyses of both relative and absolute risks in relation to temporal variables,
such as age at first exposure, time since first exposure, duration of exposure, cumulative
exposure and time since exposure ceased, are reviewed and summarized when available.
The analysis of temporal relationships can be useful in formulating models of carcino-
genesis. In particular, such analyses may suggest whether a carcinogen acts early or late
in the process of carcinogenesis, although at best they allow only indirect inferences
about the mechanism of action. Special attention is given to measurements of biological
markers of carcinogen exposure or action, such as DNA or protein adducts, as well as
markers of early steps in the carcinogenic process, such as proto-oncogene mutation,
when these are incorporated into epidemiological studies focused on cancer incidence or
mortality. Such measurements may allow inferences to be made about putative
mechanisms of action (IARC, 1991a; Vainio ez al., 1992).

(d) Criteria for causality

After the quality of individual epidemiological studies of cancer has been summarized
and assessed, a judgement is made concerning the strength of evidence that the agent,
mixture or exposure circumstance in question is carcinogenic for humans. In making its
judgement, the Working Group considers several criteria for causality. A strong asso-
ciation (a large relative risk) is more likely to indicate causality than a weak association,
although it is recognized that relative risks of small magnitude do not imply lack of
causality and may be important if the disease is common. Associations that are replicated
in several studies of the same design or using different epidemiological approaches or
under different circumstances of exposure are more likely to represent a causal relation-
ship than isolated observations from single studies. If there are inconsistent results
among investigations, possible reasons are sought (such as differences in amount of
exposure), and results of studies judged to be of high quality are given more weight than
those of studies judged to be methodologically less sound. When suspicion of carcino-
genicity arises largely from a single study, these data are not combined with those from
later studies in any subsequent reassessment of the strength of the evidence.

If the risk of the disease in question increases with the amount of exposure, this is
considered to be a strong indication of causality, although absence of a graded response
is not necessarily evidence against a causal relationship. Demonstration of a decline in
risk after cessation of or reduction in exposure in individuals or in whole populations
also supports a causal interpretation of the findings.

Although a carcinogen may act upon more than one target, the specificity of an asso-
ciation (an increased occurrence of cancer at one anatomical site or of one morphological
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type) adds plausibility to a causal relationship, particularly when excess cancer occur-
rence is limited to one morphological type within the same organ.

Although rarely available, results from randomized trials showing different rates
among exposed and unexposed individuals provide particularly strong evidence for
causality. ‘

When several epidemiological studies show little or no indication of an association
between an exposure and cancer, the judgement may be made that, in the aggregate, they
show evidence of lack of carcinogenicity. Such a judgement requires first of all that the
studies giving rise to it meet, to a sufficient degree, the standards of design and analysis
described above. Specifically, the possibility that bias, confounding or misclassification
of exposure or outcome could explain the observed results should be considered and
excluded with reasonable certainty. In addition, all studies that are judged to be methodo-
logically sound should be consistent with a relative risk of unity for any observed level of
exposure and, when considered together, should provide a pooled estimate of relative
risk which is at or near unity and has a narrow confidence interval, due to sufficient
population size. Moreover, no individual study nor the pooled results of all the studies
should show any consistent tendency for relative risk of cancer to increase with
increasing level of exposure. It is important to note that evidence of lack of carcino-
genicity obtained in this way from several epidemiological studies can apply only to the
type(s) of cancer studied and to dose levels and intervals between first exposure and
observation of disease that are the same as or less than those observed in all the studies.
Experience with human cancer indicates that, in some cases, the period from first
exposure to the development of clinical cancer is seldom less than 20 years; latent
periods substantially shorter than 30 years cannot provide evidence for lack of carcino-
genicity.

9. STUDIES OF CANCER IN EXPERIMENTAL ANIMALS

All known human carcinogens that have been studied adequately in experimental
animals have produced positive results in one or more animal species (Wilbourn et al.,
1986; Tomatis et al., 1989). For several agents (aflatoxins, 4-aminobiphenyl, azathio-
prine, betel quid with tobacco, BCME and CMME (technical grade), chlorambucil,
chlornaphazine, ciclosporin, coal-tar pitches, coal-tars, combined oral contraceptives,
cyclophosphamide, diethylstilboestrol, melphalan, 8-methoxypsoralen plus UVA, mus-
tard gas, myleran, 2-naphthylamine, nonsteroidal oestrogens, oestrogen replacement
therapy/steroidal oestrogens, solar radiation, thiotepa and vinyl chloride), carcinogenicity
in experimental animals was established or highly suspected before epidemiological
studies confirmed the carcinogenicity in humans (Vainio et al., 1995). Although this
association cannot establish that all agents and mixtures that cause cancer in experi-
mental animals also cause cancer in humans, nevertheless, in the absence of adequate
data on humans, it is biologically plausible and prudent to regard agents and
mixtures for which there is sufficient evidence (see p. 24) of carcinogenicity in
experimental animals as if they presented a carcinogenic risk to humans. The



18 IARC MONOGRAPHS VOLUME 69

possibility that a given agent may cause cancer through a species-specific mechanism
which does not operate in humans (see p. 25) should also be taken into consideration.

The nature and extent of impurities or contaminants present in the chemical or
mixture being evaluated are given when available. Animal strain, sex, numbers per
group, age at start of treatment and survival are reported.

Other types of studies summarized include: experiments in which the agent or mixture
was administered in conjunction with known carcinogens or factors that modify carcino-
genic effects; studies in which the end-point was not cancer but a defined precancerous
lesion; and experiments on the carcinogenicity of known metabolites and derivatives.

For experimental studies of mixtures, consideration is given to the possibility of
changes in the physicochemical properties of the test substance during collection,
storage, extraction, concentration and delivery. Chemical and toxicological interactions
of the components of mixtures may result in nonlinear dose—response relationships.

An assessment is made as to the relevance to human exposure of samples tested in
experimental animals, which may involve consideration of: (i) physical and chemical
characteristics, (il) constituent substances that indicate the presence of a class of
substances, (iii) the results of tests for genetic and related effects, including genetic
activity profiles, DNA adduct profiles, proto-oncogene mutation and expression and
suppressor gene inactivation. The relevance of results obtained, for example, with animal
viruses analogous to the virus being evaluated in the monograph must also be considered.
They may provide biological and mechanistic information relevant to the understanding
of the process of carcinogenesis in humans and may strengthen the plausibility of a
conclusion that the biological agent under evaluation is carcinogenic in humans.

(@) Qualitative aspects

An assessment of carcinogenicity involves several considerations of qualitative
importance, including (i) the experimental conditions under which the test was
performed, including route and schedule of exposure, species, strain, sex, age, duration
of follow-up; (ii) the consistency of the results, for example, across species and target
organ(s); (iii) the spectrum of neoplastic response, from preneoplastic lesions and benign
tumours to malignant neoplasms; and (iv) the possible role of modifying factors.

As mentioned earlier (p. 11), the Monographs are not intended to summarize all
published studies. Those studies in experimental animals that are inadequate (e.g., t0o
short a duration, too few animals, poor survival; see below) or are judged irrelevant to
the evaluation are generally omitted. Guidelines for conducting adequate long-term
carcinogenicity experiments have been outlined (e.g., Montesano et al., 1986).

Considerations of importance to the Working Group in the interpretation and eva-
luation of a particular study include: (i) how clearly the agent was defined and, in the
case of mixtures, how adequately the sample characterization was reported; (ii) whether
the dose was adequately monitored, particularly in inhalation experiments; (iii) whether
the doses and duration of treatment were appropriate and whether the survival of treated
animals was similar to that of controls; (iv) whether there were adequate numbers of
animals per group; (v) whether animals of both sexes were used; (vi) whether animals
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were allocated randomly to groups; (vii) whether the duration of observation was
adequate; and (viii) whether the data were adequately reported. If available, recent data
on the incidence of specific tumours in historical controls, as well as in concurrent
controls, should be taken into account in the evaluation of tumour response.

When benign tumours occur together with and originate from the same cell type in an
organ or tissue as malignant tumours in a particular study and appear to represent a stage
in the progression to malignancy, it may be valid to combine them in assessing tumour
incidence (Huff er al., 1989). The occurrence of lesions presumed to be preneoplastic
may in certain instances aid in assessing the biological plausibility of any neoplastic
response observed. If an agent or mixture induces only benign neoplasms that appear to
be end-points that do not readily undergo transition to malignancy, it should nevertheless
be suspected of being a carcinogen and requires further investigation.

(b) Quantitative aspects

The probability that tumours will occur may depend on the species, sex, strain and
age of the animal, the dose of the carcinogen and the route and length of exposure.
Evidence of an increased incidence of neoplasms with increased level of exposure
strengthens the inference of a causal association between the exposure and the develop-
ment of neoplasms.

The form of the dose-response relationship can vary widely, depending on the
particular agent under study and the target organ. Both DNA damage and increased cell
division are important aspects of carcinogenesis, and cell proliferation is a strong
determinant of dose—response relationships for some carcinogens (Cohen & Ellwein,
1990). Since many chemicals require metabolic activation before being converted into
their reactive intermediates, both metabolic and pharmacokinetic aspects are important in
determining the dose—response pattern. Saturation of steps such as absorption, activation,
inactivation and elimination may produce nonlinearity in the dose—response relationship,
as could saturation of processes such as DNA repair (Hoel et al., 1983; Gart et al., 1986).

(¢) Statistical analysis of long-term experiments in animals

Factors considered by the Working Group include the adequacy of the information
given for each treatment group: (i) the number of animals studied and the number
examined histologically, (ii) the number of animals with a given tumour type and (iii)
length of survival. The statistical methods used should be clearly stated and should be the
generally accepted techniques refined for this purpose (Peto et al., 1980; Gart et al.,
1986). When there is no difference in survival between control and treatment groups, the
Working Group usually compares the proportions of animals developing each tumour
type in each of the groups. Otherwise, consideration is given as to whether or not
appropriate adjustments have been made for differences in survival. These adjustments
can include: comparisons of the proportions of tumour-bearing animals among the
effective number of animals (alive at the time the first tumour is discovered), in the case
where most differences in survival occur before tumours appear; life-table methods,

when tumours are visible or when they may be considered ‘fatal’ because mortality
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rapidly follows tumour development; and the Mantel-Haenszel test or logistic regression,
when occult tumours do not affect the animals’ risk of dying but are ‘incidental’ findings
at autopsy.

In practice, classifying tumours as fatal or incidental may be difficult. Several
survival-adjusted methods have been developed that do not require this distinction (Gart
et al., 1986), although they have not been fully evaluated.

10. OTHER DATA RELEVANT TO AN EVALUATION OF CARCINOGENI-
CITY AND ITS MECHANISMS

In coming to an overall evaluation of carcinogenicity in humans (see pp. 23-25), the
Working Group also considers related data. The nature of the information selected for the
summary depends on the agent being considered.

For chemicals and complex mixtures of chemicals such as those in some occupational
situations and involving cultural habits (e.g., tobacco smoking), the other data considered
to be relevant are divided into those on absorption, distribution, metabolism and
excretion; toxic effects; reproductive and developmental effects; and genetic and related
effects.

Concise information is given on absorption, distribution (including placental transfer)
and excretion in both humans and experimental animals. Kinetic factors that may affect
the dose-response relationship, such as saturation of uptake, protein binding, metabolic
activation, detoxification and DNA repair processes, are mentioned. Studies that indicate
the metabolic fate of the agent in humans and in experimental animals are summarized
briefly, and comparisons of data from humans and animals are made when possible.
Comparative information on the relationship between exposure and the dose that reaches
the target site may be of particular importance for extrapolation between species. Data
are given on acute and chronic toxic effects (other than cancer), such as organ toxicity,
increased cell proliferation, immunotoxicity and endocrine effects. The presence and
toxicological significance of cellular receptors is described. Effects on reproduction,
teratogenicity, fetotoxicity and embryotoxicity are also summarized briefly.

Tests of genetic and related effects are described in view of the relevance of gene
mutation and chromosomal damage to carcinogenesis (Vainio et al., 1992). The ade-
quacy of the reporting of sample characterization is considered and, where necessary,
commented upon; with regard to complex mixtures, such comments are similar to those
described for animal carcinogenicity tests on p. 18. The available data are interpreted
critically by phylogenetic group according to the end-points detected, which may include
DNA damage, gene mutation, sister chromatid exchange, micronucleus formation, chro-
mosomal aberrations, aneuploidy and cell transformation. The concentrations employed
are given, and mention is made of whether use of an exogenous metabolic system in vitro
affected the test result. These data are given as listings of test systems, data and
references; bar graphs (activity profiles) and corresponding summary tables with detailed
information on the preparation of the profiles (Waters et al., 1987) are given in
appendices.
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Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and
cultured mammalian cells suggest that genetic and related effects could occur in
mammals. Results from such tests may also give information about the types of genetic
effect produced and about the involvement of metabolic activation. Some end-points
described are clearly genetic in nature (e.g., gene mutations and chromosomal aberra-
tions), while others are to a greater or lesser degree associated with genetic effects (e.g.,
unscheduled DNA synthesis). In-vitro tests for tumour-promoting activity and for cell
transformation may be sensitive to changes that are not necessarily the result of genetic
alterations but that may have specific relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano et al., 1986).

Genetic or other activity manifest in experimental mammals and humans is regarded
as being of greater relevance than that in other organisms. The demonstration that an
agent or mixture can induce gene and chromosomal mutations in whole mammals indi-
cates that it may have carcinogenic activity, although this activity may not be detectably
expressed in any or all species. Relative potency in tests for mutagenicity and related
effects is not a reliable indicator of carcinogenic potency. Negative results in tests for
mutagenicity in selected tissues from animals treated in vivo provide less weight, partly
because they do not exclude the possibility of an effect in tissues other than those
examined. Moreover, negative results in short-term tests with genetic end-points cannot
be considered to provide evidence to rule out carcinogenicity of agents or mixtures that
act through other mechanisms (e.g., receptor-mediated effects, cellular toxicity with
regenerative proliferation, peroxisome proliferation) (Vainio et al., 1992). Factors that
may lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano et al., 1986).

When available, data relevant to mechanisms of carcinogenesis that do not involve
structural changes at the level of the gene are also described.

The adequacy of epidemiological studies of reproductive outcome and genetic and
related effects in humans is evaluated by the same criteria as are applied to epidemio-
logical studies of cancer.

Structure—activity relationships that may be relevant to an evaluation of the carcino-
genicity of an agent are also described.

For biological agents — viruses, bacteria and parasites — other data relevant to
carcinogenicity include descriptions of the pathology of infection, molecular biology
(integration and expression of viruses, and any genetic alterations seen in human
tumours) and other observations, which might include cellular and tissue responses to
infection, immune response and the presence of tumour markers.

11. SUMMARY OF DATA REPORTED

In this section, the relevant epidemiological and experimental data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on p. 11 are
considered for evaluating carcinogenicity. Inadequate studies are generally not
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summarized: such studies are usually identified by a square-bracketed comment in the
preceding text.

(a) Exposure

Human exposure to chemicals and complex mixtures is summarized on the basis of
elements such as production, use, occurrence in the environment and determinations in
human tissues and body fluids. Quantitative data are given when available. Exposure to
biological agents is described in terms of transmission, and prevalence of infection.

(b) Carcinogenicity in humans

Results of epidemiological studies that are considered to be pertinent to an assessment
of human carcinogenicity are summarized. When relevant, case reports and correlation
studies are also summarized.

(c¢) Carcinogenicity in experimental animals

Data relevant to an evaluation of carcinogenicity in animals are summarized. For each
animal species and route of administration, it is stated whether an increased incidence of
neoplasms or preneoplastic lesions was observed, and the tumour sites are indicated. If
the agent or mixture produced tumours after prenatal exposure or in single-dose experi-
ments, this is also indicated. Negative findings are also summarized. Dose-response and
other quantitative data may be given when available.

(d) Other data relevant to an evaluation of carcinogenicity and its mechanisms

Data on biological effects in humans that are of particular relevance are summarized.
These may include toxicological, kinetic and metabolic considerations and evidence of
DNA binding, persistence of DNA lesions or genetic damage in exposed humans. Toxi-
cological information, such as that on cytotoxicity and regeneration, receptor binding and
hormonal and immunological effects, and data on kinetics and metabolism in experi-
mental animals are given when considered relevant to the possible mechanism of the
carcinogenic action of the agent. The results of tests for genetic and related effects are
summarized for whole mammals, cultured mammalian cells and nonmammalian systems.

When available, comparisons of such data for humans and for animals, and parti-
cularly animals that have developed cancer, are described.

Structure—activity relationships are mentioned when relevant.

For the agent, mixture or exposure circumstance being evaluated, the available data
on end-points or other phenomena relevant to mechanisms of carcinogenesis from studies
in humans, experimental animals and tissue and cell test systems are summarized within
one or more of the following descriptive dimensions:

(i) Evidence of genotoxicity (structural changes at the level of the gene): for

example, structure—activity considerations, adduct formation, mutagenicity (effect on
specific genes), chromosomal mutation/aneuploidy
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(i1) Evidence of effects on the expression of relevant genes (functional changes at
the intracellular level): for example, alterations to the structure or quantity of the product
of a proto-oncogene or tumour-suppressor gene, alterations to metabolic activation/-
inactivation/DNA repair

(111) Evidence of relevant effects on cell behaviour (morphological or behavioural
changes at the cellular or tissue level): for example, induction of mitogenesis, compen-
satory cell proliferation, preneoplasia and hyperplasia, survival of premalignant or
malignant cells (immortalization, immunosuppression), effects on metastatic potential

(iv) Evidence from dose and time relationships of carcinogenic effects and inter-
actions between agents: for example, early/late stage, as inferred from epidemiological
studies; initiation/promotion/progression/malignant conversion, as defined in animal
carcinogenicity experiments; toxicokinetics

These dimensions are not mutually exclusive, and an agent may fall within more than
one of them. Thus, for example, the action of an agent on the expression of relevant
genes could be summarized under both the first and second dimensions, even if it were
known with reasonable certainty that those effects resulted from genotoxicity.

12. EVALUATION

Evaluations of the strength of the evidence for carcinogenicity arising from human
and experimental animal data are made, using standard terms.

It is recognized that the criteria for these evaluations, described below, cannot
encompass all of the factors that may be relevant to an evaluation of carcinogenicity. In
considering all of the relevant scientific data, the Working Group may assign the agent,
mixture or exposure circumstance to a higher or lower category than a strict inter-
pretation of these criteria would indicate.

(@) Degrees of evidence for carcinogenicity in humans and in experimental
animals and supporting evidence

These categories refer only to the strength of the evidence that an exposure 1is carcino-
genic and not to the extent of its carcinogenic activity (potency) nor to the mechanisms
involved. A classification may change as new information becomes available.

An evaluation of degree of evidence, whether for a single agent or a mixture, is
limited to the materials tested, as defined physically, chemically or biologically. When
the agents evaluated are considered by the Working Group to be sufficiently closely
related, they may be grouped together for the purpose of a single evaluation of degree of
evidence.

()  Carcinogenicity in humans
The applicability of an evaluation of the carcinogenicity of a mixture, process,
occupation or industry on the basis of evidence from epidemiological studies depends on
the variability over time and place of the mixtures, processes, occupations and industries.
The Working Group seeks to identify the specific exposure, process or activity which is
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considered most likely to be responsible for any excess risk. The evaluation is focused as
narrowly as the available data on exposure and other aspects permit.

The evidence relevant to carcinogenicity from studies in humans is classified into one
of the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between exposure to the agent, mixture or exposure
circumstance and human cancer. That is, a positive relationship has been observed
between the exposure and cancer in studies in which chance, bias and confounding could
be ruled out with reasonable confidence.

Limited evidence of carcinogenicity: A positive association has been observed
between exposure to the agent, mixture or exposure circumstance and cancer for which a
causal interpretation is considered by the Working Group to be credible, but chance, bias
or confounding could not be ruled out with reasonable confidence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient
quality, consistency or statistical power to permit a conclusion regarding the presence or
absence of a causal association, or no data on cancer in humans are available.

Evidence suggesting lack of carcinogenicity: There are several adequate studies
covering the full range of levels of exposure that human beings are known to encounter,
which are mutually consistent in not showing a positive association between exposure to
the agent, mixture or exposure circumstance and any studied cancer at any observed level
of exposure. A conclusion of ‘evidence suggesting lack of carcinogenicity’ is inevitably
limited to the cancer sites, conditions and levels of exposure and length of observation
covered by the available studies. In addition, the possibility of a very small risk at the
levels of exposure studied can never be excluded.

In some instances, the above categories may be used to classify the degree of evi-
dence related to carcinogenicity in specific organs or tissues.

(ii)  Carcinogenicity in experimental animals

The evidence relevant to carcinogenicity in experimental animals is classified into
one of the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between the agent or mixture and an increased inci-
dence of malignant neoplasms or of an appropriate combination of benign and malignant
neoplasms in (a) two or more species of animals or (b) in two or more independent
studies in one species carried out at different times or in different laboratories or under
different protocols.

Exceptionally, a single study in one species might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are
limited for making a definitive evaluation because, e.g., (a) the evidence of carcino-
genicity is restricted to a single experiment; or (b) there are unresolved questions
regarding the adequacy of the design, conduct or interpretation of the study; or (c) the
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agent or mixture increases the incidence only of benign neoplasms or lesions of uncertain
neoplastic potential, or of certain neoplasms which may occur spontaneously in high
incidences in certain strains.

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations, or no data on cancer in experimental animals are available.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent or
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity
is inevitably limited to the species, tumour sites and levels of exposure studied.

(b)  Other data relevant to the evaluation of carcinogenicity and its mechanisms

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. This may include
data on preneoplastic lesions, tumour pathology, genetic and related effects, structure—
activity relationships, metabolism and pharmacokinetics, physicochemical parameters
and analogous biological agents.

Data relevant to mechanisms of the carcinogenic action are also evaluated. The
strength of the evidence that any carcinogenic effect observed is due to a particular
mechanism is assessed, using terms such as weak, moderate or strong. Then, the
Working Group assesses if that particular mechanism is likely to be operative in humans.
The strongest indications that a particular mechanism operates in humans come from
data on humans or biological specimens obtained from exposed humans. The data may
be considered to be especially relevant if they show that the agent in question has caused
changes in exposed humans that are on the causal pathway to carcinogenesis. Such data
may, however, never become available, because it is at least conceivable that certain
compounds may be kept from human use solely on the basis of evidence of their toxicity
and/or carcinogenicity in experimental systems.

For complex exposures, including occupational and industrial exposures, the chemical
composition and the potential contribution of carcinogens known to be present are
considered by the Working Group in its overall evaluation of human carcinogenicity. The
Working Group also determines the extent to which the materials tested in experimental
systems are related to those to which humans are exposed.

(¢) Overall evaluation

Finally, the body of evidence is considered as a whole, in order to reach an overall
evaluation of the carcinogenicity to humans of an agent, mixture or circumstance of
exposure.

An evaluation may be made for a group of chemical compounds that have been
evaluated by the Working Group. In addition, when supporting data indicate that other,
related compounds for which there is no direct evidence of capacity to induce cancer in
humans or in animals may also be carcinogenic, a statement describing the rationale for
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this conclusion is added to the evaluation narrative; an additional evaluation may be
made for this broader group of compounds if the strength of the evidence warrants it.

The agent, mixture or exposure circumstance is described according to the wording of
one of the following categories, and the designated group is given. The categorization of
an agent, mixture or exposure circumstance is a matter of scientific judgement, reflecting
the strength of the evidence derived from studies in humans and in experimental animals
and from other relevant data.

Group 1 — The agent (mixture) is carcinogenic to humans.
The exposure circumstance entails exposures that are carcinogenic to humans.

This category is used when there is sufficient evidence of carcinogenicity in humans.
Exceptionally, an agent (mixture) may be placed in this category when evidence in
humans is less than sufficient but there is sufficient evidence of carcinogenicity in experi-
mental animals and strong evidence in exposed humans that the agent (mixture) acts
through a relevant mechanism of carcinogenicity.

Group 2

This category includes agents, mixtures and exposure circumstances for which, at one
extreme, the degree of evidence of carcinogenicity in humans is almost sufficient, as well
as those for which, at the other extreme, there are no human data but for which there is
evidence of carcinogenicity in experimental animals. Agents, mixtures and exposure
circumstances are assigned to either group 2A (probably carcinogenic to humans) or
group 2B (possibly carcinogenic to humans) on the basis of epidemiological and experi-
mental evidence of carcinogenicity and other relevant data.

Group 2A — The agent (mixture) is probably carcinogenic to humans.
The exposure circumstance entails exposures that are probably carcinogenic to humans.

This category is used when there is limited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent
(mixture) may be classified in this category when there is inadequate evidence of
carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental
animals and strong evidence that the carcinogenesis is mediated by a mechanism that
also operates in humans. Exceptionally, an agent, mixture or exposure circumstance may
be classified in this category solely on the basis of limited evidence of carcinogenicity in
humans.

Group 2B — The agent (mixture) is possibly carcinogenic to humans.
The exposure circumstance entails exposures that are possibly carcinogenic to humans.

This category is used for agents, mixtures and exposure circumstances for which there
is limited evidence of carcinogenicity in humans and less than sufficient evidence of
carcinogenicity in experimental animals. It may also be used when there is inadequate
evidence of carcinogenicity in humans but there is sufficient evidence of carcinogenicity
in experimental animals. In some instances, an agent, mixture or exposure circumstance
for which there is inadequate evidence of carcinogenicity in humans but limited evidence
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of carcinogenicity in experimental animals together with supporting evidence from other
relevant data may be placed in this group.

Group 3 — The agent (mixture or exposure circumstance) is not classifiable as to its
carcinogenicity to humans.

This category is used most commonly for agents, mixtures and exposure cir-
cumstances for which the evidence of carcinogenicity is inadequate in humans and
inadequate or limited in experimental animals.

Exceptionally, agents (mixtures) for which the evidence of carcinogenicity is
inadequate in humans but sufficient in experimental animals may be placed in this
category when there is strong evidence that the mechanism of carcinogenicity in experi-
mental animals does not operate in humans.

Agents, mixtures and exposure circumstances that do not fall into any other group are
also placed in this category.

Group 4 — The agent (mixture) is probably not carcinogenic to humans.

This category is used for agents or mixtures for which there is evidence suggesting
lack of carcinogenicity in humans and in experimental animals. In some instances, agents
or mixtures for which there is inadequate evidence of carcinogenicity in humans but
evidence suggesting lack of carcinogenicity in experimental animals, consistently and
strongly supported by a broad range of other relevant data, may be classified in this

group.
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POLYCHLORINATED DIBENZO-para-DIOXINS

These substances were considered by previous working groups, in February 1977
(IARC, 1977a) and March 1987 (IARC, 1987a). Since that time, new data have become
available and these have been incorporated in the monograph and taken into consi-
deration in the evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1  Nomenclature and molecular formulae and weights

Chemical Abstracts Service (CAS) names and synonyms, CAS Registry numbers,
molecular formulae and molecular weights for dibenzo-para-dioxin and selected poly-
chlorinated dibenzo-para-dioxins (PCDDs) are presented in Table 1. The tetra-, penta,
hexa- and hepta-chlorinated compounds are referred to here as TCDDs, PeCDDs,
HxCDDs and HpCDDs or collectively as, for example, Cl,-Cl, CDDs or hepta/octa-
CDDs.

1.1.2  Structural formulae

The general structure of the PCDDs is shown in Table 2. Any or all of the eight
hydrogen atoms of dibenzo-para-dioxin can be replaced with chlorine, giving rise to 75
possible chlorinated dibenzo-para-dioxin structures. All of the 75 are referred to as
congeners (members of a like group) of one another and congeners having the same
number of chlorines are isomers. The term ‘dioxins’ has been widely used to refer to the
PCDDs and often the polychlorinated dibenzofurans (PCDFs) as well (Liem & van
Zorge, 1995), although it is technically incorrect (Clement, 1991) and is not so used in
this monograph.

1.1.3  Chemical and physical properties

Knowledge of basic chemical and physical properties is essential to understanding
and modelling environmental transport and fate as well as pharmacokinetic and toxico-
logical behaviour. The most important parameters for the PCDDs appear to be water
solubility, vapour pressure, and octanol/water partition coefficient (K ). The ratio of
vapour pressure to water solubility yields the Henry’s Law constant for dilute solutions
of organic compounds, an index of partitioning for a compound between the vapour and
aqueous solution phases (Mackay et al., 1991). Chemical and physical properties of
selected PCDDs are presented in Table 3.

33—
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Table 1. Nomenclature, molecular formulae, and molecular weights of dibenzo-
dioxin and chlorinated derivatives

CAS Reg. No.
(Deleted CAS
Nos)

CAS name and synonyms®

Molecular
formula

Molecular
weight

262-23-4

33857-26-0

1746-01-6
(56795-67-6)

40321-76-4

39227-28-6

57653-85-7

19408-74-3

35822-46-9

3268-87-9

Dibenzo|b,e][1,4]dioxin; Dibenzodioxin; dibenzo-
[1,4]dioxin; dibenzo-para-dioxin; diphenylene dioxide;
oxanthrene; phenodioxin; DD
2,7-Dichlorodibenzo[b,e]{1,4]ldioxin; 2,7-dichloro-
dibenzo-para-dioxin; 2,7-DCDD; 2,7-dichlorodibenzo-
dioxins; 2,7-diCDD
2,3,7,8-Tetrachlorodibenzo[b,e]{1,4]dioxin; D48§;
dioxin; TCDBD; TCDD; 2,3,7,8-TCDD; 2,3,7,8-tetra-
chlorodibenzo-1,4-dioxin; 2,3,7,8-tetrachlorodibenzo-
para-dioxin; 2,3,7,8-tetraCDD
1,2,3,7,8-Pentachlorodibenzo[b,e](1,4]ldioxin; D54;
1,2,3,7,8-PeCDD; 1,2,3,7,8-PnCDD; 1,2,3,7,8-penta-
chlorodibenzo-para-dioxin; 1,2,3,7,8-pentachloro-
dibenzodioxin; 2,3,4,7,8-pentachlorodibenzo-para-
dioxin; 2,3,4,7,8-pentachlorodibenzodioxin; 1,2,3,7,8-
pentaCDD
1,2,3,4,7,8-Hexachlorodibenzo[b,e][1,4]dioxin; D66;
1,2,3,4,7,8-hexachlorodibenzodioxin; 1,2,3,4,7,8-hexa-
chlorodibenzo-para-dioxin; 1,2,3,4,7,8-hexachloro-
dibenzo[1,4]dioxin; 1,2,3,4,7,8-HxCDD; 1,2,3,4,7,8-
hexaCDD
1,2,3,6,7,8-Hexachlorodibenzo[b,e][1,4]dioxin; D67,
1,2,3,6,7,8-hexachlorodibenzodioxin; 1,2,3,6,7,8-hexa-
chlorodibenzo-para-dioxin; 1,2,3,6,7,8-hexachloro-
dibenzo[1,4]dioxin; 1,2,3,6,7,8-HxCDD; 1,2,3,6,7,8-
hexaCDD
1,2,3,7,8,9-Hexachlorodibenzo[b,e][1,4]dioxin; D70;
1,2,3,7,8,9-hexachlorodibenzodioxin; 1,2,3,7,8,9-hexa-
chlorodibenzo-para-dioxin; 1,2,3,7,8,9-hexachloro-
dibenzo[1,4]dioxin; 1,2,3,7,8,9-HxCDD; 1,2,3,7,8,9-
hexaCDD
1,2,3,4,6,7,8-Heptachlorodibenzo[b,e][1,4]dioxin; D73;
1,2,3,4,6,7,8-heptachlorodibenzodioxin; heptachloro-
dibenzo-para-dioxin; 1,2,3,4,6,7,8-heptachlorodibenzo-
para-dioxin; 1,2,3,4,6,7,8-heptachlorodibenzo[1,4]dioxin;
1,2,3,4,6,7,8-HpCDD; 1,2,3,4,6,7,8-heptaCDD
Octachlorodibenzo[b,e][1,4]dioxin; D75; OCDD; octa-
chlorodibenzo-para-dioxin; 1,2,3,4,6,7,8,9-octachloro-
dibenzo-para-dioxin; 1,2,3,4,6,7,8,9-octachlorodibenzo-
[1,4]dioxin; octaCDD

C,HO

1277872

C 1 ZHGCIZOZ

C 12H4C1402

C,H,CLO,

C lZHZCIGOZ

CIZHZCIGOZ

C_H,C10,

C,HCLO,

C,ClLO,

184.2

253.0

321.98

356.42

390.87

390.87

390.87

425.31

460.76

“Names in bold letters are the Chemical Abstracts Service (CAS) names
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Table 2. Dibenzo-para-dioxin structural
formula and numbers of chlorinated

isomers
Formula
9 1
8 0 2
7 3
6 0 4
Cly Cl
No. of chlorines No. of isomers
(x+y)
1 2
2 10
3 14
4 22
5 14
6 10
7 2
8 1
Total 75

Table 3. Chemical and physical properties of dibenzo-para-dioxin and
selected chlorinated derivatives®

Chemical Melting  Water solubility Vapour Henry’s Law logK_,
point (mg/L) at 25°C  pressure (Pa) constant
°O) at 25 °C (Pa x m’/mol)
Dibenzo-para-dioxin ~ 122-123 .87 55x%x10° 11.70 4.30
2,7-DCDD : 209-210 3.75x 107 1.2x10™ 8.10 5.75
2,3,7,8-TCDD 305-306 1.93x10° 2.0x 107 3.34 6.80
1,2,3,7,8-PeCDD 240-241 58x10° 6.64
1,2,3,4,7,8-HxCDD 273-275 442x10° 5.1x10° 1.08 7.80
1,2,3,6,7,8-HxCDD 285-286 4.8 x10°
1,2,3,7,8,9-HxCDD 243-244 6.5x10°
1,2,3,4,6,7.8-HpCDD  264-265 2.40x 10°® 7.5 %10 1.27 8.00
OCDD 325-326 0.74 x 107 1.1x10™ 0.68 8.20

“From Rordorf (1987); Sijm et al. (1989); Mackay et al. (1991)
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Limited research has been carried out to determine physical and chemical properties
of PCDDs. The tetra- through octa-chloro congeners with 2,3,7,8-chlorination (some-
times referred to as laterally substituted PCDDs) have received the most attention, with
2,3,7,8-TCDD being the most intensively studied compound. Of the large number of
possible congeners, only the 2,3,7,8-chlorinated compounds and a few others are
available commercially, and synthesis and separation can be both time-consuming and
difficult. Some of the PCDD congeners have not yet been prepared in pure form. The
PCDDs are intentionally prepared only for research purposes.

The concept of toxic equivalency factors (TEFs) was developed by several agencies
and national and international organizations (Ahlborg et al., 1988; Safe, 1990; Ahlborg
et al., 1992a) to aid the interpretation of the complex database and in the evaluation of
the risk of exposure to mixtures of structurally related PCDDs and PCDFs. TEF values
are derived by evaluating the potency of each PCDD and PCDF isomer relative to that of
2,3,7,8-tetrachlorodibenzo-para-dioxin (2,3,7,8-TCDD). TEFs are order-of-magnitude
estimates that are based on the evaluation of all available information, including binding
to the Ah receptor (see Section 4.3.1) and other in-vitro responses as well as in-vivo
effects ranging from enzyme induction to tumour formation (Ahlborg et al., 1992a).

The concentrations of all the individual PCDDs and PCDFs in a rmxture may be
converted into one value of toxic equivalents (TEQs), as follows:

TEQ = > (TEF X concentration)

Toxicologists have widely adopted the set of TEFs shown in Table 4 (I-TEFs, also
adopted by NATO (North Atlantic Treaty Organization)). Other sets of TEFs have been
used in the past (e.g., BGA (German), Nordic, Swiss, Eadon (American)), but TEQs
calculated with these TEFs normally do not differ from those based on I-TEFs by more
than a factor of 2 (Ahlborg et al., 1988; Rappe et al., 1993).

Table 4. I-TEFs for 2,3,7,8-

substituted PCDDs"

Congener I-TEF
. 2,3,7,8-TCDD 1

1,2,3,7,8-PeCDD 0.5

1,2,3.,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.001
All other PCDDs 0

“From Ahlborg et al. (1992a)
I-TEF, international toxic equiva-
lency factor
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1.1.4  Methods of analysis

The analysis of environmental and biological samples for PCDDs and PCDFs has
presented a major challenge for analytical chemists and has catalysed the development of
new and improved methods and equipment with applications to many other problems in
environmental chemistry. The challenge in PCDD/PCDF analysis arises from several
factors. First, these compounds are usually present at very low levels in environmental
samples, requiring methods with detection limits several orders of magnitude lower than
those for other environmental contaminants. In addition, the toxicities of the various
PCDD/PCDF congeners differ dramatically, so that for a proper risk assessment, indi-
vidual PCDD and PCDF isomers must be selectively determined, often in the presence of
other isomers and congeners. Interference between congeners and with other chlorinated
compounds in the matrix can cause serious analytical difficulties. The widespread
occurrence of these compounds in the environment has required the development of
methods for many different media and sample types.

Progress in the analytical chemistry of the PCDDs and PCDFs over the past 30 years
has been remarkable (Buser, 1991; Clement, 1991; de Jong & Liem, 1993). In the 1960s
and early 1970s, the principal method of analysis was packed column gas chromato-
graphy (GC) with electron capture detection (ECD), and detection limits were in the
parts-per-million (ppm; g/g or mg/kg) to parts-per-billion (ppb; ng/g or pg/ke) range.
Most work during this period focused on the determination of levels of 2,3,7,8-TCDD as
a contaminant in herbicides and other industrial chemicals, and PCDDs and PCDFs were
frequently not detected in environmental samples due to the lack of sensitivity and speci-
ficity of the methods.

Beginning in the 1970s, mass spectrometry (MS) was used, first by direct injection of
samples and extracts, to reduce interferences and confirm the presence of 2,3,7,8-TCDD
(Baughman & Meselson, 1973a,b). Soon, the advantages of MS as a detection method
with GC were recognized, and GC-MS became the analytical method of choice for
PCDDs and PCDFs in environmental and biological samples (Hass & Friesen, 1979;
Rappe, 1984a; Crummett et al., 1986). Advances in sample clean-up procedures, gas
chromatographic separations with fused silica capillary columns and GC-MS systems in
the 1970s and 1980s and the availability of appropriate calibration standards have made
it possible now to identify and quantify individually all of the 2,3,7,8-substituted PCDDs
and PCDFs at ng/kg concentrations or lower in most matrices (Clement & Tosine, 1988;
Buser, 1991; Clement, 1991). However, these methods for ultra-trace analysis remain
complex and difficult, and considerable variability still exists among laboratories in their
capabilities and skill in performing these analyses (Stephens et al., 1992).

Guidelines and methods of analysis have been proposed or established by a number of
international and national governmental organizations and agencies. Examples include
IARC Scientific Publications No. 108 (Rappe et al., 1991a), recommendations from a
workshop convened by the Community Bureau of Reference of the Commission of the
European Union (Maier et al., 1994) and United States Environmental Protection Agency
Methods (United States Environmental Protection Agency, 1986, 1995, 1996a). .



38 IARC MONOGRAPHS VOLUME 69

(a) General considerations

The recognition by toxicologists of the extreme toxicity and biological activity of
some PCDD/PCDF congeners has generated the requirement for highly sensitive and
specific analytical methods. Method development has been directed primarily at the
quantitative determination of the seven PCDDs and 10 PCDFs with chlorine at the 2, 3, 7
and 8 positions on the aromatic rings (see Table 2 in this monograph as well as Table 2
in PCDF monograph). The remaining 68 PCDDs and 125 PCDFs can seriously interfere
with the determination of the 2,3,7,8-substituted congeners. In addition, the pattern of
congeners in an environmental sample can provide clues as to the source of the PCDDs/-
PCDFs. The larger number of isomers with four or five chlorines (see Table 1) makes
isomer-specific analysis more difficult in the tetra- and penta-substituted series (Rappe,
1984a; Buser, 1991; Clement, 1991).

Ultra-trace PCDD/PCDF analyses can require sample enrichment by a few thousand-
fold to a million-fold or more before GC-MS determination. Co-extracted, interfering
compounds may be present in the sample at much higher levels than the PCDDs and
PCDFs, necessitating sophisticated matrix-specific clean-up techniques as well as highly
selective separation and detection methods (Clement & Tosine, 1988; Buser, 1991: de
Jong & Liem, 1993).

Two different strategies have been applied in PCDD/PCDF analyses. In the first
approach, the objective is to recover all PCDDs and PCDFs in a single fraction by a
containment-enrichment procedure, and then to analyse this fraction for all congeners by
high-resolution GC-MS. In this approach, congener distribution patterns can be obtained
that may help to identify sources of the PCDDs/PCDFs. The second approach focuses on
separation of isomers during sample preparation and purification (e.g., by including
reversed-phase and normal-phase high-performance liquid chromatography (HPLC)
steps in the clean-up procedures) and results in multiple fractions that may be analysed
for one or more congeners. This approach has often been applied to the determination of
a specific congener, such as 2,3,7,8-TCDD (Rappe, 1984a; Buser, 1991).

Analyte standards for calibration are essential in ultra-trace analysis, and by the mid-
1980s an adequate set of labelled and unlabelled PCDDs and PCDFs had become
commercially available. Although not all of the 210 PCDD and PCDF congeners are
available, all of the 2,3,7,8-substituted congeners can be purchased in crystalline form or
in solution. These congeners are also available fully ®C-labelled, and some are available
fully labelled with “CL. Analysis of environmental and biological samples requires the
use of these standards for method development, to monitor recoveries and for isotope-
dilution or other GC-MS analyses. It would be desirable to have available natural-matrix
certified reference materials to verify spiked-sample recoveries based on calibration
standards, but few are currently available (Rappe, 1984a; Clement & Tosine, 1988;
Alvarez, 1991; Clement, 1991; Schimmel et al., 1994; Maier et al., 1995).

PCDD and PCDF determinations are frequently required for incinerator emissions
(flue gases, fly ash, bottom ash and aqueous effluents), soils, sediments and sludges, air
(vapour and particulates), water, biological samples of all types and chemical products.
At present, typical detection limits of methods used for biological samples are in the
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1 ng/kg range; lower detection limits are possible for some media, such as ambient air (in
the low femtogram [10™ g)/m’ range) and drinking-water (as low as 0.01 pg/L), and
higher detection limits (ug/kg range) are often adequate for chemical products (Buser,
1991; de Jong & Liem, 1993).

The analysis of PCDDs and PCDFs in environmental and biological samples can be
considered to proceed in five stages, each of which must be carefully controlled and
optimized to ensure reliable data: (1) sampling, (2) extraction, (3) clean-up, (4)
separation and (5) quantification. Each of these stages 1s discussed briefly in the
following sections. Reviews and guidelines have been published for various environ-
mental and biological matrices (Buser, 1991; Maier et al., 1994). The following
comments are based on these reviews and the other references cited. In the subsequent
text and tables, methods are indicated by the system presented in Table 5. In the text, this
information is given as ‘(analytical method...)’, using these abbreviations.

Table 5. Abbreviations for descriptions of analytical
methods®

HRGC {(high-resolution gas chromatography)

LRGC (low-resolution gas chromatography)

HRMS (high-resolution mass spectrometry)

LRMS (low-resolution mass spectrometry)
Isomer-specific polar column, e.g., SP 2330/31

Other than isomer-specific nonpolar column, e.g., DB-5
No information

Sophisticated clean-up, e.g., multicolumn, use of all *C-
labelled 2,3,7,8-substituted standards

Reduced clean-up

WHO-accepted laboratory. The laboratory has fulfilled
the requirements for interlaboratory studies of determi-
nation of PCDDs/PCDFs in biological material, orga-
nized by WHO (Stephens et al., 1992; WHO, 1996).

wzo"awe® »

2%

“Descriptions usually have four elements: gas-chromatographic
resolution (A or a), mass-spectrometric resolution B or O),
isomer-specificity of GC column (I or O) and clean-up (S or R).
Any one or more of these may have no information (N).

(b) Sampling

The sampling protocols for PCDD and PCDF analyses depend on, the type of sample,
the level of PCDDs/PCDFs and potential interferences in the sample, the detection limit
of the method, the requirements of the analysis, and the specific situations encountered.
As with most ultra-trace analyses, sample size, homogeneity, storage and handling and
the avoidance of contamination are important considerations.

Samples should be protected from light and heat. Although PCDDs and PCDFs are
generally quite stable, they are prone to photolysis, especially in solution. The less chlo-
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rinated congeners tend to photolyse more rapidly than those with more chlorine substi-
tuents (ECETOC, 1992).

Contamination of samples is a serious problem. Potential sources of contamination
include sampling equipment and containers, solvents and reagents, adsorbents, glass-
ware, other samples and even laboratory tissue wipes, floor-cleaning solutions and
cigarette smoke (Albro, 1979; Patterson et al., 1990).

Samples to characterize incinerator emissions may include grab samples of fly ash
(from electrostatic precipitators) and bottom ash (or slag), aqueous effluents from gas-
scrubbing equipment and flue gases and particulates. Stack sampling is carried out iso-
kinetically, collecting particulates on filters (e.g., glass fibres) and volatiles by cooling
and trapping in impingers or on adsorbent resins. Collection efficiencies are checked by
introducing isotope-labelled PCDDs and PCDFs into the sampling train (Ozvacic, 1986;
ECETOC, 1992; United States Environmental Protection Agency, 1995). For measure-
ment of flue gases of municipal waste incinerators operating with emissions below 0.1 ng
I-TEQ/m’ (European Union Directive; see Section 1.5), certain modifications in the
sampling and analytical procedures are necessary, as described by Ball and Diiwel (1996)
and Broker (1996).

PCDD and PCDF levels in air (particles and gases) are normally determined by
collecting high-volume samples (up to 1000 m’ over a 24-h period) on glass fibre/poly-
urethane foam filters (Tondeur et al., 1991). For samples of, say, 1500 m’ collected over
several days, the filters should be spiked before sampling with “C-labelled standards to
demonstrate possible sampling losses (Tysklind et al., 1993).

PCDDs and PCDFs have very low solubilities in water, with solubility decreasing
with increasing number of chlorine substituents. However, they tend to adsorb strongly
onto fine particles suspended in water, so water samples must include suspended parti-
culates and cannot be subsampled after collection unless they are first micro-filtered and
the water and fine particulates are analysed separately. Small to medium sample volumes
(1-5 L) can be extracted directly, but larger volumes needed for ultra-trace analysis are
preconcentrated on sorbent resins (e.g., XAD-2) or a polyurethane filter (Ryan, 1991;
Luksemburg, 1991).

Soils and sediments are sampled with core samplers at the surface (top 5-10 cm) and
sometimes at lower depths. Often, several core samples are pooled for composite
analysis (500-1000 g), based on a sampling grid for investigation of soil contamination
in an area. Samples are air-dried, sieved (to remove debris), mixed and homogenized
before extraction (Kleopfer et al., 1985; Solch et al., 1985; de Jong et al., 1993; Fortunati
etal., 1994).

Biological samples should be deep frozen (—20 °C or lower) until analysed to prevent
enzymatic or microbiological alterations. Choice of sampling procedures depends on the
tissue and species; for example, usually only small samples of human fat are available,
whereas larger samples of ecological species (e.g., fish) or foods normally can be
obtained. Tissue samples may be ground with anhydrous sodium sulfate or silica gel and
homogenized before extraction (Stanley et al., 1985; Norstrom & Simon, 1991; Patterson
et al., 1991; Olsson, 1994).
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In discussing problems associated with the variation in biological samples, Bignert
et al. (1994) noted that large numbers of samples are generally required to define spatial
or temporal trends or differences between various ecological matrices with respect to the
concentrations of PCDDs and PCDFs.

(¢) Extraction

“C-Labelled internal standards are added before extraction and clean-up to determine
recoveries and to allow correction for losses during work-up. Homogenized samples are
sometimes digested to destroy the sample matrix and free any trapped PCDDs/PCDFs
before extraction (e.g., hydrochloric acid treatment of fly ash and some soil/sediment
samples). However, alkaline saponification at elevated temperatures (which has some-
times been used with fatty samples) is not recommended, as it can cause decomposition
of PCDDs and PCDFs (Albro, 1979; Ryan et al., 1989a). For chlorophenols and chloro-
phenoxyacetic acid herbicides, initial separation of the (neutral) PCDDs and PCDFs is
often accomplished by partitioning with alkali (Buser, 1991; United States Environ-
mental Protection Agency, 1996a).

Extraction procedures and solvents vary widely, depending on the type of sample and
method of clean-up and analysis. Extraction of PCDDs/PCDFs into solvent may be
accomplished by simple dissolution, shaking, blending, ultrasonic treatment or Soxhlet
extraction. For example, fats and oils may be dissolved directly in dichloromethane, and
water samples may be extracted with dichloromethane, toluene or hexane. Particulates
filtered from water or resin-sorbed water samples may require Soxhlet extraction with
toluene or benzene. Incinerator flue gases (adsorbed on polyurethane foam) and fly or
bottom ash are usually Soxhlet-extracted with toluene or benzene. For soils, sediments
and sludges, sequential Soxhlet extractions with different and/or mixed solvents
(acetone/hexane, toluene, benzene, dichloromethane) are sometimes required.

Many different extraction procedures and solvents have been used with biological
samples, such as fish and animal tissues, human tissues and vegetation. Multi-laboratory
comparison studies with fish tissues and porcine fat, human blood and adipose tissue and
human and cow’s milk suggest that acceptable recoveries can be obtained with a variety
of extraction methods (Clement & Tosine, 1988; Patterson et al., 1990; Stephens et al.,
1992; Schimmel et al., 1994).

Supercritical fluid extraction (SFE) using carbon dioxide is a new technique, which
has been used for extraction of PCDDs and PCDFs. Alexandrou ef al. (1992) have used it
for extraction of solid samples such as fly ash and paper pulp, and also for aqueous
matrices such as pulp mill effluents. More recently van Bavel ef al. (1996) have demons-
trated the use of SFE in the extraction of biological samples, including human adipose
tissue.

(@ Clean-up

The objective of the clean-up procedures is to purify and prepare the extract for final
separation and quantification. Such procedures remove co-extracted compounds that may
interfere in the GC-MS analysis. The extent of clean-up required is determined by the
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analytical objectives (number of congeners to be quantified), the matrix and the sophisti-
cation of the GC-MS system.

Clean-up is normally accomplished by column chromatography through a series of
columns, sometimes followed by HPLC. Pretreatment to remove large quantities of co-
extractives may be necessary for some samples. Pretreatment may include acid or base
washing; elution through multilayer columns containing silica gel impregnated with
sulfuric acid, sodium hydroxide and silver nitrate (de Jong et al., 1993); or gel
permeation chromatography to remove lipids and other compounds of high molecular
weight (Norstrom & Simon, 1991).

Column chromatography of extracts on alumina removes chlorinated benzenes, poly-
chlorinated biphenyls (PCBs) and terphenyls, and higher chlorinated diphenyl ethers in a
first fraction (2% dichloromethane in n-hexane); PCDDs and PCDFs are then recovered
from the column with 50% dichloromethane in n-hexane. This treatment also removes
the polychlorinated 2-phenoxyphenols (predioxins) that can undergo thermal ring closure
in the gas chromatograph to form PCDDs (Buser, 1991).

Since the mid-1980s, a two-column procedure (Smith er al., 1984a) has come into
extensive use. Extracts are first chromatographed on activated carbon with dichloro-
methane to separate planar compounds (including PCDDs and PCDFs, which are
retained) from non-planar compounds. The planar compounds are removed from the
carbon column by reverse elution with toluene and then chromatographed on alumina to
separate the PCDDs and PCDFs from other planar contaminants (e.g., non-ortho-substi-
tuted PCBs, polychloronaphthalenes). The method has been adapted and validated for
complex biological samples in a semi-automated format (with additional clean-up steps)
(Patterson et al., 1990; Turner et al., 1991).

HPLC also has found extensive application in PCDD/PCDF analysis in recent years
(Clement & Tosine, 1988). It has been used principally for isomer-specific quantification
of 2,3,7,8-TCDD and/or the other toxic PCDD/PCDF congeners. It is also used to
supplement other clean-up methods for difficult samples.

Bergqvist et al. (1993) have described the use of a polyethylene semipermeable
membrane in a nondestructive method for the reduction of lipid in analyses of PCDDs
and PCDFs in environmental biological samples. This allows the analysis of samples
with total size of 500 g.

Many other clean-up methods have been reported for environmental and biological
matrices. The extent of clean-up required for a given sample depends on a number of
factors, as noted above. Even with elaborate clean-up procedures, the final fractions may
still contain chlorinated contaminants that need to be considered in the separation and
quantification steps.

(e) Separation

The final separation of PCDDs and PCDFs from residual contaminants and into the
individual congeners is almost invariably performed by high-resolution GC (HRGC). In
the 1960s and 1970s, GC with packed columns (low-resolution GC (LRGC)) allowed
separation into groups of isomers (e.g., separation of the TCDDs as a group from the
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PeCDDs), but the resolution was inadequate for separation of the isomers within a group
(e.g., separation of the 22 isomeric TCDDs). In the mid-1970s, glass capillary columns
were first used with PCDDs and PCDFs and were found to offer much better separation
of isomers and improved sensitivity. The special skills required to prepare these columns,
however, initially restricted their use to a limited number of laboratories. Thus, the
commercial development of prepared glass capillary columns, especially the introduction
of flexible, stable, reproducible fused silica columns around 1980, was one of the most
important advances in environmental PCDD/PCDF analysis (Clement & Tosine, 1988;
Clement, 1991).

The HRGC columns used for PCDD/PCDF analysis range from 15 to 60 m in length
with inner diameters in the range of 0.22-0.35 mm. They are often referred to as wall-
coated open-tubular (WCOT) columns, as the inner wall of the column is uniformly
coated with a thin film (0.15-0.25 pm) of a silicone (stationary phase) that accomplishes
the separations. Many different stationary phases have been used in PCDD/PCDF
analyses. In general, non-polar stationary phases (e.g., alkyl/aryl siloxanes) efficiently
separate PCDD/PCDF mixtures into groups with the same numbers of chlorines (all
TCDDs and TCDFs, all PeCDDs and PeCDFs, etc.), while polar stationary phases (e.g.,
cyanosilicones) distinguish between the isomers within a group. Frequently, separate
analyses using more than one column are required to ensure adequate separation of
congeners, for example, a short to medium-length, non-polar (SE-54 or DB-5) column
and a longer polar (Silar 10C or SP 2330) column (Clement & Tosine, 1988). A work-
shop convened by the Community Bureau of Reference of the Commission of the Euro-
pean Union recently recommended the use of a single, nonpolar column (e.g., DB-5) for
samples containing only 2,3,7,8-substituted PCDDs and PCDFs, and both a non-polar
and a polar column (e.g., SP 2331, CPSIL 88) for samples which also contain PCDDs/-
PCDFs with chlorine at other positions (Maier et al., 1994). Since higher terrestrial
vertebrates tend to accumulate selectively the 2,3,7,8-substituted congeners, satisfactory
analyses of biological samples from farm animals and humans are often achieved on non-
polar columns alone (de Jong et al., 1993).

Gas chromatographic retention times are compared with those of authentic standards
of the various PCDD and PCDF isomers (’C-labelled or unlabelled) for tentative isomer
identification. Confirmation of identity and quantification are accomplished by mass
spectrometry.

(N  Quantification

Although a few early studies used GC with ECD to quantify PCDDs and PCDFs,
modern practice depends almost exclusively on mass spectrometric detection with
selected ion monitoring (SIM) of two or more ions from the isotopic group of molecular
ions. This allows the use of stable-isotope-labelled internal standards, provides selec-
tivity against coextracted endogenous compounds and many other contaminants and
allows congeners with different degrees of chlorination to be quantified separately
(Clement & Tosine, 1988). Monitoring of the exact masses of the ions at high mass
spectometer resolution provides additional selectivity (Lamparski et al., 1991; Tondeur
& Beckert, 1991). '
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The advantages and disadvantages of various mass spectrometric methods for PCDDs
and PCDFs have been extensively reviewed and discussed in recent years (Clement &
Tosine, 1988; Buser, 1991; de Jong & Liem, 1993) and are therefore not reviewed here.
Either low-resolution mass spectrometry (LRMS) or high-resolution mass spectrometry
(HRMS) can provide adequate data, if it has been demonstrated by the analyst that ‘the
entire analytical procedure exhibits a sufficient sensitivity and specificity with regard to
concentration levels of the PCDD/F and the matrix composition’ (Maier et al., 1994).
Most analysts agree that HRMS, although not essential, is preferable. The monitoring of
additional fragment ions or use of collision-induced dissociation and tandem MS can
provide additional selectivity for confirmation or resolution of specific analytical diffi-
culties but, in practice, are seldom used.

Electron impact ionization is most commonly used for PCDD/PCDF analyses.
Negative-ion chemical ionization is very sensitive for the highly chlorinated congeners
but is not suitable for lower congeners such as 2,3,7,8-TCDD and may be difficult to use

quantitatively because of its marked dependence on operating conditions (Buser, 1991;
Maier et al., 1994).

Some differences in the relative abundances of ion fragments from different isomers
have been observed (Buser & Rappe, 1978), but do not provide a means of unambi-
guously differentiating between isomers; this requires chromatographic separation by GC
and/or by prior fractionation (Hagenmaier et al., 1986; Lamparski et al., 1991).

Quantification of PCDDs and PCDFs is accomplished by SIM comparisons of the
responses for sample components with those of internal standards, usually “C-labelled
2,3,7,8-substituted PCDDs. Calibration standards are used to determine detector response
for the various congeners and to confirm its linearity in the concentration range of the
samples. Careful attention to quality control and quality assurance procedures is essential
for the successful analysis of PCDDs and PCDFs at ultra-trace levels (Mitchum &
Donnelly, 1991).

1.2 Formation and destruction

PCDDs can be formed by a number of different reactions including synthetic
chemical, thermal, photochemical and biochemical; analogous pathways can be used for
their destruction. PCDDs already present in reservoir sources such as sediments, soil and
sewage sludge are significant contributors to current environmental levels.

1.2.1 Formation of PCDDs

(a) Chemical reactions

(1) Chlorophenoxyacetic acid herbicides (referred to hereafter as phenoxy
herbicides) ‘

The phenoxy herbicide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) (see IARC, 1977,
1986a, 1987b) was introduced in the late 1940s, and its use was maximal in the 1960s

and 1970s. After that time, it was phased out in most European countries and the United
States of America. 2,4,5-Trichlorophenol (TCP) (see IARC, 1979a, 1986b, 1987c) is the
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key intermediate in the production of 2,4,5-T. PCDDs, primarily 2,3,7,8-TCDD, were
formed during the production of TCP from 1,2,4,5-tetrachlorobenzene.

Depending on the temperature control and purification efficiency, levels of 2,3,7,8-
TCDD in commercial products vary greatly. For example, levels of 2,3,7,8-TCDD in
drums of the herbicide Agent Orange (a 1 : 1 mixture of the n-butyl esters of 2,4,5-T and
2,4-dichlorophenoxyacetic acid (2,4-D); see IARC, 1977c¢) stored in the United States
and in the Pacific before 1970 were between 0.02 and 47 mg/kg (analytical method N).
Nearly 500 samples were analysed and the mean value was 1.98 mg/kg (Young et al.,
1978; Young, 1983). Since Agent Orange was formulated as a 1 : 1 mixture of the butyl
esters of 2,4,5-T and 2,4-D, the levels of 2,3,7.8-TCDD in individual preparations of
2,4,5-T manufactured and used in the 1960s could have been as high as 100 mg/kg
(Rappe & Buser, 1981). |

Rappe et al. (1978a) reported that in other samples of Agent Orange (as well as in
2,4,5-T formulations produced in Europe and the United States in the 1950s and 1960s),
2,3,7,8-TCDD was the dominant PCDD/PCDF contaminant. Only minor amounts of
other PCDDs were found, primarily lower chlorinated PCDDs, in samples of Agent
Orange (analytical method AC). The concentrations of 2,3,7,8-TCDD have been reported
for 2,4,5-T formulations used in Scandinavia (Table 6) and New Zealand (Table 7).

Table 6. Concentrations of 2,3,7,8-TCDD
(mg/kg) in Scandinavian 2,4,5-trichloro-
phenoxyacetic acid and ester formula-

tions
Sample Source 2,3,7,8-
TCDD
2,4,5-T acid 1952, Sweden 1.10
2,4,5-T ester Unknown, Sweden 0.50
2,4,5-T ester Unknown, Sweden <0.05
2,4,5-T ester 1960, Sweden 0.40
2,4,5-T ester 1962, Finland 0.95
2,4,5-T ester 1966, Finland 0.10
2,4,5-T ester 1967, Finland <0.05
2,4,5-T ester 1967, Finland 0.22
2,4,5-T ester 1967, Finland 0.18
2,4,5-T acid 1964, USA 4.8
2,4,5-T acid 1969, USA 6.0

From Rappe et al. (1978a); Norstrom et al. (1979);
Rappe & Buser (1981)
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Table 7. Average concentrations
of 23,78-TCDD (ug/kg) in
24,5-T produced in New

Zealand

Year 2,3,7,8-TCDD
1971 950

1972 470

1973 47

1974 33

1975 24

1976 27

1977 31

1978 22

1979 13

1980 14

1981 7.3
1982 8.5
1983 53
1984 59
1985 4.7
From Smith & Pearce (1986)

As a result of governmental regulations, efforts were made by producers during the
1970s to minimize the formation of 2,3,7,8-TCDD during the production of 2,4,5-T. In
the 1980s, all producers claimed that their products contained less than 0.1 mg/kg
2,3,7,8-TCDD (Rappe & Buser, 1981). During production, TCP is separated from
2,3,7,8-TCDD by one or two distillations, which results in 2,3,7,8-TCDD being concen-
trated in the still-bottom residues. Up to 1 g/kg 2,3,7,8-TCDD in such residues has been
reported (Kimbrough et al., 1984; analytical method N).

Sixteen samples of 2,4-D esters and amine salts from Canada were analysed for the
presence of PCDDs. Eight of nine esters and four of seven amine salts were found to be
contaminated, with esters showing significantly higher levels (210-1752 pg/kg) than
salts (20-278 pg/kg) (analytical method AC). The TCDD isomer observed was the
1,3,6,8-isomer, verified using a synthetically prepared standard (Cochrane et al., 1982).
On the other hand, Schecter et al. (1993a) found no 2,3,7,8-TCDD at a detection limit of
0.02 pug/kg in one 2,4-D sample of Russian origin. Higher chlorinated PCDDs were
found in this sample at <1 ug/kg (I-TEQ for PCDDs/PCDFs, 0.2 pg/kg). Although
2,3,7,8-TCDD is not expected to be a contaminant in 2,4-D, Hagenmaier (1986) reported
that one German 2,4-D formulation contained 6.8 pg/kg 2,3,7,8-TCDD (analytical
method ACS).

No data were available to the Working Group on the analysis of samples of the herbi-
cide 4-chloro-2-methylphenoxyacetic acid (MCPA) for 2,3,7,8-TCDD or other PCDDs.

[However, it is not expected that PCDDs would be formed during the production of
MCPA, based on the starting materials and production route.]
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(1) Hexachlorophene

The bactericide hexachlorophene (see IARC, 1979b) is prepared from TCP. Due to
additional purification, the level of 2,3,7,8-TCDD in this product is usually below
0.03 mg/kg (WHO, 1989) (analytical method AC). Ligon and May (1986) reported
4.7 ug/kg 2,3,7,8-TCDD in one hexachlorophene sample; Baughman and Newton (1972)
found 3.8 and 0.5 pg/kg in two samples. The use of hexachlorophene in cosmetics has
been banned in the European Union (Her Majesty’s Stationery Office, 1989).

(111) Chlorophenols

Due to occupational and environmental risks, the use of chlorophenols has now been
phased out in most European countries and in a few countries outside Europe. Chloro-
phenols have been used extensively since the 1950s as insecticides, fungicides, mould
inhibitors, antiseptics and disinfectants. In 1978, the annual world production was esti-
mated to be approximately 150 000 tonnes (Rappe et al., 1979a). The most important use
of 2,4,6-tri-, 2,3,4,6-tetra- and pentachlorophenol (PCP) and their salts is for wood
preservation. PCP is also used as a fungicide for slime control and in the manufacture of
paper pulp, and for a variety of other purposes such as in cutting oils and fluids, for
tanning leather and in paint, glues and outdoor textiles (Rappe et al., 1978b). Table 8
summarizes a number of analyses of the levels of PCDDs in commercial chlorophenol
formulations.

Table 8. Levels of PCDDs in commercial chlorophenols

(mg/kg)

2,4,6-Tri- 2,3,4,6-Tetra-  Pentachlorophenol

chlorophenol chlorophenol

Sample A Sample B

TCDDs - 0.7 <0.02 <0.1
PeCDDs < 0.3 5.2 <0.03 <0.1
HxCDDs <0.5 9.6 10 8
HpCDDs <0.2 5.6 130 520
OCDD - 0.7 210 1380
From Rappe (1979a)

Buser and Bosshardt (1976) reported the results of a survey of the PCDD and PCDF
content of PCP and its sodium salt from commercial sources in Switzerland (analytical
method AC). On the basis of the results, the samples could be divided into two groups: a
first series with generally low levels (HxCDD, < 1 mg/kg) and a second series with much
higher levels (HxCDD, > 1 mg/kg) of PCDDs. Samples with high PCDD levels also had
high levels of PCDFs. The ranges of the combined levels of PCDDs and PCDFEs were
2-16 and 1-26 mg/kg, respectively, for the first series of samples and 120-500 and 85—
570 mg/kg, respectively, for the second series of samples. The levels of OCDD were as
high as 370 mg/kg; this congener dominated the PCDD content of the samples.

Miles ez al. (1985) analysed HxCDDs in PCP samples from five different manufac-
turers in Canada using an isomer-specific analytical method (analytical method ACT).
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The study included both free PCP and sodium salts. Total HxCDDs in PCP samples
ranged from 0.66 to 38.5 mg/kg while, in the sodium salts, levels between 1.55 and 16.3
mg/kg were found. The most abundant HxCDD isomer in free PCP was the 1,2,3,6,7,8-
isomer; however, in the sodium salts, the 1,2,3,6,7,9- and 1,2,3,6,8,9-HxCDD pair was
the most abundant, probably due to different routes of synthesis.

Hagenmaier (1986) reported that 2,3,7,8-TCDD could be detected in PCP formu-
lations from Germany and the United States at concentrations of 0.21-0.56 ug/kg (analy-
tical method ABS). 1,2,3,7,8-PeCDD was found in these formulations at higher concen-
trations (0.9-18 pg/kg; analytical method ABS) (Hagenmaier & Brunner, 1987).

(iv) Chlorodiphenyl ether herbicides

Yamagishi et al. (1981) reported on the occurrence of PCDDs and PCDFs in the
Japanese commercial diphenyl ether herbicides primarily used in rice fields: 1,34-
trichloro-2-(4-nitrophenoxy)benzene (CNP), 2,4-dichloro-1-(4-nitrophenoxy)benzene
(Nitrofen; NIP; see IARC, 1983) and 2,4-dichloro-1-(3-methoxy-4-nitrophenoxy)-
benzene (chlomethoxynil; X-52). The total TCDD content was 140—170 mg/kg in CNP,
0.38 mg/kg in NIP and 0.03 mg/kg in X-52. Very few synthetic standards were used, but
the major TCDDs identified were the 1,3,6,8- and 1,3,7,9- isomers, the expected
impurities in the starting material 2,4,6-trichlorophenol (2,4,6-TCP). No 2,3,7,8-TCDD
was detected in these samples.

(v) Hexachlorobenzene

Hexachlorobenzene (see IARC, 1979c¢) used to be applied for the control of wheat
bunt and fungi. Villanueva et al. (1974) analysed three commercial hexachlorobenzene
preparations and identified OCDD in the range of 0.05-211.9 mg/kg (analytical
method C).

(vi) Pulp bleaching

During the 1950s, free chlorine gas was introduced for the bleaching of pulp in pulp
and paper mills. In 1986-87, it was first reported that bleaching pulp using free chlorine
gas produced 2,3,7,8-TCDD (Rappe et al., 1987a). A survey performed in 1987 in the
United States showed that the concentrations of 2,3,7,8-TCDD in bleached pulp ranged
from undetectable (at a detection limit of 1 ng/kg) up to 51 ng/kg, with a median concen-
tration of 4.9 ng/kg and a mean of 13 ng/kg (Gillespie & Gellman, 1989).

New technology has been developed for pulp bleaching using chlorine dioxide
(elemental chlorine-free, ECF) or non-chlorinated reagents (total chlorine-free, TCF). No
2,3,7,8-TCDD was found in ECF- or TCF-bleached pulp (detection limit, 0.03 ng/kg)
(analytical method ABS) (Rappe & Wagman, 1995).

(vii) Dyes and pigments
Williams et al. (1992) analysed a series of dioxazine dyes and pigments (Blue 106,
Blue 108 and Violet 23) from Canada. OCDD was detected in all samples (analytical

method ACS) in the range of 23 ng/kg-42 mg/kg, with the highest concentrations in
three samples of Blue 106. :
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(b) Thermal reactions

(1)  Incineration of municipal waste

Olie et al. (1977) reported the occurrence of PCDDs and PCDFs in fly ash from three
municipal incinerators in the Netherlands. Their results indicated the presence of up to 17
PCDD peaks, but isomer identification and quantification were not possible due to the
lack of synthetic standards. Buser et al. (1978a) studied fly ash from a municipal inci-
nerator and an industrial heating facility in Switzerland. In the former, the total level of
PCDDs was 0.2 mg/kg. In the industrial incinerator fly ash, the level was 0.6 mg/kg.

In 1986, a working group of experts convened by the World Health Organization
Regional Office for Europe (WHO/EURO, 1987) reviewed the available data on
emissions of PCDDs from municipal solid-waste incinerators. They concluded that,
because of their high thermal stability, PCDDs were destroyed only after adequate
residence times (> 2 s) at temperatures above 800 °C. Total emissions of PCDDs from
tests on municipal solid-waste incinerators were reported to range between a few and
several thousand ng/m’ dry gas at 10% carbon dioxide. The WHO working group
prepared a table giving a range of estimated isomer-specific emissions for those isomers
of major concern with respect to municipal solid-waste incinerators operating under
various conditions (Table 9).

The emissions tabulated in column 1 are those which the working group considered to
be achievable in modern, highly controlled and carefully operated plants in use in 1986.
The results given in column 1 are not representative of emissions that might be expected
from such plants during start-up or during occasional abnormal conditions. Emission
levels listed in column 2 were considered by the working group to be indicative of the
upper limit of emissions from modern municipal solid-waste incinerators. These plants
might experience such emissions during start-up or during occasional abnormal
conditions, although some of the data reviewed have shown that the figures in column 2
should not be considered to be an absolute maximum. However, most plants existing in
1986, if carefully operated, will have had PCDD emissions in the range between columns
1 and 2. The highest values for municipal solid-waste incinerators (column 3) were
obtained by multiplying the values in column 2 by a factor of 5. Emission levels that
were reported to the working group from all tests and under all circumstances were no
greater than these values. Generally, these emission levels are associated with irregular
or unstable operating conditions, high moisture content of the municipal solid waste, or
low combustion or afterburner temperatures. Of special importance is the observation
that the emission of 1,2,3,7,8-PeCDD normally exceeds the emission of 2,3,7,8-TCDD
by a factor of 3-10.

During the second half of the 1980s and 1990, regulatory agencies in several
countries, such as Sweden, Germany and the Nethcrlands, announced strict regulations
for municipal solid-waste incinerators. The European Union value is 0.1 ng I-TEQ per m’
(Buropean Union, 1994) (see column 4, Table 9). This directive has resulted in the intro-
duction of modern air pollution control devices and, together with improved burning
conditions, has led to a decrease in PCDD emissions from municipal solid-waste inci-
nerators, which had been considered to be major sources.



Table 9. Estimated range of emissions of PCDDs from municipal solid-waste (MSW) and muni-
cipal sewage sludge (MSS) incinerators

Emissions from MSW combustion (ng/m’)

Emissions from MSS
combustion (ng/m’)

Achievable with  Maximum ‘High Achievable with Most probably highest

modern plants from average  emissions’ modern plants with  emissions

with no gas operation (2) 3) gas cleaning’ (4) 5)

cleaning (1)
2,3,7,8-TCDD 0.1 1.5 1.5 0.01 0.1
1,2,3,7,8-PeCDD 03 14 70 0.03 0.3
1,2,3,4,7,8-HxCDD 0.2 31 155 0.02 0.2
1,2,3,6,7,8-HxCDD 0.6 56 280 0.05 0.6
1,2,3,7,8,9-HxCDD 0.4 20 100 0.04 0.4

From WHO/EURO (1987) excepted when noted
“Values obtained by multiplying values in column 2 by a factor of 5
* Adapted from ECETOC (1992)
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(i) Incineration of sewage sludge

Sludge from municipal waste-water treatment plants may be incinerated after being
dehydrated. The WHO working group in 1986 reviewed the available data from muni-
cipal sewage sludge incinerators and found that PCDD and PCDF emissions from this
type of plant were generally lower than emissions from municipal solid-waste inci-
nerators (see Table 9, column 5) (WHO/EURO, 1987).

(i) [Incineration of hospital waste

Doyle er al. (1985) claimed that the incomplete combustion of certain hospital wastes
containing halogenated compounds could produce high emission of PCDDs. They found
the mean levels of total PCDDs to be 69 ng/m’, but no isomer-specific data were given.
Data cited by the United States Environmental Protection Agency indicate that flue gas
emissions from hospital waste incinerators are in the range 10-100 ng I-TEQ/m’, higher
than the levels achievable with modern municipal solid-waste incinerators (United States
Environmental Protection Agency, 1994; Thomas & Spiro, 1995). [The Working Group
noted that, due to smaller emission volumes, the overall emissions from hospital waste
incinerators are generally lower than those from municipal solid-waste incinerators.]

(iv) Incineration of polyvinyl chloride (PVC)

The formation of PCDDs during the combustion of PVC (see IARC, 1979d) is a
controversial issue. However, the incineration conditions appear to be quite important.
On the basis of laboratory experiments, Christmann et al. (1989a) considered PVC to be
an important source of PCDDs/PCDFs. However, experiments performed in incinerators
showed the effect of PVC on the formation of PCDDs/PCDFs to be minimal (Franken-
haeuser et al., 1993; Wikstrém et al., 1996).

(v)  Combustion of wood

Schatowitz et al. (1994) measured PCDD/PCDF emissions from small-scale labora-
tory studies of combustion of wood and household waste (analytical method ABS). The
results (in ng I-TEQ/m’) are summarized in Table 10. Data on PCDDs and PCDFs are
not separated.

Table 10. PCDD/PCDF emissions from wood and
household waste combustion

Fuel Furnace (ng I-TEQ/m’)
Beech wood sticks Fireplace 0.064

Beech wood sticks Stick wood boiler 0.019-0.034
Wood chips Automatic chip furnace  0.066-0.214

Uncoated chipboard ~ Automatic chip furnace  0.024-0.076
Waste wood chips Automatic chip furnace  2.70-14.42
Household waste Household stove, closed 114.4

From Schatowitz et al. (1994)
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(vi) Automobile emissions

Hagenmaier et al. (1990a) reported on the automobile exhaust emissions of PCDDs/-
PCDFs and the lower chlorinated congeners and brominated analogues. The results of
four representative experiments using leaded gasoline, unleaded gasoline with or without
catalytic converters, and diesel fuel (analytical method ABS) are summarized in
Table 11.

Table 11. PCDDs from automobile emissions (pg/m°)

Leaded Unleaded Unleaded Diesel
gasoline  gasoline  gasoline with engine

catalytic

converter
TCDDs 595 84 3.7 19
2,3,7,8-TCDD 16.7 0.5 0.21 0.40
PeCDDs 436 93 33 1.0
1,2,3,7,8-PeCDD 55.5 3.7 0.21 0.46
HxCDDs 244 59 34 1.2
1,2,3,4,7,8-HxCDD 24.5 32 0.31 <0.26
1,2,3,6,7,8-HxCDD 27.1 33 045 <0.26
1,2,3,7,8,9-HxCDD 24.1 34 0.40 <0.26
HpCDDs 152 18 5.0 4.5
1,2,3,4,6,7,8-HpCDD 65.7 7.8 1.97 2.24
OCDDs 65 34 219 22.4
I-TEQ pg/m’ 141.5 9.8 0.93 1.20
I-TEQ pg/L fuel 1083.3 50.7 7.20 23.60

From Hagenmaier et al. (1990a)

(¢) Photochemical reactions

It was reported by Nilsson et al. (1974) that chlorinated 2-phenoxyphenols (pre-
dioxins) could be converted to PCDDs by a photochemical cyclization reaction. More
recently, Vollmuth ef al. (1994) reported on the photochemical dimerization of chloro-
phenols yielding OCDD. The most important photochemical reaction, however, is photo-
chemical dechlorination resulting in transformation of PCDDs to lower chlorinated
compounds. Kieaitwong et al. (1990) reported that 2,3,7,8-TCDD could be identified
among the products of photochemical dechlorination of OCDD.

(d) Biochemical reactions

Oberg et al. (1990) showed that chlorinated phenols could be transformed in vitro to
PCDDs by peroxidase-catalysed oxidation. It was also demonstrated, using “C-labelled
PCP, that HpCDDs and OCDDs could be formed in sewage sludge (Oberg et al., 1993).

1.2.2  Destruction of PCDDs

Although PCDDs generally are considered to be very stable, they can undergo a series
of chemical degradation reactions. Peterson and Milicic (1992) reported the degradation
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of a series of PCDDs using a mixture of potassium hydroxide in polyethylene glycol.
Oku et al. (1995) also reported the successful destruction of PCDDs using sodium or
potassium hydroxide in the new solvent 1,3-dimethyl-2-imidazolidinone.

Thermal degradation of PCDDs occurs at temperatures above 800 °C and at residence
times of longer than 2 s (WHO/EURO, 1987), but the conditions required for thermal
degradation are matrix-dependent.

Hosoya et al. (1995) showed that 2,3,7,8-TCDD can be decomposed successfully by
photochemical reactions with a hydrophobic octadecylsilylated-silica gel used as the
solid support. Conversely, Vollmuth and Niessner (1995) reported no significant degra-
dation of PCDDs by ultraviolet radiation, ozone or a combination of the two.

Adriaens et al. (1995) reported on the biologically mediated reductive dechlorination
of HxCDDs in sediments using inocula derived from contaminated environments.

1.3  Occurrence

All tissue concentrations reported in this section are lipid-based (as ng/kg fat), unless
otherwise stated.

1.3.1  Occupational and accidental exposures to PCDDs

(a) Occupational exposures
(1)  Exposure during production of TCP, 2,4,5-T and PCP

Germany: In November 1953, an uncontrolled decomposition reaction occurred in an
enclosed TCP production facility of BASF at Ludwigshafen, Germany. 2,3,7,8-TCDD
was formed during the reaction and contaminated the autoclave section of the building.
Employees were exposed to 2,3,7,8-TCDD contaminant during subsequent clean-up and
repair activities (Zober et al., 1990; Zober & Pipke, 1993). Analysis of a sample of adi-
pose tissue collected in 1984 from one of the exposed workers showed a 2,3,7,8-TCDD
concentration of 100 ng/kg wet weight adipose tissue (Nygren et al., 1986). Zober and
Pépke (1993) later analysed samples of autopsy tissues collected from four cases 35—39
years after the same accident. In all samples, the concentrations of most PCDDs were in
the normal range, with the exception of 2,3,7,8-TCDD, the concentrations of which were
much higher (see Table 12; analytical method ACS). Measurements of the blood
concentration of 2,3,7,8-TCDD were performed in 1988 in 138 men whose first contact
with PCDDs occurred within one year of the accident (Zober et al., 1994). Current values
were extrapolated back to the time of exposure. The geometric mean concentrations
ranged from 1118 ng/kg in group with severe chloracne to 148 ng/kg in group with no
chloracne. Background blood levels of 2,3,7,8-TCDD in the plant were <5 ng/kg. Ott
et al. (1993) reported on the concentrations of 2,3,7,8-TCDD in blood lipids of these
workers sampled between 1988 and 1992, 35-39 years after the accident. The geometric
mean value was 15.4 ng/kg. [Back-calculation to the time of the accident, using a
2,3,7,8-TCDD half-life of seven years, gives an estimated blood lipid concentration of
480 ng/kg. If the normal German background concentration in 1990 is first subtracted,
the estimate is approximately 400 ng/kg.]
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Table 12. Post-mortem concentrations of 2,3,7,8-TCDD
(ng/kg fat) in autopsy samples from four individuals
involved in the 1953 BASF accident

Blood Adipose’ Liver Kidney Brain

Case 1 255 171 178 198 36
Case 2 32 34 28 - 7
Case 3 7482° 13 563 13 563 11 195 2457
Case 4 448 648 550 - —

From Zober & Pipke (1993)
“German background concentration, 5 ng/kg

*Significant weight loss before death may have resulted in increased
levels of 2,3,7,8-TCDD in blood and other tissues, especially in
Case 3. Eight months before death, blood concentration for Case 3
was 518 ng/kg (compared with 7482 ng/kg at autopsy); Case 3 lost
20-25 kg in body weight in the eight months before death. Case 2
showed a smaller effect but in the same direction (blood concen-
tration, 17 ng/kg at 5 months before death; 7-10 kg weight loss).
Case 4 had a blood level of 590 ng/kg 10 months before death, and
no subsequent weight loss was reported. No data were available for
Case 1.

Pipke et al. (1992) analysed in 1988-91 the blood of 12 workers exposed during
production of TCP. Concentrations of 2,3,7,8-TCDD were approximately 100 times
higher than those in a group of background controls, while the concentrations of the
higher chlorinated PCDDs were lower in exposed workers than in controls, but not
significantly. In blood from 20 workers exposed to PCDDs during production of PCP,
the concentrations of OCDD, 1,2,3,4,6,7,8-HpCDD and 2,3,7,8-derived HxCDDs were
much higher in the exposed workers than in controls (see Table 13).

Table 13. Concentrations of PCDDs in human blood
(ng/kg fat) during production of chlorophenols in

Germany

TCP PCP Control

n=12) (=20) (n=102)
2,3,7,8-TCDD 331.8 4.5 3.6
1,2,3,7,8-PeCDD 10.7 28.3 13.8
All 2,3,7,8-substituted HxCDDs  34.5 398.8 78.9
1,2,3,4,6,7,8-HpCDD ' 44.3 2514.1 92.4
OCDD 428.9 331915 6103

From Pipke et al. (1992)
TCP, 2,4,5-trichlorophenol; PCP, pentachlorophenol
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Flesch-Janys et al. (1996a) studied 48 workers (45 men and 3 women) from a
Boehringer-Ingelheim plant in Hamburg manufacturing a range of herbicides. The blood
of these workers was sampled twice (for 43 workers) or three times (for 5 workers). The
mean time between the end of employment and the first blood sampling was 5.4 years
(median, 2.0 years), and the mean time between first and last blood sampling was 5.6
years (median, 6.3 years) (analytical method AB). The results are given in Table 14. In
the first sampling, the median concentration of 2,3,7,8-TCDD was 84.1 ng/kg (range,
15.6-300.2 ng/kg). The corresponding values for the second sampling are: median,
48.9 ng/kg (range, 7.7-277.9 ng/kg). More measurements from the Boehringer plant and
two other German plants (the BASF plant in Ludwigshafen (this cohort was different
from the accident-exposed group) and a Bayer plant in Ingelheim (Becher et al., 1996))
were also performed (summarized in Kogevinas ef al., 1997). The 190 subjects from the
Boehringer plant showed mean estimated concentrations at the end of employment of
141 ng/kg 2,3,7,8-TCDD (range, 3-2252 ng/kg). In the BASF plant, 20 subjects showed
mean 2,3,7,8-TCDD values of 401.7 ng/kg (range, 23—1935 ng/kg), while 19 workers at
the Bayer plant had a mean level of 3.2 ng/kg (range, 1.3-6.5 ng/kg).

Table 14. Concentrations of PCDDs (ng/kg fat) in blood of workers
at a German herbicide plant (Boehringer-Ingelheim plant)

First blood sample’ Last blood sample’
No.” Median  Range Median  Range
2,3,7,8-TCDD 48 84.1 15.6-300.2 489 772779
1,2,3,7,8-PeCDD 40 51.1 27.2-251.2 359 13.2-190.3
1,2,3,4,7,8-HxCDD 41 83.2 25.6-746.9 51.3  18.7-559.7
1,2,3,6,7,8-HxCDD 40 354.7 127.7-2939 255.8 101.6-2493
1,2,3,7,8,9-HxCDD 39 88.2 29.3-680.8 395 17.6-283.3
1,2,3,4,6,7,8-HpCDD 26 641.2 310.5-5152 2345 94.2-1526
OCDD 32 2526 1356-17 566  1288.5  842-10 395
TEQ’ 45 191.9 43.1-767.2 115.3  29.4-500.4

From Flesch-Janys et al. (1996a)

* Number of persons whose levels exceeded upper background concentrations at all
points in time

* Mean, 5.4 years after end of employment

“ Mean, 5.6 years after the first blood sample

* German TEQ (total PCDDs/PCDFs)

United States: The largest study in the United States of workers assigned to
production of substances contaminated with 2,3,7,8-TCDD was conducted by the United
States National Institute for Occupational Safety and Health (Fingerhut et al., 1991a). A
more detailed technical report of this study is also available (Fingerhut et al., 1991b).
This 12-plant study included the Nitro, WV, plant of Monsanto and the Midland, MI,
plant of Dow. The cohort was constructed after a review of personnel records at plants
producing chemicals known to be contaminated with 2,3,78-TCDD (principally TCP
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and 2,4,5-T). The cohort included most workers in the United States likely to have been
exposed to 2,3,7,8-TCDD in chemical manufacturing; these were 5000 men with work
records showing assignment to a production or maintenance job in a process involving
2,3,7,8-TCDD contamination, as well as an additional 172 men without work history
records but known to have been exposed based upon inclusion in a prior cross-sectional
medical study by Suskind and Hertzberg (1984) at the Nitro, WV, plant. These latter 172
men and an additional 30 men in the United States National Institute for Occupational
Safety and Health study lacked sufficient work history information to permit their
inclusion in more detailed analyses by duration of exposure. Follow-up was conducted
through 1987. Serum 2,3,7,8-TCDD levels, available for 253 cohort members at two
plants (different from the Nitro and Midland plants), measured in 1987 averaged a mean
of 233 ng/kg, compared with 7 ng/kg for a group of 79 unexposed workers. The mean
level was 418 ng/kg for 119 workers exposed for more than one year. All workers had
last been exposed 15-37 years earlier. Extrapolation to the date of last employment of
these workers, assuming a 7.1-year half-life for 2,3,7,8-TCDD elimination, indicated a
mean serum level at that time of 2000 ng/kg (highest level, 32 000 ng/kg). The corre-
lation between extrapolated serum 2,3,7,8-TCDD levels and duration of exposure was
0.72 (Fingerhut et al., 1991b).

Sweden: Littorin et al. (1994) analysed blood from five workers at a factory in
Sweden where 2,4-D, MCPA, 2-(4-chloro-2-methylphenoxy)propanoic acid (MCPP) and
2,4,6-trichlorophenol (Saracci et al., 1991) had been formulated, but where production
had ceased in 1979, and that of five referents. [2,4,5-T was not produced at this site.] The
results are given in Table 15. The concentrations of all PCDDs were high, especially that
of 1,2,3,7,8-PeCDD, which was unexpectedly found to be higher than that of 2,3,7,8-
TCDD. However, a leachate sample from the factory also contained a higher level of
1,2,3,7,8-PeCDD.

Austria: Neuberger et al. (1991) reported mean blood levels of 389 ng/kg 2,3,7,8-
TCDD (range, 98-659 ng/kg) in TCP and 2,4-D production workers with chloracne
exposed about 17 years earlier.

Netherlands: Hooiveld et al. (1996a) took blood samples in 1993 from 48 persons
occupationally exposed to phenoxy herbicides, chlorophenols (and the contaminant
2,3,7,8-TCDD) in 1955-85 in a chemical factory where an accident occurred in 1963.
The geometric mean levels of 2,3,7,8-TCDD were 22.9 ng/kg in men who worked in the
main production unit and 87.2 in subjects exposed as a result of the accident.

(i1) Exposure during handling and spraying of 2,4,5-T

Nygren ez al. (1986) reported analyses of adipose tissue from 31 persons in Sweden,
13 of whom were exposed to phenoxy herbicides and 18 of whom were unexposed
controls. Of the exposed persons, 11 had neoplastic diseases; in controls, six persons had
cancer, giving a total of 17 cancer patients and 14 persons without cancer. No difference
was found between exposed and unexposed or between cancer patients and persons
without cancer (see Table 16; analytical method ACS).



POLYCHLORINATED DIBENZO-para-DIOXINS 57

Table 15. Blood plasma concentrations of PCDDs in five
phenoxy herbicide/chlorophenol production workers and five
referents in Sweden

Analyte Plasma concentration (ng/kg fat)
Workers Referents p value®
Mean"  Range Mean’ Range
PCDDs
2,3,7,8-TCDD 17 9.1-37 20 0.7-33 0.008
1,2,3,7,8-PeCDD 22 14-33 69 4.0-10 0.008
1,2,3,4,7,8-HxCDD 45 2.7-6.9 24 0844 0.2
1,2,3,6,7,8-HxCDD 43 28-58 28 10-39 0.2
1,2,3,7,8,9-HxCDD 18 8.8-27 75 2.0-13 0.1
1,2,3,4,6,7,8-HpCDD 87 33-120 43 7.9-78 0.06
OCDD 750 400-1300 280 110440 0.02
I-TEQ 56 30-94 21 8.2-34 0.02

From Littorin et al. (1994)
“Wilcoxon’s rank sum test for unpaired samples (two-tail)
*Values below the detection limit were set at half that concentration.

In another study in Sweden including 20 non-Hodgkin lymphoma patients and 17
controls, Hardell ez al. (1996) reported no significant differences in the concentrations of
PCDDs and PCDFs in adipose tissue (see also Section 2.2.2(b)).

Professional pesticide applicators involved in ground-level spraying of 2,4,5-T in
New Zealand are claimed to be the group most heavily exposed to agricultural use of
2,4,5-T in the world (Smith et al., 1992a). Many of the applicators sprayed for more than
six months per year and some were spraying for more than 20 years. Measurements of
2,3,7,8-TCDD in blood serum of nine of these workers (Table 17) gave arithmetic means
of 53.3 ng/kg for the exposed group and 5.6 ng/kg for a group of matched controls (ratio,
9.5). For all other congeners, the ratio between the levels in the exposed group and the
controls was below 1.5.

Military personnel in Viet Nam: The Viet Nam Experience Study is described by its
authors as a ‘multidimensional assessment of the health of Viet Nam veterans (Centers
for Disease Control Vietnam Experience Study, 1988a,b,c,d). This study was designed to
examine effects among men who served in the United States armed forces in Viet Nam,
where Agent Orange (see Section 1.2.1(a)(i)) was widely sprayed as a herbicide and
defoliant (Operation Ranch Hand). The study population was a random sample of men
who enlisted in the United States Army from 1965 through 1971, whose military
occupational status was other than ‘duty soldier’, who enlisted for a single term with a
minimum of 16 weeks’ active duty and who were discharged at pay grades of E-1 to E-5.
The controls were selected from among veterans enlisting during the same period but
whose duty station was the United States, Germany or Korea. Participation involved



Table 16. Concentrations of PCDDs in human adi

phenoxy herbicides in Sweden

pose tissue (ng/kg wet weight) from persons exposed to

Compound Mean value Range Exposed Unexposed Cancer patients Controls
(n=31) (without cancer)
Mean Range Mean Range Mean Range Mean Range
(n=13) (n=18) (n=17) (n=14)
2,3,7,8-TCDD 3 0-9 2 0-9 3 2-6 3 2-9 3 2-6
1,2,3,7,8-PeCDD 10 3-24 6 3-24 9 4-18 9 4-24 9 3-18
1,2,3,6,7,8-HxCDD 15 3-55 19 8-55 12 3-18 18 3-55 12 8-18
- 1,2,3,7,8,9-HxCDD 4 3-5 5 3-13 4 3-5 4 3-13 4 3-5
1,2,3,4,6,7,8-HpCDD 97 12-380 104 20-380 85 12-176 100 12-380 85 20-168
OCDD 414 90-763 398 90-763 421 98-679 408 90-620 421 182-763

From Nygren et al. (1986)

8¢
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completion of a telephone survey of current and past health status by 7924 veterans who
served in Viet Nam and 7364 veterans who served outside Viet Nam. A random
subsample of 2940 Viet Nam and 1972 non-Viet Nam veterans participated in the health
evaluation component.

Table 17. Levels of PCDDs in serum of nine 245-T
applicators and nine matched control subjects in New

Zealand
Congener Average level (ng/kg fat + SE)*  Ratio’
Applicator Matched control

2,3,7,8-TCDD 533+ 16.1 5.6+1.1 9.5
1,2,3,7,8-PeCDD 124+ 1.1 8.8+0.7 14
1,2,3,4,7,8-HxCDD 6.8+0.5 5.7+04 1.2
1,2,3,6,7,8-HxCDD 28.615.1 23.3+49 1.2
1,2,3,7,8,9-HxCDD 99+0.9 82106 1.2
1,2,34,6,7.8-HpCDD  121.9+285 119.4+184 1.0
OCDD 788.6+82.3 758.7+92.8 1.0

From Smith et al. (1992a)
* Values are adjusted for total lipids in serum.

* Ratio, average for applicators/average for matched control sub-
jects

Investigators in the Centers for Disease Control Veterans Health Studies (1988; see
Table 18) studied serum levels of 2,3,7,8-TCDD among 646 Viet Nam veterans who
were ground combat troops during 1967—68 in areas heavily sprayed with Agent Orange.
Also studied were 97 veterans who did not serve in Viet Nam. The mean serum level was
4 ng/kg for each group, as measured in 1987. There was no correlation between serum
levels of 2,3,7,8-TCDD and service in areas of Viet Nam ranked by level of presumed
intensity of spraying based on military records, or between serum levels and self-reported
levels of exposure to Agent Orange. Only two Viet Nam veterans had levels above
20 ng/kg (25 and 45 ng/kg). This study did not include Viet Nam veterans who served in
the Air Force spraying of Agent Orange (the Operation Ranch Hand veterans), nor
members of the Army Chemical Corps which also sprayed Agent Orange. There are data
indicating that these specific groups (especially Ranch Hand veterans) had significant
levels of exposure to PCDDs above background.

One of the largest epidemiological studies of United States military personnel
stationed in Viet Nam is being conducted by the United States Air Force. The study
population consists of Air Force personnel who served in Operation Ranch Hand units in
Viet Nam from 1962 to 1971 and who were employed in the dissemination of Agent
Orange through aerial spraying. Comparisons included Air Force personnel who flew or
maintained C-130 aircraft in south-east Asia during the same period. The study design
includes a series of cross-sectional medical studies conducted at five-year intervals
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Table 18. Serum levels of 2,3,7,8-TCDD in United States
veterans who served in Viet Nam and elsewhere in 1987

Place of service No. Mean + SD  Percentile
(ng/kg)

25th  50th  75th  90th  95th

Non-Viet Nam 97 41x23 2.8 3.8 4.9 72 9.2
Viet Nam 646 42x26 2.8 3.8 5.1 6.8 1.8

From Centers for Disease Control Veterans Health Studies (1988)

beginning with the baseline study in 1982 (1045 exposed, 1224 unexposed). Two follow-
up evaluations were conducted in 1985 (1016 exposed, 1293 unexposed) and 1987 (995
exposed, 1299 unexposed). Each cross-sectional study included comprehensive physical
and psychological evaluations. In the 1982 baseline and 1985 and 1987 follow-up
studies, exposure was based on the comparison of the Ranch Hand group versus the
comparison group. An additional analysis estimated the approximate exposure (low,
medium or high) for the Ranch Hand group by using historical military data and herbi-
cide procurement and usage records (Roegner et al., 1991).

The Air Force Ranch Hand veterans (Wolfe ef al., 1990) (see Table 19) tested in
1987 and exposed during 1962-71 (n = 888) had a median of 12.4 ng/kg serum 2,3,7,8-
TCDD compared with a median of 4.2 ng/kg for comparison subjects (n = 856) who
were Air Force personnel not exposed to herbicides. The highest levels were for non-
flying enlisted personnel (n = 407), with a median of 23.6 ng/kg. Air Force Ranch Hand
veterans sprayed approximately 88-90% (Thomas & Kang, 1990) of the Agent Orange
applied in Viet Nam, with application from airplanes. The remaining 10-12% was
sprayed by the Army Chemical Corps which applied the herbicide around the perimeter
of bases either from the ground or from helicopters. Kahn ef al. (1988) studied 2,3,7,8-
TCDD serum levels in a sample of 10 heavily exposed Viet Nam veterans and matched
controls. The two highest levels were found in Army Chemical Corps personnel
(approximately 75 and 180 ng/kg. It should be noted that both Ranch Hand veterans and
Army Chemical Corps veterans sprayed other herbicides (Agent White or Agent Blue)
besides Agent Orange, although few other herbicides were contaminated with PCDDs
(Thomas & Kang, 1990). These data suggest that, although some Ranch Hand subjects
were exposed to very high levels of 2,3,7,8-TCDD, most had lower exposures.

Nygren et al. (1988) analysed adipose tissue and blood samples collected 15-20 years
after military service from 27 men, 10 of whom were heavily exposed during their
service in Viet Nam, 10 of whom had marginal exposure during service and served as
Viet Nam controls and seven veterans who did not serve in Viet Nam and were used as
‘era’ controls. The results are summarized in Table 20. The only difference in the mean
values was for 2,3,7,8-TCDD, for which the arithmetic mean for the heavily exposed
group is approximately 8—10 times higher than that for controls. The highest level found
was 213 ng/kg. In another report from the same study group, Gochfeld et al. (1989)
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found a good correlation (r = +0.89) between the concentrations of 2,3,7,8-TCDD in
blood and adipose tissue.

Table 19. Serum 2,3,7,8-TCDD levels (ng/kg) in Ranch Hand and
control veterans

Stratum Ranch Hand veterans Comparison subjects

No. Median Range No. Median Range

Flying officers (pilot) 247 7.3 0.042.6 239 47 0.0-18.5
Flying officers 63 9.3 1.1-35.9 53 45 2.2-79
(navigator)

Nonflying officers 19 6.6 3.1-249 11 4.3 0.0-6.0
Flying enlisted personnel 152 17.2 0.0-1955 137 40 0.0-12.7
Nonflying enlisted 407 23.6 0.0-617.7 416 3.9 0.0-54.8
personnel

All personnel 888 124 0.0-617.7 856 4.2 0.0-54.8

From Wolfe et al. (1990)

(iit) Exposure to PCDDs at incinerators

The levels of PCDDs in blood from 11 workers at a Swedish hazardous waste inci-
nerator fell within the range of the normal background (Rappe et al., 1992). The same
result was reported by Bolm-Audorff ez al. (1994) for 31 workers at three hazardous
waste incinerators in Germany.

Boske et al. (1995) analysed 37 blood samples of employees at a municipal solid-
waste incinerator. They reported that no increased concentrations could be attributed to
professional activities by the donors. Similarly, Pépke e al. (1993a) found normal I-TEQ
values in 10 blood samples from workers employed at municipal solid-waste incinerators
in Germany.

In order to determine occupational exposure of employees in three hazardous waste
incinerators, 25 workplace air measurements were analysed (Pépke et al., 1994a). The
highest concentration measured was 3.79 pg I-TEQ/m’, corresponding to 7.6% of the
German occupational technical exposure limit (TRK) of 50 pg I-TEQ/m’ (see Section
1.5). All the sampling took place during a normal working day at the plants.

The exposure situation can change quite drastically when repair works are carried out
at hazardous waste incinerators and/or during welding, cutting and burning of metals
(Menzel et al., 1996), which can lead to exceptionally high concentrations. Qutside of
hazardous waste incinerators, high concentrations can also occur at demolition sites
where steel constructions and machines are burned. The TRK value was exceeded by
factors of 2-24 in the cases observed. All air samples were taken by personal sampling.



Table 20. Concentrations of PCDDs in blood plasma of exposed and unexposed groups of United
States Army veterans (ng/kg fat)

Isomers Arithmetic means Geometric means

Exposed Viet Nam  Viet Nam Era controls® Exposed  Viet Nam Era

veterans controls Viet Nam controls controls

veterans

| Mean SEM’ Mean SEM Mean SEM Mean Mean Mean
2,3,7,8-TCDD 46.2 19.1 6.6 0.9 4.6 0.9 15.7 5.9 3.9
1,2,3,7,8-PeCDD 13.7 2.5 14.3 2.3 14.4 2.3 11.7 12.9 13.3
1,2,3,4,7,8-HxCDD 15.5 2.7 12.0 2.8 8.8 2.2 13.2 8.5 7.0
1,2,3,6,7,8-HxCDD 124 10.7 108 25.5 96.3 30.3 120 80.6 73.8
1,2,3,7,8,9-HxCDD 21.6 4.0 11.5 2.1 11.1 4.8 16.9 8.7 6.8
1,2,3,4,6,7,8-HpCDD 201 19.2 157 28.2 139 51.1 194 137 108
OCDD 1582 461 1118 356 1120 406 1204 618 709

From Nygren et al. (1988)

“Era controls are veterans who served outside Viet Nam during the period of the Viet Nam conflict

* SEM, standard error of mean
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(iv) Exposure in paper and pulp mills

Exposure to PCDDs and PCDFs among workers in paper and pulp mills appears not
to be significantly higher than among referents outside the paper industry, even among
those workers thought to have the most opportunity for exposure (those exposed to the
effluent of the bleaching process).

The United States National Institute for Occupational Safety and Health (Mouradian
et al., 1995) conducted air and wipe sampling in a paper mill and measured PCDD and
PCDF levels in the sera of 46 workers (14 with low potential exposure, 32 with high
potential exposure) and in 16 community residents who served as referents. While some
low levels of PCDD and PCDF were detected in the air, there were no differences in
serum PCDD and PCDF levels between referents, ‘low-exposure’ workers and ‘high-
exposure’ workers, all of whom showed normal low levels. For 2,3,7,8-TCDD, the
respective medians were 1.8, 1.9 and 1.9 ng/kg, while the median PCDD/PCDF total
I-TEQs were 19.1, 21.2 and 18.1 ng/kg for each group, respectively. Regression analyses
indicated that occupational exposure was not a significant predictor of serum I-TEQ
levels, but consumption of local fish, age and body mass index were predictors. A
number of workers had a long history in the plant and would have been expected to have
higher serum levels if occupational exposure was significant.

Rosenberg et al. (1994) found similar results for workers in a Finnish paper mill.
They measured serum levels of PCDDs and PCDFs in 14 workers from the bleaching
area, 20 workers from the paper mill and 14 controls who worked in areas of the mill
without contact with paper or bleach. There were no significant differences in lipid-
adjusted PCDD/PCDF concentrations between the three groups (median PCDD/PCDF
total I-TEQs, 52.7, 54.7 and 47.0 ng/kg, respectively) and results for all three groups
were similar to background concentrations for men not occupationally exposed. There
were some significant differences in levels of 2,3,7,8-TCDD (medians, 4.9, 2.4 and 3.3
ng/kg, respectively) and of 2,3,7,8-TCDF (medians, 2.9, 1.5 and 1.6 ng/kg, respectively),
with workers in the bleaching areas having the highest levels. However, levels of these
congeners did not differ from background levels for workers not exposed occupationally.
The authors indicated that workers ate locally caught fish one to two times a week and
that fish consumption may have influenced the results.

(v) Exposure in steel mills

PCDDs and PCDFs have been investigated in the work environment in steel mills in
Sweden by Antonsson et al. (1989). Values for air samples at points close to a furnace,
an overhead crane and a crane cabin ranged between 0.80 and 14 pg Nordic TEQ/m’.

From these results, a daily intake of PCDDs/PCDFs was estimated to be 5-10% of the
maximum limit of admissible daily intake (ADI; 35 pg/kg per week).

(b) Population exposure due to industrial accident

In an accident on 10 July 1976 at the ICMESA plant at Seveso, Italy, a runaway
reaction led to a blow-out of a TCP production reactor. The chemical cloud that emerged
from the reactor entrained nearly 2900 kg of organic matter, including at least 600 kg of
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sodium trichlorophenate and an amount of 2,3,7,8-TCDD which is still being evaluated
[probably of the order of several kilograms]. The visible part of the cloud rose up to
about 50 m, subsequently subsided and fell back to the earth, but was wind-driven over a
wide area. Within less than 2 h after the accident, chemicals settled on the ground as far
as 6 km south of the factory, or were dispersed by wind streams. Plants, domestic
animals and birds were seriously affected, many dying within a few days of the accident
[probably due to chemicals other than 2,3,7,8-TCDD]. About 10 days after the accident,
2,3,1,8-TCDD was found in samples of various types collected near the factory (Bertazzi
& di Domenico, 1994). As a first step, information on the location of toxic and patho-
logical events was used to draw an approximate diagram of the contaminated area. This
was confirmed by chemical monitoring of 2,3,7,8-TCDD in the soil carried out under
emergency conditions. Within five weeks of the accident, the area was subdivided into
Zones A, B and R in descending order of 2,3,7,8-TCDD contamination and toxicological
risk levels. The borderline between Zones A and B was set at average 2,3,7,8-TCDD
concentrations in the soil of <50 pg/m’; the boundaries between Zones A and B and
Zone R were fixed where the average contamination was < 5 pg/m’. Zone R included the
remaining territory where detectable levels of 2,3,7,8-TCDD (formally =>0.75 pg/m’)
were found. Soil levels are further described in Section 1.3.2.

From Zone A, over 730 inhabitants were evacuated. Zones B and R were subjected to
area-specific hygiene regulations including prohibition of farming, consumption of local
agricultural products and keeping poultry and other animals. All persons residing in these
zones at the time of the accident, as well as all the newborn and new residents in the
subsequent 10-year period, were considered to have been exposed. Three exposure
categories were formed, corresponding to the zone of residence of the subjects at the time
of the accident or later entry into the area. As a reference, the population of 11 muni-
cipalities surrounding the contaminated area was adopted (Bertazzi ef al., 1993).

Mocarelli et al. (1990) reported analyses of 19 non-randomly selected samples of
blood collected in 1976 from persons living in Zone A (Table 21) (analytical method
ACS). Of these persons, 10 had chloracne of type 3 or 4 (see Section 4.2.1(a)) and nine
had no chloracne. The persons with chloracne in general had higher concentrations than
persons without chloracne, but high concentrations were also found in the healthy group.
The 2,3,7,8-TCDD level of 56 000 ng/kg fat is the highest ever reported.

Recently, blood measurements of 2,3,7,8-TCDD were performed in persons randomly
sampled from the most contaminated areas (Zones A and B), and in members of the
population adopted as reference in the epidemiological investigations (Landi et al.,
1996). Preliminary results were reported. In the six persons from Zone A, the median
value was 71.5 ng/kg (extrapolation back to 1976 assuming a half-life of 7.1 years gave a
value of 388.7 ng/kg); in the 52 inhabitants in Zone B, the corresponding values were
12.5 ng/kg and 77.6 ng/kg, while in the 52 subjects from the reference population, the
median value was 5.5 ng/kg. Women consistently had higher levels of 2,3,7,8-TCDD
than men in all three areas.
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Table 21. Concentrations of 2,3,7,8-
TCDD in the blood® of individuals
from Zone A, Seveso

Agein Chloracne 2,3,7,8-TCDD
1976 type” (ng/kg fat)
4 Type 4 56 000
2 Type 4 27 800
6 Type 4 26 400
4 Type 4 26 000
8 Type 3 17 300
6 Type 4 15 900
11 Type 4 12 100
10 Type 3 7420
5 Type 3 1 690
16 Type 3 828
15 None 10 400
38 None 9140
27 None 6 320
71 None 5560
39 None 4 540
41 None 3730
55 None 3050
46 None 2650
50 None 1770

From Mocarelli et al. (1990)
“Blood samples were collected in 1976
* Types 3 and 4 are the most severe chloracne

(c) Summary table

Table 22 summarizes data from the major cohorts of populations highly exposed to
2,3,7,8-TCDD occupationally or as a result of accidents. Estimates of mean or median
exposures, or in one case a range of individual exposures, are presented as reported in the
cited publications. When tissue concentrations were measured, concentrations at the time
of exposure estimated in the cited publications, or back-calculated by the Working Group
based on a seven-year half-life, are also given.

1.3.2  Environmental occurrence

I-TEQ values are for PCDDs and PCDFs combined.
(@) Air v
PCDD/PCDF levels in air have been reported for many countries during the last 10

years. Due to the enormous amount of information, only a selection of representative
data are summarized below. For detailed information, see Appendix 1 (Table 1).



Table 22. Estimated exposures to 2,3,7,8-TCDD (ng/kg blood lipid) of selected study populations

Study Date(s) or duration of Date of No. of Mean measured Back-calculated to exposure
exposure sampling workers 2,3,7,8-TCDD date
blood concentration
Industrial workers
BASF 1953 1988-92 138 15.4 (geom.) geom. mean: [~ 400]"
(Germany) (accident) (1008: estimated cumulative
(Ott et al., 1993) concentration at time of
exposure in workers with
severe chloracne)
Boehringer-Ingelheim 13.1 years 1985-94
(Germany) Mean of 5.4 years after 48 84.1 (median) 141 (3-2252)
(Flesch-Janys et al., end of exposure (measured levels for the total
1995, 1996a; Kogevinas Mean of 11.0 years after 48 (same 48 48.9 (median) cohort)
etal., 1997) end of employment as above)
USA 1987 (15-37 years after 253 (from 2 233 ~ 2000 (mean)
(Fingerhut et al., employment) of 12 plants) 32 000 (max.)
1991a,b) > 1 year of exposure 119 418
Netherlands 1955-1985 1993 48 22. 9 (production) geom. mean:
(Hooiveld ez al., (factory A) (geom.) 286 (17-1160)
1996a,b) 87.2 (1963 accident) 1434 (301-3683)
(geom.)
Handling and spraying of 2,4,5-T
Ranch Hand/ Late 1960s 1984-85 9 46.3 (arith.) [~ 180)°
US Viet Nam veterans 15.7 (geom.) [~ 60])°
(Nygren et al., 1988)
Ranch Hand/ Late 1960s 1987 888 12.4 (median) [~ 507"

US Viet Nam veterans

(Wolfe et al., 1990)
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Table 22 (contd)

Study Date(s) or duration of Date of No. of Mean measured Back-calculated to exposure
exposure sampling workers 2,3,7,8-TCDD date
blood concentration
Handling and spraying of 2,4,5-T (contd)
New Zealand 1953-88 1988 9 533 ~ 300 (in 1970)
(Smith et al., 1992a) (mean duration of
exposure, 16 years)
Seveso accident
Mocarelli et al. (1990) 1976 1976 19 (zone A) 828-56 000
(range of individuals)
Landi et al. (1996) 1976 [1992-93] 6 (zone A) 61.5 (mean) 333.8
71.5 (median) 388.7
52 (zone B) 16.8 (mean) 1114
12.5 (median) 77.6
52 (outside) 5.3 (mean)
5.5 (median)

“Values in [ ] calculated by the Working Group

SNIXOIQ-74rd-OZNA4dIAd AHLYNIMO THO X 10d
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(1) Australia

Taucher er al. (1992) reported PCDD/PCDF data from four sites in Sydney. The
levels found in urban areas (0.016-0.062 pg I-TEQ/m’) were similar to those from the
northern hemisphere. There seemed to be a dose similarity with profiles obtained from
combustion sources.

(11) Austria

The first systematic approach (Moche & Thanner, 1996a) to monitor ambient air
concentrations of PCDDs/PCDFs in Austria was started in 1992. Within and in the vici-
nity of Vienna, Graz, Linz and Steyregg, 100 samples were taken during a whole year.
The values generally ranged in the summer and winter period between 0.022-0.041 and
0.050-0.222 pg I-TEQ/m’, respectively. The winter PCDD/PCDF values at Graz (south
of the city centre on the grounds of a garden nursery) were approximately 0.22 pg I-
TEQ/m’ and were clearly above the levels found at Vienna and Linz.

(iii) Belgium
Wevers ef al. (1992) compared PCDD/PCDF concentrations in air in a vehicle tunnel
near Antwerp with local ambient air. The I-TEQ values in tunnel air were two to three
times higher than those in ambient (background) air. Wevers et al. (1993) also reported
values from six sampling locations across Flanders (Belgium) in the neighbourhood of

typical emission sources. The values found ranged between 0.018 and 0.379 pg
I-TEQ/m’.

(iv) Canada

Measurement of PCDDs/PCDFs in ambient air in south-west Ontario have been
presented by Bobet et al. (1990) for two sampling stations: downtown Windsor and
Walepole Island Indian Reserve. No isomer-specific analyses were reported. Concen-
trations measured at the Walepole station in 1988 were 4-20 times lower than those in
Windsor. In the 13 samples collected in Windsor, the mean level of OCDD was
2.12 pg/m’ with a maximum of 7.09 pg/m’. The mean for total HpCDD was 1.19 pg/m’.
At both stations, the majority of the PCDDs detected comprised hepta- and octa-chlori-
nated congeners. The tetra- and penta-CDDs were not found above detection limit
(0.1 pg/m’) at either station.

Additional data for Ontario were measured in 1988 in Dorset and on Toronto Island
by Steer et al. (1990a). The highest levels were mainly for OCDD: Toronto Island, 0.3—
0.8 pg/m’; Dorset, 0.1-7 pg/m’. No other isomer-specific data were reported.

Samples collected in the vicinity of a cement kiln were reported by Reiner et al.
(1995). The values found were lower than the average values found in air samples taken
on Toronto Island. All levels were considerably lower than the Ontario Ministry of Envi-
ronment and Energy guideline of 5 pg/m’.

Steer et al. (1990b) reported elevated PCDD and PCDF air levels in connection with a
fire at a disposal site containing some 14 million tyres. Sampling sites were changed as
required to provide samples near the fire (1 km downwind) and samples at the limit of
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the evacuation zone (3 km downwind). The highest total I-TEQ of 2.5 pg/m’ measured
represents 50% of the provincial interim guideline of 5 pg/m’ (annual average).

(v) Germany

Bruckmann and Hackhe (1987) reported 21 ambient air measurements in Hamburg.
The sampling was performed at sites with wide differences in air quality (e.g., at a dump
site, residential area, industrial area, highway tunnel, close to a highway, vicinity of
Hamburg). The values were between < 0.1 pg and 2.2 pg/m’ expressed in German TEQs.
The main sources of the PCDDs/PCDFs detected were thermal processes (industry,
traffic and probably home heating facilities). Using more sophisticated analytical
techniques, Rappe et al. (1988) analysed 13 Hamburg samples not only for the 2,3,7,8-
substituted isomers but also for all single isomers separated on SP 2331 GC.

Between 1985 and 1986, 18 sites in North-Rhine-Westphalia were sampled to
quantify PCDDs/PCDFs in ambient air (Kirschmer, 1987). For the Rhine-Ruhr area,
mean values for total PCDDs and PCDFs at 11 sampling sites were 3.2 pg/m’ and
5.5 pg/mz, respectively. 2,3,7,8-TCDD was not detected in any sample (detection limit,
0.1 pg/m’).

Christmann ez al. (1989b) analysed 22 air samples originating from Berlin, Gelsen-
kirchen and Recklinghausen. Usually, PCDD/PCDF levels were in the lower pg/m’
(0.02-0.4 pg German TEQ/m’). In one indoor air sample, the TEQ value was increased,
due to the application of PCP as wood preservative, up to 2.6 pg/m’.

Measurements in kindergartens with PCP-treated wood have been reported by Pipke
et al. (1989a). The mean of 15 measurements was 0.696 pg German TEQ/m’ (range,
0.018-2.46).

In 1990, at six sites located in Hessen, average ambient air PCDD/PCDF concen-
trations (calculated as I-TEQ) of between 0.048 pg/m’ (rural reference site) and
0.146 pg/m’ (industrial sites combined) were determined (Konig et al., 1993). At five
locations, a distinct annual cycle of PCDD/PCDF concentrations was observed, with
relatively low concentrations in summer and increasing concentrations towards the:
winter months. On the other hand, the ratio of total PCDF to total PCDD levels showed a
maximum in summer because of a comparatively larger decrease in PCDD towards the
summer months. The annual average distribution of PCDD/PCDF homologue groups
was similar at all six sites. The contributions of PCDF homologues to the total tetra- to
octa-CDD/CDF content decreased with increasing degree of chlorination, whereas that of
PCDD homologues increased with increasing degree of chlorination. For each homo-
logous group, the contribution of congeners with a 2,3,7,8-chlorine substitution pattern
was similar.

Towara et al. (1993) analysed the distribution of airborne PCDDs/PCDFs in relation
to particle size. Particle sizes from <0.15 to >4.05 um were grouped into five
categories; the patterns of PCDDs/PCDFs detected were very similar for all five
categories. Hence, particle-mediated transport and deposition should be similar for all
PCDD/PCDFs. '
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Data on PCDDs/PCDFs in ambient air have recently been reported by Wallenhorst
et al. (1995) for Baden-Wiirttemberg. In rural areas, total concentrations were 0.015—
0.020 pg I-TEQ/m’. In urban areas, the concentrations were 0.07-0.08 pg -TEQ/m’.
PCDD/PCDF concentrations in total air decreased from city centre to suburban areas and
the surrounding areas.

Annual mean concentrations of PCDDs/PCDFs in the ambient air of four cities in
North-Rhine-Westphalia were measured at the same locations in 1987-88 and again in
1993-94 (Hiester et al., 1995). Over this period, the annual average PCDD/PCDF
concentrations decreased from 0.130 to 0.040 pg I-TEQ/m’ in Cologne (69%), from
0.332 to 0.124 pg I-TEQ/m’ in Duisburg (63%), from 0.204 to 0.076 pg I-TEQ/m’ in
Essen (63%) and from 0.224 to 0.120 pg I-TEQ/m’ in Dortmund (46%). This decrease
can be related to actions taken since 1989.

A similar situation has been shown for Hamburg by Friesel et al. (1996). Monitoring
of ambient air and deposition demonstrated decreases of about 70% and 20% respec-
tively in PCDD/PCDF concentrations in air (pg I-TEQ/m’) and deposition flux
(pg I-TEQ/m’ per day). Ambient air concentrations decreased from 0.108 in 1990 and
0.037 in 1993 to 0.036 in 1995; deposition decreased from 16 in 1990 to 11 in 1993 but
rose to 13 in 1995. The fact that the reduction in ambient air concentrations has been
much greater than the reduction in emissions may be attributed to long-range transport
and to smaller diffuse sources not yet identified.

The atmospheric levels of PCDDs/PCDFs in both the gas and particle phase were
measured continuously over one year (1992-93) at seven sites on the outskirts of
Augsburg (Hippelein et al., 1996; Swerev et al., 1996) and at a rural site 15 km from the
city. The PCDD/PCDF levels were about two times higher at the sampling points on the
edge of the city than at the remote location. There was a pronounced temporal variability
in total air concentrations, levels in winter being nine times higher than those in summer.
The gas/particle partitioning was characterized by higher gaseous fraction for more
volatile compounds and higher ambient temperatures. It was concluded that the ambient
air concentrations of the PCDDs/PCDF:s are determined by local and regional emissions,
with seasonal (winter) sources contributing the vast majority of the emission fluxes.

Rabl er al. (1996) reported PCDD/PCDF measurements in relation to distance of 1.3,
2.0 and 3.3 km from a supposed local major emission source in Bavaria (a municipal
waste incinerator at Schwandorf). The PCDD/PCDF concentrations were quite similar at
each distance. At emission concentrations of 1-10 pg I-TEQ/m’ from the incinerator, no
influence of the waste incineration plant could be found.

(vi) Japan
Isomer-specific analyses of PCDD/PCDFs and other chlorinated components in -
ambient air have been reported by Sugita et al. (1993, 1994). The concentrations of
PCDDs/PCDFs were higher in winter than in summer. Ranges were 0.469-1.427 pg
I-TEQ/m’ in summer and 0.294-2.990 pg I-TEQ/m’ in winter. Coplanar and mono-ortho
PCBs were present at concentrations about 10 times higher than those of 2,3,7,8-
substituted PCDDs/PCDFs. PCDFs accounted for about 70% of the total toxic equi-
valents, PCDDs for 20% and the sum of both types of PCBs for 10%.
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Similar findings have been presented by Kurokawa et al. (1994). At three different
sites, values were highest in winter. Coplanar PCBs contributed about 11% to the total
TEQ. In winter, most of the PCDDs/PCDFs were found in the particle phase.

(vil) The Netherlands

van Jaarsveld and Schutter (1993) estimated (air calculation models) emissions of
PCDDs/PCDFs to the atmosphere in various parts of north-western Europe on the basis
of emission factors combined with production quantities. Atmospheric residence times
were calculated for different particle sizes. Small particles, carrying more than 50% of
total PCDDs/PCDFs, have residence times of the order of three days, while very large
particles (diameter, > 20 um) reside only a few hours in the atmosphere. Comparison of
predicted PCDD/PCDF levels in ambient air with available measurements showed fairly
good agreement.

Ambient air measurements of PCDDs/PCDFs in The Netherlands have been per-
formed by Bolt and de Jong (1993). Particulate-bound PCDD/PCDF levels in air around
a municipal waste incinerator ranged between 0.015 +0.005 and 0.125 + 0.025 pg
I-TEQ/m’. Congener profiles were very similar in all wind directions and were well
correlated with the incinerator emissions.

(viii))  Norway

Oehme et al. (1991) reported on the determination of PCDDs/PCDFs in air at the inlet
and outlet of a longitudinally ventilated tunnel with separate tubes for each traffic
direction. The varying percentage of heavy-duty vehicles made it possible to differentiate
between factors for light-duty vehicles (LDVs) and heavy-duty (diesel) vehicles
(HDDVs). Depending on driving conditions, the estimated emission factors were of the
order of 0.04-0.5 ng Nordic TEQ/km for LDVs and 0.8-9.5 ng/km for HDDVs. On a
volume basis, the values ranged between 0.097 and 0.98 pg Nordic TEQ/m’. A typical
ambient air concentration for central Oslo was 0.04 pg Nordic TEQ/m”.

First measurements for PCDDs/PCDFs in Arctic air have been reported recently by
Schlabach ez al. (1996). The sampling was performed in spring and summer of 1995 in
Spitzbergen. The values of two samples were 0.0023 and 0.0011 pg I-TEQ/m’.

(ix) Poland

The first results for PCDDs/PCDFs in ambient air were published by Grochowalski
etal. (1995). Two measurements performed in winter 1995 in Cracow — a heavily
industrialized city — gave values of 0.95 pg I-TEQ/m’ (market square) and 11.95 pg
I-TEQ/m’ (crossroads), respectively. OCDD and OCDF were reported at 280 and
220 pg/m’, respectively.

(x) Russian Federation

Khamitov and Maystrenko (1994) reported ambient air levels, sampled in Ufa, of
between 0.2 and 0.5 pg I-TEQ/m’. Levels of isomers were measured by Kruglov et al.
(1996) in two air samples originating from an industrial city during an accidental oil fire.
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(xi) Slovakia

As part of the TOCOEN (Toxic Compounds in the Environment) project, Holoubek
et al. (1991) reported I-TEQ values in ambient air from former Czechoslovakia. The
samples — collected in industrial and urban areas in 1990 — showed a wide range of
PCDD/PCDF contamination, from none detected to 6.3 pg I-TEQ/m’.

(xi1) Spain
Ambient air samples associated with municipal waste incinerators, chemical industry,
traffic and urban air ranged between 0.05 and 0.55 pg I-TEQ/m’. Surprisingly high levels
of OCDF (126.8 pg/m’) were found near a municipal waste incinerator, while OCDD

was reported at only 5.7 pg/m’. Levels of highly chlorinated PCDDs and PCDFs corre-
lated poorly (Abad et al., 1996).

(xiii) Sweden

Rappe et al. (1989a) analysed nine ambient air samples taken in winter in 1986 in
Rorvik and in Gothenburg under various atmospheric conditions. The results demons-
trated that the contribution to the total air burden in Gothenburg from local sources
during periods with good ventilation seems to be of secondary importance. The isomeric
patterns of PCDDs/PCDFs among all samples were very similar. There was also a
striking similarity in the isomeric pattern for TCDFs and PeCDFs in the particulate
samples, automobile exhaust and emissions from municipal waste incinerators. The
results strongly indicated that the general background of PCDDs and PCDFs in airborne
particulates has its origin in various types of incineration processes, including automobile
exhaust.

(xiv) United Kingdom

Data on PCDD/PCDF air concentrations have been monitored in three major cities
(London, Manchester and Cardiff) and a busy industrial town (Stevenage) from the
beginning of 1991 to the end of 1992 (Clayton et al., 1993). Levels of total 2,3,7,8-
substituted PCDDs and PCDFs, other isomers and the total I-TEQ for the four sites have
been reported. Concentrations of the 2,3,7,8-substituted PCDDs are mainly associated
with the HpCDDs and OCDD, the OCDD accounting for over 76% of the total 2,3,7,8-
substituted PCDDs. The tetra-, penta- and hexa-chlorinated congeners were generally
below detection limits. Higher values were found in winter than in summer. The mean
values for about 43 single measurements for each site were between 0.039 and 0.102 pg
I-TEQ/m’. :

Dyke and Coleman (1995) reported PCDD/PCDF measurements before, during and
after ‘bonfire night’ at Oxford. Bonfire night (5 November) is an annual event during
which it is customary in England to set off fireworks and light bonfires. An increase in
PCDD/PCDF concentrations by approximately a factor of four occurred during the
period of bonfire night.

(xv) United States

The results of a baseline study on PCDDs/PCDFs in the ambient atmosphere have
been published (Eitzer & Hites, 1989). Between 1985 and 1987, 55 samples were taken
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at three sites in Bloomington, IN, and a set of samples was also taken in the Trout Lake,
WI, area, a much more rural area than Bloomington. In ambient air, consistency was seen
in the isomer pattern within each group of congeners with the same number of chlorine
substituents, but overall levels of the various groups had somewhat more variation. Some
of this variation was related to the atmospheric temperatures, with more of the lower
chlorinated congeners found in the vapour phase at higher temperatures. No isomer-
specific concentrations (except for OCDD) were reported. The mean OCDD values for
Bloomington and the Trout Lake area were 0.89 pg/m’ and 0.16 pg/m’, respectively.

Smith et al. (1989, 1990a,b), analysed downwind and upwind ambient air samples
around the industrial area of Niagara Falls, for PCDDs/PCDFs. One location, predo-
minantly downwind of Niagara Falls, showed a variety of patterns and a wide concen-
tration range of PCDDs/PCDFs (0.07-53 pg Eadon TEQ/m’). The upwind ‘control’
location results showed lower concentrations of PCDDs and PCDFs and less variable
patterns. In nearly all samples, HpCDDs and OCDD were found at ranges from not
detected to 5.43 pg/m’ and from 1.36 to 8.88 pg/m’, respectively.

PCDDs and PCDFs were measured in ambient air samples collected in Ohio in 1987
by Edgerton et al. (1989). No 2,3,7,8-TCDD was detected in any of the samples at a
detection limit of less than 0.24 pg/m’. Using a chemical mass balance model applied to
PCDD/PCDF congener group profiles, major potential sources of these compounds to the
atmosphere in Ohio were determined to be municipal solid waste and sewage sludge
combustion plants.

Hahn et al. (1989) reported on pre-operational background ambient air levels of
PCDDs/PCDFs around two modern municipal waste incinerators. In addition, workplace
air levels inside one facility (Hillsborough County, FL) were measured to evaluate the
potential exposure of employees. The levels of PCDDs/PCDFs and heavy metals were
similar to ambient levels outside the facility before the facility began operation.

The concentrations of PCDDs and PCDFs in ambient air of several sites in metro-
politan Dayton, OH, have been determined (Tiernan et al., 1989). Total PCDDs detected
in industrial areas ranged from 1.6 to 11.2 pg/m’, and the corresponding total PCDFs
ranged from 0.62 to 11.7 pg/m’. No PCDDs or PCDFs were found in rural regions,
typical average detection limits being on the order of 0.02-0.17 pg/m’. Approximately
50% of the total PCDD/PCDFs in the ambient air samples collected consisted of 2,3,7,8-
chlorine-substituted congeners.

Airborne concentrations of PCDDs/PCDFs in office buildings and in corresponding
ambient air in Boston, MA, were measured by Kominsky and Kwoka (1989). Twelve of
the 16 samples were collected inside the buildings and four were collected at the ambient
air intake plenums of the buildings. The distribution of total PCDD congeners was quite

similar to corresponding surface wipe samples. In all 20 samples, it was possible to
detect OCDD.

PCDD/PCDF concentrations in ambient air in winter at Bridgeport, the largest city in
Connecticut, have been analysed by Hunt and Maisel ( 1990). The Connecticut Depart-
ment of Environmental Protection has proposed an ambient air quality standard for
PCDDs/PCDFs expressed in 2,3,7,8-TCDD equivalents on an annualized basis of
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1.0 pg/m’. In order to ensure that this standard is satisfied, it is required that ambient
monitoring for each of the 2,3,7,8-substituted PCDD/PCDF isomers be conducted in the
vicinity of each municipal solid-waste incinerator on both a pre-operational and post-
operational basis. The report described the pre-operational measurements in the autumn
and winter of 198788 in the vicinity of a municipal solid-waste incinerator. The TCDFs
were the major PCDF class found. 1,2,3,4,6,7,8-HCDF was the predominant PCDF of
toxicological significance. HxCDDs, HpCDDs and OCDD were the predominant PCDD
congeners, and 1,2,3,4,6,7,8-HpCDD the predominant PCDD isomer of toxicological
significance. In winter months, PCDDs/PCDFs are almost exclusively particulate-asso-
ciated. Comparison of pre- and post-operational ambient PCDD/PCDF concentrations in
the vicinity of the incinerator during winter showed similar levels and profiles for both
periods.

Maisel and Hunt (1990) presented data on PCDDs/PCDFs in a ‘typical’ ambient air
sample from Los Angeles, CA, including isomer-specific concentrations. Ambient
PCDD/PCDF burdens for a Connecticut coastal location (n = 27, urban, winter), a
southern Californian location (n = 34, urban) and a central Minnesota location (n = 16,
rural) were 0.092, 0.091 and 0.021 pg I-TEQ/m’, respectively.

A comprehensive programme for measurement of airborne toxic agents, designed to
establish baseline concentrations of atmospheric PCDDs/PCDFs in the South Coast Air
Basin (California), involved nine sampling sessions between December 1987 and March
1989 at eight different locations (Hunt & Maisel, 1992). The PCDD/PCDF congener
profiles from most of the sample examined strongly suggested the influence of com-
bustion sources. 1,2,3,4,6,7,8-HpCDD was the most prevalent PCDD after OCDD. The
most toxic congener, 2,3,7,8-TCDD, was below the 10-20 fg/m3 detection limit for most
of the ambient air samples.

Ten years after the Binghamton State Office Building transformer incident in 1981
(see PCDF monograph, Section 1.2.1(b)(viii)), Schecter and Charles (1991) presented
data on PCDDs/PCDFs in the air. In 1981-82, airborne samples contained levels of
352 pg Eadon TEQ/m’ at the transformer site. In 1986, nine years into clean up, levels of
74 pg/m’ TEQ were recorded. The guidelines for reoccupancy of the bu11d1ng were
reported to be 14 pg TEQ/m’ for renovation workers and 10 pg TEQ/m’ for office
workers.

The levels of airborne PCDDs/PCDFs in the area of the Columbus Municipal Waste-
to-Energy facility in Columbus, OH, were reported by Lorber et al. (1996a). This
facility, the largest single source of PCDDs/PCDFs identified in the literature (1992,
984 g I-TEQ per year; 1994, 267 g I-TEQ per year), ceased operation in December 1994.
Air concentrations in the city were higher in 1994 when the facility was operating than
after it shut down: in March and April 1994, the levels were 0.067 and 0.118 pg
I-TEQ/m’, respectively, compared with 0.049 pg I-TEQ/m’ in June 1995 after the facility
had closed.

Also in Ohio, air in the vicinity of the Montgomery County north and south municipal
waste incinerators was analysed for PCDD/PCDFs (Riggs et al., 1996). PCDD levels in
September 1995 were similar to those in the same area in 1988, but PCDF levels were
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much lower. At one site, the TEQ of PCDDs/PCDFs in ambient air was about a factor of
10 lower in 1995 than in 1988.

(b) Water (see Appendix 1, Table 2)

Because of the complex cycling and partitioning of PCDDs/PCDFs in the aquatic
environment and the difficulty of analysis, adequate sampling and analysis methods have
become available only over the past decade.

PCDDs and PCDFs are highly lipophilic and thus have an affinity for particulate
organic carbon (Webster et al., 1986). Knowledge of their partitioning between the sedi-
mentary, colloidal, dissolved, organic and even vapour phases remains limited, largely
because of the difficulty of measuring these compounds in solution.

PCDDs partition between particulate and dissolved fractions. Material that passes
through a filter of 0.45 pm or 0.2 um pore size is commonly defined as dissolved. The
major problem with this definition is that colloidal particles (suspended solid particles of
< 0.2 um diameter) and other macromolecules pass through such filters and are included
in the ‘dissolved’ phase. However, colloids and ‘dissolved’ organics may function as
‘small particles’ in terms of the mechanisms of PCDD/PCDF uptake by biological
systems (Broman et al., 1991, 1992).

(1) Canada

A survey of drinking-water supplies in the Province of Ontario was initiated in 1983
to determine the extent of their contamination with PCDDs/PCDFs (Jobb et al., 1990). A
total of 49 water supplies were examined. Water supplies in the vicinity of chemical
industries and pulp and paper mills were sampled up to 20 times. Detection limits were
in the low ppq (pg/L) range for all tetra- to octa-CDDs/CDFs. From 399 raw and treated
water samples, only 37 positive results were reported. OCDD was detected in 36 of these
samples, at values of 9-175 pg/L. 2,3,7,8-TCDD was not detected in any sample.

Muir et al. (1995) analysed water and other matrices downstream from a bleached
kraft pulp mill on the Athabasca River (Alberta) in 1992. The ‘dissolved phase’ and the
suspended particulates from continuous centrifuged samples were analysed for 41
PCDDs and PCDFs ranging from mono- to octachloro-substituted congeners. Most
PCDD congeners (including 2,3,7,8-TCDD) were undetectable (< 0.1 pg/L) in the centri-
fugate.

(1) Finland
High concentrations (70~140 pg/L) of total chlorophenols were found in drinking-
water and 56 000-190 000 pg/L in ground water close to a sawmill in southern Finland.
No data on PCDDs/PCDFs were reported. Due to their presence in commercial chlori-
nated phenols used, exposure of the population to PCDDs/PCDFs could not be excluded.

No increased PCDD/PCDF concentrations were found in milk samples from mothers
who had used the contaminated water (Lampi et al., 1990).
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(iii) Germany

Gotz et al. (1994) reported an analysis of dissolved and particle-bound PCDDs/-
PCDFs in the River Elbe, Samples upstream of Hamburg (Bunthaus) showed total values
of 3.15 pg I-TEQ, while downstream in Blankenese values of 1.21 pg I-TEQ were found,
More than 98% of the I-TEQ concentration in the water was particle-bound.

(iv) Japan

Seawater from Japanese coastal areas has been analysed. Adequate detection limits
were achieved by use of a pre-concentration system, applied to 2000 L coastal seawater,
resulting in the detection of almost all 2,3,7,8-substituted PCDDs and PCDFs. Values
between < 5 and 560 fg/L. were found (Matsumura et al., 1994, 1995).

Hashimoto ez al. ( 1995a) reported data on two seawater samples taken in 1990 near
Matsuyama and Misaki. Only hepta- and octa-CDDs were detected (0.1-2.5 pg/L) but no
PCDFs.

Drinking-water samples including home tap-water and well-water collected in 1991 in
Shiga and Osaka Prefectures were analysed for PCDDs/PCDFs. The levels were in the
low ppq (pg/L) or less in all samples analysed. The total daily intake of PCDDs/PCDFs
via drinking-water was estimated to be only 0.00086-0.015% of that via food (Miyata
etal., 1992, 1993).

(v) New Zealand

A national Organochlorine Programme, including monitoring for PCDDs/PCDFs in
water, was initiated in 1995. Samples were collected from 13 rivers at 16 sites during the
period January to March 1996. No PCDDs/PCDFs were detected in any of the 16
composite samples. Limits of detection for the tetra-, penta- and hexa-chlorinated
congeners were typically 1 pg/L or less. The I-TEQs were in the range of 0.25-2.4 pg/L,
with a mean of 0.97 pg/L. The approximate 10-fold range of TEQ values determined for
these samples is a result of variation in the detection limits in the analyses rather than any
inherent differences in the samples. In calculating TEQs, half the detection limits were
taken for non-detectable congeners (Buckland et al., 1996).

(Vi) Russian Federation

Ignatieva er al. (1993) found a level of 8.0 pg/L of total PCDDs in water from the
Angara River, the only river that emerges from Lake Baikal.

Data on PCDD/PCDF concentrations in various river water samples were reported by
Khamitov and Maystrenko (1995): Belaja River, 1.7-6.0 pg/L; Ufa River, 0.6-1 pg/L ;
Inzer River, 1.8 pg/L; Zilim River, 0.2 pg/L. In contrast, drinking-water from the Ufa
River was reported to be contaminated in 1990 with 0.5-1.0 pg/L. [It was not apparent
from the paper whether the values were I-TEQ:s or total PCDDs/PCDFs].

Smimnov ez al. (1996) reported values for PCDDs/PCDFs in the Ufa River at totals of
0.13-0.20 pg/lL. ‘Emergency’ situations, where the concentration of PCDDs/PCDFs in
Iiver or tap-water exceeds the ‘permissible’ level (0.02 ng/L) by 10 to 100 times were
stated to occur on a regular basis.
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Fedorov (1993) reported on levels of PCDDs/PCDFs in various matrices (soil,
sediments, air and water) near or at sites of some Russian chemical plants. In the spring
of 1991, the drinking-water at Ufa, after cleaning, was found to be contaminated with
0.14 ng/L. 1,2,3,6,7,8-HxCDD. Especially high concentrations of 28—167 pg/L 2,3,7,8-
TCDD were measured in April 1992 in samples of Ufa drinking-water from four
different water sources.

(vi1) Spain
Sludge from drinking-water treatment plants was analysed by Rivera et al. (1995).
Because of the high level of pollution in water from the Llobregat River, a combination
of several treatment processes, including prechlorination, activated carbon and post-

chlorination, is applied. The sludge from two treatment plants has been reported to be
contaminated at levels of 5.59 and 2.74 ng I-TEQ/kg, respectively.

(viii) Sweden

Rappe et al. (1989b, 1990a) analysed surface and drinking-water with very low
detection limits. At very low detection limits, most 2,3,7,8-substituted PCDDs and
PCDFs were detected in all samples. 2,3,7,8-TCDD was found in most water samples,
but at extremely low levels, between 0.0031 pg/L for river water and 0.0005 pg/L. for
drinking-water. This is at or below the lower level in the United States Environmental
Protection Agency guideline of 0.0013 pg/L for this compound.

(ix) United States

Results of a survey conducted in 1986 for PCDDs/PCDFs and other pollutants in
finished water systems throughout New York State were described by Meyer et al.
(1989). The finding of OCDD is unsure, as it has been detected at 1 pg/L in blanks.
Except for a trace of OCDF detected in one location, no other PCDDs or PCDFs were
detected in any of 19 other community water systems surveyed.

Storm-water samples were collected from two outfalls that discharge into San
Francisco Bay, CA, and represent sources of run-off from areas with different dominant
land uses. The samples from the outfall located close to Oakland had higher values
(mean, 21 pg I-TEQ/L) than samples from the city of Benicia located at the north of San
Francisco Bay (mean, 3.5 pg I-TEQ/L) (Paustenbach et al., 1996).

(c) Soil (see Appendix 1, Table 3)
(1) Australia

In 1990, surface soil samples from the Melbourne metropolitan area were analysed
for PCDDs/PCDFs and other compounds (Sund et al., 1993). A surface sample from
Werribee Farm treatment complex paddock, where cattle graze on land that is used for
filtration of sewage, contained the highest concentration (520 ng I-TEQ/kg). Samples of
other origins contained between 0.09 and 8.2 ng I-TEQ/kg. Detection limits ranged from
0.08 to 24 ng/kg.

Levels of PCDDs/PCDFs in soil samples from conservation areas following bush |
fires have been reported by Buckland et al. (1994). Samples were collected (2 cm deep)
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six weeks after the fires were extinguished. The total PCDD/PCDF levels in the
unburned conservation area samples were 1.1, 7.2 and 7.7 pg/kg (3.1, 8.7 and 10.0 ng
[-TEQ/kg). The total PCDD/PCDF levels in the burnt conservation area samples were
1.3,2.0 and 27.8 pg/kg (2.2, 3.0 and 36.8 ng I-TEQ/kg). The total PCDDs/PCDFs in the
single Sydney metropolitan area sample was 22.3 pg/kg (42.6 ng I-TEQ/kg). The results
of this limited survey indicate that bush fires have not had a major impact on the levels of
PCDDs/PCDFs in conservation area soil.

(1) Austria
Around a densely populated industrial urban area (Linz), soils from grassland and
forest areas were analysed for PCDDs/PCDFs and PCBs (Weiss ef al., 1993, 1994). The
concentrations of PCDDs/PCDFs were higher in soils near chemical and/or steel plants.
The highest PCDD/PCDF concentration in grassland soil (I-TEQ, 14.4 ng/kg) was
measured near a hospital refuse incineration plant.

Riss et al. (1990) compared PCDD/PCDF levels in soil, grass, cow’s milk (see
Section 1.3.2(d)(i)), human blood and spruce needles in an area of PCDD/PCDF conta-
mination through emissions from a metal reclamation plant (Brixlegg, Tyrol). Soil
concentrations were highest near the plant and in the main wind direction, and decreased
in all directions with increasing distance. The highest concentration found corresponds to
420 ng German TEQ/kg. The level of 40 ng/kg TEQ (which has been proposed as an
upper limit for agricultural use) was exceeded in an area reaching 600 m from the plant
in the main wind directions. Milk samples from farms with meadows in the contaminated
area contained TEQ levels of PCDDs/PCDFs ranging from 13.5 to 37.0 ng/kg fat, which
were considerably higher than that of 3.6 ng/kg in the control sample from Kossen/Tyrol.
About 50% of the TEQ of the contaminated milk was accounted for by 2,3,7,8-TCDD
(normally about 10%). Because of the elevated PCDD/PCDF levels in cow’s milk, blood
plasma from two farmers who drank milk from their own cows was analysed for
PCDDs/PCDFs. One had significantly elevated blood levels (see Table 25).

Determinations of PCDDs and PCDFs in soil samples from rural, urban and industrial
sites in Salzburg state (Boos et al., 1992) gave I-TEQ values generally in the low ng/kg
range. Six samples contained PCDDs/PCDFs. Levels exceeding 5 ng German TEQ/kg,
above which limit the cultivation of certain vegetables is restricted, but none exceeded
40 ng TEQ/kg, which would exclude the cultivation of any plants. Including in the calcu-
lation undetected congeners at 50% of the detection limit would lead to seven samples
exceeding the lower limit. The lowest level found was 0.1 ng TEQ/kg.

(111) Belgium
Topsoil samples were collected at six locations in Flanders, and analysed isomer-
specifically [not in tables reported] for PCDDs/PCDFs (Van Cleuvenbergen et al., 1993).

Concentrations in the 0-3-cm soil fraction, averaged for each location, ranged from
2.1 ng/kg at a rural location to 8.9 ng/g (both as I-TEQ) in an industrialized area.
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(1v) Brazil
Krauss et al. (1995) analysed PCDDs/PCDFs and PCBs in forest soils from Brazil.
The I-TEQ values found in four areas are presented in Appendix 1 (Table 4). In the
Amazon basin the PCDD/PCDF concentrations of soil were close to the detection limits.
In industrial regions around Rio de Janeiro and Sdo Paulo, highly contaminated soils
with I-TEQ values between 11 and 654 ng/kg were found.

(v) Canada

Soil in the vicinity of a large municipal refuse incinerator was analysed for
PCDDs/PCDFs. Fourteen locations, which included three control sites, were sampled in
1983 (McLaughlin et al., 1989; Pearson et al., 1990). In nearly all samples, OCDD was
detected. The measurements were not isomer-specific. As expressed by the authors, the
results showed that PCDDs/PCDFs emitted from the incinerator (Suaru, Hamilton) since
1973 had not accumulated in surface soil in the vicinity of the plant (McLaughlin et al.,
1989). Concentrations of PCDDs/PCDFs in soils near refuse and sewage sludge inci-
nerators and in remote rural and urban locations (no 2,3,7,8-substituted isomers, exclu-
sively OCDD and in some cases OCDF) were measured. In nearly all cases, total hepta-
CDD and OCDD were most abundant. No evidence of any source-related airborne depo-
sition of PCDDs/PCDFs in the soil around a sewage sludge incinerator in Scarborough
was identified.

In 97 soil samples analysed for PCDDs/PCDFs, no clear connection between
emission sources and levels of these components in soil or food was found by
Birmingham (1990). Levels, patterns and quantities of I-TEQ in soils from various
sources were analysed. The mean and standard deviation for I-TEQ, expressed in ng/kg,
were: rural soils (n = 30), 0.4 + 0.6; urban soils (n = 47), 11.3 + 21.8; industrial soils (n =
20), 40.8 +33.1. Using the worst-case scenario, an infant consuming urban soil
containing the mean plus three standard deviations (77 ng I-TEQ/kg) would ingest less
than one tenth of the tolerable daily intake (see Section 1.5).

In 1989, soils were sampled in areas of cleared forest in New Brunswick, where
2,4-D/2,4,5-T herbicide was applied in one or more application at 3—10 lbs/acre (3.3—
11 kg/ha) between 1956 and 1965. Residues of 2,3,7,8-TCDD were detected at up to
20 ng/kg in the upper 5 cm of soil. Residues were also found at greater depths at lower
concentrations at one test site. 2,3,7,8-TCDF was not found in soil samples from sprayed
or unsprayed areas (Hallett & Kornelsen, 1992).

(vi) China
Wu et al. (1995) published results for two soil samples, originating from the Ya-Er
lake area where chemical plants which produce chlorine compounds have discharged
much waste water into the sea. The two samples contained hexachlorobenzene at levels
of 35 and 38 mg/kg, respectively, but only very low levels of PCDDs/PCDFs. Sediment

samples originating from the same area contained maximal levels of 136.6 ug OCDD/kg
and 797 ng I-TEQ/kg.
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(vil) Czech Republic

2,3,7,8-TCDD contamination was measured in more than 100 soil samples (0-20 cm
depth) from a factory that produced mainly sodium 2,4,5-trichlorophenoxyacetate,
sodium pentachlorophenolate, PCP and TCP, starting in 1965 (Zemek & Kocan, 1991).
2,3,7,8-TCDD levels ranged from undetectable to 29.8 pg/kg. Samples from residential
and agricultural areas in Neratovice showed levels between undetectable and 100 ng/kg.
Soil samples collected at a distance of 50-80 m from the plant contained levels between
undetectable and 60 ng/kg 2,3,7.8-TCDD.

(viii) Finland
Soils at sites where wood preservatives had been used (Sandell & Tuominen, 1993)
contained high levels of PCDDs/PCDFs. The dominant congeners were 1,2,3,6,7,8-
HxCDD, 12,3,4,6,7,8-HpCDD, OCDD, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF,

2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDF and OCDF. In the surface layers (0-20 cm),
I-TEQ values ranging from 1.7-85 pg/kg were found.

Assmuth and Vartiainen (1995) reported on further soil samples from sites where
wood preservatives like 2,3,4,6-tetrachlorophenol, PCP and 2,4,6-TCP have been used.
High concentrations (maximum value, 90 pg I-TEQ/kg; mean, 19 g I-TEQ/kg) were
found. PCDDs/PCDFs were distributed heterogeneously between soil layers, the concen-
trations in topsoil samples being generally lower. Concentrations of PCDDs/PCDFs were
unrelated to the chlorophenol contents in the soil samples. Hexa-, hepta- and octa-CDFs
were the dominant congeners in concentration.

(ix) Germany

In soils contaminated with motor oils and re-refined oils, Rotard et al. (1987) found
PCDDs at pug/kg levels. No PCDFs were detected.

An analytical programme to detect contaminants in soil samples at the site of a
herbicide plant in Hamburg that closed in 1984 was presented by Schlesing (1989) and
Jirgens and Roth (1989). In total, 2652 soil samples deriving from 196 borings were
investigated. The highest value reported (presumably a production residue stored on site)
reached at a depth of 2 m was 0.7 mg 2,3,7,8-TCDD/kg. Even at depths of 7 and 9 m,
values for 2,3,7,8-TCDD of 391 and 41.8 ug/kg, respectively, were found.

The fate of polychlorinated aromatics was studied in the vicinity of a former copper
smelter (Rastatt) and a former cable pyrolysis plant (Maulach) that both closed in 1986.
Contamination with PCDDs/PCDFs from stack emissions in samples taken within a
radius of 100 m from the source at 0-30 cm in depth reached 29 pg I-TEQ/kg soil
(Hagenmaier et al., 1992; She & Hagenmaier, 1996). Comparing homologue and isomer
concentrations of samples collected in 1981, 1987 and 1989 (same sites, same depths,
same sampling method), no significant difference in either homologue pattern or isomer
pattern could be detected. Vertical migration of PCDDs/PCDFs in highly contaminated
soil is very slow and more than 90% of the compounds were found in the top 10 cm three
years after the sources of emission were closed. Within the limits of analytical accuracy
(= 20%), there was no indication of appreciable loss of PCDDs/PCDFs by vertical
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migration, evaporation or decomposition over a period of eight years, which underlines
the persistence of these compounds in the soil.

The distribution of PCDDs/PCDFs in soil around a hazardous waste incinerator at
Schwabach was analysed by Deister and Pommer (1991). The highest values were 20.7

and 4.4 ng German TEQ/kg (350 m from the chimney) at depths of 0-2 cm and 0-30 cm,
respectively.

Unger and Prinz (1991) found that levels of PCDD/PCDF contamination of soils
decreased with increasing distance from a road. The highest values were 23-44.8 ng
I-TEQ/kg between 0.1 and 1 m from the road. The number of cars per day on a certain
road influenced the PCDD/PCDF levels found.

The finding of PCDDs and especially PCDFs in surface gravel of playgrounds and
sports fields (Kieselrot) is described in Section 1.3.2(c) of the monograph on PCDFs in
this volume (see also Table 25 in this monograph).

Concurrence of farmers’ and municipal interests has led to the widespread use of
sewage sludge fertilization in West Germany. In 1988, 608 thousand tonnes (dry weight)
of sewage sludge, 25% of the total German production, was spread on 360 000 hectares
of farmland (McLachlan & Hutzinger, 1990). A survey of 43 samples from 28 German
waste-water treatment plants found PCDD/PCDF concentrations between 28 and
1560 ng German TEQ/kg dry weight (Hagenmaier ef al., 1985). This compares with the
German recommendation for unlimited agricultural use of soil of 5 ng TEQ/kg.
McLachlan and Reissinger (1990) analysed soil samples from north-eastern Bavaria with
different sludge fertilization histories. The relationship observed between the length of
sewage sludge use and PCDD/PCDF concentrations showed clearly that PCDDs/PCDFs
accumulate in the soil. The TEQ level was 4.5 times higher in soil that had been
fertilized for the previous 10 years than in soil that had had no sludge fertilization. It was
11 times higher in field soil and 18 times higher in meadow soil that had been fertilized
for 30 years. The homologue pattern of the fertilized soils lay between that of unfertilized
soil and that of the sludge. Similar results on the influence of sewage sludge on
PCDD/PCDF levels in soil have been found by Hembrock-Heger (1990) and Albrecht
et al. (1993).

On the other hand, as observed also in air and food, PCDD/PCDF levels in sewage
sludge are generally declining. Ilic et al. (1994) found mean I-TEQ values in sewage
sludge of 39 ng/kg (dry matter) in 1991 and 28 ng/kg (dry matter) in 1992.

Fiirst et al. (1993) studied PCDDs/PCDFs in cow’s milk in relation to their levels in
grass and soil. The contamination levels in soil did not influence the PCDD/PCDF levels
in cow’s milk, as had been suspected. Even soil levels of up to 30 ng I-TEQ/kg were not
associated with elevated PCDD/PCDF levels in cow’s milk. However, increasing levels
in grass were associated with slightly higher levels in milk.

Levels of PCDDs/PCDFs in soil and atmospheric deposition in an agricultural area in
the south-east of Hamburg, adjacent to an industrial area, were measured (Sievers ef al.,
1993). Soil samples were collected at 62 sites at a maximum depth of 15 cm. The
PCDD/PCDF contents ranged from 1.7 to 684 ng I-TEQ/kg with a median of 18 ng/kg.
Elevated soil levels were observed in the vicinity of a former chemical plant (up to
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159 ng I-TEQ/kg) and along the banks of tributaries of the River Elbe (up to 684 ng I-
TEQ/kg), where until the 1950s the land was regularly flooded during winter time.

Rotard et al. (1994) examined background levels of PCDDs/PCDFs in soils in
Germany at sites outside industrial and urban regions. Elevated levels were found in the
topsoil layers of forest. PCDD/PCDF levels found in ploughland and grassland samples
were considerably lower, with means of 2 ng I-TEQ/kg. The isomer profiles for air and
forest soil samples showed striking coincidence.

Little is known about PCDD/PCDF contamination of soils in the former German
Democratic Republic. Kujawa et al. (1995) analysed 49 soil samples of rural origin. Only
total I-TEQ levels of PCDDs/PCDFs were reported. The authors compared data for
samples originating from the western and eastern parts of Germany (see Appendix 1,
Table 5).

(x) Italy

Following the Seveso accident in 1976, soil levels of 2,3,7,8-TCDD were determined
in the Zones A, B and R established around the ICMESA plant (see Section 1.3.1(b)).
Since 2,3,7,8-TCDD concentrations detected in Zone A ranged over more than four
orders of magnitude (from < 0.75 pg/m’ to > 20 mg/m’), the zone was broken down into
subzones A-A,, each characterized by a somewhat lower range of 2,3,7,8-TCDD levels
(di Domenico & Zapponi, 1986). Mean concentrations of 2,3,7,8-TCDD in the soil in
September 1976 in Zones A —A, were 1600, 2500, 130, 260, 120, 91, 12 and < 5 ug/mz,
respectively. The mean concentrations in Zones B and R in 1976-77 were 3.4 and
~0.5 ug/m’, respectively. Tolerable limits for land (soil), housing interiors, equipment
and other matrices and items were set by regional law. The risk areas — namely Zones
A, B and R — were defined by taking into account the 2,3,7,8-TCDD levels detected
predominantly in the 7-cm topsoil layer, and therefore the ‘surface density’ unit pg/m’
was extensively used, the unit surface being defined as a 1-m square with a 7-cm
thickness. 2,3,7,8-TCDD surface densities were converted to the more common ng/kg
concentration units by multiplying by an average factor of 8. The following limits were
obtained for the different risk areas and matrices (Bertazzi & di Domenico, 1994):
farmable land, < 0.75 pg/m’ (< 6 ng/kg); non-farmable land, <5 pg/m® (<40 ng/kg);
limit of evacuation, > 50 ug/m” (> 400 ng/kg); and, for companson outdoor surfaces of
buildings, < 0.75 pg/m’; indoor surfaces of buildings, < 0.01 pg/m’.

di Domenico et al. (1993a) reported on the occurrence of PCDDs/PCDFs and PCBs in
the general environment in Italy. Sampling was carried out in five regions, at or slightly
above sea level (n = 10), at an altitude of 8001300 m (n = 11) and in caves normally not
visited by the general public (n = 6). All sampling sites were far from an urban or
industrial setting, at least 5 km from towns or villages, and the soil was collected from
top to 7-cm depth. PCDD/PCDF levels were between 0.10 and 4.3 ng I-TEQ/kg in open
areas and between 0.057 and 0.12 ng I-TEQ/kg in samples from caves.



POLYCHLORINATED DIBENZO-para-DIOXINS 83

(xi) Japan

Very few data have been reported on Japanese soils. Nakamura et al. (1994) found
PCDD/PCDF levels in soils of 271 and 49.6 ng I-TEQ/kg (two agricultural fields) and
42.4 ng I-TEQ/kg (urban field).

(xii) Jordan

Alawi et al. (1996a) described the concentration of PCDDs/PCDFs in the Jordanian
environment in a preliminary study on a municipal landfill site with open combustion
near Amman. Six samples were collected from locations distributed over the area of the

landfill. The concentrations measured in soil samples ranged from 8.2 to 1470 ng
German TEQ/kg dry weight.

(xii1) The Netherlands

van Wijnen et al. (1992) measured PCDD/PCDF levels in 20 soil samples collected
from areas in the vicinity of Amsterdam where it was known that small-scale (illegal)
incineration of scrap wire and scrap cars might have resulted in contamination with
PCDDs/PCDFs. At certain spots, the illegal incineration resulted in strongly increased
soil levels of PCDDs/PCDFs, ranging between 60 and 98 000 ng I-TEQ/kg dry matter.
Nine samples had PCDD/PCDF levels (far) above the so-called ‘level of concern’ of
1000 ng/kg dry matter proposed by Kimbrough et al. (1984) for soil contamination with
2,3,7,8-TCDD in Times Beach, Missouri (USA).

At the Volgermeerpolder hazardous waste site, 10 years after all dumping activities
ceased, the concentrations of the most toxic PCDD/PCDF congeners in topsoil and eel
determined in 1994 fell within the same range as was found in 198184, indicating that
the contamination circumstances had remained basically unaltered (Heida er al., 1995).

(xiv) Russian Federation

Soil samples taken near plants where products such as chlorophenol, TCP and 2,4-D
had been produced had 2,3,7,8-TCDD levels in the range of 900-40 000 ng/kg
(Pervunina et al., 1992).

Some information on ecological problems in Russia caused by PCDD/PCDF emis-
sions from other chemical industry facilities is available (Fedorov, 1993). In 1990, at a
chemical fertilizer plant in Chapaevsk, the soil near the section for PCP production
contained 18.7 ug 2,3,7,8-TCDD/kg. It should be noted that the major PCDD/PCDF iso-
mers formed in PCP production are OCDD, OCDF and HpCDDs. Soil originating from
Chapaevsk farming areas (1991-92) contained between 0.2 and 68 ng 2,3,7,8-TCDD/kg.
In Ufa, close to a TCP production plant, values of between 8000 and 40 000 ng 2,3,7,8-
TCDD/kg have been reported.

In the Bashkortostan Republic, the main sources of environmental contamination with
PCDDs/PCDFs are chemical plants in Ufa and Sterlitamak, which have manufactured
organochlorine products including the pesticides 2,4,5-T and 2,4-D for more than 40
years. Soil samples taken in urban areas of Ufa and Sterlitamak, had PCDD/PCDF con-
centrations of 1-20 ng I-TEQ/kg, which did not exceed the norms for Russia. High
concentrations of PCDDs/PCDFs were detected in industrial zones not far from chemical
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and oil/chemical plants of Ufa, ranging between 280 and 980 ng I-TEQ/kg. In the
majority of farm regions, PCDD/PCDF content in soil was reported to be between 0.01
and 0.13 ng I-TEQ/kg and did not exceed the permissible level of 10 ng/kg (Khamitov &
Maystrenko, 1995). [It was not apparent from the paper whether the values reported were
I-TEQs or total PCDD/PCDFs. ]

(xv) Spain

Near a clinical waste incinerator in Madrid, PCDD/PCDF levels in soil samples
(0-5 cm) from 16 sites indicated slight contamination by these pollutants (Gonzdles
etal., 1994; Jiménez et al., 1996a). The highest levels were found at points located
between 400 and 1200 m from the incinerator but there was no relation between PCDD/-
PCDF levels and the prevailing wind direction. The analytical data for PCDDs/PCDFs
and the distribution of the PCDD/PCDF homologues and the 2,3,7,8-substituted con-
geners failed to reveal whether this plant was the only source responsible for the soil
contamination detected.

Schuhmacher et al. (1996) analysed soil samples in the vicinity of a municipal solid-
waste incinerator in Tarragona. The highest PCDD/PCDF level (0.84 ng I-TEQ/kg) was
found at a distance of 750 m from the incinerator.

(xvi) Sweden

PCDDs/PCDFs in soil and digested sewage sludge from Stockholm were analysed
(Broman et al., 1990). The contribution of PCDDs/PCDFs from sewage sludge to the
total soil level was compared with the contribution from two non-point emission sources,
i.e., road traffic and the urban area of the city of Stockholm. The data reported (based on
the Nordic TEF model) are not based on dry matter but on organic weight, making it
difficult to compare the data obtained with other published data. The mean concentration
in four sludge samples was 79 ng TEQ/kg organic weight. Soil samples taken close to
major roads varied between 13 and 49 ng TEQ/kg organic weight and soil samples which
were not taken close to major roads varied between 9 and 32 ng TEQ/kg organic weight.
The results indicate that both traffic and the urban area influence PCDD/PCDF concen-
trations in arable soil. Fertilization with sludge (1 tonne dry weight/hectare and year)
raised the initial soil concentration of PCDDs/PCDFs in the fields by approximately
2-3%.

(xvii) Switzerland

Soil samples were collected at 33 sites in the northern part of Switzerland
(Rheinfelden to Wallbach) (Gilli et al., 1992). Concentrations of PCDDs/PCDFs in the
topsoil ranged from 0.7 to 26.8 ng German TEQ/kg. Eighty per cent of the samples had
concentrations < 5 ng TEQ/kg, slightly above the background level of ~ 1 ng TEQ/kg in
rural areas.

(xviii) Taiwan

Since 1966, waste electric wires and/or magnetic cards have been incinerated directly
on site during reclamation of metals, especially copper, silver and gold, in Taiwan.
Surface soil samples from six sites at which these open incinerations took place were
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analysed for PCDDs/PCDFs (Huang et al., 1992). All samples were contaminated, with
total PCDD levels ranging from undetectable to 540 ng/kg and total PCDF levels of 1.8—
310 ng/kg. Only the samples from the incineration sites with waste electric wire were
heavily polluted.

Soong and Ling (1996) found exceptionally high PCDD/PCDF levels in soil samples
collected from a PCP manufacturing facility located in the southern part of Taiwan
(maximum, 1357 ug I-TEQ/kg) five years after operation had ceased.

(xix) United Kingdom

PCDD/PCDF levels in archived soil samples collected from the same semi-rural plot
in south-east England between 1846 and the present were determined by Kjeller er al.
(1990, 1991). Atmospheric deposition is known to have been the only source of
PCDDs/PCDFs to the site. PCDDs/PCDFs were present in all the samples. Generally, the
total PCDD/PCDF concentration began to increase in the early twentieth century from
about 30 ng/kg in the 1850s to the 1890s to about 90 ng/kg in the 1980s.

A comprehensive study of British soils to measure the background contamination
with PCDDs/PCDFs was performed by Creaser ef al. (1989), who analysed 77 topsoil
samples (0-5 cm) from points of a 50 km grid covering England, Wales and Scotland.
Mean concentrations for a reduced data-set were in the range of 9.4 ng/kg for total
TCDDs to 191 ng/kg for OCDD.

In a further study by Creaser et al. (1990), soil samples from five British cities
(London, Birmingham, Leeds, Sheffield and Port Talbot) were analysed for PCDDs/-
PCDFs. The mean levels were significantly higher than those from rural and semi-urban
locations. The concentrations of the lower PCDD and PCDF congener groups show the
greatest increase. By principal component analysis, it was deduced that combustion
processes, such as coal burning and municipal waste incineration, are the main sources of
PCDDs/PCDFs in these soils.

Stenhouse and Badsha (1990) presented baseline concentrations for PCDDs/PCDFs
and PCBs around a site proposed for a chemical waste incinerator near Doncaster. The
values were between 3 and 20 ng I-TEQ/kg, indicating that the area had relatively low
contamination with these components and may be comparable with a rural environment.

Biomass burning is known to constitute a highly dispersed source of PCDDs/PCDFs
(Levine, 1992). Walsh ez al. (1994) monitored soils before and after straw field fires and
assessed the degree and nature of formation/destruction and transformation processes
occurring during biomass burning. PCDD/PCDF concentrations of post-burn soils
showed a slight relative reduction with respect to the corresponding pre-burn soils at
three burnings. This reduction may be attributed to the high temperature achieved during
the burn, leading to vaporization and destruction of PCDDs/PCDFs in the surface layer
of soil. The overall I-TEQ for PCDDs/PCDFs decreased after the straw fire, with a
decrease in concentration of 2,3,7,8-TCDD and an increase in that of OCDD.

Foxall and Lovett (1994) analysed soil samples from South Wales, Pantec district,
where the major industries used to be coal mining, iron and steel production, aluminium
smelting and glass manufacturing. Current industries involve steel rolling, automotive
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engineering, pharmaceuticals and others. Forty-two samples from 32 sites were analysed
by eight national or international laboratories. The total PCDD/PCDF levels show consi-
derable variation between sampling sites, with a mean of 66 ng I-TEQ/kg and a median
of 10.5 ng I-TEQ/kg (range, 2.5-1745 ng I-TEQ/kg). The maximal concentration in soil
was found at a site near a chemical water incinerator.

PCDD/PCDF contamination on land around a chemical waste incinerator has been
described (Holmes er al., 1995; Sandalls et al., 1996). After 1991 during a routine
surveillance, high PCDD/PCDF concentrations were detected in the milk of cows
grazing within 2 km of a chemical factory in Bolsover, Derbyshire, which had produced
2,4,5-TCP. As a follow-up, PCDDs/PCDFs were measured in soil samples taken up to
5km from the factory. The samples were taken from 46 sites where the soil had
remained undisturbed for many years. As in flue gas at the incinerator, total TCDD was
always found to be prominent in soil and was selected as a marker for assessment
purposes. Within 1 km of the factory, the concentration of total TCDDs in soil was up to
9400 ng/kg, and even 4-5 km away several hundred ng/kg were found. The authors
concluded that the special distribution pattern of PCDDs on surrounding land implicated
the chemical factory as the likely source since the soil samples showed a congener ratio
pattern not resembling that found in a United Kingdom background survey.

(xx) United States

In 1971, 29 kg of 2,3,7,8-TCDD-contaminated chemical sludge were mixed with
waste oils and used as a dust suppressant at sites in 10 counties of Missouri. Kimbrough
et al. (1977) described an epidemiological and laboratory investigation of a poisoning
outbreak that involved three riding arenas and killed 57 horses and numerous other
animals. The outbreak was traced to the spraying of the arenas with the contaminated oil
containing TCP, PCBs and hexachloroxanthene. The 2,3,7,8-TCDD levels in the soil
samples ranged up to 33 mg/kg. The presence of hexachloroxanthene in most of the
contaminated sites, although at levels varying considerably from site to site and also
within sites, implicates a hexachlorophene producer as the source (Kleopfer et al., 1985).

Nestrick et al. (1986) measured levels of 2,3,7,8-TCDD in samples taken at various
sites at a major chemical plant in Midland, ML, in the city of Midland and in other
industrialized areas in the United States. Within the chemical plant, certain areas had
localized elevated levels (above 5 pg/kg) 2,3,7,8-TCDD in the surface soil (Appendix 1,
Table 6). In the zone immediately surrounding the Midland plant, most 2,3,7,8-TCDD
soil levels were below 1000 ng/kg, but many times higher than those found in other
industrialized urban areas, suggesting that the chemical plant was a primary source of
2,3,7,8-TCDD found in the immediate environment. The data for other US cities are
summarized in Appendix 1 (Table 7).

Reed et al. (1990) measured PCDD/PCDF levels at Elk River, Minnesota, before ope-
ration of an electric generating station by powered refuse-derived fuel. The area was
semi-rural without industry. The soil data reflect generally low background concen-
trations of PCDDs/PCDFs, with surprisingly high values for OCDD (ranging from 340 to
3300 ng/kg).
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Concentrations of PCDDs/PCDFs in 36 soil samples from eight counties in southern
Mississippi were reported by Rappe et al. (1995) and Fiedler er al. (1995). The selected
sampling sites were not directly influenced by human activities, such as heavy traffic or
dust. Controlled burning is a common practice in southern Mississippi, and potential sites
were not excluded when traces of former fires could be seen. The sampling depth was
5 cm. Most Cl~Cl, PCDDs/PCDFs were detected in all samples. 2,3,7,8-TCDD was
identified in 17 of the 36 samples at a detection limit of 0.02-0.05 ng/kg dry weight. The
highest concentration was 22.6 ng I-TEQ/kg in a sample from Perry County. In some
cases, surprisingly high values for OCDD were found (13-15 ug/kg) (see Appendix 1,
Table 8). The source of these high levels is not known but the authors suggested a non-
anthropogenic origin.

The Columbus Municipal Waste-to-Energy facility in Columbus, OH, began ope-
ration in 1983. In 1992 it was reported to be the largest known single source of PCDD/-
PCDF emissions. Emission was reduced from 984 g I-TEQ/year in 1992 to 267 g/year in
1994. Soil was monitored for PCDDs/PCDFs at the plant site, directly off-site in the
predominant wind direction (four samples), at 14 sites in the city of Columbus and
28 miles away from Columbus in a rural setting (Lorber et al., 1996b). The high
PCDD/PCDF levels in the four samples taken close to the facility (average, 356 ng
I-TEQ/kg) suggest direct soil contamination due to the operation of the plant (stack
emission and/or on site ash handling). The congener profile seen in the stack emission
was very similar to those observed in the soil samples taken at the plant. The background
soil concentrations of 1-2 ng I-TEQ/kg are consistent with other measurements in North
America and elsewhere.

(xx1) Viet Nam

During the Second Indo-China War, the south of Viet Nam was sprayed with
herbicides contaminated with 2,3,7,8-TCDD (see Section 1.3.1(a)(ii)). Matsuda et al.
(1994) measured the persisting levels of 2,3,7,8-TCDD in soils. To assess background
concentration in soil, five samples were collected in Hanoi, where the herbicides had not
been sprayed and no 2,3,7,8-TCDD has been found. Contrary to expectation, 2,3,7,8-
TCDD was detected in only 20 out of 106 south Vietnamese samples analysed. The
levels of 2,3,7,8-TCDD detected in 14/54 samples from Tay Ninh Province, South
Viet Nam, ranged between 1.2 and 38.5 ng/kg dry weight (mean, 14.0 ng/kg). The results
suggest that most of the sprayed material has been leached and ultimately drained
towards the sea and/or to the soil subsurface during the rainy season.

(d) Food

It is estimated that intake from food consumption accounts for well over 90% of the
body-burden of PCDDs and PCDFs in the general human population (Gilman et al.,
1991; Travis & Hattemer-Frey, 1991).

Over the last decade a number of studies of foods have appeared, but several are of
only limited usefulness because of low sensitivity. The results from Canadian studies of
meat collected in 1980 were published by Ryan et al. (1985a), but the lower chlorinated
congeners were not detected. Firestone et al. (1986) published the results of analyses for
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the higher chlorinated PCDDs in various foods collected in the United States by the Food
and Drug Administration in a five-year period beginning in 1979; lower chlorinated
PCDDs including 2,3,7,8-TCDD were not determined. Stanley and Bauer (1989)
analysed composites of selected foods collected from San Francisco and Los Angeles,
CA, including salt-water fish, freshwater fish, beef chicken, pork, cow’s milk and eggs.
The analytical methods and quality control were rigorous but the limits of detection were
somewhat higher than those obtained in some other recent studies and few measurable
residues were found. Birmingham et al. (1989) analysed samples of beef, pork, chicken,
eggs, milk, apples, peaches, potatoes, tomatoes and wheat from Ontario (Canada). Some
samples were found to contain detectable concentrations of the higher chlorinated
congeners but no Cl, or Cl, PCDDs or PCDFs were detected. The data from this study are
available only on a whole sample rather than a lipid-adjusted basis.

Studies by Beck et al. (1987, 1989a) of foods available in Berlin, Germany, were
based on analysis of 12 random purchases of foods (chicken, eggs, butter, pork, red fish,
cod, herring, vegetable oil, cauliflower, lettuce, cherries and apples) and of eight samples
of cow’s milk. The analysis used high-resolution mass spectrometry and achieved very
high sensitivity, so that most of the congeners with a 2,3,7,8-substitution pattern were
detected in most of the samples. Fiirst ez al. (1990) concentrated on fatty foods and foods
of animal origin in a study involving over 100 individual samples from the North-Rhine
Westphalia area of Germany, but with slightly lower sensitivity. Fiirst et al. (1992a) sub-
sequently reported further analysis of milk and dairy products which made use of more
sensitive high-resolution mass spectrometry, but detailed congener-specific results were
not published.

A comprehensive assessment of Dutch foodstuffs was reported by Liem et al.
(1991a,b). The sampling scheme was designed after considering the individual consump-
tion data of approximately 6000 individuals from 2200 families over a two-day period.
Animal fat and liver from six different types of animal were collected from slaughter
houses, and cereal products, cow’s milk, dairy products, meat products, nuts, eggs, fish
and game from retail sources. In each of these groups, duplicate collection of samples
was carried out in each of four Dutch regions and proportional pooling was performed to
provide a pair of duplicate samples for each group and region, and one national compo-
site sample from the four regional pools. Analysis was by high-resolution mass spectro-
metry and achieved high sensitivity. Liem af al. (1991c) also reported the analysis of 200
samples of cow’s milk obtained from the vicinity of municipal solid-waste incinerators
and other potential PCDD/PCDF sources in the Netherlands.

Results are available from a study of composite samples from the UK Total Diet
Study (TDS) (Ministry of Agriculture, Fisheries and Food, 1995; Wright & Startin, 1995;
Wearne et al., 1996; see Table 23). In this scheme, retail samples of 115 specified food
items are purchased at two-week intervals from different locations in the United
Kingdom, prepared as for consumption, then combined into one of 20 food groups in
proportions representing the relative importance of the retail foods in the average British
diet. Concentrations of PCDDs and PCDFs were determined in archived TDS samples of
fatty foods and bread collected in 1982 and 1992. For each food group, the material
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analysed was a composite of samples from all 24 locations included in the TDS that year.
Fruit, vegetables and other non-fatty foods were not analysed. The determinations used
high-resolution mass spectrometry and met appropriate acceptance criteria (Ambidge
et al., 1990).

Table 23. Concentrations of PCDDs/PCDFs
(ng I-TEQ/kg whole food) in Total Diet
Study samples collected in 1982 and 1992 in

the United Kingdom
Food group PCDDs/PCDFs (ng I-TEQ/kg)
1982 1992
Bread 0.02 0.03
Other cereals 0.13 0.17
Carcass meat 0.49 0.13
Offal 1.6 0.59
Meat products 0.32 0.08
Poultry 0.50 0.13
Fish 041 0.21
Oils and fats 1.3 0.20
Eggs 0.92 0.17
Milk 0.16 0.06
Milk products 1.2 0.16

From Wearne er al. (1996)

Several studies of food items from Viet Nam, Russian Federation and the United
States have been reported by Schecter ef al. (1989a, 1990a, 1994a), who worked with
various analytical laboratories of good repute. Most of the data relate to individual
samples. In the study of food in the United States, 18 samples of dairy products, meat
and fish from a supermarket in upstate New York were analysed (Schecter ez al., 1994a).
A more recent study (Schecter er al., 1996a) of 100 food items combined by type has not
been fully reported, but led to estimates of intake close to those of the earlier study. A
more comprehensive investigation of concentrations in beef in the United States has been
reported by Ferrario et al. (1996).

Several studies have been conducted of foods in the Japanese diet, but some doubt
must be attached to the results. Ono et al. (1987) reported the analysis of vegetables,
cooking oils, cereals, fish, pork, beef, poultry and eggs collected in Matsuyame in 1986.
In contrast to other studies, the dominant congeners in the fish and animal samples were
generally not those with 2,3,7,8-substitution, suggesting that the results do not reflect
biologically incurred residues but some other form of contamination. OCDD (which is
normally the congener of highest concentration) was not consistently found and it is
possible that the alkaline saponification procedure used for some samples resulted in
dechlorination of OCDD and distortion of the congener profile. Other studies by
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Takizawa and Muto (1987) and by Ogaki et al. (1987) also employed alkaline saponi-
fication and the reports do not include congener-specific results.

Relevant data are summarized in Appendix 1 (Tables 9-18). The data included have
been selected to meet a number of criteria, including relevance to dietary intake rather
than environmental monitoring, and adequate detection limits and appropriate analytical
methodology. Some exceptions have, however, been made and some data that are
available only as summed I-TEQs have been included where they seem to be of value.
Additionally, the results included were either available on a lipid basis or could be so
converted using either reported fat contents or reasonable assumptions. Some additional
results omitted from the tables are discussed below. All concentrations quoted are lipid-
adjusted unless otherwise stated.

Most of the summed I-TEQ concentrations included in the tables have been re-
calculated using I-TEF values and assuming that congeners that were not detected were
present at the full value of the detection limit. Obviously, however, this was not possible
where detection limits were not reported (indicated as ‘ND’) or where the original
author’s calculations were used.

(1)  Background exposure

Vegetables

Studies on uptake from soil, which have been reviewed (Kew et al., 1989), are not
entirely consistent but it is generally accepted that systemic uptake through the roots and
translocation within plants is virtually absent in most species. Some members of the
Cucurbitaceae family, however, have been shown to take up PCDDs and PCDFs from
soil, leading to a uniform concentration of about 20 ng I-TEQ/kg dry mass in the above-
ground parts of plants grown in soil containing 148 ng I-TEQ/kg (Hiilster et al., 1994).

Apart from localized contamination, PCDD and PCDF concentrations in fruit and
vegetables have usually been found to be immeasurably small. In the survey of food-
stuffs available in West Berlin (Beck ef al., 1989a), five vegetable samples were
analysed (including cauliflower, lettuce, cherries and apples) and PCDDs and PCDFs
were not found, subject to a detection limit of 0.01 ng/kg for each isomer. Similarly
PCDDs and PCDFs were not detected to any significant extent in vegetable samples from
the Total Diet Survey schemes in the United Kingdom (Ministry of Agriculture, Fisheries
and Food, 1992) or in Canada (Birmingham et al., 1989).

A number of studies have dealt with vegetable oils. Beck et al. (1989a), Fiirst et al.
(1990) and Liem et al. (1991a,b) have all reported that the concentrations of PCDDs and
PCDFs were below the limit of detection, apart from some low levels of the hepta- and
octa-chlorinated congeners.

Cow'’s milk

The detection of PCDDs and PCDFs in cow’s milk was first reported by Rappe et al.
(1987b) in samples from Switzerland. In retail milk from Bern and Bowil (a location
remote from potential PCDD sources), several PCDDs were identified although concen-
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trations were close to the detection limit. The congeners found were exclusively 2,3,7,8-
substituted.

Data from this and subsequent reports on levels of PCDDs in milk are given in
Appendix 1 (Table 9; summarized in Table 10).

Data on levels in cow’s milk from various locations are dominated by European
samples from the late 1980s and early 1990s. The data show a mean concentration of
2.3 ng I-TEQ/kg with a range of 0.26-10.0 ng I-TEQ/kg. Concentrations of 2,3,7,8-
TCDD, 1,2,3,7,8-PeCDD and 1,2,3,4,7,8-HxCDD are all within a range of 0.13-2.3 with
means of about 0.6-0.7 ng/kg. Levels of 1,2,3,6,7,8-HxCDD are somewhat greater, with
a mean of 2.0 ng/kg and range of 0.3-8.9 ng/kg. [The concentration of 1,2,3,7,8,9-
HxCDD found in Spanish milk (Ramos ez al., 1996) is dubious; the other results give a
mean of 0.58 ng/kg.] Measured concentrations of HpCDD and OCDD are frequently
unreliable due to the confounding influence of laboratory contamination and other
analytical difficulties, but are greater than those of the C1,~Cl, congeners.

The data of Fiirst et al. (1993) (see Section 1.3.2(c)(ix)) imply that the pathway air —
grass — cow is more important than the pathway soil — grass — cow. The carry-over
factors for PCDD/PCDF congeners between grass and milk differ significantly. While
2,3,7,8-TCDD showed the highest carry-over factor, OCDD was accumulated less by a
factor of almost 40.

In addition to the tabulated data, Stanley and Bauer (1989) reported the analysis of
eight composite samples from the United States, but most PCDDs and PCDFs were not
detected and the detection limits were slightly higher than typical background concen-
trations found in other studies. LaFleur ef al. (1990) reported 0.002 ng 2,3,7,8-TCDD/kg
in milk used in a study of migration of PCDDs from milk cartons, but did not analyse
higher congeners. Glidden et al. (1990) have also reported that these congeners were not
detectable in milk that had not been packaged in paperboard cartons.

Dairy products

Reported concentrations of PCDDs and PCDFs in dairy products are given in
Appendix 1 (Table 11) and Appendix 2 (Table 4) and, as expected, are similar to those in
milk when expressed on a fat basis. In milk products, the mean summed I-TEQ concen-
tration for PCDDs together with PCDFs (calculated assuming non-detected congeners to
be present at the full value of the detection limit) is about 2.4 ng I-TEQ/kg (range, 0.8 to
8 ng I-TEQ/kg fat). [The Working Group noted that this is a conservative estimate; the
true concentrations may be lower in some cases but most of the studies considered
achieved excellent sensitivity, and other assumptions would lead to fairly small changes
in the mean.] As with milk, data from UK Total Diet Survey samples show a consi-
derable decrease from 1982 to 1992 (Wright & Startin, 1995; Wearne ef al., 1996).

Meat

Reported data for various meats and meat products, shown in Appendix 1 (Table 12;
summarized in Table 13), indicate a mean concentration of 2,3,7,8-TCDD which is also
about 0.5 ng/kg fat, but with a range of about two orders of magnitude. Concentrations of
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the other congeners tend to be a little higher than in milk — between 1.5 and 5 ng/kg for
PeCDD and HxCDD isomers, 62 ng/kg for HpCDDs and 350 ng/kg for OCDD. Ranges
are again rather large and are widest for OCDD (a factor of 250). In TEQ terms, the
average concentration is about 6.5 ng I-TEQ/kg.

Beck et al. (1989a) found concentrations in the range of 1.65-2.59 ng I-TEQ/kg for
beef, lamb and chicken but a much lower concentration (0.28 ng I-TEQ/kg) in pork.
Similar results were reported by Fiirst e al. (1990); concentrations in beef, lamb, chicken
and in canned meat were in the range 2.4-3.7 ng I-TEQ/kg while PCDDs and PCDFs
other than OCDD were not detected in pork. Fiirst found a rather higher average concen-
tration of 7.7 ng I-TEQ/kg in veal, that is presumably due to the high early-life input
from milk.

Similar concentrations were found in beef, mutton and chicken from the Netherlands
where the range was 1.6-1.8 ng I-TEQ/kg (Liem et al., 1991b). Again a rather lower
level of 0.42 ng I-TEQ/kg was found in pork. This study also included horse and goat fat,
in which higher concentrations of 14 and 4.2 ng I-TEQ/kg, respectively, were found.
Liver from these animals was also analysed and the concentrations, on a fat basis, were
2-10-fold higher than in the corresponding animal fat.

The limited number of reported measurements of levels in animal liver from food
distribution channels show a tendency to higher concentrations in I-TEQ terms (6-60 ng
I-TEQ/kg). Concentrations of HpCDD and OCDD especially are relatively large, with
maxima approaching 1 ug/kg for the former and exceeding 4 pg/kg for the latter
congener.

LaFleur et al. (1990) examined samples of canned corned beef hash, ground beef,
beef hot dogs and ground pork available in the United States for 2,3,7,8-TCDD and
2,3,7,8-TCDF. The former was found in all the beef samples at concentrations between
0.03 and 0.35 ng/kg but was not detected in pork.

Schecter et al. (1994a) more recently reported on a number of individual samples of
retail meat products from the United States. The concentrations in four different samples
of beef and beef products spanned a wide range from 0.04 to 1.5 ng I-TEQ/kg on a whole
sample basis. Cooked ham contained 0.03 ng I-TEQ/kg, while a single pork chop
contained 0.26 ng I-TEQ/kg and a sample of lamb sirloin 0.41 ng I-TEQ/kg. A very low
level of 0.04 ng I-TEQ/kg was found in a sample of chicken.

Concentrations in samples from widely separated locations in the Soviet Union
ranged from 0.2-6 ng I-TEQ/kg in beef, pork and sausage (see Appendix 1, Table 12).

Poultry

The rather limited data (Appendix 1, Table 14) on poultry meat suggest typical con-
centrations of the same order of magnitude as those in other animal products, apart from
the rather greater concentrations found in two samples from Viet Nam (Schechter ef al.,
1989a). The UK Total Diet Survey (Wright & Startin, 1995) shows a marked decrease
between 1982 and 1992.
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Eggs ,

Although the 2,3,7,8-substituted PCDD/PCDF congeners predominate in eggs, other
congeners are observed to a greater extent than in other animal-derived foods. There
have been relatively few studies of contamination in eggs at the retail level, but the
limited data in Appendix 1 (Table 15) show reasonable agreement between samples from
the Netherlands, Germany, Spain and the United Kingdom (1992 Total Diet Survey
sample). In terms of I-TEQ concentrations for PCDDs and PCDFs, the British results
show a decrease from 1982 to 1992 of nearly a factor of 5.

Earlier results of 0.22 and 0.16 ng I-TEQ/kg whole egg found in two egg composites
from the UK Total Diet Survey from 1988 (Ministry of Agriculture, Fisheries and Food,
1992) and an average of 0.2 ng TEQ/kg whole egg in samples from Norway (Faerden,
1991) are also consistent, assuming a fat content of 10%.

In the United States, the data of Stephens et al. (1995) point to a similar background
level in eggs from chickens fed on commercial formulations to that in Europe, whereas in
eggs from free-range birds with access to moderately contaminated soils, concentrations
were as much as 100-fold higher than in commercial eggs.

In the Canadian data, only higher chlorinated congeners were detected in eggs, but an
average concentration of 0.59 ng I-TEQ/kg was used for dietary intake calculations
(Birmingham et al., 1989).

Two chicken’s eggs from Viet Nam had concentrations of 0.55 and 1.62 ng I-TEQ/kg
whole egg while PCDDs and PCDFs were not detected in a single sample of duck eggs
(Olie et al., 1989).

Lovett et al. (1996) reported 1.2 ng I-TEQ/kg fresh mass in chicken eggs from rural

sites in Wales, 0.6 ng I-TEQ/kg in bantam hen eggs and 0.7 ng I-TEQ/kg in duck eggs.
[Assuming 10% as a typical fat content, these seem much too high.]

Fish

Although PCDDs and PCDFs are usually present in aquatic systems only at very low
levels, bioaccumulation of the 2,3,7,8-substituted congeners can result in significant
concentrations in fish. As with animals, the 2,3,7,8-substituted congeners dominate the
congener pattern found in fish, although this is not true of crustaceans and shellfish
(Oehme ez al., 1989). Since different species occupy quite different trophic positions,
large differences in PCDD and PCDF concentrations are to be expected.

Data from studies of food fish are shown in Appendix 1 (Table 16; summarized in

Table 17). Average concentrations of 2,3,7,8-TCDD and of 1,2,3,7,8-PeCDD are about
an order of magnitude greater than in foods of animal origin.

A study of cod and herring from the seas around Sweden has been reported (Bergqvist
et al., 1989). Herring from the Baltic were found to have PCDD/PCDF concentrations in
the range of 6.7-9.0 ng I-TEQ/kg wet weight, while considerably lower concentrations of
1.8-3.4 ng I-TEQ/kg were found in fish from the west coast of Sweden. de Wit ef al.
(1990) also demonstrated higher levels in fish from the Baltic Sea.
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Takayama er al. (1991) reported data on coastal and marketing fish from Japan. The
means for these two groups were 0.87 and 0.33 ng I-TEQ/kg, respectively, on a wet
weight basis.

A number of studies have dealt with contamination of fish in the North American
Great Lakes and rivers in the Great Lakes Basin (Harless ez al., 1982; O’Keefe et al.,
1983; Ryan et al., 1983; Stalling et al., 1983; Fehringer ef al., 1985), which have been
among the most severely contaminated in the United States. An extensive survey of
2,3,7,8-TCDD in fish from inland waters in the United States has also been conducted
(Kuehl ef al., 1989) and over 25% of all samples were found to be contaminated at or
above the detection limit, which varied between 0.5 and 2.0 ng/kg. Concentrations in
excess of 5.0 ng/kg were found in 10% of samples and the highest level was 85 ng/kg.
Samples collected near sites of discharge from pulp and paper mills had a higher
frequency of 2,3,7,8-TCDD contamination than other samples. More recently, Firestone
et al. (1996) summarized the results of monitoring for 2,3,7,8-TCDD in the edible
portion of fish and shellfish from various United States waterways since 1979. Analyses
of 1623 test samples indicated that 2,3,7,8-TCDD residues in fish and shellfish were not
widespread but rather were localized in areas near waste sites, chlorophenol manu-
facturers and pulp and paper mills. The levels in aquatic species from these sites have
been declining steadily. No 2,3,7,8-TCDD (limit of detection and confirmation,
1-2 ng/kg) has been found in recent years in aquatic species from most Atlantic, Pacific
and Gulf of Mexico sites and Great Lakes other than Lake Ontario and Saginaw Bay
(Lake Huron).

There are rather fewer data on retail samples of the major food species and the ranges
of reported results are wider than for animal products. Two recent studies of composite
samples of sea fish, formulated to represent national average dietary habits in the United
Kingdom and the Netherlands, showed considerable differences for all congeners (see
Appendix 1, Table 16) (Liem et al., 1991b; Ministry of Agriculture, Fisheries and Food,
1995). The available data lead to averages of about 5 ng/kg for 2,3,7,8-TCDD, 1,2,3,7,8-
PeCDD and 1,2,3,6,7,8-HxCDD, with lower concentrations of 1,2,3,4,7,8-HxCDD and
1,2,3,7,8,9-HxCDD and rather higher ones of HpCDDs and OCDD. The mean total
concentration of 25 ng I-TEQ/kg has a larger contribution from PCDFs than that for
animal products (see Appendix 1, Table 17).

In addition to the tabulated results, data from the United Kingdom from eight retail
samples, including plaice, mackerel, herring, cod, skate and coley, gave a mean of
0.74 ng/kg and a range of 0.15-1.84 ng TEQ/kg on a wet weight basis (Startin et al.,
1990), but fat contents were not determined.

In contrast to the extensive North American measurements on fish caught in specific
locations, there is little information documenting the levels in the general food supply
there, apart from the results reported by Schecter et al. (1994a) who found 0.02 and
0.03 ng I-TEQ/kg in haddock fillets, 0.023 ng I-TEQ/kg in a cod fillet and in a perch
fillet, and 0.13 ng I-TEQ/kg in crunchy haddock. Fat contents were not measured. These
levels are rather lower than those typical in Europe but relate to a very restricted
sampling base.
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The very limited reported data on fish oils (used, for example, as dietary supplements)
are consistent with the lipid-based concentrations reported in fish.

Other foods

Table 18 in Appendix 1 gives PCDD concentrations that have been found in some
other commodities and products. Bread was included in the UK TDS as it is a staple item
in most people’s diet and also because fat is usually used in preparing the dough. Many
of the congeners were not detected but detection limits varied so that the upper-bound
total I-TEQ concentration appears to increase in the more recent pooled sample. [The
summations are almost certainly a considerable overestimate of true concentrations.]

Various studies of cooked foods and prepared dishes have been reported; concen-
trations of PCDDs found were broadly similar to those in individual commodities.

[The Working Group noted that the available data on food show that average
PCDD/PCDF concentrations in animal fats consumed in the diet in different indus-
trialized regions are similar, even for different continents.]

Data from a UK study (Wearne ez al., 1996) in which a comparison was made of
composites of various fatty food composites taken from Total Diet Study (TDS) samples
from 1982 and 1992 show a considerable decrease in PCDD/PCDF levels over this
decade (Table 23). Results obtained separately on a small number of individual TDS
samples from 1988, while less robust, support this finding (Ministry of Agriculture,
Fisheries and Food, 1995).

Fiirst and Wilmers (1995) have reported a decrease of nearly 25% in PCDD/PCDF

levels in cow’s milk and milk products collected from all 30 dairies in North Rhine—
Westphalia in Germany in 1994 compared to 1990.

(i) Foods from contaminated areas
Vegetables

The outer surface of root crops can obviously become contaminated by soil contact;
low concentrations of PCDDs and PCDFs have been measured in root crops such as
carrots and potatoes grown in contaminated soils but were largely absent if the vege-
tables were peeled (Facchetti ef al., 1986; Hiilster & Marschener, 1993).

Surface-borne PCDD and PCDF contamination of foliage and fruits may include
contributions from direct deposition of airborne particulates and from absorption of
vapour-phase contaminants from the air, including those which are attributable to eva-
poration from the soil (Reischl et al., 1989). In apples and pears grown on highly conta-
minated soil, Miiller et al. (1993) found total concentrations of PCDDs and PCDFs
(including non-2,3,7,8-substituted congeners) in the range of 14 ng/kg. Peeling removed
most of the PCDD and PCDF contamination, although washing was not effective. '

In studies of field-grown vegetables, measurable amounts of PCDDs/PCDFs have
generally been found only in areas where a specific contamination problem was known
to exist. Concentrations of 2,3,7,8-TCDD of 100 ng/kg were detected in the peel of fruits
grown on soils contaminated in the Seveso incident, but not in the flesh (Wipf et al.,
1982). Investigations in the vicinity of a wire reclamation incinerator showed contami-
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nation of leaf vegetables at concentrations of 5-10 ng I-TEQ/kg and rather less in fruits
(Prinz et al., 1990).

Cows’ milk

A number of studies have demonstrated the localized influence of incinerators and
other sources on PCDD/PCDF concentrations in cow’s milk (Table 24). Thus, Rappe
et al. (1987b) found between about 8 and 12 ng I-TEQ/kg in the milk of individual cows
grazing near municipal solid-waste incinerators and a chlorinated chemical production
site in Switzerland.

More recently, in surveillance around incinerators in the Netherlands, levels up to
13.5 ng I-TEQ/kg in cow’s milk were found (Liem er al., 1991c). The highest PCDD
concentrations were usually found within about 2 km of the source.

Schmid and Schlatter (1992) analysed milk from sites near waste incineration, metal
recycling and other industrial facilities in Switzerland, where the PCDD/PCDF levels
were reported to be two- to four-fold greater than in commercial samples.

In the United Kingdom, Startin ef al. (1990) found between 3 and 6.2 ng I-TEQ/kg for
PCDDs/PCDFs in milk from farms near an incinerator and close to a densely populated
and industrialized area, compared with the mean for rural background areas of 1.1 ng I-
TEQ/kg. In 1990, concentrations of 40 and 42 ng I-TEQ/kg were found in milk from two
farms near Bolsover in Derbyshire, while milk from 30 other farms in the region
contained an average of 4.3 ng I-TEQ/kg (range, 1.8-12.5) (Harrison et al., 1996). In
contrast to the results discussed above where the proportions of different congeners were
fairly similar to those in background samples, milk from Bolsover showed a distinctive
pattern dominated by 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and 1,2,3,4,7,8-/1,2.3,6,7,8-
HxCDD.

Riss er al. (1990) investigated contamination caused by a metal reclamation plant at
Brixlegg in Austria and found PCDD/PCDF levels in two samples of cow's milk giving
55 and 69 ng I-TEQ/kg.

(iii) Human intake levels from food

Birmingham et al. (1989) estimated the daily intake of PCDDs and PCDFs from food
for Canadian adults to be 92 pg I-TEQ, the main contributors being milk and dairy
products, beef and eggs. Beck e al. (1989a) and Fiirst ef al. (1990) estimated West
German exposure to be 93.5 and 85 pg German TEQ/day, respectively. Both groups
concluded that intake was derived about equally from milk, meat and fish.

The estimates above were derived by multiplying average concentration in foods and
average food consumption statistics. An alternative approach using a database of food
consumption data for 5898 individuals was applied by Theelen ef al. (1993) to estimate
intakes in the Netherlands. This showed a median adult intake of about 70 pg I-TEQ/day.

In the United Kingdom, both approaches have been applied to estimating intakes in
1982 and 1992 (Wearne et al., 1996). Using the average consumption method, estimated
intakes of PCDDs and PCDFs were [240 pg TEQ/day] in 1982 and [69 pg TEQ/day] in
1992. Based on seven-day consumption records for over 2000 adults, mean intake



Table 24. Concentrations of PCDDs reported in cow’s milk from contaminated areas

Reference Origin Sample No. PCDD concentration (ng/kg fat)*
year
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ’
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

Riss er al. Austria, Tyrol, Brixlegg 1988 1 17.8 24.5 3.7 11.2 9.4 5.6 NR [54.6]
(1990) (metal reclamation) 1 18.5 25.3 54 14.5 3.6 17.1 NR [69.1]
Rappe et al. Switzerland, Hunzenschwil NR 1 [1.1] [5.59] [5.151 [6.49] [3.8] [5.82] [6.26] [11.8]
(1987b) (SE from MSWI)

Switzerland, Rheinfelden NR 1 [0.60] [<2.87] [<4.01] [<6.02] [<3.15] [12.0] [16.9] [7.53]

(Cl1 compound manuf.)

Switzerland, Suhr NR 1 1.2] [<2.71] [442] [5.05] [<2.52] [<3.0] [<5.05] [8.38]

(SW from MSWI)
Startin et al. UK, incinerator 1989 1 [0.85] [1.2] 0 [2.58] [0.83] [1.7] [6.45] [3.04]
(1990) 1 [0.9] {1951 0 [2.15] [<1.78] [1.73] [7.75] [4.07]

UK, urban/industrial 1989 1 [2.03] [1.05] O [1.58] [0.4] [1.63] [8.05] [6.24]

1 [1.08] [0.48] 0 [0.6] [<0.75] [4.15] [6.4] [3.71]

Harrison UK, Derbyshire 1990 1 [24.5] [18.75] [45] [13.3] [4.5] [15] [44.7]
et al. (1996) (Cl compound manuf.)

(Farm A) (4% fat assumed)
Eitzer (1995) USA, Connecticut 1993 12 [0.38] [0.17] [0.65] [0.58] [0.23] [3] [42.5] [0.82]

(incineration)

(4% fat assumed)

NR, not reported; MSWI, municipal solid-waste incinerator

“When concentrations were given by the authors on whole milk basis, they have been recalculated on lipid basis by the Working Group.

’Summed TEQ concentrations recalculated by the Working Group where possible assuming congeners that were not detected were present at the
full value of the limit of detection
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estimates were made of 250 pg TEQ/day in 1982 and 88 pg TEQ/day in 1992. The
decrease in intake was attributed partly to the decrease in the concentration of PCDDs
and PCDFs (on a fat basis) in foods, and partly to changes in dietary habits and a
decrease in the average fat content of the foods consumed between 1982 and 1992,

1.4 Human tissue measurements (see Table 25)

This section considers exclusively populations without exposure to PCDDs through
occupation or industrial accidents.

PCDDs and PCDFs are found ubiquitously in human tissues. The concentrations in
humans are higher in industrialized countries than in non-industrialized countries, now
being about 15 ng I-TEQ/kg lipid and normally below 10 ng I-TEQ/kg lipid, respec-
tively. These values are several orders of magnitude lower than those observed in acci-
dentally and/or occupationally exposed individuals. In general, no significant differences
in tissue levels have been found between people living in urban and rural areas. Extreme
consumption of certain foods or normal consumption of highly contaminated foods may
result in higher body burden, but only in some special circumstances does the increase
exceed a factor of about 5.

Human milk is both a useful matrix for biological monitoring and an important food.
Data on levels of PCDDs in human milk are therefore presented in some detail in a
separate table, organized by country and discussed separately (see Section 1.4.2).

With a very few exceptions, only 2,3,7,8-substituted congeners are found in human
tissue samples. A general observation for human background contamination is that
OCDD is the most abundant isomer, followed by the 2,3,7,8-substituted hepta- and hexa-
chloro-congeners. 2,3,7,8-TCDD is normally less abundant than PeCDD.

All values reported in this section are given on a lipid content basis. The concen-
trations are reported in pg/kg extractable fat (if not expressed otherwise).

1.4.1  Blood and tissue samples
(@) Austria

For comparison with an exposed group of 2,4,5-T production workers, Neuberger
et al. (1991) reported 2,3,7,8-TCDD blood concentrations in men with low or no occu-
pational exposure to 2,3,7,8-TCDD. The range and median for the group were < 5-23
and 13 ng/kg, respectively.

Samples of milk from cows grazing in the vicinity of a metal reclamation plant
showed significantly higher PCDD/PCDF levels than control samples. In the blood of
two farmers in the same area, increased levels of certain isomers were found. The highest
value (one sample) was found for 1,2,3,7,8-PeCDD at 780 ng/kg (Riss et al., 1990).

(b) Canada

Ryan et al. (1985b) reported that adipose tissue from 23 older subjects (> 60 years
old) who had died in Ontario hospitals in 1979-81 contained an average of 11 ng/kg
2,3,7,8-TCDD.



Table 25. Concentrations of PCDDs in human samples from the general population

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Austria
Neuberger et al. Blood 90 BSI
(1991) Occup. physicians 2) (med.) 16 (8-24) - - - - - -
MWI plant
External workers 1) 15 (< 5-23) - - - - - -
External referents (6) 13 (< 5-23) - - - - - -
Riss et al. (1990)  Brixlegg; blood from [¢))] 88 CSN 55.0 780 40 412 ND 32.5 -
farmer [¢)] 13.1 924 6.4 242 ND 116 -
Canada
Ryan et al. Adipose; 79-81 BSTW
(1985b) Kingston® (13) 124+5.8 - - - - - -
Ottawa’ (10) 8.6+4.4 - - - - - _
Ryan et al. Adipose; BSIW
(1985c) Québec S) 72 ND* 12.5 (4 pos.) ~ 42.6 - 83.6 756
(10) 76 5.4 (5 pos.) 11.6 - 63.1 ~ 70.7 628
British Columbia 3) 72 10.7 21.7 - 180 - 444 1355
(10) 76 7.5 (3 pos.) 11.6 - 117 - 160 1304
Maritimes (10) 76 5.3 (7 pos.) 8.3 - 64.0 - 82.1 572
Ontario 6) 76 6.1 (5 pos.) 6.1 - 40.3 - 116 528
Prairies (10) 76 12.7 (1 pos.) 13.3 - 97.9 - 247 843
E. Ontario (10) 80 10.0£49 13.2+4.0 - 90.5+38.9 - 116 £41.8 6114226
LeBel et al. Adipose; BSO
(1990) Ontario (76) 84 11.2+7.8 23.7+11.5 - 17241741 221492 2317+ 181 1037712 6591315
(1.4-49.1) (3.4-65.7) - (31.2-533.8) (6.9~53.2) (69.5-1242) (194-5024) (10.9-184)
Kingston® (13) 79-81 BSO 19.5 27.5 - 2123 31.7 342.3 1627 88.3
Ottawa’ 10y 8.7 22.0 - 178.5 209 244.9 1154 61.6
Teschke et al. British Columbia; adipose,  (41) 90-91 CSO 4.2 14 15 137 17 136 500 29.1
(1992) residents of forest industry (1.8-9.2) (4.1-26) (2.8-33) (33-313) (6.0-39) (42-300) (67-1333) (8.4~56.4)

region
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Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
China
Ryan et al. Shanghai; 84 BSOW*
(1987) Adipose
LC,58% n <2 <2 <2 <2 <10
LC, 50% (0] <2 <2 <2 <2 <10
LC, 73% 1) <2 <2 <2 <2 70
LC, 70% ) <2 5.3 15 18 122
LC, 73% [¢3) <2 <2 9.6 27" 373
LC,72% [¢8] <2 <2 9.5 <2 63
LC,76% (63 <2 6.5 19 <2 59
Schecter (1994) Blood, general population; 92 BSOW
(pool)
Age 15-19y (50) <12 1.6 1.8 43 1.7 11.6 104.1 4.8
Age over40 y (50) <12 3.1 3.8 4.9 2.6 17.5 117.0 57
Finland
Rosenberg et al. Plasma, general 89-90 BSIW 4.1 17 4 150 12 132 804 49
(1995) population; (1.3-10) (7.0-45) (1.8-6.1) (87-216) (5.8-26) (36-317) (369-1745) (20-99)
Age 41 (28-60) '
France
Huteau et al. Paris; adipose tissue (8) <90 BSO 10.3 (6 pos.) 9.8 (1 pos.) 5.7 (2 pos.) 46.7 (7 pos.) 11.0 (2 pos.) 164 (7 pos.) 624 (8 pos.)
(1990a) (2.9-23) (4.9-6.4) (28.6-61.6) (8.6-13.3) (80.4-232) (362-887)
Germany
Beck et al. Hamburg; adipose 20 86 BSIW 7.2 21 19 89 12 101 591 56
(1989b) (1.5-1.8) (8.8-48) (8.7-29) (35-129) (5.8-20) (39-216) (212-1061) (18-122)
Thoma et al. Munich < 89 BSO
(1990) Adipose (28) 8.0 16.4 94.7 107 373
(2.6-18) (7.7-40.4) (35.7-178.2) (35.1-246) (117-789)
Liver (28) 16.4 20.1 166.8 1002 4416
(1.0-88.9) (7.3-58.7) (56.4-615.1) (95.7-3463) (473-15259)
Adipose, infants ®) 3.0 54 255 27.1 104.9
(<1-7.0) (1.4-13.1) (4.5-68.8) (11.8-51.1) (55.3-180)
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDhD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Germany (contd)
Schecter et al. ‘Whole blood “) <90 4.0 17.5 109 9.8 185 761 69
(1991a) Adipose 4) <90 5.1 21.5 101 8.1 153 653 69
Pipke et al. General population; blood ~ (102) 89-90  BSOW 3.6 13.8 1.9 54.6 10.6 92.4 610 40.8
(1992) (0.6-9.1) (2.1-39.0) (1.0-33.0) (15.0-124) (0.5-71.0) (19.0-280) (145-1524) (11.6-93.5)
Kieselrotstudie General population; blood  (56) 91 BSOW 4.5 17.3 16.9 54.5 11.4 98.3 565 444
(1991) (ND-12) (6.7-43) (3.6-38) (18-110) (4.7-23) (30-210) (180-1100) (16.9-98)
Piipke et al. General population; blood  (44) 92 BSOW 3.7 8.3 10.2 355 5.9 56.7 462 26.0
(1993b) (1.0-8.8) (2.8-20.8) (3.6-19.4) (7.5-99.0) (1.8-15.8) (16.7-159 (126-1267) (12-61)
Schrey et al. General population; blood ~ (95) 91 BSOW 4.62 18.0 16.3 459 9.26 87.2 446 427
(1992) (1.2-12) (5.6-44) (3.9-38) (12-110) (2.9-22) (21-210) (140-950) (11.2-114)
Pipke et al. General population; blood  (70) 93 BSOW 3.2 7.2 79 28.9 5.4 46.9 389 21.7
(1994b) 0.5-8.7) (3.5-16.0) (3.4-21.8) (9.5-71.4) (0.5-13.8) (13.6-143) (99.9~945) (10.3-48.8)
Pipke et al. General population; blood ~ (134) 94 BSOW 29 6.3 6.9 26.7 4.9 453 370 19.1
(1996) (1.0-7.8) (1.6-15.4) (ND-22) (5.3-62.2) (1.3-11.9) (8.6-115.8) (90.3-949) (5.2-43.9)
97 BSOW
Age 18-71y (139) 23 59 5.7 22.6 3.8 33.0 293 16.1
(ND-4.9) (1.7-12.1) (2.0-15.7) (3.7-60.3) (1.5-11.1) 9.5-93.5) 106-664) (7.3-33.6)
Age 18-30y 47 2.1 4.8 5.0 16.8 3.6 34.0 278 131
(1.04.3) (1.7-9.8) (2.0-15.7) (3.7-33.6) (1.8-6.7) (9.8-56.7) (108-530) (7.3-13.1)
Age3l-42y (48) 22 5.9 5.7 24.4 39 33.2 310 16.3
(ND-4 .4) (2.5-11) (2.3 (10.5) (8.6-42.5) 8.6-42.5) 12.4-79.4) (114-597) (7.9-22.3)
Aged3-Tly (44) 2.8 7.0 6.5 26.7 3.9 315 280 19.1
(ND-4.9) (3.6-12.1) (2.8-11.4) (6.8-60.3) (1.9-11.1) (9.5-93.5) (106-664) (10.1-336)
Wittsiepe et al. Marsberg; vicinity of (56) 91 BSOW 4.6 194 16.3 57.9 11 93.2 666 52.7
(1993) copper smelter, blood (ND-12) (6.7-80) (5.3-51) (19-110) (3.4-31) (18-248) (120-1770) (22.1-231)
Korner et al. Mammary tumour tissue )] BSO 7.8 16.5 86.5 128 608 50.1
(1994) (5.1-11.7) (11.4-26.2) (41-121) (72-183) (186-1361) (27.4-76.0)
‘Wuthe et al. Metal reclamation plant 22) 89 BSOW 34 124 59.2 83.5 506 31.0
(19%0) neighbourhood; blood (1.3-6.2) (2.9-21) (29.7-118) (23-238) (176-2126) (16.1-80.4)

SNIXOIQ-74rd-OZNA49Id A4LYNINOTHOATOd

101



Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period  meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Germany (contd)
Wauthe er al. One woman; blood [¢3) 92 BSOW 2.2 5.7 31.3 41.1 229
(1993)
Ewers et al. Allotment gardeners; 21 92 BSOW 5.8 17 69 83 390 443
(1994) blood (2.4-14) (11-26) (37-110) (20-150) (270-680) (29.2-81.1)
Beck et al. Infants, 3-23 months <93 BSOW
(1994) Adipose tissue 8) 1.1 4.5 2.9 14 3.4 18 114 11
(< 0.2-3.9) 04-14) (0.3-9.2) 2.1-37 (0.8-9.5) (5.1-57) (43-341) (2.1-36)
Liver 8) 14 5.0 6.5 19 57 115 1221 28
(< 1-4.6) (<1-14) (<2-17) (3.0~54) (< 2~16) (20-396) (375-2916) (4.7-88)
Spleen 8) 22 55 11 24 4.9 76 166 20
(< 1—< 10) (1.1-20) (1.6-50) (<5-113) (0.8-18) (16-236) (107-281) 4.3-77)
Thymus (€3] 34 4.4 5.6 15 4.6 60 782 19
(< 1-7.5) (<2-<15) (24—<15) (7.5-24) (1.5-< 15) (19-155) (446-1500) (8.4-39)
Brain 8) - - - - - - - <1
Jodicke et al. Infant, 3 months; stool ()] 91 BSO <2 <5 <5 36.7 <5 152 1367 13.6
(1992)
Mother’s milk @) 1.0-2.1 4.6-53 3.842 254-314 2.8-3.0 26.7-29.7 104-118 14.6-18.6
Welge et al. Blood 92 BSOW
(1993) Vegetarians 24) 34 14.1 12.3 36.0 6.8 70.2 447 326
(1.2-5.4) (6.5-25) (4.6-23) (17-66) (3.7-12) (32-120) (180-1100) (14.6-52.9)
Non-vegetarians 24) 3.6 155 14.7 39.9 8.3 80.0 456 343
(1.2-11) (5.8-43) (5.4-36) (18-110) (2.9-22) (24-160) (150-950) (14.3-98.0)
Abraham et al. Mother’s blood 3) 93-94  BSOW [1.6] [4.5} [4.2] [18.3] [3.1] [26.2] (3671 [12.4)
(1995a) Placenta 3) [2.7] [4.5] [2.5] [8.7] [1.7] {11.7] [114) [11.13
Umbilical cord 3) [< 1.0 [2.6] [2.6] [8.9] [1.8] {9.0] [93.6] {6.5]
Meconium (€8] [1.4] [3.2] [2.5) [9.9} [2.2) [12.2] [152] (7.7}
Guam
Schecter et al. Guam Island; whole blood  (10) 89 BSOW 2.6 14.7 8.3 62.1 15.5 163 749 28

(1992)
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period  meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Japan
Ryan (1986) Adipose; 84 BSIW
Age2ly,LC,43% 1) ND - 70 - 560
Age33y;LC,37% ) ND - 146 - 650
Age 46 y; LC, 67% A 9.7 - 90 ~ 1600
Age 55y; LC, 80% [€))] 5.5 - 61 - 2400
Age 64y, LC, 71% 1) 32 - 66 - 860
Age 70y, 1LC, 56% 1) 8.0 - 84 - 2100
Mean; LC, 59% 6.6 - 86 - 1360
Ono et al. (1986)  Cancer patients; adipose (13) 85 CSI 9 15 8 70 12 77 230
(6-18) (3-36) (5-14) (26-220) (4-44) (29-180) (25-1100)
Ogaki et al. Adipose; <84 CRI 13 22 130 190 2000
(1987) Big city 9 (2.7-33) (1.6-45) (64-290) (27-840) (130-~10000)
Rural town 3) 8.1 23 34 27 660
(6.4-11) (15-30) (20-58) (13-40) (160-1400)
S) 15 18 77 58 250
(9.3-25) (12-32) (40-160) (27-87) (160-390)
Hirakawa et al. Controls; adipose [¢3) <91 BSI 3 14 - 70 - - 563 17
(1991) (1-5) (4-18) (21-130) (180-1330) (5-24)
Muto et al. Cancer patients; 84-86  CSI
(1991) Lung 5) 2 9.3 4.1 3.8 6.2 112 249
Liver (&) 2.2 315 8.1 31.6 4.9 78.1 165
Kidney ) 1.7 11.5 1.2 18.8 3.7 124 17.3
Pancreas ) 1.2 374 123 62.7 16.8 252 39.9
Spleen 5) ND 84.0 11.4 67.5 1.2 113 243
Gonad (5) 2.7 25.3 5.7 36.7 1.0 232 110
Gall-bladder ) ND 11.0 ND 1.5 ND 90.3 132.
Muscle (5) ND 17.0 6.2 18.0 1.5 304 344
Masuda (1996) Control; serum 91-92  BSIW 3.1 [9.2] [4.3]) [38.8] [8.31 [46] {1140} [26]
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Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal, PCDD concentration (ng/kg fat)
period  meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Netherlands
van Wijnen et al.  Fetus; liver ) <90 BSIW 0.23 0.09 0.09 0.29 0.07 1.03 8.8
(1990) Infant not nursed
Liver [¢3] 0.03 0.07 0.04 0.16 0.03 0.29 3.87
Fat [6))] 34 2.13 ND 7.07 ND 12.3 874
Infant nursed
Liver [¢)] 0.29 0.58 0.49 277 0.52 6.84 67.9
Fat (1) 3.98 6.93 3.18 29.98 2.95 10.0 105.1
Placenta (1) 0.26 0.53 0.21 0.42 0.08 0.59 4.22
New Zealand
Smith et al. Control group for 2,4,5-T 88 BSIW 56%1.1 8.8+0.7 57104 233149 82+0.6 119+ 184 759 £ 93
(1992a) applicators; serum
Norway
Johansen et al. Blood 93 BSO
(1996) Controls (10) 3.6 5.9 2.4 14.7 4.3 54.1 478 2.1
0.2-7.0) (0.5-10.6) (0.9-3.4) (2.7-24.5) (0.6-7.3) (10-179) (52-951)
Moderate crab intake (15) 7.7 17.3 8.0 27.6 8.6 45.5 336 60.8
(3-13.6) (6.9-34.8) (ND--30.1) (13.1-48.2) (ND-43.5) 21-77) (157-440)
High crab intake 9) 11.0 28.3 10.8 39.1 9.9 333 267 109.6'
(6.3-22.4) (15.4-45) 4.0-17.4 (16.9-63.7) (5.9-20.9) (17-64) (104-363)
Russian Federation
Schecter ez al. Whole blood 88-89 BSOW
(1992) Baikalsk 8) (pool) 37 4.7 4.7 6.3 2.0 9.6 57 18
St Petersburg (60) 4.5 93 2.1 8.5 2.4 14 89 17
Spain
Jiménez et al. Madrid, unexposed; serum  (11) 93 BSO 1.52+1.19 4.09+0.91 2.75+1.18 326124 5.81+2.67 71.5134.7 397+ 174
(1995) (0.61-3.9) (2.25-5.71) (1.55-5.10) (18.8-57.2) (2.01-11.4) (32.5-137.2)  (117-690)
Gonzaléz et al. Mataro; blood, (198) 95 BSOW 1.6 4.9 39.4 70.1 484 13.3
(1997) 10 pools
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Sweden
Rappe (1984b) Background; adipose ) 82 Cs* 1.5 12 11 73 240
Nygren et al. Adipose; 84 BSTW*
(1986) Unexposed (18) 3 9 12 4 85 421
(2-6) (4-18) (3-18) (3-5) (12-176) (98-679)
Cancer patients an 3 9 18 4 100 408
(2-9) (4-24) (3-55) (3-13) (12-380) (90-620)
Non-cancer patients 14 3 9 12 4 85 421
(2-6) (3-18) (8-18) (3-5) (20-168) (182-763)
Rappe (1992) Blood; 90 BSIW
No fish 1.8 57 28 35 5.7 56 357 17.5
consumption
Normal fish 2.5 7.6 3.0 43 6.0 80 458 25.8
consumption
High fish 8.0 16 39 48 6.5 71 473 63.5
consumption
Svensson et al. Blood pool* BSI
(1995a) Sea of Bothnia
Fishermen 27 35 6.2 66 12 84 551 154
Controls 6.1 12 42 38 6.6 67 574 40’
Baltic proper
Fishermen 6.9 20 4.6 44 ND 58 351 80’
Controls 4.0 10 3.4 32 5.7 58 364 377
Baltic south
Fishermen 17 33 8.8 75 ND 110 585 1317
Controls 6.4 14 58 53 8.5 100 605 547
West coast
Fishermen 100 5.7 11 49 36 6.0 54 367 42’
Controls 88 4.0 13 ND 34 ND 85 553 39/
Hardell et al. Blood > 86 BSI
(1995) Cancer patients @ 10.1 24 1.2 45.3 6.3 118 510 64.7
(< 0.4-36) 9-57) (0.9-2.6) (13-130) (2.6~13) (9-380) (154-1600) (19.9-187)
Non-cancer (12) 2.8 9.6 <1 12.2 3.7 85 413 29.7/
patients (< 0.4-6) (< 0.4-19) (8-18) (3~5) (32-168) (247-672) (12.9-53.4)
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Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Switzerland
Wacker et al. Background CS0O°
(1990) Adipose (21) - 24.1 15.3 144.3 - 195 1161
Liver (21) - 1.1 1.1 10.5 - 81 491
Taiwan
Ryan et al. Control children; serum 91 BSW 3.0 73 23 52 612 22.7
(1994)
United Kingdom
Duarte-Davidson ~ Wales, 5 pools; adipose 90-91 CSO <10 23 37 182 28 154 816 57
etal. (1993) (21-24) (29-47) (160-210) (22-210) (120-230) (590-1100)
United States
Ryan et al. New York State; adipose (6) 83-84 CSOwW 64116 9.7+24 - 57.8+6.5 - 952+£29.2 585+ 98
(1985c) (3.7-8.3) (7.5-13.8) (46.2-64.2) (39.4-119) (428-695)
Ryan ez al. New York State; <83 BSIW*
(1986) Adipose 3) 5.4 74 - 73.7 - 95 528
(mean LC, 67%) (3.7-8.4) (7.8-11) (61-130) (53-120) (201-700)
Liver 3 24 2.3 - 36.8 - 34 250
(mean LC, 24%) (ND—4.6) (ND-4.5) (6.5-56) (22-44) (180-350)
Adrenal 2) 3.8-37 3.14.8 - 35-39 - 36--55 210-600
(LC, 28.25%)
Bone marrow 1) ND 12 - 30 - 48 540
(LC, 26%)
Muscle 3) <25 1.3 - 11.6 - 11.7 122
(mean LC, 11%) (ND-2.5) (1.2-1.5) (5.8-21) (5-16) (76-170)
Spleen 2) (ND-1.3) (1.1-11) - (1.5-1.9) - 4.7-13) (20-46)
(LC, 1.8-1.7%)
Kidney @ ND ND - (2.5-4.0) - (5.2-13) (31-39)
(LC, 3.0-4.0%)
Lung (LC, 2.2%) ) ND ND - 14 - 29 21
Gross et al. Adipose 84 BNN
(1984) Controls an 5.6 (ND-14) ~ - - - - -
Air Force scientists 3) 5 (4-6) - - - - - -
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
petiod meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
United States (contd)
Ryan (1986) New York State; 85 BSIW*
Adipose
6 months(LC, 75%) ND - 4.5 - 130
22y (LC, 83%) 22 - 74 - 920
Liver
6 months (LC, 4.0%) ND - ND - 22
22y (LC, 4.4%) ND - 21 - 420
Graham et al. Background; adipose 8) < 84 CSI 54 - - - - - -
(1985) A3) (1.8-10)
7.7 10.3 - - - - -
(2-14) (4-16)
Schecter et al. Binghamton; adipose <84 CRO*
(1986a) ) 8.3 13.8 - 46.2 7.4 95.8 534
[¢3] 7.2 10.3 - 54.5 7.5 394 593
[¢))] 6.0 8.2 - 60.3 7.4 119 695
(€3] 3.7 7.5 - 60.4 6.8 93.1 586
LC, 70.6% (46-88) 8) BNW 7.2 11.1 - 95.9 - 164 707
(1.4-17.7) (5.2-25.2) (46.2~355) (53-691) (214-1931)
Patterson et al. Georgia and Utah; adipose <86 BSIW
(1986a) Black women, (O] 12.2 - - - - - -
60.6 years old
Black men, @) 104 - - - ~ - -
55.9 years old
White women, 8) 10.9 - ~ - - - -
52.2 years old
White men, (&) 8.8 - - - - - -
54.8 years old
Stanley er al. General population; (46) 82 BSO 50228 32438 72+70 87£78 560 290
(1986) adipose (< 1-10) (< 1-180) (7.9-330) (< 23-390) (64-1250)
Patterson et al. Missouri; adipose 57 86 BSIW 7.4 - - - - - -
(1986b) (1.4-20.2)
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Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration {ng/kg fat)
period  meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
United States (contd)
Centers for Non-Viet Nam veterans; [C)) 87 BSIW 4.1%£23 - - - - - -
Disease Control serum (ND-15)
Veterans Health
Studies (1988)
Nygren ef al. Era control; serum [¢))] <88 BSIW 1.5 9.0 <4 36 <4 59 84
(1988) ) 73 15 11.6 191 <5 59 675
1) 7.1 26 17.6 231 38 428 3246
[¢3) 24 16 36 47 4.0 188 468
€8] 2.2 6.9 4.7 36 6.0 65 1747
€8] 5.5 14 8.7 64 10.1 72 1052
(1) 6.0 13.5 13.2 69 15 105 566
Andrews ¢t al. Missouri controls 86 BSIW
(1989) Adipose
Men (51 6.814.1 - - - - _ -
(ND-20)
Women amn 72+40 _ R _ B _ _
(1.4-20.2)
Fingerhut et al. Referents; serum (19) <89 BSIW 8.2 - - - - - -
(1989) (3.7-17.1)
Schecter et al. One patient’ <89 N
(1989b) Abdominal fat m 57 78 - 64 - 110 680
(LC, 75%)
Subcutaneous fat €3] 6.0 8.2 - 60 - 120 700
@C, 75%)
Adrenal fat (LC, 28%) % 3.8 3.1 - 35 - 55 600
Bone marrow 1) ND 12 - 30 - 48 540
(LC, 26%)
Liver (LC, 6%) 0 ND ND - 6.5 - 22 220
Muscle (LC, 9%) ) ND 1.2 - 7.9 - 14 170
Spleen (LC, 1.8%) [¢5] ND 11 - 1.9 - 13 46
Kidney (LC, 3.0%) (1) ND ND - 2.5 - 52 31
Lung (LC, 2.2%) [¢))] ND ND - 14 - 2.9 21
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Table 25 (contd)

Reference

Origin; sample description {and no.)

Coll. Anal.
period  meth.

PCDD concentration (ng/kg fat)

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
United States (contd)
Wendling et al. Faeces; laboratory workers <90 BSO
(1990a) Pool 0.61 £0.09 - - - - - -
Individual sample 0.74 - - - - - -
Schecter et al. US veterans <90 BSOW
(1990b; 1991a) Adipose 20) 6.9 7.9 59.3 6.3 82.5 429 24
Plasma 20) 5.7 7.1 56.0 8.5 107.9 843 23
Kang et al. Adipose 78 N
(1991) Viet Nam veterans (36) 134 20.6 170.4 19.4 276 1262
Non-Viet Nam veterans (79) 12.5 18.3 152.9 17.2 245 1109
Civilians (80) 15.8 18.3 165.1 17.9 300 1393
Piacitelli et al. Referents; serum (79) 87-88 BSIW 7 12 13 84 13 160 1010
(1992) (2-20) (3.5-51) (3.2-58) (17-183) (3.6-33) (39-460) (480-2300)
Patterson et al. Atlanta; adipose 84-86  BSIW
(1994) All data (28) 104 - - - - - -
(1.6-38)
Men 14 74 - - - - - -
(1.6-19.4) ’
Women (14) 11.6 ~ - - - - -
(3.1-24.3)
General population “) 44 11.6 5.1 (3 pos.) 94.2 16.9 56 (2 pos.) 446 (2 pos.)
(1.6-8.3) (8.5-16) (3.7-6.4) (81-121) (12.5-22) (48-63) (396-495)
Schecter et al. Placenta, pooled (14 <94 BSOW 24 4.0 2.4 159 3.2 36.2 282 10.1
(1994b) Placenta ) 2.0 9.5 6.4 11.2 5.3 47.7 236 14.4
Biood, pool (50) 3.8 9.3 9.8 72.1 11.9 118.6 793.9 27.0
Schecter et al. Fetal tissue, 8-14 weeks, 10y 94 1.4 2.0 2.3 8.9 1.7 229 98.8 5.3
(1996b) pool
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Table 25 (contd)
Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth.
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
United States (contd)
Schecter et al. Adipose ) 96 BSNW 13 2.8 33 223 31 45.4 214 8.5
(1996¢) Blood, before nursing (5) 1.7 32 4.0 19.9 4.2 57.9 374 9.9
Placenta 5) 2.7 45 2.5 10.2 2.6 21.5 103 9.4
Cord blood (5) 1.3 1.3 1.6 10.5 22 24,1 95.8 4.7
Mother’s milk (5) 1.4 2.5 30 20.1 35 34.0 104 8.1
Blood after 4-8 weeks of (5) 1.5 2.6 32 18.7 4.1 452 226 8.3
nursing
Schecter et al. Blood, pool (100) 96 BSIW 4.3 8.7 9.7 63.7 7.8 102 781 27.1
(1996d) Serum, pool (100) 4.2 9.8 10.6 67.9 10.7 117 878 27.6
Viet Nam
Schecter et al. Adipose 84 BSOW* -
(1986b) North Viet Nam; (@) <2 <2 - 4.6 19.0 36.1
LC, 50%
South Viet Nam; (13) 22.1(10pos.) 99 - 46.7 - 105 514
LC, 60%
Schecter et al. Adipose 84 BSOW
(1986¢) North Viet Nam, ) <2 3.8 (1 pos.) 11.4 (6 pos.) - 28.8 (6 pos.) 104 (8 pos.)
LC, 56% (ND--23.9) (ND-56.3) (ND-205)
South Viet Nam; (15) 279 (12 pos.) 154 (14 pos.) 99.8 178 1326
LC, 62% (ND-103) (ND-43.3) (22.6~347) (13.7-710) (141-3410)
Schecter et al. Adipose 84-88 BN
(1989c) North Viet Nam; pool (10) <2 - - - - - -
South Viet Nam @7 19 (16 pos.) - - - - - -~
(ND-36)
Nguyen et al. Ho Chi Minh City; ()] 84-85 BSNW 23 12 89 272 2114
(1989) adipose; mean LC, 76% (4-103) (4.5-27) (23-261) (77-710) (25-4284)
Hoang et al. Adipose <89 N
(1989) " North Viet Nam 1 1.3" (1 pos.) - - - - - -
South Viet Nam (44) 20.5 (40 pos.) - - - - - -
Huteau et al. South Viet Nam; adipose 27 <90 BRO 162 (24 pos.)  17.5 (4 pos.) 11.7 (16 pos.) 56.1 (23 pos.) 127 (22pos.) 95.5(23 pos.) 569 (25 pos.)
(1.5~129) (9.7-34.6) (4.5-23.5) (9.5-157) (2.4-48.5) (8.4-303) (35-2113)

(1990b)
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll. Anal. PCDD concentration (ng/kg fat)
period meth,
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Viet Nam (contd)
Schecter et al. Adipose 80s BSO
(1990c) North Viet Nam (10) 1.4 2.5 14 6.0 12 30.1 230
South Viet Nam (13) 6.7 6.4 5.0 27.6 6.1 69.2 470
Schecter et al. Liver, stillborn infants [¢8] < 89 BSOW 4.3 7.8 4.5 5.1 2.9 15 64 12
(1990d) ) 3.5 8.3 3.8 6.1 2.3 11 65 12
(1) 13 3.8 4.1 4.6 39 22 58 6.4
Schecter et al. ‘Whole blood; pool <91 BSOW
(1992) North Viet Nam (82) 2.2 4.1 3.7 13.4 4.8 25.5 132 15
South Viet Nam (383) 14.6 9.1 7.5 33.8 9.4 87.3 696 36
Schecter et al. Blood 91-92  BSOW
(1995) South Viet Nam (433) 12.9 8.0 6.6 29.9 8.3 77.2 616 31.3
Central Viet Nam (183) 13.2 16.3 13.0 46.2 134 78.1 751 50
North Viet Nam (82) 2.2 4.1 3.7 13.4 4.8 25.5 132 15.3
Le et al. (1995) Biood; pool BSOW
North Viet Nam (133) 91 pool 2.7 - - - - - - 152
Military region 1 (315) 91-92 12.8 - ~ - - - ~ 56.4
Military region Il (176) 91-92 4.2 - - - - - - 30.6
Military region I (1443)  91-92 12.1 - - - - - - 34.5
Military region IV (569) 91-92 8.05 - - - - - ~ 27.4

Data presented are arithmetic means and, if available, + standard deviation, with range in parentheses, unless otherwise indicated. Levels of congeners not detected at a known detection limit (for example, 4.2 ng/kg) are

presented as < 4.2 when detection limit is given.

Explanation for analytical methods: All analyses use high-resolution gas chromatography: B, high-resolution mass spectrometry; C, low-resolution mass spectrometry; I, isomer-specific; O, others; N, no information;
S, sophisticated clean-up; R, reduced clean-up; W, WHO-accepted laboratory; —, not reported; ND, not detected; +, contains 50% of detection limit; LC, lipid content; pos., positive; S, south; N, north; C, control;
[ ] Calculated by the Working Group
“Overlap between these studies
*Detection limit, > 2-3 ng/kg

‘WW, weight-based

‘Contained also 22 ng/kg 1,2,3,4,6,7,9-HpCDD

‘PCDD-I-TEQ only
/Nordic TEQ

*50 fishermen and 150 controls for the 3 groups

*Mean level, ND are included at 1 ng/kg (half the detection limit)
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Ryan et al. (1985c) analysed 46 and 10 adipose tissue samples originating from
people who had died accidentally in 1976 and 1972, respectively, in Canada for various
reasons, as well as 10 others from deceased hospital patients. Total PCDD levels were
about an order of magnitude higher than total PCDFs. PCDD levels increased with
increasing chlorination from 2,3,7,8-TCDD (average, 5-13 ng/kg) to OCDD (average,
528-1355 ng/kg). Only the penta-, hexa- and hepta-CDF congeners were detected at
these levels (10-60 ng/kg); TCDF and OCDF were not detected.

Human adipose tissue samples obtained during autopsies in five Canadian muni-
cipalities within the Great Lakes basin (Cormnwall, London, St Catherine’s, Welland,
Windsor) were analysed for PCDDs and PCDFs (LeBel ef al., 1990). The mean congener
levels for male and female donors in each municipality were similar to those previously
reported. The ages of the 40 men ranged from 29 to 83 years (mean, 63 years) and that of
the 36 women from 12 to 88 years (mean, 69 years). No significant differences in
congener levels between male and female donors or between municipalities were
detected. However, in four cases, the values for women were 15-45% higher than the
corresponding values for men. Additionally, a positive correlation with age was observed
for the levels of several congeners as well as for the I-TEQ.

In connection with the forestry industry, there has been concern that by-products of
pulp and paper production and chlorophenol fungicides used in sawmills may result in
residents being environmentally or occupationally exposed to PCDDs/PCDFs. To
examine this possibility, PCDD and PCDF levels were measured in the adipose tissue of
41 British Columbians selected to match the age and sex distribution of the exposed
population. The group consisted of 18 men and 23 women. The mean age of the subjects
was 45 years (range, 18-77 years) and the mean weight was 96 kg (range, 50-193 kg).
The mean of the 41 samples was 29.1 ng I-TEQ/kg (range, 8.4-56.4). The highest
2,3,7,8-TCDD level measured was 9.2 ng/kg (lipid-based) (Teschke ef al., 1992).

Ryan (1986) examined the relationship between the PCDD/PCDF level and age
(between 14 and 76 years) in 46 Canadian individuals.

(c) China

Human adipose tissue from seven patients (four men, three women; mean age, 54
years) undergoing general surgery in Shanghai was analysed by Ryan er al. (1987).
Compared with data from other countries, the values were low. At a detection limit of
2.0 ng/kg (based on wet weight), no 2,3,7,8-TCDD was found.

In connection with a study to examine the exposure of agricultural workers to PCP
(for snail control) and PCDDs/PCDFs, Schecter (1994) reported data on two pooled age-
matched control groups. For the two groups from the general population, very low blood
concentrations of PCDDs/PCDFs were found at 4.8 ng I-TEQ/kg (age, 15-19 years) and
5.7 ng/kg (over 40 years), respectively. These are consistent with values found in
mothers’ milk (see Section 1.4(b)).
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(d) Finland

In a study of pulp and paper mill workers in Finland (Rosenberg et al., 1995), a
comparison group with no known exposure was analysed. This control group consisted
of 14 persons with a mean age of 41 years (range, 28—60 years). The mean total I-TEQ
level in plasma was 49 ng/kg (range, 20-99 ng/kg) (see Section 1.3.1(a)(iv)).

(e) France

The levels of PCDDs and PCDFs in adipose tissue from eight persons living in Paris
were reported by Huteau et al. (1990a). Most of the 2,3,7,8-substituted isomers were
found, in some cases at unexpectedly high values (2,3,7,8-TCDF, 1,2,3,7,8-PeCDF and
2,3,4,7,8-PeCDF). Surprisingly, non-2,3,7,8-substituted isomers were also reported at
relatively high values (TCDFs, TCDDs, HpCDFs). [Sample contamination cannot be
excluded.] '

(H Germany

The first German data on background levels of PCDDs in human adipose tissue were
reported by Beck ez al. (1989b). Concentrations in 20 unexposed individuals (mean age,
50 years) were used for comparison in a study of 45 occupationally exposed employees
at a chemical plant in Hamburg. The values for the comparison group ranged between 18
and 122 ng I-TEQ/kg (mean, 56 ng/kg).

No correlation was seen between adipose tissue or liver concentrations and age or sex
in 28 subjects aged between 26 and 80 years (Thoma et al., 1989, 1990). Large diffe-
rences in the concentrations of PCDDs and PCDFs between adipose and liver tissues
were demonstrated for most of the isomers (see Table 26). Thoma et al. (1990) also
reported concentrations of PCDDs and PCDFs in adipose tissue from eight infants (age
2-12 months). The levels were lower than in adults for nearly all isomers.

Background data on PCDDs and PCDFs in human blood from Germany published by
Papke et al. (1989b) have been updated since 1991 by various authors (see Table 27).
The results suggest a decrease in PCDD/PCDF blood levels in Germany over the past
decade.

Age-related increases in blood levels of most of the PCDD congeners and the - TEQ
have been reported (Sagunski ef al., 1993: Schrey et al., 1992; Pipke, 1996).

The Kieselrotstudie (Wittsiepe er al., 1993) was designed to assess the degree of
exposure to PCDDs and PCDFs in 56 persons living in the vicinity of a former copper
smelter located in Marsberg (see monograph on PCDFs in this volume; Section 1.3.2(¢)).
The copper smelter was in operation until 1945. In 1991, high levels of PCDDs/PCDFs
were found in materials from the slag dumps (10-100 pg I-TEQ/kg). The median I-TEQ
values of the Marsberg group (43.2 ng/kg blood lipid) and the reference group from
Steinfurt (43.0 ng/kg blood lipid) were similar, whereas the mean of the Marsberg group
(52.7 ng/kg) was higher than that of the control group (44.4 ng/kg).

Near a metal reclamation plant in Baden-Wiirttemberg, Rastatt, PCDD/PCDF conta-
mination of soil, dust from homes, indoor air and vegetables was investigated in 1987.
Blood samples from 22 volunteers living in the vicinity of the plant were analysed for
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PCDDs and PCDFs. Levels of certain Pe-, Hx- and HpCDF isomers were increased, in a
similar pattern to the contamination throughout the area. The increase in PCDD/PCDF
levels was traced to occupational exposure in the case of workers and to food intake in
the other cases. For children (four samples), soil and/or dust ingestion may be a pathway
of special importance (Wuthe et al., 1990).

Table 26. Concentrations of PCDD isomers
in adipose and liver tissues of German adults
and adipose tissue of infants

Compound Adult; ratio Adipose tissue;
liver : adipose ratio infant : adult

TCDD 2.05 0.55
PeCDD 1.22 0.30
HxCDD 1.76 0.23
HpCDD 9.39 0.23
OCDD 11.83 0.19

From Thoma et al. (1989, 1990)

Table 27. Time trend in background data on concen-
trations of PCDDs/PCDFs in human bleod

Reference Collection  No. Mean I-TEQ ng/kg,
year lipid-based

Pipke et al. (1989b) 1988 10 [45.8]

Pipke et al. (1992) 1989-90 102 40.8
Kieselrotstudie (1991) 1991 56 444

Pipke ez al. (1993b) 1992 44 26.0

Schrey et al. (1992) 1991 95° 42.7

Pipke et al. (1994b) 1993 70 21.7

Pipke et al. (1996) 1994 134 19.1

Pipke et al. (1996) 1996 139 16.1

“Contains 56 samples from Kieselrotstudie (1991)
[Calculated by the Working Group]

In Rheinfelden in southern Germany, soil concentrations of PCDDs/PCDFs of up to
approximately 1000 ng German TEQ/kg were found. The source of contamination of the
soils was identified as residues from a PCP production process. Locally produced food,
such as eggs, chicken and vegetables, with high PCDD/PCDF levels were reported to be
an important source of elevated human levels. Good agreement between human blood
and milk concentrations was demonstrated in one woman (Wuthe ez al., 1993).

PCDD/PCDF levels were determined in the venous blood of 21 allotment gardeners
from Duisburg (Ewers ez al., 1994). Soil analysis showed elevated levels of PCDDs/-
PCDFs in garden soil (range, 16.4-77.6 ng I-TEQ/kg). Vegetable plants also had
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elevated levels (up to 65.6 ng I-TEQ/kg). The mean I-TEQ of 44.3 ng/kg (range, 29.2—
81.1 ng/kg) in blood fat of the gardeners was within the range of a control group.

In seven breast cancer patients without known occupational exposure to PCDDs/-
PCDFs, the levels of PCDD/PCDF congeners in mammary carcinoma tissue were not
elevated above the concentrations in tumour-free tissue (Korner et al., 1994).

PCDD/PCDF levels in various organs from infants were measured by Beck et al.
(1990, 1994). Adipose tissue, liver, spleen, thymus and brain from eight infants (age,
3-23 months) who had mostly died from sudden infant death syndrome were analysed.
Five of the infants had been breast-fed exclusively for between 21 and 91 days. The
lipid-based PCDD/PCDF levels in liver, thymus and spleen were higher than those in
adipose tissue. Very often the concentrations were below the detection limits. The lowest
levels were found in brain.

Elimination of PCDDs/PCDFs through the faeces was studied in a three-month-old
breast-fed infant (Jodicke et al., 1992). Little excretion of Cl,—Cl, congeners was found.
The data suggest that more than 90% had been absorbed by the infant. However,
1,2,3,4,6,7,8-HpCDD as well as OCDD were found to be highly concentrated in stool fat
(by a factor of 5-12 over the concentration in milk fat). '

(8) Guam

Schecter et al. (1992) reported a mean PCDD/PCDF level of 28 ng I-TEQ/kg in blood
samples from 10 residents of the Pacific island of Guam. This was suggested to be due to
consumption of food mainly imported from the United States and Japan. [A local source
cannot be excluded.]

(h) Japan

In adipose tissue from six individuals 20-70 years old in Japan collected in 1984
(Ryan, 1986), the mean 2,3,7,8-TCDD concentration was 6.6 ng/kg and that of OCDD
1360 ng/kg.

Thirteen samples of human adipose tissue from cancer patients were analysed for Cl -
Cl, PCDDs and PCDFs (Ono et al., 1986). These compounds were identified in all of the
analysed samples. 2,3,7,8-TCDD concentrations ranged from 6 to 18 ng/kg.

In a large study, more than 500 human milk and 17 adipose tissue samples were
analysed for PCDDs (Ogaki er al., 1987). Adipose tissues from inhabitants of a large city
and its suburbs had higher levels of PCDDs that those of rural towns.

Muto ez al. (1991) investigated the tissue distribution of 2,3,7,8-substituted PCDDs in
humans who died of cancer. The values for OCDD were the highest in each organ and

tissue. All data were wet weight-based, and no lipid concentrations for the tissues were
reported.

(1) The Netherlands

Intake and faecal excretion of PCDDs/PCDFs in breast-fed infants at a range of ages
were studied (Pluim et al., 1993a). In three totally breast-fed infants, the amount of
PCDDs/PCDFs consumed via breast milk and excreted in the stools was measured at the
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ages of four, eight and 12 weeks. Intake was high, especially at the age of four weeks
(mean, 257 pg/kg bw). A strong decline was observed in the second month, mainly due
to a reduction in PCDD/PCDF concentrations in whole breast milk as a result of reduced
fat content. With the exception of OCDD, faecal excretion of the congeners was below
5% of their intake, indicating a bioavailability of more than 95% from breast milk. No
influence of age on faecal excretion of PCDDs/PCDFs during the first three months of
life was observed.

(j) New Zealand

In a study to determine whether blood serum levels of 2,3,7,8-TCDD in a group of
professional 2,4,5-T applicators in New Zealand were greater than those of a matched
control group not involved in 2,4,5-T spraying, the mean level of 2,3,7,8-TCDD in the
control group was 5.6 ng/kg + 1.1 (standard error) (Smith et al., 1992a) (see Section
1.3.1(a)(ii) and Table 17).

(k) Norway

PCDDs/PCDFs have been analysed in human blood in relation to consumption of
crabs from a contaminated fjord area in Norway (Johansen et al., 1996). The analyses
were performed in three different groups: reference, moderate crab intake and high crab
intake (age between 40 and 54 years). A significant increase in blood levels of many
PCDD and PCDF congeners was found in crab consumers; the differences were greatest
for several of the PCDFs that are characteristic of the contamination of marine biota in
the fjord caused by a magnesium-producing plant. Almost all subjects in the high-intake
group exceeded the tolerable weekly intake of 35 pg 2,3,7,8-TCDD/kg bw per week
proposed by the Nordic Expert Group (see Section 1.5).

(b Poland

Changes over time in PCDD/PCDF levels in the adipose tissue of a person with long-
term exposure to PCP were studied (Gérski ef al., 1984). The analyses, performed by
GC-ECD, yielded half-lives of 1,2,3,6,7,8-HxCDD, 3.5 years; 1,2,3,4,6,7,8-HpCDD, 3.2
years; OCDD, 5.7 years; 1,2,3,4,6,7,8-HpCDF, < 1.7 years; OCDF, 1.8 years.

(m) Russian Federation

Schecter et al. (1992) found PCDD/PCDF concentrations in pooled blood samples
from Baikalsk (eastern Siberia) and St Petersburg to be 18 and 17 ng I-TEQ/kg,
respectively. Levels of OCDD were very low (57 and 89 ng/kg, respectively).

(n) Spain
Jiménez et al. (1995) measured the blood levels of PCDDs and PCDFs from 11

individuals (age, 19-55 years) living in Madrid. The mean total level of PCDDs was
515.3 ng/kg, of which 1.5 ng/kg was 2,3,7,8-TCDD.
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(o) Sweden

After Rappe et al. (1983) found elevated PCDD/PCDF levels in the blood of occupa-
tionally exposed workers (chlorophenol workers, textile workers), samples from the
general population in Sweden were analysed. Levels of all higher chlorinated (Cl —ClL)
PCDDs and PCDFs in adipose tissue were measured (Rappe, 1984b). The samples origi-
nated from patients undergoing cancer or gall bladder surgery. It was concluded that the
low ng/kg levels for tetra- to octa-CDDs/CDFs represented typical contamination of the
general population.

In a continuation of this study (Nygren er al., 1986; Rappe et al., 1986a), PCDD/-
PCDF patterns in adipose tissue from a group of 17 cancer patients and a group of 14
controls were compared. No difference was seen in the pattern of congeners between the
two groups.

In order to study the influence of diet on the body burden of PCDDs/PCDFs, blood
from three different Swedish groups was analysed (Svensson ef al., 1991; Rappe, 1992):
Group 1, with no fish consumption (persons suffering from an allergy); Group 2, with
normal fish consumption (around 50 g/day); and Group 3, with high fish consumption
(> 100 g/day). Group 3 had a body burden, calculated as TEQ, approximately three times
higher than Group 2. Group 1, however, had only slightly lower blood levels of
PCDDs/PCDFs than Group 2. The dominant congener among the tetra- and penta-chlori-
nated congeners was 2,3,4,7,8-PeCDF. The difference between the three groups was also
highest for this particular congener, which is also the major congener in fish from the
Baltic Sea (see Section 1.3.2(d)). The mean PCDD/PCDF values for Groups 1, 2 and 3
were 17.5, 25.8 and 63.5 ng I-TEQ/kg, respectively.

This study was extended to cover the main fishing areas in Sweden (Svensson et al.,
1995a) and assessed dietary habits and exposure to selenium, persistent organochlorine
compounds, including PCDDs/PCDFs, methylmercury and methylamines among
Swedish fishermen. The interview data showed that 250 fishermen ate almost twice as
much fish as the 250 referents from the general population. Fishermen from the Baltic
Coast ate more fatty fish than fishermen from the Atlantic Coast, and they also had
higher blood levels of persistent organochlorine compounds such as PCDDs/PCDFs than
both the Atlantic Coast fishermen and the referents.

Measurements of PCDD/PCDF concentrations in adipose tissue from seven patients
with malignant lymphoproliferative diseases and 12 surgical patients without malignant
disease showed significantly higher concentrations of 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-
HxCDD and 2,3,4,7,8-PeCDF in the cases with lymphoproliferative diseases than in the
patients in the other group (Hardell et al, 1995). Nordic TEQ values also were signi-
ficantly higher in the first group (mean, 64.7 ng/kg; range, 19.9—187) than in the second
group (mean, 29.7 ng/kg; range, 12.9-53.4). ‘

(p) Switzerland

Wacker er al. (1990) analysed liver and adipose tissue samples of 21 Swiss
inhabitants (age, 15-85 years; mean, 47 years) for PCDDs/PCDFs. All values were
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reported on a wet weight basis. Table 28 shows the concentration ratios between adipose
tissue and liver. No correlation between age or weight and tissue levels was detected.

Table 28. Concentration ratios (wet
weight-based) of PCDDs in adipose
and liver tissue of Swiss inhabitants

Congener Adipose : liver SD
1,2,3,7,8-PeCDD 21.1 6.6
1,2,3,4,7,8-HxCDD 14.6 6.8
1,2,3,6,7,8-HxCDD 13.8 6.1
1,2,3,4,6,7,8-HpCDD 24 0.9
OCDD 24 0.8

From Wacker et al. (1990)

(@) United Kingdom

PCDD/PCDF background levels were measured in pooled human adipose tissue
samples from five areas in Wales (Duarte-Davidson et al., 1993). With the exception of
OCDF, which was found at unexpectedly high values in all pooled samples (36—62
ng/kg), the concentrations were similar to those in other industrialized countries. 2,3,7,8-
TCDD and 2,3,7,8-TCDF were not detected at detection limits of 10 ng/kg.

(r)  United States

Six samples from both biopsy and autopsy fat taken in 1983—84 from New York State
residents were analysed (Ryan et al., 1985c). PCDDs and PCDFs were found in all
samples with total (C1~Cl,) PCDD levels about an order of magnitude higher than total
(C1~Cl,) PCDFs. PCDD levels increased with increasing chlorination from tetra- (mean,
6.4 ng/kg) to octa-CDD (mean, 585 ng/kg). Only the penta-, hexa- and hepta-PCDF
congeners were detected, at levels that were of the same order of magnitude. TCDF and
OCDF were absent.

The tissue distribution of PCDDs and PCDFs was studied in three autopsy subjects
from the general population of New York State (Ryan ef al., 1986). These were the first
reports to show that several 2,3,7,8-chlorine-substituted PCDDs/PCDFs are present not
only in adipose tissues from the general population, but also in all other tissues assayed.
The ratios of the PCDD/PCDF congeners to each other were similar in each tissue, with
overall levels on a wet weight basis decreasing in the order fat, adrenal, bone marrow,
liver, muscle, spleen, kidney and lung. If the levels are expressed on a lipid basis rather
than on a wet weight basis, liver had the highest value and the variation between tissues
showed only a two- to four-fold difference.

Schecter et al. (1986a) reported PCDD/PCDF levels in adipose tissue of eight control
samples from Binghamton, NY. All values were based on wet weight. The 2,3,7,8-
TCDD levels ranged between 1.4 and 17.7 ng/kg. HpCDDs and OCDD were found at
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mean values of 164 and 707 ng/kg, respectively, with maximum values of 691 and 1931
ng/kg, respectively.

Patterson et al. (1986a) reported 2,3,7,8-TCDD levels in 61 adipose tissue samples
from 35 autopsy cases from Georgia and Utah. The geometric mean for these samples on
a wet-weight basis for 2,3,7,8-TCDD was 7.1 ng/kg. The geometric mean of values for
2,3,7,8-TCDD in 31 of these samples on a lipid basis was 9.6 ng/kg. On the basis of the
wet-weight adipose concentrations, the authors concluded that concentrations of 2,3,7,8-
TCDD increased with age in both sexes. There was no significant difference in the
concentration of 2,3,7,8-TCDD between blacks and whites, and women had a slightly
higher (2 ng/kg) mean concentration than men. -

Analysis for CL—Cl, PCDDs/PCDFs was performed for 46 adipose tissue samples
prepared from the United States Environmental Protection Agency National Human
Adipose Tissue Survey (NHATS) as composites from over 900 specimens to represent
the nine United States census divisions and three age groups (0-14, 1544 and > 45
years) (Stanley ef al., 1986). The results demonstrate that PCDDs/PCDFs are prevalent in
the general United States population and that differences exist with age. Only means and
ranges of all data were reported.

Stanley et al. (1990) also found a decrease in 2,3,7,8-TCDD with time in a subset of

the NHATS adipose tissue samples (age group, 15-44 years) collected between 1971 and
1987 (see Table 29). .

Table 29. Differences in 2,3,7,8-TCDD levels
in adipose tissues by year of sample collec-
tion in the United States

2,3,78-TCDD Collection Remark
(ng/kg lipid) year

~ 18 1971-73 Individual specimen
~14.5 1974-76 Individual specimen
~10.5 1977-79 Individual specimen
~ 95 1980-82 Individual specimen
~ 8 1982 Composite specimen
~ 4 1987 Composite specimen

Adapted by the Working Group from Stanley et al.
(1990)

In an interim report, Patterson et al. (1986b) described high concentrations of 2,3,7,8-
TCDD in adipose tissue from persons (mean age, 52.6 years) exposed recreationally,
residentially and occupationally in a highly contaminated area in Missouri, compared
with 57 controls. The geometric and arithmetic means were 6.4 and 7.4 ng/kg (wet
weight-based), respectively, with a range of 1.4-20.2 ng/kg.

The Missouri study control group (Patterson et al., 1986b) was expanded in 1989 by
128 persons with no known exposure (Andrews et al., 1989): adipose 2,3,7,8-TCDD
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levels ranged from non-detectable to 20.2 ng/kg, with 95% of the levels at 16.6 ng/kg or
below.

Patterson ef al. (1994) analysed adipose samples originating from Atlanta, GA, in
1984-86. They found mean 2,3,7,8-TCDD concentrations for men and women of
7.4 ng/kg and 11.6 ng/kg, respectively. Further adipose tissue samples were analysed for
all isomers.

Piacitelli et al. (1992) compared serum 2,3,7,8-TCDD levels in 280 chemical plant
workers with the levels in 99 unexposed referents. The mean serum level for the control
group was 7 ng/kg (lipid-based).

A comparison of PCDD/PCDF levels in whole blood, plasma and adipose tissue was
performed by Schecter et al. (1990b) and Pipke et al. (1992). There were few differences
in PCDD/PCDF levels between blood plasma and adipose and also between whole blood
and adipose tissue when reported on lipid basis. The difference was most striking for
OCDD between plasma and adipose tissue, with a ratio of 2 : 1. Total PCDDs/PCDFs
appeared higher in plasma than in adipose tissue, if reported by actual measurement,
because OCDD is usually the most abundant congener. Comparing whole blood with
adipose tissue, the values were more similar. When TEQs were used, however, the values
were almost identical in the two series. Wendling ez al. (1990a) found 2,3,7,8-TCDD
levels in samples of faeces from laboratory workers of between 0.61 and 0.74 ng/kg, dry
weight-based. The fat content of the faeces was not measured. With some assumptions, a
faecal fat 2,3,7,8-TCDD concentration of 3.7 ng/kg was estimated.

PCDDs and PCDFs in adipose tissue of United States Viet Nam veterans and controls
were determined by Kang et al. (1991). The samples were collected in 1978. The geo-
metric mean (+ SD) 2,3,7,8-TCDD levels in adipose tissue for Viet Nam veterans, non-
Viet Nam veterans and civilian controls were 11.7 (+ 1.7), 10.9 (x1.7)and 124 (£ 1.9)
ng/kg on a lipid weight basis, respectively. The mean levels for these groups were not
significantly different from each other. -

The effect of fasting on blood PCDD/PCDF levels was tested in 13 Viet Nam
veterans (Hansson et al., 1989). Although 2,3,7,8-TCDD levels increased slightly, for no
congener including 2,3,7,8-TCDD was the change statistically significant.

In connection with analysis of blood samples from various geographical locations for
PCDDs/PCDFs, Schecter et al. (1992) reported a total I-TEQ of 41 ng/kg (lipid-based) in
a pooled blood sample (n = 100) from the United States. [The Working Group noted that -
the dates of collection of these samples were not given.]

In a study by Schecter et al. (1994b; 1996b), levels of PCDDs/PCDFs in placenta,
blood and fetal tissue were measured. The highest semen levels, reported on wet weight,
were found for OCDD, OCDF and HpCDF. The highest I-TEQ values (lipid-based) were
found in blood, followed by placenta. The fetal tissue contained approximately one third
of the I-TEQ of the adult values.

In a further study of partitioning of PCDDs/PCDFs in human maternal tissues,
including blood, milk, adipose tissue and placenta, Schecter et al. (1996¢c) collected
samples from five American women (mean age, 21.6 years; range, 21-34 years) residing
in upstate New York and undergoing caesarean section deliveries between September
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1995 and January 1996. Blood, placenta and fat were collected at the time of delivery.
The milk and second blood were collected about four to eight weeks later. The lowest
concentrations were found in the cord blood, at about one half of the maternal adipose
and blood levels. A reduction in PCDD/PCDF levels was observed in the ‘second’ blood
samples after a breast-feeding period of between four and eight weeks.

PCDD/PCDF levels in two pools of whole blood and serum (n = 100) collected in
1996 were compared with older blood data; a decrease was not clearly shown. The mean
age of the blood donors was not specified (Schecter et al., 1996d).

(s) Viet Nam

2,3,7,8-TCDD was not detected in seven adipose tissue samples from north Viet Nam
(no exposure to Agent Orange) but was found in 10/13 samples from south Viet Nam
(mean level, 34 (range, 9-103) ng/kg). Most of the other chlorinated PCDDs and PCDFs
were found in samples from south Viet Nam (Schecter et al., 1986b). A further 27
individual and 10 pooled human adipose tissue specimens, collected from persons in
south and north Viet Nam, respectively, were analysed for 2,3,7,8-TCDD and 2,3,7,8-
TCDF (Schecter et al., 1989c). The mean values were 19 ng/kg 2,3,7,8-TCDD and 7
ng/kg 2,3,7,8-TCDF in the samples from persons in the south; no 2,3,7,8-TCDD or
2,3,7,8-TCDF was detected in samples from persons in the north. Differences in 2,3,7,8-
TCDD body burden continued to be substantial between the populations of south and
north Viet Nam.

In 1984-85, adipose tissues were taken from nine patients at a hospital in south
Viet Nam (Nguyen et al., 1989) and analysed for PCDDs/PCDFs. Eight patients had
detectable levels of 2,3,7,8-TCDD ranging from 4 to 103 ng/kg, with a mean of 23 ng/kg.

Effects of geographical conditions and other variables on the distribution of 2,3,7,8-
TCDD levels in adipose tissues from Viet Nam have been studied (Hoang et al., 1989).
No 2,3,7,8-TCDD was detected in 10/11 samples from the north (the positive sample
contained 5 ng/kg). In the south, 2,3,7,8-TCDD was not detected in 4/44 samples and the
mean level was 20.5 ng/kg in the four positive samples.

PCDD/PCDF levels in 27 adipose tissue samples from south Viet Nam were reported
by Huteau et al. (1990b). Besides the usual 2,3,7,8-substituted isomers, they found non-
2,3,7,8-substituted isomers in many samples. [Sample contamination cannot be ex-
cluded.]

In connection with analysis of blood samples from various geographical locations for
PCDDs/PCDFs, Schecter er al. (1992) reported results for pooled samples from north
Viet Nam (two analyses with a total of 82 persons) and south Viet Nam (nine analyses
totalling 383 persons). The 2,3,7.8-TCDD level and I-TEQ value for samples from north
and south Viet Nam were 2.2 and 14.6 ng/kg and 15 and 36 ng I-TEQ/kg, respectively.

PCDD levels in persons living at various localities in Viet Nam were summarized
(Le et al., 1995) using data from pooled blood samples. Each sample was obtained from
30-100 adults over 40 years old, who had been living for more than five years in a given
area. As from 1992, some samples were taken from younger age groups between
18-40 years. The results of 43 analyses (containing blood of 2722 individuals) indicated
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that most of the samples from the south had higher levels of 2,3,7,8-TCDD as well as
I-TEQ than the ones from the north.

In a study of the persistence of elevated PCDD levels in human tissues from Viet
Nam, Schecter et al. (1995) performed 160 analyses on tissues from 3243 persons.
2,3,7,8-TCDD levels of up to 103 ng/kg were found in adipose tissue collected in the
1980s. Pooled blood collected from south Viet Nam in 1991-92 also showed 2,3,7,8-
TCDD levels up to 33 ng/kg, whereas tissues from north Viet Nam had 2,3,7,8-TCDD
levels at or below 2.9 ng/kg.

1.4.2 Human milk

There have been a large number of studies of PCDD concentrations in human milk.
Many of the results are shown in Table 30 and summarized in Table 31.

Only 2,3,7,8-substituted congeners have been found in human milk. The concen-
trations of the individual congeners present have been shown to be significantly corre-
lated (Van den Berg et al., 1986a; Beck et al., 1987). Several studies have involved
analysis of quite large numbers of individual samples without pooling, and these results
show inter-individual variation of about a factor of 5 to 10 for most congeners (Beck
et al., 1989c; Frommberger, 1990; Dewailly et al., 1991; Fiirst ef al., 1992b; Hashimoto
et al., 1995b; Liem et al., 1995).

Fiirst et al. (1989, 1992b) and Beck et al. (1992) have both shown, by statistical ana-
lysis of their results, that the concentrations of PCDDs in human milk decrease as the
period of breast-feeding increases, and decrease significantly for successive breast-fed
children. Fiirst et al. (1992b) found the summed I-TEQ concentration of PCDDs and
PCDFs for the third breast-feeding period to be about 75% of that for the first, while
Beck er al. (1992) reported a corresponding reduction to 57%. In Japan, Hirakawa et al.
(1995) found that a small group of multipara donors had an average summed I-TEQ level
about 10% lower than that for primipara donors.

Beck et al. (1992) found that mean PCDD and PCDF levels in six mothers on a vege-
tarian diet were slightly lower than the mean of a larger control group. Pluim et al.
(1993b) concluded that there was a direct relationship between the amount of animal fat
consumed and the PCDD/PCDF concentrations in breast milk. Short-term dietary
measures to reduce PCDD/PCDF intake have been found, however, to have no effect on
human milk concentrations (Pluim et al., 1994a).

Many of the data included in Table 30 were obtained in studies coordinated by the
World Health Organization European Centre for Environment and Health and involved
the following selection criteria (Yrjianheikki, 1989; WHO, 1996):

— donors should be primiparae;

— both mother and child should be apparently healthy, and the pregnancy should

have been normal;

— the mother should be breast-feeding one child only (i.e., no twins);

— mothers who had resided outside the area for more than six months dunng the last

five years should be excluded;

— only mothers who were exclusively breast-feeding should be included.



Table 30. Concentrations of PCDDs in human milk

(WHO criteria)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ*
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

WHO (1996) Albania, Librazhd; pool; 10 1992-93 0.4 1 0.6 4.1 1.1 6.3 21.6 3.8
unpolluted area (WHO criteria)

WHO (1996) Albania, Tirana; pool; polluted 10 1993-93 0.6 1.3 0.6 4.8 1.1 7 23.6 4.8
area (WHO criteria)

WHO (1996) Austria, Brixlegg; pool; industrial 13 1992-93 2.2 4.5 2.5 12.3 2.3 14.1 82.3 14
area (WHO criteria)

Yrjanheikki Austria, Tulln; pool (WHO 51 1986-88 2.7 5.2 17.2 6.1 72.9 141 [18.7]

(1989) criteria)

WHO (1996) Austria, Tulln; pool; rural area 21 1992-93 2 3.5 2.2 13.2 3 18.6 110 10.9

_ (WHO criteria)

Yrjénheikki Austria, Vienna; pool (WHO 54 1986-88 2.9 4.4 14 4 46.5 159 [17.2]

(1989) criteria)

WHO (1996) Austria, Vienna; pool; urban area 13 1992-93 1.3 34 2.1 14 2.7 274 150 10.7
(WHO criteria)

Yrjidnheikki Belgium; pool; industrial area - 1986-88 10.2 10.7 5.8 28 7.7 52 283 [40.2]

(1989) (WHO criteria)

Yrjanheikki Belgium; pool; rural area - 1986-88 - 10.5 7.9 39 9.3 121 555 [33.7]

(1989) (WHO criteria)

Yrjanheikki Belgium; pool; urban area - 1986-88 9.1 9.6 7 30 9.6 88 517 [38.71

(1989) (WHO criteria)

WHO (1996) Belgium, Brabant Wallou; pool 8 1992-93 2.5 6.9 4.1 22.3 4.8 315 152 20.8
(WHO criteria)

WHO (1996) Belgium, Brussels; pool 6 1992-93 3.4 8 52 27.2 27.6 55.6 310 26.6
(WHO criteria)

WHO (1996) Belgium, Liege; pool 20 1992-93 3.1 9.1 5.6 31.2 5.5 30.3 191 27.1
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Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678
Schecter et al. Cambodia, Phnom Penh 8 - 0.49 1.6 0.6 3.4 1.1 11 59 3.1
(1991b)
WHO (1996) Canada (all provinces); pool 200 1981 34 8.9 84 18 94 361 28.6
WHO (1996) Canada (all provinces); pool 100 1992 2.1 6.2 37 7.2 33 138 14.5
Yrjdnheikki Canada, British Columbia; pool 23 1986-88 3.4 10.2 6.3 63 3.1 82 160 [23.5]
(1989)
Yrjdnheikki Canada, Maritimes; pool 19 1986-88 2.5 59 5.1 35 4.8 63 148 [15.7]
(1989) '
Yrjidnheikki Canada, Ontario N&E; pool 32 1986-88 2.2 6.5 5.2 46 6.6 68 143 [17]
(1989)
Yrjénheikki Canada, Ontario SW; pool 44 1986-88 2.2 7.4 6.9 42 57 69 137 [17.9]
(1989)
Yrjidnheikki Canada, Prairies; pool 31 1986-88 2.7 8.1 7.6 54 8.7 75 143 19.4
(1989)
Yrjanheikki Canada, Québec; pool 34 1986-88 2.8 8.1 5.6 41 6.8 73 152 [18.2]
(1989)
Dewalilly et al. Canada, Québec; pool; rural 16 1988-89 2.3 4.8 35 6.4 41 132 [13.4]
(1991) regions
Yrjanheikki Croatia, Krk; pool 14 1986-88 1.6 3 15.1 4.2 19.8 101 [12]
(1989) (WHO criteria)
Yrjanheikki Croatia, Zagreb; pool 41 1986-88 1.9 2.4 20.6 4.7 14.6 90 [11.7]
(1989) (WHO criteria)
WHO (1996) Croatia, Krk; pool 10 1992-93 1.2 2.4 1.9 8 2.3 17 84.3 8.4

(WHO criteria)
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Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

WHO (1996) Croatia, Zagreb; pool 13 1992-93 2 3.6 33 10.1 2.6 21.5 99.4 13.5 g

(WHO criteria) -
WHO (1996) Czech R, Kladno; pool 11 1992-93 0.9 1.9 1.1 52 1.6 8.9 39.8 12.1 ﬁ

(WHO criteria) E
WHO (1996) Czech R, Uherske Hradiste; pool 11 1992-93 1.3 3 1.5 7.3 2.1 11.3 40.3 18.4 o

(WHO criteria) : E
Yrjinheikki Denmark; pool (WHO criteria) 10 1986-88 2.3 5.5 - 34 4.9 51 157 [17.5] >
(1989) ﬁ
Yrjénheikki Denmark; pool (WHO criteria) 42 1986-88 2.1 6.2 - 40 4.7 47 210 {17.7] g
(1989) =
WHO (1996) Denmark; 7 cities; pool 48 1992-93 1.7 5.6 7.7 25.9 5.1 26 141 15.2 %

(WHO criteria) N
Mussalo- Estonia, Tallinn (primipara) 6 1991 33 3 1.6 6.6 3.5 10 111 13.5 ,g
Rauhamaa & S
Lindstrém (1995) {
Mussalo- Estonia, Tarto (primipara) 6 1991 4.1 5.6 2.2 7.9 4.3 13.5 147 21.4 E
Rauhamaa & g
Lindstrom (1995) E
Abraham et al. Faeroe Islands 1 1994~ 0.9 3.7 4.5 13 1.9 9.8 45 9 “v
(1995b)
Abraham et al. Faeroe Islands 1 1994~ 1 4 4 17 2.1 19 114 10
(1995b)
Abraham et al. Faeroe Islands 1 1994~ <1 5.2 3.5 16 2 9.3 75 [10.2]
(1995b)
Abraham et al. Faeroe Islands 1 1994~ <3 5 3.2 12 <3 22 63 {11.7]
(1995b) &



(1989)

(WHO criteria)

Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
" Abraham et al. Faeroe Islands; pool 9 1994~ 0.8 2.9 33 11 1.4 9.2 64 6.7
(1995b)
Yrjanheikki Finland, Helsinki; pool 38 1986-88 2 5.6 <0.5 36 7 49 154 18
(1989) (WHO criteria)
WHO (1996) Finland, Helsinki; pool 10 1992-93 2.3 6.9 2.6 34.7 5.9 50.1 238 21.5
(WHO criteria)
Yrjdnheikki Finland, Kuopio; pool 31 1986-88 1.8 5.6 <0.5 22 5.8 28 113 [15.7]
(1989) (WHO criteria)
WHO (1996) Finland, Kuopio; pool 24 1992-93 1.2 39 1.4 24.5 3.7 29.2 131 12
(WHO criteria)
Gonzilez et al. France, Paris 15 1990 2.4 6.6 25.9 56 290 20.1
(1996)
Beck et al. Germany (primipara) 34 - 4.3 13 10 48 9.7 56 292 33
(1992a)
Beck et al. Germany (multipara) 23 - 3.1 10 9.6 39 7.9 44 252 25.6
(1992a)
Beck et al. Germany (multipara) 6 - 2.3 7.8 6.6 28 5.8 32 187 18.9
(1992a)
Frommberger Germany, Baden-Wiirttemberg 490 1988-89 4.2 10 9.2 32 6.6 61 503 [36.2]
(1990)
Beck et al. (1987) Germany, Berlin 30 - 34 15 12 59 11 61 530 ©  [32.6]
Beck et al. Germany, Berlin 35 - 35 15 12 57 11 60 500 [33]
(1989c¢)
Yrjénheikki Germany, Berlin; pool 40 1986-88 3.3 14 12 57 10 44 210 [32.1]

9C1

69 HINNTOA SHAVIDONON DdVI



Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

WHO (1996) Germany, Berlin; pool 10 1992-93 2.2 7.1 6.3 21.6 5.1 234 164 16.5

(WHO criteria)
Beck et al. Germany, Flensburg 6 - 4.1 12 7.3 46 8.3 41 200 [31.6]
(1989c¢) (Baltic coast)
Fiirst et al. (1989) Germany, North Rhine 189 1985-88 2.9 9.9 7.6 31.2 6.6 44.7 195 [27.5]

Westphalia
Fiirst et al. Germany, North Rhine 526 1986-91 3.2 10.1 8.4 35.8 6.4 41.2 208 29.3
(1992b) Westphalia
Yrjdnheikki Germany, North Rhine 79 1986-88 2.7 11.8 8.6 352 7.5 50.6 224 [31.8]
(1989) Westphalia; pool; primipara

(WHO criteria)
Yrjénheikki Germany, Oldenburg; pool 35 1986-88 3.3 7.2 9.6 40 8.8 49.8 255 [35.4]
(1989) (WHO criteria)
Beck et al. Germany, Recklinghausen 10 - 39 12 13 46 8.3 45 260 [30.6]
(1989c¢) (industrial area)
Yrjinheikki Germany, Recklinghausen; pool 23 1986-88 3.8 14 9.7 45 7.6 42 170 32.8
(1989) (WHO criteria)
Beck et al. Germany, Rheinfelden; pool; 9 - 4.5 16 13 54 12 79 441 [36.9]
(1989c¢) rural area/PCP manufacture
Beck et al. Germany, Weiden; rural area 14 1986-88 3.7 12 9.3 44 9.6 60 264 30.1
(1989¢);
Yrjanheikki
(1989)
Wuthe et al. Germany, one woman 1 1992 2.1 5.9 39.3 39.5 199 -
(1993)
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Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

Yrjanheikki Hungary, Budapest; 100 1986-88 3.4 1 32 8.2 1 60 210 [9.36]
(1989) (WHO criteria)
WHO (1996) Hungary, Budapest; pool 20 1992-93 1.7 2.8 4.3 83 2.1 25.6 129 8.5

(WHO criteria)
Yrjénheikki Hungary, Szentes; pool 50 1986-88 3.7 14 52 12.8 1.6 63 271 [11.7]
(1989) (WHO criteria)
WHO (1996) Hungary, Szentes; pool 10 199293 1.3 2.6 3.1 7.8 2 31.1 149 7.8

(WHO criteria)
Yrjanheikki Japan, Fukuoka; pool 6 1986 2.1] [4.6] [4] [30] [5.6] [62] [975] [24.3]
(1989)
Hirakawa et al. Japan, Fukuoka; multipara 8 1994 12 5 2.6 18.9 3.6 313 195 {11.8]
(1995)
Hirakawa et al. Japan, Fukuoka; primipara 7 1994 2 8.9 4.7 32.3 6.9 29.8 174 [18.6]
(1995)
Hashimoto et al.  Japan, various locations 26 1993-94 2.7 12 3.5 57 10 21 160 (371
(1995b)
Alawi et al. Jordan, Amman; pool 4t06 1994 <32 <32 <32 <32 <32 32 64.6 [9.38]
(1996b)
Alawi et al. Jordan, Amman; pool 4t06 1994 <63 <63 <6.3 <6.3 <6.3 15.7 56.1 [18.3]
(1996b)
Alawi et al. Jordan, Aqaba; pool 4t06 1994 7.8 <4.5 <4.5 19 <4.5 14.5 46.9 [22]
(1996b)
Alawi et al. Jordan, Irbid; pool 4t06 1994 3.7 21.3 <37 56.5 <3.7 472 75.8 [98.5]

(1996b)
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Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Alawi et al. Jordan, Madaba; pool 4to6 1994 <11 55 11 11 11 96 147 [110]
(1996b)
Alawi et al. Jordan, Zarka; pool 4t06 1994 <26 6.1 <2.6 9.6 <26 14 29 [11.4]
(1996b)
Petreas et al. Kazakstan (WHO criteria) 40 <1996 13.6 445 1.15 4.01 1.14 10 112 20.1
(1996)
WHO (1996) Lithuania, Anykshchiai; pool; 12 1992-93 5.5 3.6 3.6 3.8 1.2 5.7 327 144
rural area (WHO criteria)
WHO (1996) Lithuania, Palanga; pool; coastal 12 1992-93 4.8 34 1.9 4.5 14 5.1 21.3 16.6
area (WHO criteria)
WHO (1996) Lithuania, Vilnius; pool; urban 12 1992-93 54 2.8 1.8 47 1.5 7.2 395 13.3
area (WHO criteria)
Liem et al. (1995) Netherlands (primipara) 103 1993 3.1 8.1 8.6 37.1 6.9 44.9 295 235
Yrjdnheikki Netherlands; pool; urban area 13 1986-88 5.2 18 10 75 11 112 627 39.6
(1989) (WHO criteria)
Yrjanheikki Netherlands; pool; rural area 13 198688 5.4 17 10 72 7.6 82 545 374
(1989) (WHO criteria)
Pluim et al. Netherlands, Amsterdam 3.8 10.6 1.3 49.1 6.5 54.3 2975 -
(1992, 1993c,
1994)
Koopman- Netherlands, 4.0 10.6 8.7 47 .4 6.7 63.2 799.6 -~
Esseboom et al.  Rotterdam/Groningen
(1994)
WHO (1996) Netherlands; pool (WHO criteria) 17 1992-93 2.9 7.6 79 35.6 6.8 46.1 324 224
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Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD.  OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
Tuinstra et al, Netherlands, 168 - - - - -~ - -~ - 30
(1995) Groningen/Rotterdam; collected
at 10 and 42th day after delivery
Yrjinheikki Norway, Hamar; pool; rural area 10 1985-86 2.5 4.7 18.8 4.9 40.3 150 [14.8]
(1989) (WHO criteria)
WHO (1996) Norway, Hamar; pool; rural area 10 1992-93 1.8 2.8 1.6 9.2 24 17.4 1167 9.3
(WHO criteria)
Clench-Aas er al, Norway, Skien-Porsgrunn; Mg 10 1985-86 2.7 5.0 20.3 3.2 36.6 156 [19.2]
(1992) production (WHO criteria)
- WHO (1996) Norway, Skien-Porsgrunn; pool; 10 1992-93 2.1 3.8 1.9 10.7 3.5 19.1 112 12.5
industrial area (WHO criteria)
Clench-Aas ez al. Norway, Tromsg; pool; coastal 11 1985-86 2.9 4.7 19.2 4.7 36 155 15.9
(1992) area (WHO criteria)
WHO (1996) Norway, Tromsg; pool; coastal 10 1992-93 2.4 3.1 1.4 9.3 24 15.7 86.9 10.1
area (WHO criteria)
Buckland et al, New Zealand, Auckland 11 <1990 4.6 6 26 5.1 53 200 15
(1990a) (WHO criteria)
Buckland ez al. New Zealand, Christchurch 9 <1990 57 8.2 34 6.3 51 240 19
(1990a) (WHO criteria)
Buckland et al, New Zealand, N. Canterbury 8 <1990 5.6 8.4 38 7.2 53 220 19
(1990a) (WHO criteria)
Buckland et al. New Zealand, Northland 9 <1990 4.7 6.8 39 5.5 51 180 17
(1990a) (WHO criteria)
Schecter et al., Pakistan; pool 7 - 33 5.2 15.3 4.8 40.7 180 12.6
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Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678
w
Yrjdnheikki Poland; pool (WHO criteria) 5 1986-88 3.6 6 3 11 6.5 30.9 250 [21.1] t‘o"
(1989) ;g
WHO (1996) Russian Federation, 1 1993 4.7 4 3.8 5.6 1.3 7.9 35.9 15.2 "Fr'
_ Arkhangelsk; pool o
Schecter et al. Russian Federation, Baikalsk; 5 1988-89 2 2.7 0.9 4 0.7 5 30 10.4 E
(1990f) pool >
Schecter ez al. Russian Federation, Irkutsk; pool 4 1988-89 1.9 3.6 1.6 6.1 2 6.9 48 17.3 g
(1990f) v
Schecter et al. Russian Federation, Kachug 4 1988-89 2.5 2.2 1 4.4 11 6 33 9.29 5
(1990f) T
WHO (1996) Russian Federation, Karhopol; 1 1992-93 1.9 1.6 0.7 1.9 0.5 1.5 9 59 [%
pool @
Polder et al. Russian Federation, Kola 30 1992-93 - - — - - - - 15.8 "8
(1996) Peninsula g
Schecter et al. Russian Federation, Moscow 1 1988-89 8.7 6.3 4 14 1.8 16 88 20.6 g
(1990f) a
Schecter et al. Russian Federation, Novosibirsk; 10 1988-89 3.4 3.9 2.2 6.6 1.2 11 68 11.9 E
(19901f) pool %]
WHO (1996) Slovakia, Michalovce; pool 10 1992-93 1.3 2.4 1.5 55 1.3 7.2 30.2 15.1
(WHO criteria)
WHO (1996) Slovakia, Nitra; pool 10 1992-93 1.5 2.7 1.8 7.8 2 13.6 57.6 12.6
(WHO criteria)
Schecter et al. South Africa; Black; pool 6 - 1.2 3.9 21.5 6.1 51.1 196 8.3

(1990e)
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Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

Schecter et al. South Africa; White; pool 18 - 1.7 5.8 26.5 6.9 60.7 254 12.6
(1990e)
WHO (1996) Spain, Bizkaia; pool 19 1992-93 2 6 3.1 334 5.8 32.6 158 194

(WHO criteria)
WHO (1996) Spain, Gipuzkoa; pool 10 199293 2.3 7.7 4.2 53.5 9.3 59.6 164 25.5

(WHO criteria)
Gonzélez et al. Spain, Madrid 13 1990 1.2 6.7 53.6 46 234 [14.3]
(1996)
Yrjanheikki Sweden, Borldnge; pool; rural 10 1985-86 2.8 6.5 26.5 6.1 41.8 184 [20.1]
(1989); Clench-  area (WHO criteria)
Aas et al. (1992)
Yrjanheikki Sweden, Gothenburg; pool; 10 1985~86 3.2 7.5 39 6.2 67.3 237 22.8
(1989) urban area (WHO criteria)
Yrjanheikki Sweden, Sundsvall; pool; 10 1985-86 3.3 7.8 28.1 7.1 522 209 22.6
(1989) industrial area (WHO criteria)
Yrjanheikki Sweden, Uppsala; pool; MSWI 10 1985-86 2.9 72 38.9 8.2 72.1 255 224
(1989) (WHO criteria)
Schecter et al. Thailand, Bangkok 10 - 0.3 1.1 0.5 1.1 0.7 10 68 3
(1991b)
Wearne et al. UK, Cambridge (WHO criteria) 20 1993-94 3.7 9.9 11 32 7.5 47 190 24
(1996)
Startin et al. UK, Glasgow (WHO criteria) 50 1987~ 4.6 12 57 6.5 65 271 [29]

(1989)
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Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

Wearne et al. UK, Glasgow (WHO criteria) 20 1993-94 3.1 8.6 9.6 27 6.4 40 170 21
(1996)
Startin et al. UK, Sutton Coldfield 50 1987~ 6.5 14 67 10 76 303 37
(1989) (WHO criteria)
Wearne et al. UK, Birmingham 20 1993 35 9 9.2 27 6.5 31 130 21
(1996) (WHO criteria)
WHO (1996) Ukraine, Kiev; pool 5 1992-93 2.8 2.4 1.9 39 1.4 6.6 40.2 11.0

(WHO criteria)
WHO (1996) Ukraine, Kiev; pool 5 1992-93 4.8 2.7 1.6 3.5 1.1 3.6 24.4 13.3

(WHO criteria)
Schecter et al.- USA 42 1988 3.3 6.7 4.95 30.5 6.2 42 233 [16.6]
(1989d)
Schecter et al. USA, Tennessee; pool 9 - 2.5 6.8 38.2 9.6 59.6 234 14.6
(1990e)
Schecter et al. Viet Nam, Binh Long; pool 4 NR 2.8 6.9 17 4.4 37.9 146 14.5
(1990e)
Schecter et al. Viet Nam, Da Nang 11 1985-90 5.6 15 5.1 22 11 55 292 34
(1991b)
Schecter et al. Viet Nam, Dong Nai 11 1985-90 10 7.2 2.1 10 4 28 119 26
(1991b)
Schecter et al. Viet Nam, Hanoi 30 1985-90 2.1 2.9 1.8 5.2 1.8 11.5 78.3 9
(1991b)
Schecter et al. Viet Nam, Ho Chi Minh 38 198590 7.1 6 2.9 15 4.2 36 231 18.5
(19894)
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Table 30 (contd)
Reference Origin No. Coll. Concentration (ng/kg fat)
period
TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF
2378 12378 123478 123678 123789 1234678

Schecter et al. Viet Nam, Song Be 12 1985-90 17 8.2 6.6 18 6 36 185 31.7
(1989d)
Schecter et al. Viet Nam, Tay Ninh; pool 4 NR 5.7 14.1 43.8 10.9 88 415 [28.6]
(1990e)
Schecter et al. Viet Nam, Vung Tau; pool 5 NR 6.2 10.5 15.1 6 52.9 181 21.9
(1990e)
Schechter et al. South Viet Nam; analytical 1 1970 1832 - - - - - -
(1995) method N 1 1970 1465 - - - - - -

1 1970 732 - - - - - -

1 1970 366 - - - - - -

1 1970 333 - - - - - -

1 1973 266 - - - - -~ -

1 1973 280 - - - - - -

1 1973 133 - - - - - -

2 1985-88 5 - - - - - -

2 1985-88 11 - - - - - -

30 1985-88 2.1 - - - - - -

-, not reported; ND: not detected and limit of detection not reported
“Summed TEQ concentrations calculated by the Working Group [ ] where possible assuming congeners that were not detected were present at the full value of
the limit of detection or as given by the authors when they correspond to the value calculated by the Working Group.
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Table 31. Summary of concentrations (ng/kg fat) of PCDDs in human milk (as
reported in Table 30) '

TCDD PeCDD HxCDD HpCDD OCDD Total TEQ
(PCDDs/
PCDFs)
2378 12378 123478 123678 123789 1234678
Mean 34 7.2 5.0 26 54 39 180 20
Minimum 03 1 0.5 1.1 0 1.5 9 3.1
Sth percentile 1.03 1.71 0.83 3.9 1.1 6.17 30.11 8.16
25th percentile 2 3.68 1.9 10.25 23 15.93 89.5 12.35
Median 2.85 6.15 4 22.15 5.5 38.95 155 17.9
75th percentile  3.73 8.9 7.6 37.78 7.1 53.5 23325 249
95th percentile ~ 7.70 15 11.35 57 11 82 501.35  37.15
Maximum 17 55 13 84 27.6 121 975 110

By involving only primiparous women, these criteria may lead to slight over-
estimation of average concentrations in milk, but the results provide a good basis for
comparing different regions and variations over time. Laboratories generating data have
also participated in an extended series of quality assurance intercomparisons (Rappe
et al., 1989c; Yrjanheikki, 1989; Stephens et al., 1992; Carlé et al., 1995).

Most of the regional comparisons within countries have shown no significant diffe-
rences between donor cohorts from rural and industrial areas. Koopman-Esseboom et al.
(1994a) reported significantly higher levels of a number of PCDDs and PCDFs in women
living in industrialized areas of the Netherlands, compared with women living in rural
areas. Rather larger differences were found by Alawi er al. (1996b) for different samples
from Jordan, but variable detection limits and a high incidence of non-detection make
interpretation uncertain. Pioneering work by Baughman, R. showed elevated 2,3,7,8-
TCDD levels as high as 1450 ng/kg in milk lipid (Schecter, 1994) collected from south
Viet Nam in 1970, while Agent Orange spraying was still occurring or had only just
ceased. More recent samples from Viet Nam, analysed by Schecter et al. (1989d,e,
1990e,g, 1991b, 1995), have not shown any exceptional concentrations.

There is evidence of differences between certain parts of the world, and of a decrease
over time. Samples taken in the second half of the 1980s from the industrialized
countries of western Europe contribute most of the upper-quartile data in Table 31. Rela-
tively low average levels have been found in samples from Albania, Cambodia, Croatia,
the Faeroe Islands, Hungary, Pakistan and Thailand.

There is now clear evidence of a decrease in PCDD/PCDF levels in human milk over
time in almost every region for which suitable data exist (Alder et al., 1994; Liem et al.,
1995; WHO, 1996). The WHO (1996) study also shows that the highest rates of
decrease, nearly 14% per annum, have been in the areas with the highest initial concen-
trations (Figure 1). These data imply that a substantial reduction in intake of PCDDs and
PCDFs has occurred in recent years.
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Figure 1. Annual percentage decrease of PCDD/PCDF levels in human milk for
11 countries as a function of the dioxin levels in 1988
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1.5 Regulations and guidelines

In Germany, an occupational technical exposure limit (TRK) value of 50 pg I- TEQ/m’
in air has been established for PCDDs and PCDFs. 2,3,7,8-TCDD is classified in
Germany as a III A2 compound (shown to be clearly carcinogenic only in animal studies
but under conditions indicative of carcinogenic potential at the workplace) (Deutsche
Forschungsgemeinschaft, 1996).

The United States Occupational Safety and Health Administration (OSHA) has not
set a permissible exposure level (PEL) for the PCDDs. The United States National Insti-
tute for Occupational Safety and Health (NIOSH) has not set a recommended exposure
level (REL) for PCDDs, but states that 2,3,7,8-TCDD should be treated as a potential
occupational carcinogen and occupational exposures should be limited to the lowest
feasible concentration (United States National Institute for Occupational Safety and
Health, 1994). The American Conference of Governmental Industrial Hygienists (1995)
has not set a threshold limit value (TLV) for the PCDDs.

The United States Environmental Protection Agency (1996b) has established a final
drinking water standard for 2,3,7,8-TCDD. The maximum contaminant level (MCL) (the
maximum permissible level of a contaminant in water delivered to any user of a public
water system) is set at 3 X 10™ mg/L (30 pg/L).

The Canadian Government has proposed a tolerable daily intake (TDI) of 10 pg
I-TEQ/kg bw per day for PCDDs and PCDFs (Government of Canada, 1993).

A Nordic tolerable weekly intake of 0-35 pg 2,3,7,8-TCDD/kg bw was proposed
(Ahlborg et al., 1988). A TDI of 1 pg dioxin-like compounds/’kg bw per day has been
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recommended in the Netherlands (Health Council for the Netherlands, 1996) and one of
5 pg/kg bw per day has been established in Sweden (Ahlborg et al., 1988). A TDI of 10
pg PCDDs/PCDFs per kg bw per day from food has been recommended by WHO/EURO
(WHO, 1991; Ahlborg et al., 1992b) as well as by the Ministry of Health and Welfare of
the Japanese Government (Kurokawa, 1997).

At present, the regulatory requirements for incinerator emissions vary widely among
the countries of the European Union. The European Commission (1994) published a
Council Directive on the incineration of hazardous waste which would require that ‘the
emission of PCDDs and PCDFs shall be minimized by the most progressive techniques’
and which defines 0.1 ng/m’ as a guide value which should not be exceeded by all
average values measured over the sample period of 6 to 16 h.

Germany and the Netherlands have set daily average limit values of 0.1 ng I-TEQ/m’
of exhaust gas for PCDDs/PCDFs from municipal waste incinerator emissions; in
Sweden, the corresponding value is 0.1-0.5 ng Eadon TEQ/m”. The United Kingdom has
set a limit value of 1 ng I-TEQ/m’ with a goal to reduce PCDD/PCDF emissions to 0.1 ng
I-TEQ/m’ for industrial and municipal waste incinerators (ECETOC, 1992; Liem & van
Zorge, 1995).

In Japan, a limit of 0.5 ng I-TEQ/m’ 2,3,7,8-TCDD/TCDF is recommended for muni-
cipal waste incinerators (Liem & van Zorge, 1995).

In Germany, sewage sludge used as a fertilizer for farmland is not allowed to contain
more than 100 ng I-TEQ/kg dry matter (Ordinance on Sewage Sludge, 1992; Liem & van
Zorge, 1995).

The European Union has specified that 2,3,7,8-TCDD must not form part of the com-
position of cosmetic products (European Commission, 1992).

For milk and milk products, a maximal tolerable concentration for PCDDs/PCDFs of
17.5 ng I-TEQ/kg fat has been set in the United Kingdom. In Germany, PCDDs/PCDFs
must not exceed 5 ng I-TEQ/kg milk fat and, in the Netherlands, their level must not
exceed 6 ng I-TEQ/kg milk and milk product fat (Liem & van Zorge, 1995).

2. Studies of Cancer in Humans

2,3,7,8-TCDD is thought to be the most toxic PCDD congener, followed in presumed
toxicity by the higher chlorinated PCDDs. Lower chlorinated PCDDs are thought to be
much less toxic.

The focus of this review of human studies is on studies in which exposure to 2,3,7,8-
TCDD or higher chlorinated PCDDs can be presumed or is documented. Typically this
involves exposure to phenoxy herbicides contaminated by 2,3,7,8-TCDD (particularly
2,4,5-T) or to other contaminated chemicals used in manufacturing processes (e. g., TCP).

Studies involving only exposure to herbicides not contaminated by PCDDs (e.g.,
4-chloro-2-methylphenoxyacetic acid (MCPA)) are not reviewed (e.g., Coggon et al.,
1986; Lynge, 1993). Studies involving only exposure to unspecified combinations of
pesticides and herbicides are also not reviewed (e.g., Blair et al., 1983) because the
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extent of exposure to PCDD-containing herbicides (if any) is unknown. Studies invol-
ving only exposure to 2,4-D, that is not likely to have been contaminated by higher
chlorinated PCDDs, are also not discussed. Studies involving exposure to substances
contaminated with higher chlorinated PCDDs without 2,3,7,8-TCDD, e.g., PCP, are
discussed separately from studies involving exposure to 2,3,7,8-TCDD.

Blood concentrations reported are lipid-based, unless otherwise noted (see Section
1.4). '

2.1 Industrial exposures and industrial accidents

The cohort study populations considered by various authors overlap in many
instances. However, different publications on overlapping study groups may have
different focuses, e.g., incidence/mortality, different follow-up periods, different expo-
sure assessment and other characteristics. Therefore, Table 32 presents the relationship
between different publications which are considered relevant for this monograph in terms
of study population size.

2.1.1 Exposure to 2,3,7,8-TCDD and higher chlorinated PCDDs/PCDFs in chemical
plants

Cohort studies are summarized in Table 33.

Workers at chemical plants in the United States which produced chemicals conta-
minated with PCDDs/PCDFs (primarily TCP and/or 2,4,5-T) have been studied exten-
sively. There has been a series of publications on two separate plants and a larger study
of 12 plants which included most United States workers manufacturing these products
who were exposed specifically to 2,3,7,8-TCDD. In the latter study, serum PCDD
measurements were available for some workers.

(a) Two United States plants
Nitro plant

Workers at a Monsanto plant in Nitro, WV, have been studied by Zack and Suskind
(1980), Zack and Gaffey (1983) and Collins er al. (1993). Zack and Suskind (1980)
studied 121 male workers (one woman is not included in the mortality analysis) who
developed chloracne after an accident during production of TCP in 1949. These workers
were followed through 31 December 1978 with person—time at risk beginning at the
accident. United States referent rates were used. Thirty-two deaths were observed
(standardized mortality ratio (SMR), 0.7; p < 0.05), of which nine were cancer deaths
(SMR, 1.0). No significant excess was found for any specific cancer, although lung
cancer was elevated (5 observed; SMR, 1.8). One soft-tissue sarcoma was observed — a
fibrous histiocytoma (classified as a skin cancer (ICD-8, 172-173)), with 0.2 skin
cancers expected. Three deaths from lymphatic and haematopoietic cancers were
observed (SMR, 3.4).
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Table 32. Relationship between industrial cohort study groups with exposure to
2,3,7,8-TCDD

Kogevinas et al. > Fingerhut et al. > Bond et al. (1989a), > Ramlow er al.
1997) (1991a,b) Ott et al. (1987), (1996)

(USA, NIOSH, Cook et al. (1986) (Dow,

12 plants) (Dow, Midland, MI) Midland, MI)

> Zack & Gaffey (1983)
(Monsanto, Nitro, WV)

> Collins et al. (1993)
(Monsanto, Nitro, WV)

> Saracci et al. (1991) > Bueno de Mesquita ef al.
(1993), Hooiveld et al.
(1996a) (Netherlands)
> Coggon et al. (1991)
(United Kingdom)
> Becher et al. (1996) > Flesch-Janys et al. Manz et al. (1991)
(Boehringer-Ingelheim, (1995) (Boehringer-
Bayer, BASF (not the (Boehringer-Ingelheim) Ingelheim)
accident))

Ott & Zober (1996),
Zober et al. (1994),
Zober et al. (1990)
(accident, BASF)

A > B denotes that the study population of B is a subset of A.

A, B denotes that the study populations A and B are almost identical.

All publications mentioned contain results considered to be relevant by the Working Group.
The study populations of Collins ef al. (1993) and Zack & Gaffey (1983) overlap in part.
Specific female cohorts (Kogevinas et al., 1993; Nagel et al., 1994) are not included.

Zack and Gaffey (1983) studied 884 white male employees at the Nitro plant who
were active on or after 1 January 1955 with one or more years of employment as hourly
workers. This cohort included all workers at the plant, not just those exposed to PCDDs.
Follow-up was through 31 December 1977 and United States referent rates were used.
There were 163 deaths in this cohort (SMR, 1.0). Nine deaths from urinary bladder
cancer were observed (SMR, 9.9). The excess of urinary bladder cancer was attributed to
the use of 4-aminobiphenyl (see IARC, 1987f), a known urinary bladder carcinogen.
Seven of these cancers had been detected earlier in a screening programme. Work history
of decedents was examined to determine if the men had been assigned to 2,4,5-T
production. For 58 men so identified, a proportionate mortality study was conducted.
Nine cancers were observed (proportionate mortality ratio [PMR], 0.8). Six were lung
cancers (PMR, 1.7). No haematopoietic cancer occurred in this group. One soft-tissue
sarcoma (a liposarcoma) was observed; no expected number for soft-tissue sarcoma was
given. [An unknown, but probably small, number of workers who worked with TCP but
not with 2,4,5-T would have been omitted from this analysis].

Collins et al. (1993) studied 754 workers who had worked at the Nitro plant for one
day or more between 8 March 1949 (the date of the above-mentioned accident) and



Table 33. Industrial cohort studies and populations exposed to industrial exposures and industrial accidents

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Fingerhut 5172 workers Mortality 1987 serum Men All cancers Combined 2,3,7,8-TCDD-
etal. (1991a), 12 plants followed from  levels of 2 20 years latency 265 1.2 1.0-1.3 exposed production workers
USA first exposure  exposed 2 1 year exposure 114 1.5 1.2-1.8 from 12 plants exposed during
to 31 (n=253) Digestive system 194284, including Monsanto
December averaged 233 2 20 years latency 67 1.1 0.9-14 (Nitro, WV) and Dow
1987 ng/kg fat 2 1 year exposure 28 1.4 0.9-2.0 (Midland, MI) workers
compared with Lung
7 ng/kg for 2 20 years latency 89 1.1 0.9-1.4
unexposed 2 1 year exposure 40 1.4 1.0-1.9
workers Haematopoietic (all)
(n=179) 2 20 years latency 24 1.1 0.7-1.6
> 1 year exposure 8 1.3 0.5-2.5
NHL
2 20 years latency 10 1.4 0.7-2.5
2 | year exposure 2 0.9 0.1-34
Multiple myeloma
2 20 years latency 5 1.6 0.5-3.9
> 1 year exposure 3 2.6 0.5-7.7
Leukaemia
2 20 years latency 6 0.7 0.2-1.5
2 1 year exposure 2 0.8 0.1-2.8
Connective tissue/STS
> 20 years latency 4 34 0.9-8.7

2 1 year exposure 3 9.2 1.9-27.0

ol
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Ott & Zober 243 workers accidentally ~ Mortality and ~ 2,3,7,8-TCDD  Men All cancers Mortality
(1996), exposed to 2,3,7,8-TCDD  incidence serum levels in < 0.1 pg/kg bw 8 0.8 04-1.6 [p..... = 0.07]; local reference
(BASF) ina TCP unitin a 1953-92 138 subjects in 0.1-0.99 pg/kg bw 8 1.2 0.5-2.3
Germany chemical plant 1988-92. 1.0-1.99 pg/kg bw 8 14 0.6-2.7
Model-based 22.0 pug/kg bw 7 2.0 0.84.0
estimation for All cancers 13 2.0 1.0-34 > 1 ug/kg bw, 2 20 years of
other workers Respiratory 6 3.1 1.1-6.7 latency
All cancers 18 1.9 1.1-3.0 113 chloracne cases, latency
Digestive system 6 1.8 0.74.0 > 20 years; mortality
Respiratory tract 7 2.4 1.0-5.0
Respiratory tract 8 2.0 0.9-3.9 Incidence, > 1.0 pug/kg bw
Digestive tract 11 1.5 1.1-1.9 Cox’s regression; deaths
12 14 1.1-1.7 Cox’s regression; incident
cases; internal comparison
controlling for known
confounders
Manz et al. 1184 men and 399 women Mortality TCP, 2,4,5-T Men All cancers Gas workers reference
(1991), employed in a herbicide 195289 and 2,3,7,8- High exposure 29 1.8 1.2-2.6 [p....=0.24]
(Boehringer-  plant; 496 high exposure; - TCDD; fat Medium exposure 39 1.2 0.9-1.6
Ingelheim) 901 medium exposure; levels in 48 Low exposure 7 1.5 0.6-3.0
Germany 186 low exposure subjects in Women  All cancers NG 0.9 0.6-1.5 National reference
1985 Breast 9 2.2 1.04.1
Median fat
2,3,7,8-TCDD,
137 ng/kg high
exposure
Median fat
2,3,7,8-TCDD
medium + low,
60 ng/kg
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Table 33 (contd)
Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Flesch-Janys 1189 workers employed in Mortality PCDD/PCDF- Men All cancers NG 1.0 0.6-1.8 Blood TEQ 1.0-12.2 ng/kg
etal. (1995);  aherbicide plant 1952-92 contaminated NG 1.3 0.8-2.1 Blood TEQ 12.3-39.5 ng/kg
Flesch-Janys  contaminated with herbicides. NG 1.2 0.7-1.9 Blood TEQ 39.6-98.9 ng/kg
etal (1996b) PCDDs/PCDFs 2,3,7,8-TCDD NG 1.2 0.8-1.9 Blood TEQ 99.0-278.5 ng/kg
(Boehringer- biological NG 1.3 0.7-2.3 Blood TEQ 278.6-545 ng/kg
Ingelheim) levels in 190 NG 2.7 1.74.4 Blood TEQ 545.1-5362 ng/kg
Germany workers in P_.<0.01, Cox’s regression
1992. Model- NG 2.0 1.1-3.8 2,3,7,8-TCDD, 344.7-3890
based ng/kg, internal comparison
estimation for NG 2.3 1.1-4.6 Internal comparison; subjects
other workers exposed to dimethyl sulfate
excluded
Becher et al. 2479 workers from four Mortality Herbicides, Men All cancers 138 1.2 1.0-1.4 National reference
(1996); plants involved in 1950589 PCDDs, Buccal, pharynx 9 2.9 1.3-5.6
Kogevinas production of phenoxy PCDFs, Lung 47 1.4 1.0-1.9
et al. (1997) herbicides and 2,4,5-T, TCP, All haematopoietic 13 1.7 0.9-2.9
Germany chlorophenols 2,3,7,8-TCDD, NHL 6 3.3 1.2-7.1
chlorophenols
TCP, All cancers 97 1.3 1.1-1.6 Plant I (Boehringer-
chlorophenols, Lung 31 1.5 1.0-2.1 Ingelheim). Blood 2,3,7,8-
2,3,7,8-TCDD All haematopoietic 11 2.4 1.2-4.3 TCDD in 190 workers: 3—
NHL 4 3.8 1.0-9.6 2252 ng/kg. Numerous cases
Multiple myeloma 3 54 1.1-15.9  of chioracne
2,4,5-T, NHL 2 12.0 1.5-43.5 Plant IT (Bayer-Uerdingen).
2,3,7,8-TCDD Blood 2,3,7,8-TCDD in 19
workers: 23-1935 ng/kg.
Some cases of chloracne
Coggon etal. 1082 chemical workers Mortality Phenoxy Men All cancers 12 1.0 [0.7-1.4]  Workers in one (Factory A)
(1991), producing or formulating  1975-87 compounds Lung 6 1.3 [0.5-2.8]  out of four factories included
(Plant A) phenoxy herbicides and including NHL 0 in study
United chlorophenols in 1975-85. 2,4,5-T and
Kingdom 2,4,5-T was produced chlorophenols

during 196878

(474!
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender  Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Bueno de Workers in synthesis and ~ Mortality 2,4,5-T, Men All cancers 26 1.2 0.5-1.7 Factory A only, exposed
Mesquita et al. formulation of phenoxy 1955-86 PCDDs, Pancreas 3 2.9 0.6-8.4 workers versus national
(1993), The herbicides and 2,3,7,8-TCDD Large intestine 3 24 0.5-7.0 population
Netherlands chlorophenols in two Lung 9 1.0 0.5-1.9
plants (963 exposed, 1111 Prostate 2 2.2 0.3-7.8
unexposed); Factory A, Lymphosarcoma 1 2.0 0.1-11.4
accident in 1963; exposure Myeloid leukaemia 1 2.9 0.1-15.9
to 2,3,7,8-TCDD All cancers 31 1.7 0.9-34 Both plants; exposed versus
Respiratory tract 9 1.7 0.5-6.3 unexposed
Accidental All cancers 10 1.4 0.7-2.5 Factory A; national reference
exposure in
1963
Case/control OR
Kogevinas 11 STS cases and 55 Nested case— Exposure to 21 Menand STS 10/30 10.3 1.2-90.6  Any phenoxy herbicide
etal. (1995),  healthy controls; 32 NHL  control study chemicals women 9/24 5.6 1.1-27.7  Any PCDD or PCDF
international cases and 158 healthy within the including 5/13 52 0.9-319  2,3,7,8-TCDD
controls JIARC cohort  major phenoxy NHL 19/85 1.3 0.5-2.9 Any phenoxy herbicide
reported by herbicides, 20/78 1.8 0.8-4.3 Any PCDD or PCDF
Saracci et al. PCDDs, raw 11/39 19 0.7-5.1 2,3,7,8-TCDD
(1991) materials and

other process
chemicals
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Kogevinas 21 863 in 36 cohorts from Mortality 2,3,7,8-TCDD 20851 All cancers Combined PCDD-exposed
et al. (1997), 12 countries or higher men, Exposed to 2,3,7,8- 710 1.1 1.0-1.2 workers (production and
international chlorinated 1012 TCDD and higher spraying) from 36 cohorts
PCDDs versus  women Exposed to lower or 398 1.0 0.9-1.1 with varied follow-up from
not exposed to no PCDD 1939 to 1992. Includes and
2,3,7,8-TCDD Digestive system updates JARC cohort (Saracci
or higher Exposed to 2,3,7,8- 190 {1.0] [09-1.2] etral., 1991), adds NIOSH
chlorinated TCDD and higher cohort (Fingerhut et al.,
PCDDs or no Exposed to lower or 106 [0.9] [0.7-1.1]  1991a,b) and adds four plants
PCDD no PCDD in Germany (Manz et al.,
exposure Lung 1991; Becher et al., 1996;
Exposed to 2,3,7,8- 225 1.1 1.0-1.3 Flesch-Janys et al., 1995).
TCDD and higher Largest combined cohort of
Exposed to lower or 148 1.0 0.9-1.2 PCDD-exposed workers.
no PCDD
Haematopoietic (all)
Exposed to 2,3,7,8- 57 1.1 [0.8-1.4]
TCDD and higher
Exposed to 2,3,7,8- 35 1.2 [0.8~1.6]
lower or no PCDD
NHL
Exposed to 2,3,7,8- 24 1.4 0.9-2.1
TCDD and higher
Exposed to lower 9 1.0 0.5-1.9
or no PCDD
Multiple myeloma
Exposed to 2,3,7.8- 9 1.2 0.6-2.3
TCDD and higher
Exposed to lower 8 1.6 0.7-3.1

or no PCDD
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Kogevinas Leukaemia
etal. (1997), Exposed to 16 0.7 0.4-1.2
international 2,3,7,8-TCDD and
(contd) higher
Exposed to lower 17 14 0.8-2.3
or no PCDD
Connective tissue/STS
Exposed to 2,3,7,8- 6 2.0 0.84.4
TCDD and higher
Exposed to loweror 2 14 0.2-4.9
no PCDD
Bertazzi et al. Residents in contaminated Incidence 2,3,7,8-TCDD: Local reference. Median
(1993), zones after the Seveso 1977-86 Zone A; soil Men All cancers 7 0.7 0.3-1.5 237 8-TCDD l;avel in the
Italy accident: Zone A, 724; levels, Digestive system 2 0.7 0.2-2.8 S .
Zone B, 4824; Zone R, 15.5— Lung 2 0.8 0.2-3.4  reference area (52 samples in
31 647, age, 20-74 years 580 pg/m’; Women  All cancers 7 1.0 0.5-2.1 1992_,93) » 3.5 ng/kg blood
median blood Digestive tract 3 17 0654  (Landieral,1996)
levels in adults,
389 ng/kg
(back-
calculation)
Zone B, soil Men All cancers 76 1.1 0.9-1.4 Local reference
levels, Digestive system 18 0.9 0.6-1.5
< 50 pug/m® Hepatobiliary 5 1.8 0.7-4.4
median blood Liver 4 2.1 0.8-5.8
levels in adults, Lung 18 1.1 0.7-1.8
78 ng/kg Haematopoietic 8 2.1 1.04.3
(back- NHL 3 2.3 0.7-7.4
calculation) Lymphoreticulosarcoma 3 5.7 1.7-19.0
Multiple myeloma 2 32 0.8-13.3
Leukaemia 2 1.6 0.4-6.5
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% Cl Comments
country Period of death obs.
follow-up
Bertazzi et al. Women  All cancers 36 0.8 0.6-1.1 Local reference
(1993), Digestive system 12 1.1 0.6-1.9
Ttaly Hepatobiliary 5 33 1.3-8.1
(contd) Gall-bladder 4 4.9 1.8-13.6
Breast 10 0.7 04-14
Haematopoietic 6 1.9 0.8-4.4
. Multiple myeloma 2 53 1.2-22.6
Myeloid leukaemia 2 37 0.9-15.7
Zone R; soil Men All cancers 447 0.9 0.9-1.0 Local reference
levels, Digestive system 131 0.9 0.8~1.1
<5 pugm’ Lung 96 0.8 0.7-1.0
STS 6 2.8 1.0-7.3
Haematopoietic 25 1.0 0.6-1.5
NHL 12 1.3 0.7-2.5
Myeloid leukaemia 5 1.4 0.5-3.8
Women  All cancers 318 0.9 0.8-1.1 Local reference
Digestive tract 75 0.9 0.7-1.1
Lung 16 1.5 0.8-2.5
STS 2 1.6 0.3-74
Breast 106 1.1 0.9-1.3
Haematopoietic 18 0.8 0.5-1.3
NHL 10 12 0.6-2.3
Lymphoreticulosarcoma 6 1.7 0.74.2
Bertazzi et al.  Residents in contaminated Mortality Zone A Men All cancers 6 0.4 0.2-1.0 Local reference. Median level
(1996), zones after the Seveso 1976-91 Lung 4 1.0 0.4-2.6 in the reference area (52
Ttaly accident: Zone A, 750; Women All cancers 10 1.2 0.6-2.2 samples in 1992-93),
Zone B, 5000; Zone R, Digestive system 5 1.5 0.6-3.6 5.5 ng/kg (Landi et al., 1996)
30 000; all ages Colon 2 2.6 0.6-10.5
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
country Period of death obs.
follow-up
Bertazzi et al. Zone B Men All cancers 104 1.1 0.9-1.3 Local reference
(1996), Digestive system 33 0.9 0.7-1.3
Italy Rectum 7 2.9 1.4-6.2
(contd) Lung 34 1.2 0.9-1.7
Haematopoietic 12 2.3 1342
NHL 2 1.5 0.4-6.0
Hodgkin’s disease 2 33 0.8-14.0
Leukaemia 7 3.1 14-6.7
Women  All cancers 48 0.9 0.7-1.2
Digestive system i8 0.8 0.5-1.3
Stomach 7 1.0 0.5-2.2
Hepatobiliary 4 1.1 0.4-3.1
Liver 3 1.3 0.4-4.0
Breast 9 0.8 0.4-1.5
Haematopoietic 7 1.8 0.8-3.8
Hodgkin’s disease 2 6.5 1.5-30.0
Myeloma 4 6.6 2.3-18.5
Menand Thyroid 2 [3.9] [0.4-14.1]
women
Zone R Men All cancers 607 0.9 0.8-1.0 Local reference
Digestive system 226 0.9 0.8-1.0
Oesophagus 30 1.6 1.1-24
Lung 176 0.9 0.8~1.1
STS 4 2.1 0.7-6.5
Haematopoietic 27 0.8 0.5-1.2
Women  All cancers 401 0.9 0.8-1.0 Local reference
Digestive system 158 0.9 0.8-1.0
Lung 29 1.0 0.7-1.6
Breast 67 0.8 0.6-1.0
Haematopoietic 29 0.9 0.6-1.4

Abbreviations: NHL, non-Hodgkin lymphoma; STS, soft-tissue sarcoma; NG, not given
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22 November 1949 (the date of the last reported case of chloracne resulting from the
accident clean-up) (this study includes the 122 chloracne cases of Zack & Suskind,
1980). Person—time at risk began on 8 March 1949 or at date of hire, if hired between 8
March and 22 November 1949, and extended through 31 December 1987 (23 198
person—years). Follow-up was complete for 733 workers. United States referent rates
were used. The cohort was further subdivided into four groups: (1) 461 workers without
chloracne and judged not to have been exposed to 4-aminobiphenyl; (2) 171 workers
without chloracne but with exposure to 4-aminobiphenyl; (3) 97 workers with chloracne
and no exposure to 4-aminobiphenyl; and (4) 25 workers with chloracne and exposure to
4-aminobiphenyl. Three deaths from soft-tissue sarcoma occurred in the cohort: one in
the group without chloracne but with exposure to 4-aminobiphenyl (upon review, this
case was not a soft tissue sarcoma) and two in the group with chloracne and with
exposure to 4-aminobiphenyl. Excesses of urinary bladder cancer occurred in all groups,
but primarily in the group without chloracne but with exposure to 4-aminobiphenyl
(10 observed; SMR, 22; 95% CI, 10.4—40.0). The authors considered that the deaths due
to soft-tissue sarcoma may have been caused by 4-aminobiphenyl. [The Working Group
considered that this argument is weakened by two points. First, the one case of soft-tissue
sarcoma occurring in the group without chloracne but with exposure to 4-aminobiphenyl
apparently may have been exposed to 2,3,7,8-TCDD, as suggested by additional data
presented in the study. Second, there are no human data indicating that 4-aminobiphenyl
or other aromatic amines cause soft-tissue sarcoma and hence no strong reason to believe
it could act as a confounder for soft-tissue sarcoma occurrence due to PCDDs.] (All but
one of the confirmed cases of soft-tissue sarcomas of the Fingerhut et al. (1991a) study
are included in Collins et al. (1993)).

Midland plant

Workers at a Dow plant in Midland, MI, have been studied in a series of publications.
Ott et al. (1980) studied 204 male workers exposed to 2,4,5-T from 1950 to 1971 (the
period during which it was manufactured) (157 with less than one year’s exposure). The
method of worker selection may have missed some short-term workers, but all workers
with at least one year of employment in the 2,4,5-T work area would have been included.
Some workers with exposure to TCP (but no exposure to 2,4,5-T) may have been
excluded from this analysis. No case of chloracne was identified in this group. Follow-up
extended through 1976. United States referent rates were used. Only 11 deaths occurred
in this cohort (20 expected) and only one cancer death (a respiratory cancer in a smoker)
(3.6 expected).

Cook et al. (1980) studied 61 men at the same plant in Midland, MI, who worked in
TCP production in 1964 (there was an incident in June 1964 in the plant and these
employees have been exposed to 2,3,7,8-TCDD); 49 developed chloracne at that time.
Follow-up extended through 1978 and 40 men were still working at the end of 1978.
United States referent rates were used. Only four deaths were observed versus 7.8
expected; three were due to cancer versus 1.6 expected (one soft-tissue sarcoma (fibro-
sarcoma) occurred).
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A cohort of 2189 (later 2192) workers at the Midland, MI, plant exposed to higher
chlorinated phenols (three or more chlorines) and related products (including 2,4,5-T)
was studied by Cook et al. (1986), Ott et al. (1987) and Bond et al. (1989a). (Bond et al.
(1989a) also included a sub-cohort analysis of the mortality of 323 men diagnosed with
chloracne.) The cohort was defined on the basis of work in departments manufacturing
TCP, PCP, 2,4,5-T and 2,4,5-T esters. Among these, only PCP did not contain 2,3,7,8-
TCDD (Fingerhut et al., 1991b), although it did contain hexa-, hepta- and octa-CDDs.
Production of these chemicals began at various dates from 1937 to 1955, and ended
between 1971 and 1982. Workers were ranked on a scale of 0 to 4 for intensity of expo-
sure to 2,3,7,8-TCDD and from 0 to 2 for intensity of exposure to hexa-, hepta- and octa-
CDDs, with each unit representing an increase on a logarithmic scale. Exposure data
were available from wipe samples, process streams and intermediate products. 2,3,7,8-
TCDD was present at 1818 mg/kg (mean of 28 samples) in TCP waste streams in the
1960s and 1970s and at much lower levels in other process streams and in the inter-
mediate product (range, 0.1-116 mg/kg) (Ott et al., 1987). Almost all of these workers
were included in the United States NIOSH 12-plant cohort studied by Fingerhut et al.
(1991a,b), which was restricted to workers with some exposure to 2,3,7,8-TCDD; the
only workers in the Midland, MI, cohort of 2192 who were excluded from Fingerhut
et al. (1991a,b) were approximately 100 workers with exposure to PCP only.

Cook et al. (1986) followed the cohort of 2189 men from 1940 through 1979 and
found an SMR for all causes of death of 0.9 and for all cancers of 1.0. No specific cancer
site showed an increase.

Ott ez al. (1987) followed up the same cohort (2187 men) through 1982 with only 25
(1%) lost to follow-up; United States referent rates were used. Approximately 50% of the
cohort had worked in exposed areas for less than one year and only 209 men had worked
for 10 years or more; 823 were still employed at the end of follow-up. The overall SMR
was 0.9 (95% confidence interval [CI], 0.8—1.0) based on 370 deaths. There were 102
cancer deaths (SMR, 1.0; 95% CI, 0.8—1.3) and the SMR for cancer with 20 or more
years’ latency was not significantly elevated (SMR, 1.3; 95% CI, 1.0-1.6). There was no
significant elevation for cancer deaths, except for the category of other and unspecified
neoplasms (12 observed; SMR, 2.6). Respiratory tract cancer mortality (23 deaths; SMR,
0.82) was not elevated. Elevations based on small numbers were observed for stomach
cancer (6 observed, SMR, 1.6; 95% CI, 0.6-3.4) and lymphatic and haematopoietic
cancers (12 observed; SMR, 1.5; 95% CI, 0.8-2.6), with the excess in the latter category
accounted for mainly by non-Hodgkin lymphoma (5 observed; SMR, 1.9; 95% CI, 0.6—
4.5) and multiple myeloma (2 observed; SMR, 2.0; 95% CI, 0.2-7.2). One death was
initially classified as due to soft-tissue sarcoma (a fibrosarcoma); however, upon patho-
logy review, this cancer was determined to be a renal clear-cell carcinoma. Analyses by
cumulative exposure intensity scores showed no significant trend (at the p = 0.05 level)
with increased exposure to 2,3,7,8-TCDD or to hexa-, hepta- or octa-CDDs for any
specific cancer, although there was some increase in digestive tract cancers with
increasing 2,3,7,8-TCDD exposure.
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Bond et al. (1989a) increased by two years (through 1984) the follow-up of the cohort
studied by Ott et al. (1987) (vital status was established for 2191 subjects). There was an
increase in the number of deaths by 36, bringing the total to 406 (SMR, 0.9; [95% CI,
0.8-1.0]). Cancer deaths increased in number by 14 to make a total of 95 (SMR, 1.0;
[95% CI, 0.8-1.3]). Two additional deaths from stomach cancer (8 observed [SMR, 2.0;
[95% CI, 0.9-3.9]), one (additional) death from soft-tissue sarcoma (2 observed (one
misclassified); [SMR, 5.0; 95% CI, 0.6-18.1]) and one additional death from non-
Hodgkin lymphoma (6 observed; [SMR, 2.1; 95% CI, 0.8-4.5]) occurred. These ele-
vations felt short of statistical significance. The two cases of soft-tissue sarcoma (one of
which was actually misclassified) occurred in workers with chloracne. No other statis-
tically significant trend with cumulative dose (of either 2,3,7,8-TCDD or hexa-, hepta- or
octa-CDDs) occurred. Results from a sub-cohort of 323 male workers diagnosed with
chloracne were presented, based on a review of 2072 (95% of the cohort) company
medical records. Diagnoses of chloracne were included if they were considered
‘probable’ or ‘definite’; person-time at risk began at the time of diagnosis. This sub-
cohort had 4871 person—years of observation and 37 deaths (SMR, 0.8; 95% (I, 0.6-1.1)
and only seven cancer deaths (SMR, 0.7; 95% ClI, 0.3-1.4). The presence of chloracne
was more prevalent in those who had the highest cumulative exposure to either 2,3,7,8-
TCDD or hexa-, hepta- or octa-CDDs. Mortality in this sub-cohort was unremarkable
except for soft-tissue sarcoma, for which two deaths (which included the misclassified
case) were observed versus < 0.1 expected.

(b) Comprehensive United States study

The largest study of United States production workers exposed to PCDDs was
conducted by the United States National Institute for Occupational Safety and Health
(NIOSH) and published by Fingerhut ef al. (1991a). A more detailed technical report of
this study is also available (Fingerhut ef al., 1991b). This 12-plant study included the
Nitro, WV, plant of Monsanto and the Midland, MI, plant of Dow discussed above,
which represented 9% and 40% of the cohort, respectively. In order to be included into
the cohort, all workers had to have had presumed exposure to 2,3,7,8-TCDD. The cohort
was constructed by NIOSH after a review of personnel records at 12 United States. plants
producing chemicals known to be contaminated with 2,3,7,8-TCDD (principally TCP
and 2,4,5-T). The cohort included most workers in the United States likely to have been
exposed to 2,3,7,8-TCDD in chemical manufacturing, comprising 5000 men with work
records showing assignment to a production or maintenance job in a process involving
2,3,7,8-TCDD contamination, as well as an additional 172 men without work history
records but known to have been exposed at the Nitro, WV, plant based upon inclusion in
a prior cross-sectional medical study by Suskind & Hertzberg (1984). These latter 172
men and an additional 30 men in the NIOSH study lacked sufficient work history
information for their inclusion in more detailed analyses by duration of exposure.
Follow-up was conducted through 1987 and United States referent rates were used.
Serum levels of 2,3,7,8-TCDD in 253 cohort members at two plants measured in 1987
averaged 233 ng/kg lipid, compared with 7 ng/kg lipid in a group of 79 unexposed
workers. Levels increased to 418 ng/kg for 119 workers exposed for more than one year
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(Fingerhut et al., 1991a). Extrapolation to the date when these workers were employed,
assuming a half life of 7.1 years, indicated a mean serum level at that time of 2000 ng/kg
lipid (highest level, 32 000 ng/kg). Workers had last been exposed 15-37 years earlier.
The correlation between serum 2,3,7,8-TCDD level and duration of exposure was (.72
(Fingerhut er al., 1991b). There were 1052 deaths in this cohort, with 116 748 person—
years. The SMR for all causes was 1.0 (95% ClI, 0.9-1.1). Mortality from all cancers
(265 deaths) was slightly but significantly elevated (SMR, 1.2; 95% CI, 1.0-1.3). Soft-
tissue sarcoma mortality was elevated based on four deaths (SMR, 3.4;95% CI, 0.9-8.7).
Two of the deaths from soft-tissue sarcoma, upon further review of medical records,
were found to be misclassified (false positives), but three deaths from other causes, upon
review, were found to be soft-tissue sarcomas (false negatives). Other causes of death of
interest in this study were not remarkable. There were 10 deaths from non-Hodgkin
lymphoma (SMR, 1.4; 95% ClI, 0.7-2.5); stomach cancer mortality was not elevated (10
deaths observed; SMR, 1.0; 95% CI, 0.5-1.9); lung cancer showed a slight increase (89
observed; SMR, 1.1; 95% CI, 0.9-1.4). Sub-cohort analyses focused on those workers
with more than one year’s duration of 2,3,7,8-TCDD exposure and at least 20 years’
potential latency (1520 workers, 29% of the cohort; mean duration of employment, 19
years; mean duration of exposure to 2,3,7,8-TCDD, 7 years). In this sub-cohort, mortality
from all cancers combined was significantly elevated (114 observed; SMR, 1.5 ;95% CI,
1.2-1.8). A wide variety of cancer sites showed some excess, but only soft-tissue
sarcoma was significantly elevated (3 observed; SMR, 9.2; 95% CI, 1.9-27). The SMR
for lung cancer was 1.4 (95% CI, 1.0-1.9) based on 40 deaths. Conversely, the SMR for
non-Hodgkin lymphoma was not elevated in this sub-cohort with presumed higher
exposure (2 deaths observed; SMR, 0.9; 95% CI, 0.1-3.4). Internal analyses comparing
longer duration of exposure to 2,3,7,8-TCDD to a short duration (< 1 year) referent
category found nonsignificant positive trends for all cancers and lung cancer (p = 0.3 and
p = 0.2, respectively). Rate ratios also increased with latency (all cancer SMRs, 0.7, 1.1
and 1.3; lung cancer SMRs, 0.8, 1.0 and 1.2 with latency of < 10 years, 10—20 years and
220 years, respectively). The authors considered that smoking was not likely to be
responsible for the excess of lung cancer for several reasons including that (a) there was
no increase in non-malignant respiratory disease, which is strongly related to smoking;
(b) an indirect adjustment for smoking based on known smoking habits for a sample of
the cohort did not account for the observed increase; and (c) there was no increase in
lung cancer among the group with 20 years’ potential latency but short duration
(< 1 year) of exposure to 2,3,7,8-TCDD (17 observed; SMR, 1.0). [The Working Group
noted that these are indirect ways of controlling for confounding.]

(¢) German accident cohort

In the 1953 accident at the BASF TCP production unit at Ludwigshafen, Germany,
the total number of employees identified as being involved directly or in the subsequent
clean-up, repair or maintenance activities was 247 (243 men, 4 women). Analyses of
adipose tissue and blood from groups of these workers are described in Section
1.3.1(a)(i). Part of the cohort was first studied by Thiess et al. (1982). It was completed
by Zober et al. (1990) and further studied 'by Zober et al. (1994) and Ott and Zober
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(1996). Out of the 247, 69 (1 woman) were identified by a company physician early after
the accident as the most directly involved (cohort Cl1); 84 (2 women) were identified by
August 1983 as probably involved (cohort C2); and 94 (1 woman) were recognized by
the end of 1987 as possibly exposed during participation in demolition and toxicology
investigations, or because they were members of the safety department and plant
management at the time of the accident (cohort C3). Their mortality was investigated
through 1987, with no loss to follow-up (Zober et al., 1990). Death certificates were
obtained for 67 deceased subjects, and 11 additional deaths were ascertained through
other means (information from physicians, autopsy reports). Expected deaths were calcu-
lated from national rates. All members of cohort C1 were affected by chloracne and their
mortality from malignancies was moderately higher than expectation (9 deaths; SMR,
1.3; 95% CI, 0.7-2.3). Other nonsignificant increases were seen for stomach cancer 3
deaths; SMR, 3.0; 95% CI, 0.8-7.7), colon and rectum (2 deaths; SMR, 2.5; 95% CI,
0.4-7.8) and lung cancer (4 deaths; SMR, 2.0; 95% CI, 0.7-4.6). In cohort C2, 17
workers were affected by chloracne and four had other exposure-related skin lesions.
Their mortality from all cancers combined after 20 years since first exposure was signifi-
cantly increased (8 deaths; SMR, 2.4; 95% CI, 1.2-4.3), as was mortality from other and
unspecified cancer sites (5 deaths; SMR, 3.2; 95% CI, 1.3-6.8) (whole cohort).
A nonsignificant increase was noted for colorectal cancer (2 deaths; SMR, 2.7; 95% CI,
0.5-8.5) (whole cohort). Suicides were elevated in both cohorts C1 and C2. In cohort C3,
where 28 persons had experienced mild forms of chloracne, no significant increase for
deaths from any cause was seen, although one single leukaemia death represented a
greater than five-fold elevated risk. Among all 127 workers affected by chloracne or
other skin lesions (erythema), the mortality from all cancers combined was significantly
elevated after 20 years since exposure (14 deaths; SMR, 2.0; 95% CI, 1.2-3.2). Non-
significant increases were seen for cancer of the stomach (3 deaths; SMR, 1.8; 95% (I,
0.5-4.7), colon and rectum (3 deaths:; SMR, 2.2; 95% CI, 0.6-5.8) and lung (6 deaths;
SMR, 1.8; 95% CI, 0.8-3.6). In 1986, blood concentrations of 2,3,7,8-TCDD were
measured in 28 workers. The median values were 24.5 ng/kg in cohort C1 (10 subjects),
9.5 ng/kg in C2 (7 subjects) and 8.4 ng/kg in C3 (11 subjects). The median value for
workers with chloracne and other skin lesion was 15 ng/kg versus 5.8 ng/kg in those
without skin manifestations. The small size of the study population precludes definitive
conclusions.

The cancer incidence and the updated mortality, through 1992, have been reported
(Ott & Zober, 1996). The study population comprised the 243 exposed men. One death
from a motor vehicle accident had occurred among the four exposed women, and they
were not further considered in the analysis. Incident cases were ascertained from
available medical and necropsy data and from survey results (the area was not covered
by a cancer registry). Death certificates were obtained for all but one of the deceased
workers. Expected numbers of incident cases were calculated from the cancer statistics of
the state of Saarland and expected deaths were calculated on the basis of national rates.
At that time, serum measurements of 2,3,7,8-TCDD were available for 138 cohort
members (Ott et al., 1993) (see Section 1.3.1(a)(i)). Model-based estimates of the
cumulative dose of 2,3,7,8-TCDD (ug/kg bw) were calculated for each study subject.
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Chloracne status was also adopted as an indicator of past exposure to 2,3,7,8-TCDD; 113
workers had a diagnosis of chloracne, and 55 were classified as severe. Standardized
mortality and incidence ratios and their 95% CIs were estimated using standard
techniques. Internal dose-response analyses were performed with the Cox’s proportional
hazard model, taking into account — among other variables — cigarette smoking and
other potentially confounding exposures. Results of the models were reported in terms of
conditional risk ratios (CRRs). The conditional risk represents the risk per unit increase
(1 pg/kg bw) in 2,3,7,8-TCDD dose. In the mortality analysis, an increased cancer
mortality with increasing dose was apparent: 2,3,7,8-TCDD level < 0.1 ng/kg bw, eight
deaths (SMR, 0.8; 95% CI, 0.4-1.6); 0.1-0.99 pg/kg bw, eight deaths (SMR, 1.2; 95%
CL, 0.5-2.3); 1.0-1.99 ug/kg bw, eight deaths (SMR, 1.4: 95% CI, 0.6-2.7); 22 uglkg
bw, seven deaths (SMR, 2.0; 95% ClI, 0.8-4.0) [p for trend = 0.07]. Digestive system and
respiratory tract cancers also tended to increase with increasing dose. In the 2,3,7,8-
TCDD category > 1 pig/kg bw, after 20 or more years since initial exposure, all-cancer
mortality (13 deaths; SMR, 2.0; 95% CI, 1.1-3.4) and respiratory cancer mortality
(6 deaths; SMR, 3.1; 95% CI, 1.1-6.7) were significantly increased. In the sub-cohort
with chloracne, 20 or more years after first exposure, 18 cancer deaths were observed
(SMR, 1.9; 95% CI, 1.1-3.0). An increase was also seen for digestive tract cancer
(6 deaths; SMR, 1.8; 95% CI, 0.7—4.0) and respiratory tract cancer (7 deaths; SMR, 2.4;
95% CI, 1.0-5.0). In the incidence analysis, a slight, nonsignificant increase in the risk
for all cancers combined with increasing 2,3,7,8-TCDD dose was obtained. Respiratory
tract cancer incidence was elevated in the high-dose group (8 cases; SMR, 2.0; 95% CI,
0.9-3.9). With the Cox’s regression model, after controlling for other relevant variables,
a significant association between 2,3,7,8-TCDD dose and increase in digestive system
cancer was obtained, as both cause of death (CRR, 1.5; 95% CI, 1.1-1.9) and incident
cases (CRR, 1.4; 95% CI, 1.1-1.7). Joint analysis of 2,3,7,8-TCDD dose and cigarette
smoking showed a positive relationship between 2,3,7,8-TCDD dose and all cancers
combined among current cigarette smokers (2,3,7,8-TCDD dose, SMR (95% CI) in
current smokers: < 0.1, 1.2 (0.3-3.1); 0.1-0.99, 1.4 (0.34.2); 1.0-1.99, 3.0 (1.1-6.5);
22 pg/kg bw, 4.0 (1.5-8.6)) but not among nonsmokers.

(d) Other German plants

Several reports have considered workers from a chemical plant operated by
Boehringer-Ingelheim, in Hamburg, Germany, that produced herbicides heavily conta-
minated with 2,3,7,8-TCDD and other PCDDs/PCDFs (Manz et al., 1991; Nagel et al.,
1994; Flesch-Janys et al., 1995; Becher et al., 1996). In the latter study, workers from
three other German plants were also considered.

Manz et al. (1991) reported the mortality experience of workers at the Hamburg plant
since late 1951. An outbreak of chloracne in 1954 led to a halt in the production of TCP
and 2,4,5-T. In 1957, production was resumed using a new process that reduced 2,3,7,8-
TCDD formation. The vital status of all permanent employees at the plant for at least
three months between 1 January 1952 and 31 December 1984 (1184 men, 399 women)
was investigated through 1989. Causes of death were derived from medical records or,
when not available, from death certificates. 2,3,7,8-TCDD concentrations were measured
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in workers from various production departments, mainly after the plant had closed in
1984. Workers were classified in exposure groups according to their work history: high
(496 subjects), medium (901) and low (186). Mean concentrations of 2,3,7,8-TCDD in
adipose tissue in 1985 from 48 volunteer surviving members of the cohort were
296 ng/kg (SD, 479; median, 137) in 37 workers in the high-exposure group and 83
ng/kg (SD, 73; median, 60) in 11 workers in the combined medium-/low-exposure
groups. For comparison, national death rates and rates from a cohort of some 3500
workers at the Hamburg gas supply company were used. In the latter case, the follow-up
period was restricted to 1985. SMRs and 95% Cls were estimated using standard
techniques assuming a Poisson distribution. Follow-up was 97% successful. In men,
mortality due to all cancers combined was increased in comparison with both the general
population (93 deaths; SMR, 1.2; 95% CI, 1.0-1.5) and the gas workers (75 deaths;
SMR, 14; 95% CI, 1.1-1.8). The increase was highest among those who entered the
plant before 1954 (who had the highest exposure to 2,3,7,8-TCDD based on the history
of the plant and subsequent serum measurement) and remained employed for 20 or more
years. In men, in comparison with gas workers, deaths from all cancers combined were:
high exposure, 29 deaths (SMR, 1.8; 95% ClI, 1.2-2.6); medium exposure, 39 deaths
" (SMR, 1.2, 95% CI, 0.9-1.6); and low exposure, seven deaths (SMR, 1.5; 95% CI, 0.6—
3.0) [p for trend = 0.24]. Among specific sites, significant increases were seen for lung
cancer (26 deaths; SMR, 1.7; 95% CI, 1.1-2.4) and malignancies of the haematopoietic
system (9 deaths; SMR, 2.7; 95% CI, 1.2-5.0). Smoking prevalence was similar in
chemical (73%) and gas (76%) workers. Suicides were also significantly increased in
comparison with both reference populations. Among women, mortality from all cancers

combined was close to expectation; an increase was seen for breast cancer (9 deaths;
SMR, 2.2;95% CI, 1.0-4.1).

Mortality of the female workers in the cohort was further investigated by Nagel et al.
(1994). Compared with the results of Manz et al. (1991), one additional breast cancer.
death was identified (10 cases; SMR, 2.4; 95% CI, 1.1-4.4). Cox’s regression analysis
yielded increasing breast cancer risk with duration of employment. 2,3,7,8-TCDD levels
in blood or adipose tissue were measured for 26 women (22 for blood and 4 for adipose
tissue), with an arithmetic mean of 109.7 ng/kg (median, 23 ng/kg; range, 7-1439 ng/kg).

The mortality experience of 1189 male workers employed for at least three months
between 1952 and 1984 in the same plant in Hamburg was investigated through 1992
(Flesch-Janys et al., 1995). A quantitative exposure index was constructed. Fourteen
relevant production departments were identified and levels of PCDDs/PCDFs were
determined in the buildings, products and wastes. A detailed work history for each
worker ever employed in these departments was constructed. In a sample of 190 workers,
concentrations of each PCDD/PCDF congener in adipose tissue or whole blood were
determined, and their levels at the end of workers’ exposure were calculated assuming a
one-compartment first-order kinetic model; the contribution of working time in each
production department to the end-of-exposure levels in these 190 workers was estimated.
Based on this model, an estimated total end-of-exposure level was then calculated for
- each worker employed in these departments. The strongest association with 2,3,7,8-
TCDD levels was found for duration of employment in 2,4,5-T (estimated yearly
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increase, 75.6 ng/kg blood) and TCP (estimated yearly increase < 1957, 292 ng/kg)
production departments. For the entire cohort, the mean estimated 2,3,7,8-TCDD level
was 141.4 ng/kg (median, 38.2 ng/kg). Blood measurements of PCDDs are presented in
Table 14. Exposure to other carcinogens (e.g., dimethyl sulfate (see IARC, 1987g) and
benzene (see IARC, 1987h) had occurred in some departments. As a reference, a cohort
of 2528 workers from a gas supply company was adopted. Causes of death were ascer-
tained from hospital and medical records whenever possible, or from death certificates,
insurance data or next-of-kin interview. The validity of cause of death determination was
successfully tested. Relative risks at seven exposure levels (reference, the first four
quintiles and the ninth and tenth deciles of the estimated 2,3,7,8-TCDD levels) were
estimated using Cox’s regression techniques. An internal comparison group was also
adopted composed of the chemical workers in the two lowest quintiles of the exposure
levels distribution. Follow-up was 99% successful. Total mortality was elevated in all
2,3,7,8-TCDD exposure categories and showed a significant trend (p = 0.01) with
increasing exposure level. Updated relative risks (RR) for total TEQ levels (not 2,3,7,8-
TCDD levels) were published in an erratum (Flesch-Janys, 1996) and were as follows for
all cancers combined (124 cases): 1.0-12.2 ng TEQ/kg, RR, 1.0 (95% CI, 0.6-1.8); 12.3—
39.5 ng TEQ/kg, RR, 1.3 (95% CI, 0.8-2.1); 39.6-98.9 ng TEQ/kg, RR, 1.2 (95% ClI,
0.7-1.9); 99.0-278.5 ng TEQ/kg, RR, 1.2 (95% CI, 0.8-1.9); 278.6-545.0 ng TEQ/kg,
RR, 1.3 (95% CI, 0.7-2.3); 545.1-4362 ng TEQ/kg, RR, 2.7 (95% ClI, 1.7-4.4).
A significant pattern of increasing risk with increasing TEQ levels was also obtained for
cardiovascular and ischaemic heart diseases, but not for other causes of death. The
mortality pattern for all causes, all cancers, cardiovascular diseases and ischaemic heart
diseases remained virtually unchanged when 2,3,7,8-TCDD exposure levels were used.
When the internal comparison group of chemical workers was adopted, the relative risk
estimates were lower and the confidence intervals wider. Nevertheless, total mortality
(RR, 1.4;95% CI, 1.0-2.1) and all-cancer mortality (RR, 2.0; 95% ClI, 1.1-3.8) remained
clearly elevated in the highest exposure category. When the 149 workers with exposure
to one of the possible confounders (dimethyl sulfate) were excluded from analysis, the
all-cancer mortality remained elevated, especially in the highest exposure category (RR,
2.3;95% CI, 1.1-4.6) and the dose-response pattern was significant (p <0.01). Smoking
habits and socioeconomic status were similar in the chemical and gas worker cohorts. No
data on specific cancer sites were reported.

Becher er al. (1996) reported the mortality of 2479 male workers employed in four
German plants who were involved in the production of phenoxy herbicides and chloro-
phenols or who were likely to have been in contact with these substances and their conta-
minants, PCDDs (often including 2,3,7,8-TCDD) and PCDFs. Only workers with
German nationality and at least one month of employment were included. The follow-up
was performed through 1989 (1992 in one plant). Cause of death was recorded from
death certificates or, in some cases, hospital or physician reports. Expected figures were
calculated from national rates. Blood concentrations of 2,3,7,8-TCDD were measured in
workers from three of the four plants (Kogevinas et al., 1997). Workers in the Hamburg
plant (plant I), including a group of females not considered here, had already been under
investigation (see above; Manz et al., 1991; Nagel et al., 1994; Flesch-J anys et al., 1995;
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Flesch-Janys et al., 1996b). In this plant (1144 male workers), concentrations of 2,3,7.8-
TCDD in the order of 5-10 mg/kg were measured in 1957—70 in some products (chloro-
phenols and 2,4,5-T and its esters) and of 10-50 mg/kg in some process and waste
streams. After the early 1970s, the concentrations were below 1 mg/kg. Numerous cases
of chloracne occurred in 1954, at the early stage of development of herbicide manu-
facture. Measurements of blood concentrations from 190 workers in 1985-94 ranged
between 3 and 2252 ng/kg (mean, 141 ng/kg). In plant II (135 workers), TCP was manu-
factured with 2,3,7,8-TCDD levels on average about 10 pg/kg. Eleven cases of chloracne
were reported among maintenance workers in the early 1970s and measurements in
1989-92 from 20 workers ranged between 23 and 1935 ng/kg fat (mean, 401.7 ng.kg). In
plant III (520 workers), a variety of phenoxy herbicides were produced. 2,3,7,8-TCDD
levels in the products were reported to be in the ‘sub-ppm range’. In plant IV (680
workers) (BASF, but the cohort is different from that of the accident study), phenoxy
herbicides were synthesized in a large building where many other chemicals were also
produced. Measurements in 1996 from 19 workers ranged between 1.3 and 6.49 ng/kg fat
(mean, 3.2 ng/kg). In this plant, slightly elevated concentrations of higher chlorinated
PCDDs were found in synthesis workers. No cases of chloracne were reported in plants
IIT or IV. In the total cohort, mortality increases were seen for all cancers combined (138
deaths; SMR, 1.2; 95% CI, 1.0-1.4), cancer of the buccal cavity and pharynx (9 deaths;
SMR, 3.0; 95% CI, 1.4-5.6), lung cancer (47 deaths; SMR, 1.4; 95% CI, 1.1-1.9),
lymphatic and haematopoietic neoplasms (13 deaths; SMR, 1.7; 95% ClI, 0.9-2.9) and
non-Hodgkin lymphoma (6 deaths; SMR, 3.3; 95% CI, 1.2-7.1). Examination of trends
with increasing time since first exposure showed: for all cancers combined (0-10 years:
15 deaths; SMR, 0.9; 95% CI, 0.5-1.5; 10—< 20 years: 46 deaths; SMR, 1.3; 95% (I,
0.9-1.7; 220 years: 77 deaths; SMR, 1.2; 95% CI, 1.0-1.5 [p for trend = 0.67]), for
lymphatic and haematopoietic neoplasms (0-10 years: 2 deaths; SMR, 1.1; 95% CI, 0.1—
4.0; 10—< 20 years: 4 deaths; SMR, 1.7; 95% CI, 0.5-4.4; > 20 years: 7 deaths; SMR,
1.9; 95% CI, 0.8-4.0 [p for trend = 0.51]) and for non-Hodgkin lymphoma (0-10 years:
0 deaths; 10—~ 20 years: 2 deaths; SMR, 3.6; 95% CI, 0.4-13.1; 220 years: 4 deaths;
SMR, 4.3; 95% CI, 1.2-10.9; [p for trend = 0.24]). All-cause (345 deaths; SMR, 1.2;
95% Cl1, 1.0-1.3) and all-cancer mortality (97 deaths; SMR, 1.3; 95% CI, 1.1-1.6) was
elevated only for plant I, where statistically significant increases were also seen for lung
cancer (31 deaths; SMR, 1.5; 95% CI, 1.0-2.1), lymphatic and haematopoietic neoplasms
(11 deaths; SMR, 2.4; 95% CI, 1.2-4.3), non-Hodgkin lymphoma (4 deaths; SMR, 3.8;
95% CI, 1.0-9.6) and multiple myeloma (3 deaths; SMR, 5.4;95% CI, 1.1-15.9). Morta-
lity from accidents and suicide was also increased. An increase in the incidence of non-
Hodgkin lymphoma for plant II (2 deaths; SMR, 12.0; 95% CI, 1.5-43.5), and in that of
cancer of the buccal cavity and pharynx for plant IV (6 deaths; SMR, 8.2; 95% CI, 3.0
17.9) were seen.

(e) British plants

Four cohorts of workers employed between 1963 and 1985 in British factories
producing or formulating — among other chemicals — phenoxy herbicides, including
2,4,5-T (Kauppinen et al., 1993) and chlorophenols (some of which may have been
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contaminated by PCDDs) were investigated (Coggon et al., 1991). In one of the plants
(factory A), 2,4,5-T was synthesized between 1968 and 1978. In the other plants, 2,4,5-T
was formulated only. The study was restricted to men. A total of 2239 subjects
(employed during 1963-85) met the inclusion criteria. Job histories were used to classify
workers according to potential exposure to phenoxy herbicides and chlorophenols.
Approximately 50% of employees had directly worked with phenoxy herbicides. No
environmental or personal monitoring had been carried out. Subjects were traced up to
December 1987. Information was obtained on cause of death for deceased persons and
on any cancers registered among living study subjects. Expected figures were obtained
from rates for England and Wales, and in some analyses adjustment for local differences
in mortality was applied. In the combined cohort, all-cause mortality was slightly higher
than expected (152 deaths; SMR, 1.1; 95% CI, 0.9-1.3), and this was largely due to
excesses of circulatory diseases and deaths from violent causes. Mortality from all-
cancers combined was as expected (37 deaths; SMR, 1.0; 95% CI, 0.7-1.4). Statistically
nonsignificant excesses were present for lung cancer (19 deaths; SMR, 1.3; 95% CI, 0.8—
2.1) and non-Hodgkin lymphoma (2 deaths; SMR, 2.3; 95% CI, 0.3-8.3), even after local
adjustment. When analysis was restricted to subjects with greater than background
exposure to phenoxy compounds or chlorophenols, the SMR for lung cancer was 1.2 (14
observed deaths; [95% CI, 0.7-2.1]). Both non-Hodgkin lymphoma deaths occurred
among these workers (SMR, 2.8; [95% CI, 0.3-10.2]). In factory A, 12 cancer deaths
were observed (12.3 expected) and six were from lung cancer (SMR, 1.3 [95% CI, 0.5—
2.8)).

()  Dutch plants

The mortality of two cohorts of workers employed between 1955 and 1986 in the
synthesis and formulation of phenoxy herbicides and chlorophenols in the Netherlands
was examined (Bueno de Mesquita et al., 1993). In one of the plants (A), where the main
production was 2,4,5-T and derivatives, an accident in 1963 caused a release of PCDDs,
including 2,3,7,8-TCDD. In factory B, production included MCPA, 4-chloro-2-methyl-
phenoxypropionic acid (MCPP) and 2,4-D. The study enrolled 2074 manufacturing male
workers from the two plants (963 exposed to phenoxy herbicides and 1111 not exposed).
In addition, 145 workers probably exposed to 2,3,7,8-TCDD during the industrial
accident and the clean-up operations were examined. Definition of individual exposure to
phenoxy herbicides, chlorophenols or contaminants (PCDDs/PCDFs) was based on
occupational history derived from job records and personal interviews, including periods
of employment in different departments and positions held. Follow-up was 97%
complete. The 190 female workers were excluded from the analysis. Of the accident
workers, only 139 had sufficient data for analysis. Expected numbers of deaths were
calculated from national rates. In addition, mortality rates of exposed and non-exposed
workers were internally compared by Poisson regression analysis. Among subjects in
factory A only, in comparison with the general population, all-cancer mortality was
increased (26 deaths; SMR, 1.2; 95% CL, 0.8-1.7). Statistically nonsignificant increases
were also seen for cancers of the pancreas (3 deaths; SMR, 2.9; 95% (I, 0.6-8.4), large
intestine (3 deaths; SMR, 2.4; 95% C1, 0.5-7.0) and prostate (2 deaths; SMR, 2.2;: 95%
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ClL, 0.3-7.8), lymphosarcoma (non-Hodgkin lymphoma) (1 death; SMR, 2.0; 95% CI,
0.1-11.4) and myeloid leukaemia (1 death; SMR, 2.9; 95% CI, 0.1-15.9). No death due
to soft-tissue sarcoma was reported. In comparison with the non-exposed workers,
exposed subjects in both plants exhibited increased mortality from all cancers combined
(31 exposed deaths; rate ratio (RR), 1.7; 95% CI, 0.9-3.4) and respiratory tract cancer (9
deaths; RR, 1.7; 95% CI, 0.5-6.3). Six cancers of the urogenital organs were observed
among the exposed and none among the non-exposed. A nonsignificant increase in
deaths from lymphatic and haematopoietic neoplasms was also noted (4 deaths; RR, 2.6;
95% CI, 0.3-125). Increases in all cancers combined (RR, 2.0; 95% CI, 0.8-4.9) and
lung cancer (RR, 3.9; 95% CI, 0.5-31.1) were confined to factory A, where the accident
occurred and where the opportunity for exposure to 2,3,7,8-TCDD was highest. In the
small group of accident-exposed workers, 10 cancer deaths were observed (SMR, 1.4,
95% (1, 0.7-2.5). :

v The study was later extended in time (1955-91) and enlarged in size (2298 subjects

including 191 females) (Hooiveld et al., 1996a: Kogevinas et al., 1997). More accurate
and elaborate proxies of exposure were used in the analysis, based on modelled 2,3,7,8-
TCDD levels in serum, measured in 1993 in a subset of 31 surviving exposed (mean con-
centration, 53 ng/kg; range, 1.9-194) and 16 unexposed (mean concentration, 8 ng/kg)
cohort members. Fourteen subjects exposed during the accident in factory A in 1963 had
the highest levels (mean concentration, 96 ng/kg; range, 15.8—194). In this factory, both
all-cause (139 observed; SMR, 1.3; 95% CI, 1.1-1.5) and all-cancer mortality
(51 observed; SMR, 1.5; 95% CI, 1.1-1.9) were signiﬁcahtly increased. Excesses at
specific sites were seen for urinary bladder (4 observed; SMR, 3.7; 95% CI, 1.0-9.5),
kidney cancer (4 observed; SMR, 4.1; 95% CI, 1.1-10.4) and non-Hodgkin lymphoma
(3 observed; SMR, 3.8; 95% CI, 0.8-11.0). Non-Hodgkin lymphoma was also increased
in factory B (1 case only). Age- and time-adjusted relative risks comparing exposed and
unexposed workers in factory A showed significant increases in mortality from all causes
(139 observed; RR, 1.8; 95% CI, 1.2-2.5) and all cancers (51 observed; RR, 3.9; 95% CI,
1.8-8.8). Lung and urinary tract cancers showed numerically higher, but statistically
nonsignificant increases. Three non-Hodgkin lymphomas were seen among the exposed
and one among the unexposed (a nonsignificant increase). When workers were subdi-
vided into three categories (low, medium and high exposure) according to model--
predicted serum levels of 2,3,7,8-TCDD, relative risks for all causes, all cancers and lung
cancer were significantly elevated in both middle and high categories, and were highest
in the highest exposure group.

(&) IARC multi-country study

An international cohort of workers exposed to phenoxy herbicides and chlorophenols
was set up by the International Agency for Research on Cancer in association with the
United States National Institute of Environmental Health Sciences (Saracci et al., 1991).
The cohort included 16 863 men and 1527 women employed in production or spraying,
distributed among 20 cohorts from 10 countries, including the British and Dutch cohorts
described above. Their mortality from 1955 onwards was examined, and follow-up was
successful for 95% of the cohort members. National mortality rates were used for
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reference. Exposure assessment was based on work histories collected in each factory
through questionnaires with the assistance of industrial hygienists, workers and factory
personnel. A total of 13 482 workers were classified as ‘exposed’ to phenoxy herbicides,
416 were classified as ‘possibly exposed’, 541 had ‘unknown’ exposure and 3951 were
classified as ‘non-exposed’. In the entire cohort, all-cause mortality was lower than
expected (SMR, 0.95; 95% CI, 0.9-1.0). Among men exposed to phenoxy herbicides or
chlorophenols, mortality from all cancers combined was close to expectation (499
observed; SMR, 1.0; 95% CI, 0.9-1.1). Significant increases were seen for thyroid
cancer (4 observed; SMR, 3.7; 95% CI, 1.0-9.4) and benign and unspecified neoplasms
(12 observed; SMR, 2.0; 95% ClI, 1.0-3.5); significant deficits were observed for skin (3
observed; SMR, 0.3; 95% CI, 0.1-0.9) and brain cancer (6 observed; SMR, 0.4; 95% CI,
0.1-0.8). Elevated risks were also seen for cancers of the nose and nasal cavities 3
observed; SMR, 2.9; 95% CI, 0.6-8.5), testis (7 observed; SMR, 2.3; 95% CI, 0.94.6)
and other endocrine glands (3 observed; SMR, 4.6; 95% CI, 1.0-13.5) and for soft-tissue
sarcomas (4 observed; SMR, 2.0; 95% CI, 0.6-5.2). In the probably exposed category,
lung cancer mortality was significantly increased (11 observed; SMR, 2.2; 95% CI, 1.1—
4.0). Significant increases were also seen among non-exposed workers, for unspecified
digestive organs and for benign and unspecified neoplasms. The increase in soft-tissue
sarcoma concerned workers after 10-19 yeais since first exposure (4 observed; SMR,
6.1; 95% CI, 1.7-15.5); no differentiation in risk was noted in relation to duration of
exposure or probable 2,3,7,8-TCDD exposure. The SMR estimates for testicular and
thyroid cancer were highest among workers probably exposed to 2,3,7,8-TCDD (SMR,
3.0 and 4.3, respectively) compared with those probably not exposed (SMR, 1.6 and 3.1,
respectively).

Two nested case—control studies of soft-tissue sarcoma (11 incident cases, 55
controls) and non-Hodgkin lymphoma (32 incident cases, 158 controls) were conducted
by Kogevinas et al. (1995) within the IARC cohort studied by Saracci et al. (1991).
Exposures to 21 chemicals or mixtures were estimated by a panel of three industrial
hygienists. Levels of exposure were evaluated using a relative scale, since few actual
measurements of past exposure were available. A cumulative exposure score was
calculated for each subject and chemical, on the basis of estimated level of exposure and
duration of exposure (in years). The model that was used as the conceptual framework in
deriving levels of exposure included variables related to department/job, emission of
chemicals, contact with chemicals, personal protection, and other relevant determinants
of exposure. Excess risk for soft-tissue sarcoma was associated with exposure to any
phenoxy herbicide (odds ratio, 10.3; 95% CI, 1.2-91.0) and to each of the three major
classes of phenoxy herbicides (2,4-D, 2,4,5-T and MCPA). Soft-tissue sarcoma was also
associated with exposure to any PCDD/PCDF (odds ratio, 5.6; 95% CI, 1.1-28.0) and
with exposure to 2,3,7,8-TCDD (odds ratio, 5.2; 95% CI, 0.9-32.0). Associations
between non-Hodgkin lymphoma and phenoxy herbicides were generally weaker. The
odds ratio between non-Hodgkin lymphoma and 2,3,7,8-TCDD exposure was 1.9 (95%
CL, 0.7-5.1). A monotonic increase in risk was observed for cumulative exposure (cate-
gorized in four categories, non-exposed, low, medium, high exposure) to 2,4-D (odds
ratio for highest category, 13.7; 95% CI, 0.9-309; p-value for trend = 0.01), 2,4,5-T
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(odds ratio for highest category, 7.7; 95% CI, 0.5-477; p-value for trend = 0.07), any
PCDD/PCDF (odds ratio for highest category, 19.0; 95% CI, 1.3-1236; p-value for trend
= 0.008) and 2,3,7,8-TCDD (odds ratio for highest category, 10.6; 95% CI, 0.6—671;
p-value for trend = 0.04). [The Working Group noted that analysis for specific exposures
was complicated by the exposure of most workers to a multitude of herbicides.]

While Saracci et al. (1991) studied the men in the IARC cohort, 701 women were
studied by Kogevinas et al. (1993) for both cancer incidence and mortality. Among 169
women probably exposed to 2,3,7,8-TCDD, excess incidence was observed for all
cancers combined (9 cases; standardized incidence ratio (SIR), 2.2; 95% CI, 1.0-4.2).
There was one case of breast cancer (SIR, 0.9; 95% CI, 0.0-4.8). For 532 women
probably not exposed to 2,3,7,8-TCDD, the rate ratio for incidence of all cancers
combined was 0.8 (20 cases; 95% CI, 0.5-1.2). Cause-specific analyses were based on
small numbers. Mortality results paralleled those for incidence.

The international cohort studied by Saracci et al. (1991) was updated and expanded
with the data of Fingerhut ef al. (1991a,b) and Becher et al. (1996) (Kogevinas et al.,
1997). Follow-up differed by plant, but most European plants were followed through
1991-92, while the United States plants were followed through 1987. Each of the 21 863
male and female workers exposed to phenoxy herbicides or chlorophenols was placed in
one of three categories: (1) those exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs
(n =13 831); (2) those not exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs (n =
7553); and (3) those of unknown exposure to 2,3,7,8-TCDD or higher chlorinated
PCDDs (n = 479). The latter category included all workers in one British cohort for
which production history, particularly for 2,4,5-T, was incomplete. Three criteria were
used to classify workers as exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs:
(1) employment during the period of production, formulation or spraying of 2,4,5-T,
2,4,5-trichlorophenoxypropionic acid, TCP, hexachlorophene, Erbon, Ronnel, PCP or
2,3,4,6-tetrachlorophenol; and (ii) employment in plants with documented (through
serum, adipose tissue or environmental measurements) exposure to 2,3,7,8-TCDD or
higher chlorinated PCDDs at levels above background; or (iii) in the absence of PCDD
measurements, employment in plants or companies with documented large-scale
production, formulation or spraying of the above-mentioned phenoxy herbicides and
chlorophenols. An average production of these chemicals of 10 tonnes per year was
chosen a priori, below which it was considered that the probability of contamination and
significant exposure to 2,3,7,8-TCDD and higher chlorinated PCDDs would be minimal
for most workers in a cohort. Current mean levels of 2,3,7,8-TCDD, measured in 574
workers from 10 companies in 7 countries, ranged from 3 to 389 ng/kg lipid. Among
workers exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs, mortality was elevated
for soft-tissue sarcoma (6 deaths; SMR, 2.0; 95% CI, 0.8-4.4). Mortality from all cancers
combined (710 deaths; SMR, 1.1; 95% CI, 1.0-1.2), non-Hodgkin lymphoma (24 deaths;
SMR, 1.3; 0.9-2.1) and lung cancer (225 deaths; SMR, 1.1; 95% CI, 1.0-1.3) was
slightly elevated. Risks for all cancers combined and for soft-tissue sarcomas and
lymphomas increased with time since first exposure. Workers not exposed to 2,3,7,8-
TCDD or higher chlorinated PCDDs had SMRs of 1.0 for all cancers, for non-Hodgkin
lymphoma and for lung cancer; soft-tissue sarcoma was slightly elevated, based on two
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deaths (SMR, 1.4; 95% CI, 0.2-4.9). In a direct comparison between those exposed to
higher chlorinated PCDDs versus lower ones or none, a rate ratio of 1.3 (95% CI, 1.0—

1.8) for all cancers combined was found. This study represents the largest overall cohort
of 2,3,7,8-TCDD-exposed workers.

2.1.2  Population exposure due to industrial accident

The mortality and cancer incidence among the population of Seveso exposed in the
industrial accident described in Section 1.3.1 were investigated. The contaminated area
was subdivided into three exposure zones (zone A, zone B and zone R), according to the
average levels of 2,3,7,8-TCDD measured in soil samples. The most contaminated,
Zone A, extended for 87 hectares and average soil levels between 15.5 ug/m’ and
580 pg/m’ were found. In Zone B (270 hectares), soil levels did not exceed, on average,
50 pg/m’. In Zone R (1430 hectares), soil levels were generally below 5 pg/m’. All
persons residing in these zones at the time of the accident, as well as all newborn infants
and new residents in the subsequent 10-year period, were considered to have been
exposed. Measurements of blood levels of 2,3,7,8-TCDD in members of the exposed
population are described in Section 1.3.1. Three exposure categories were formed,
corresponding to the zone of residence of the subjects at the time of the accident or later
entry into the area. As a reference, the population of 11 municipalities surrounding the
contaminated area was adopted. Ethnic, social, cultural and occupational characteristics
were closely comparable. The exposed and referent populations were followed up as if
they were a unique cohort, blindly to the exposure status of the subjects. The follow-up
after 15 years was > 99% successful (Bertazzi et al., 1993). Causes of death were derived
from death certificates. In the period 1976-91, there were 750 subjects in Zone A and 16
cancer deaths, 5000 subjects in Zone B and 152 cancer deaths, and 30 000 subjects in
Zone R and 1008 cancer deaths. The reference population comprised over 200 000
subjects (Bertazzi et al., 1996).

The cause-, age-, gender- and calendar time-specific mortality rates in the exposed
and reference populations were compared using Poisson regression methods (Bertazzi
et al., 1996). All-cause and all-cancer mortality did not differ significantly from those
expected in any of the contaminated zones. Mortality from gastrointestinal cancer was
increased. Women had a relative risk for all digestive system cancers combined of 1.5
(5 deaths; 95% CI, 0.6-3.6) in Zone A and liver cancer (3 deaths; RR, 1.3; 95% CI, 0.4
4.0) in Zone B. Among men, increases were seen for rectal cancer (7 deaths; RR, 2.9;
95% CI, 1.4-6.2) in Zone B and for cancer of the oesophagus (30 deaths; RR, 1.6; 95%
CIL, 1.1-2.4) in Zone R. Neoplasms of the lymphatic and haematopoietic tissues were
clearly elevated in Zone B. The highest risks were seen for leukaemia in men (7 deaths;
RR, 3.1; 95% (I, 1.4-6.7), multiple myeloma in women (4 deaths; RR, 6.6: 95% CI,
2.3-18.5) and Hodgkin’s disease in both men and women (men: 2 deaths; RR, 3.3: 95%
(I, 0.8-14.0; women: 2 deaths; RR, 6.5; 95% CI, 1.5-30.0). Two cases of thyroid cancer
in Zone B, one each in men and women, represented a notable, although nonsignificant
increase [RR, 3.9; 95% CI, 0.4-14.1]. Four cases of soft-tissue sarcoma were seen in
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Zone R among men (RR, 2.1; 95% CI, 0.7-6.5). Breast cancer was below expectation in
all zones. '

Cancer incidence data are available for the period 1977-86 (Bertazzi et al., 1993) for
the population aged 20-74 years and residing in the area at the date of the accident.
Cancer diagnoses were obtained from the regional registration system of hospital
admissions and discharges. Of the 41 801 relevant medical records, 41 778 were success-
fully reviewed. The proportion of non-detected cases ranged from 2.6% to 6.8% across
hospitals, and the overall histological confirmation rate was 72%. Quality and
completeness of cancer case ascertainment did not vary appreciably across zones or with
the referent population. In Zone A, no significant differences from expectation were seen
(14 cancer cases in total). In Zone B, hepatobiliary cancer was increased among both
women (5 cases; RR, 3.3; 95% CI, 1.3-8.1) and men (5 cases; RR, 1.8; 95% CI, 0.7—4.4).
Haematopoietic system neoplasms were significantly increased. Among women,
increases were seen for multiple myeloma (2 cases; RR, 5.3; 95% CI, 1.2-22.6) and
myeloid leukaemia (2 cases; RR, 3.7; 95% CI, 0.9-15.7) and, among men, increases
were seen for lymphoreticulosarcoma (3 cases; RR, 5.7; 95% CI, 1.7-19.0) and multiple
myeloma (2 cases; RR, 3.2; 95% CI, 0.8—13.3). In Zone R, soft-tissue sarcoma incidence
was increased in both women (2 cases; RR, 1.6; 95% CI, 0.3—7.4) and men (6 cases; RR,
2.8; 95% CI, 1.0-7.3). Breast and endometrial cancers were below expectation. The
cancer incidence among subjects aged 0-19 years was analysed separately (Pesatori
et al., 1993). Given the small number of events, the three contaminated zones and both
genders were grouped together. Seventeen cancer cases were observed (RR, 1.2; 95% ClI,
0.7-2.1). Two ovarian cancer cases were observed versus none expected. Two thyroid
gland cancers among girls gave a relative risk of 4.6 (95% CI, 0.6-32.7). Lymphatic and
haematopoietic neoplasms were increased (9 cases; RR, 1.6; 95% CI, 0.7-3.4),
particularly Hodgkin’s lymphoma (3 cases; RR, 2.0; 95% CI, 0.5-7.6) and myeloid
leukaemia (3 cases; RR, 2.7; 95% CI, 0.7-11.4). [The Working Group noted that the size
of the most exposed population is small and that the latency of 15 years may be short for
certain health effects to manifest themselves. Measurements of blood levels of 2,3,7,8-
TCDD (see Section 1.3.1) are available for only small samples of the exposed popu-
lations.] ‘

2.1.3  Industrial exposure to higher chlorinated PCDDs

Two United States studies have focused on cohorts exposed to PCP or chlorophenates
(penta and tetra); these chemicals contain predominantly higher chlorinated PCDDs (Cl -
Cly) but not 2,3,7,8-TCDD (United States Environmental Protection Agency, 1994).
Many workers in one of these studies also had exposure to 2,3,7,8-TCDD.

In_another study of pentachlorophenate-exposed industrial workers, Hertzman et al.
(1997) studied 23 829 workers from 11 Canadian sawmills in British Columbia which
used chlorophenates from the 1940s to the 1970s. Another 2658 unexposed workers from
three sawmills not using chlorophenates were also studied. Cohort members had to have
worked for at least one year between 1 January 1950 and 31 December 1985. Follow-up
was through 1990. Jobs were rated according to level of chlorophenate exposure and a
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quantitative exposure score was developed. Most exposure was dermal, although some
inhalation exposure could occur. In the 1960s and 1970s, sawmills switched from using
predominantly pentachlorophenates, which would be expected to have contained higher
chlorinated PCDDs and PCP, to tetrachlorophenates (less contaminated with higher
chlorinated PCDDs). Exposure to chlorophenates was widespread in the industry. Wood
was dipped in chlorophenates and then planed; exposures occurred during both
processes. Urine samples taken in the 1980s showed significant levels of chlorophenates
(median, 180 pg/l) (Hertzman et al., 1988). Mortality and cancer incidence rates were
compared with the population of British Columbia; cases were identified from either
cancer registry data or death certificates. There were 583 190 person—years in
chlorophenate mills and 41 280 in non-chlorophenate mills, with 70 119 potential
person—years lost to follow-up (11.2%); analyses were conducted either assuming that
lost-to-follow-up workers were alive until the end of 1990 (method 1) or assuming that
person—time ended when a worker was lost to follow-up (method 2). There were 4710
deaths in the cohort (1950-89) (4539 in exposed mill workers and 171 in non-exposed
mill workers) and 1547 incident cancer cases (1969—89) (1498 in exposed mill workers
and 49 in non-exposed mill workers). The SMR for all causes of death among workers at
chlorophenate mills was 0.81 (95% CI, 0.79-0.83) by method 1 of treating loss to
follow-up and 0.96 (95% CI, 0.94-0.99) by method 2; the SMR for non-chlorophenate
mills was 0.89 (95% CI, 0.78—1.01) with method 2. In the chlorophenate mill workers,
there were six deaths from soft-tissue sarcoma (SMR using method 1 for loss to follow-
up, 1.2; 95% CI, 0.5-2.3; SMR using method 2, 1.4; 95% Cl, 0.6-2.8). There were 11
incident cases of soft-tissue sarcoma (SIR using method 1, 1.0; 95% CI, 0.6-1.7; and
using method 2, 1.2; 95% CI, 0.7-1.9). There were 36 deaths from non-Hodgkin
lymphoma (SMR using method 1, 0.9; 95% CI, 0.7-1.2 or SMR using method 2, 1.1;
95% Cl1, 0.8~1.4) and 23 deaths from lymphosarcoma (SMR using method 1, 1.3; 95%
CIL, 0.9-1.8 or SMR using method 2, 1.5; 95% CI, 1.0-2.1). There were 63 incident cases
of non-Hodgkin lymphoma during the study period (SMR using method 1, 1.0; 95% ClI,
0.8-1.2 or SMR using method 2, 1.2; 95% CI, 1.0-1 .5). While no trend was observed for
mortality from non-Hodgkin lymphoma with cumulative exposure, a significant positive
trend of SIR for non-Hodgkin lymphoma was seen with increasing cumulative exposure
to chlorophenate (p = 0.02). The SIR for the group with the highest cumulative exposure
and 20 or more years’ exposure was 1.5 (p = 0.04).

Ramlow et al. (1996) studied 770 workers from the occupational cohort in Midland,
MI, studied by Ott ez al. (1987) and Bond et al. (1989a) (see Section 2.1.1), but restricted
to those cohort members with some exposure to PCP. Although the authors provide no
details, most of these workers (approximately 85%) were also exposed to 2,3,7,8-TCDD
based on detailed data from the United States NIOSH cohort (Fingerhut et al., 1991b).
Follow-up was from 1940 through 1989; both the United States population and another
group of unexposed male workers from the same company were used as referent groups.
Exposure scores for PCP were developed, in addition to the exposure scores for 2,3,7,8-
TCDD and hexa-, hepta- or octa-CDDs used previously by Ott ez al. (1987). The average
length of follow-up was 26.1 years and there were 20 107 person-years in the study.
There were 229 deaths from all causes in the whole cohort (SMR, 0.9; 95% CL 0.8-1.1)
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and 50 cancer deaths (SMR, 1.0; 95% CI, 0.7-1.3). The SMR for a category of non-
Hodgkin lymphoma and myeloma combined was 2.0 (5 deaths; 95% CI, 0.7-4.7); the
authors noted that two of these cancers were myeloma (versus approximately 0.8
expected), while three were non-Hodgkin lymphomas [approximately 1.7 expected].
Stomach cancer mortality was slightly elevated (4 deaths; SMR, 1.7; 95% CI, 0.5-4.3),
as was kidney cancer mortality (3 deaths; SMR, 2.3; 95% CI, 0.5-6.7). No deaths from
liver cancer were observed (1.1 expected) nor from thyroid cancer (0.1 expected),
cancers a priori of interest from animal studies. Results of analyses for >15 years’
potential latency were also presented, which differed little from those of the overall
analysis. Analyses by cumulative exposure to PCP were conducted for ‘low PCP’ and
‘high PCP’ groups compared with unexposed workers using a variety of lag periods. A
significant positive trend was noted for kidney cancer with increasing exposure when a
15-year lag was used (p = 0.03) and a nearly significant positive trend was noted for the
combined category of non-Hodgkin lymphoma and myeloma (p = 0.08). Similar trends
were seen for these two cancer categories when the data were stratified by level of
exposure to 2,3,7,8-TCDD or hexa-, hepta or octa-CDDs.

In three cohorts included in the IARC international cohort, 842 workers were
evaluated to have been exposed to higher chlorinated PCDDs but not to 2,3,7,8-TCDD.
The workers had been producing PCP in a plant in England, 2,3,4,6-tetrachlorophenol in
a plant in Finland and a variety of phenoxy herbicides in a plant in Germany. In the latter
group of workers, serum levels of 2,3,7,8-TCDD were around background, while an
elevation was seen for higher chlorinated PCDDs, especially among synthesis workers
(Messerer et al., 1996). Mortality from all neoplasms was around that expected from
national mortality rates (41 deaths; SMR, 1.0; 95% CI, 0.7-1.4). No deaths from soft-
tissue sarcoma (0.2 expected) or non-Hodgkin lymphoma (0.7 expected) were registered
in these three cohorts, while mortality from lung cancer was higher (19 deaths; SMR,
1.5; 95% ClI, 0.9-2.3) than in 2,3,7,8-TCDD-exposed workers (Kogevinas et al., 1997).

2.2 Herbicide exposures
Introduction

Studies of herbicide exposure among farmers, pesticide applicators and other non-
industrial populations were included in this review either if there was explicit evidence
that exposure included 2,4,5-T (known to be contaminated with 2,3,7,8-TCDD), or if
data on individual exposure to phenoxy herbicides as a class was available and it was
known that 2,4,5-T was used in the area. Several studies of applicators without adequate
documentation of exposure to 2,4,5-T or other phenoxy herbicides were not considered
informative, such as those of Barthel (1981), Corrao et al. (1989) and Eriksson et al.
(1992). In addition, studies with exposure to phenoxy herbicides limited to 2,4-D, MCPA
or other compounds typically not found to be contaminated with higher chlorinated
PCDDs were excluded, such as those of Wigle et al. (1990) and Morrison ef al. (1993,
1994). Similarly, studies of paper and pulp mill workers were not considered, because
measurements of PCDDs in biological tissues of workers have not shown that their levels
were elevated (Rosenberg et al., 1994, 1995; Mouradian et al., 1995; see Section 1.3.1).
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In these studies, direct evidence of exposure to 2,3,7,8-TCDD is often lacking. The
limited data available indicate that exposure to 2,3,7,8-TCDD is likely to be substantially
lower than exposure in industrial cohorts (see Section 1.3.1). For example, in the most
heavily exposed applicators of 2,4,5-T in New Zealand, who applied 2,4,5-T for at least
180 months, the estimated mean serum level of 2,3,7,.8-TCDD at the time of blood
drawing was 53 ng/kg (Smith et al., 1992a). Back extrapolation of this level to the period
when 2,4,5-T was likely to be most contaminated with 2,3,7,8-TCDD gave a value of
around 300 ng/kg. Among United States Air Force personnel (Ranch Hand) who applied
Agent Orange from 1962 to 1971, generally for relatively short periods, the median
serum 2,3,7,8-TCDD level in 1987 was 13 ng/kg, which when back-extrapolated would
be about 50 ng/kg (Roegner et al., 1991). These levels are about one order of magnitude
lower than the back-extrapolated 2,3,7,8-TCDD levels estimated for many industrial
cohorts. In data from Australia (Johnson ef al., 1992a), the range of serum 2,3,7,8-TCDD
levels at time of blood drawing in 1990 in 33 applicators randomly selected from a group
of 654 men who had applied 2,4,5-T and 2,4-D for at least 12 months was 2-34 ng/kg.
Back-extrapolation to the time exposure ceased, using a half life of 7.1 years, revealed
that those who sprayed after 1974 (the period when 2,3,7,8-TCDD contamination of
2,4,5-T was markedly reduced) had a significantly lower mean exposure rate (0.06 ng/kg
per month) compared with workers who sprayed before 1965 (2.7 ng/kg per month) or
during 1965-74 (2.3 ng/kg per month). For those workers who sprayed during 1965-74,
the estimated serum TCDD concentrations at termination of employment ranged from 13
to 329 ng/kg.

In Sweden, no difference in 2,3,7,8-TCDD levels in adipose tissue was found between
13 exposed (mean 2,3,7,8-TCDD, 2 ng/kg) and 18 non-exposed subjects (mean 2,3,7,8-
TCDD, 3 ng/kg) (Nygren et al., 1986; see Section 1.3.1(a)(ii)). Exposure was defined as
in the Swedish case—control studies on soft-tissue sarcoma and non-Hodgkin lymphoma
(e.g., Hardell et al., 1981) (see Section 2.2.2). The 13 exposed subjects sampled were not
a representative sample of phenoxy herbicide applicators in Sweden, and these results
may not be generalizable.

Applicators of phenoxy herbicides in most of the epidemiological studies applied
these herbicides for only a short time. Analyses restricted to ‘long duration’ often
included only a few subjects exposed for more than a year. In light of the above data, it is
to be expected that 2,3,7,8-TCDD levels in herbicide applicators would be very low.

2.2.1 Applicator cohorts (Table 34)

(@) Commercial

A cohort study of 348 male railroad workers in Sweden exposed to herbicides during
the period 195772 was initially followed through 1972 (Axelson & Sundell, 1974) and
subsequently through 1978 (Axelson et al., 1980). The workers had been exposed to
amitrole (see IARC, 1987i) and to phenoxy herbicides, particularly 2,4-D and 2,4,5-T.
Only workers with a minimum of 45 days of exposure, not necessarily continuous, were
included in the cohort. Workers were classified into three sub-cohorts depending on the
type of herbicide used: those with exposure to amitrole, those with exposure to



Table 34. Cohort studies of cancer in relation to herbicide application

Reference, Study subjects Study type/  Exposure Gender  Cancer site/ No RR 95% C1 Comments
country Period of cause of death obs.
follow-up
Axelson etal. 348 railroad herbicide Mortality 2,4-D, 2.4,5- Men All cancers 13 2.4 [1.3-4.1]} Exposed in 1957-61
(1980), sprayers 1957-78. T, amitrole and Stomach 3 5.3 [1.1-15.5]  Exposed in 1957-61
Sweden Latency combinations, All cancers 3 1.5 [0.3-4.4] Exposed to amitrole
210 years others 6 1.9 [0.7-4.1] Exposed to phenoxy
herbicides
6 34 [1.2-7.4] Exposed to both
All cancers 6 23 [0.8-5.0] Follow-up 1972-78
Stomach 2 17 [0.9-27.8]  Exposed to phenoxy
herbicides
Riihimiki et al. 1926 herbicide Mortality, 2,4-D,24,5-T, Men All cancers
(1982), applicators during 1972-80 22 weeks per No latency 26 [0.7] [0.5-1.0]
Finland 1955-71 year 210 years latency 20  [0.8] [0.5-1.3]
‘ 2 15 years latency 5 [0.4] [0.1-1.0]
Lung
' 210 years latency 12 [1.1]  [0.6-1.9]
2 15 years latency 4 [0.9] [0.2-2.2]
Prostate
210 years latency 2 [1.8] [0.2-6.6]
Multiple myeloma
2 10 years latency 1 [5.0] [0.1-28]
Most heavily All cancers
exposed > 10 years latency 5 [0.5] [0.2-1.2]
= 8 weeks per 1 [0.2] [0.0-1.1]

year or during
5 years

> 15 years latency

991
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Table 34 (contd)

Reference, Study subjects Study type/  Exposure Gender  Cancer site/ No RR 95% CI Comments
country Period of ' cause of death obs.
follow-up
Hanseneral. 4015 gardeners, Incidence, Greenhouse Men All cancers 184 1.1 0.9-1.2
(1992), 1975-84 1975-84 workers Respiratory tract 41 1.0 0.7-1.3
Denmark (10-20%): STS 3 53 1.1-15
fungicides, Haematopoietic (all) 15 14 0.8-2.4
insecticides; NHL 6 1.7 0.6-3.8
outdoor CLL 6 28 1.0-6.0
gardeners Other leukaemia 3 14 0.3-4.2
(80-90%): All cancers 33 09 0.6~1.3
2,4-D,2,45-T, Women Respiratory tract 2 07 0.1-2.6
MCPA, Breast 10 1.1 0.5-2.1
amitrole, other STS 0 0 0-41
herbicides Haematopoietic (all) 2 1.4 0.2-5.0
NHL 2 36 0.4-13
CLL 0 O 0-17
Other leukaemias 0 0 0-11
Hogstedt & 145 forestry workers, Mortality 24-D,2,45-T Men All cancers (mortality) 2 [04] [0.0-1.3 Exposed
Westerlund 251 unexposed 1954-78, 2 5 days 3 [3.0] [0.6-8.8] Foremen
(1980), foresters incidence 5 [0.8] [0.3-1.8] Unexposed
Sweden 1958-78 All cancers (incidence) 3 [04] [0.1-1.0] Exposed
5 [3.6] [1.2-8.3] Foremen

SNIXOIQ-r4rd-OZNAdId AALVNIYOTHIA10d

L91



Table 34 (contd)

Reference, Study subjects Study type/  Exposure Gender  Cancer site/ No RR 95% C1 Comments
country Period of cause of death obs.
follow-up
Wiklund et al. 20 245 pesticide Incidence, Herbicides Men All cancers
(1987, 1988, applicators, licensed 196582 (20-70%): (99%); No latency 558 0.9 0.8-0.9
1989), 1965-76 MCPA, dinoseb, Women 2 10 years latency 281 0.9 [0.8-1.0
Sweden 24-D,2,4,5-T; (1%) Lung
insecticides No latency 38 0.5 0.4-0.7
(15-50%): 2 10 years latency 23 0.6 [0.4-0.8]
DDT, NHL
fenitrothion; No latency 21 1.0 0.6-1.5
fungicides 2 10 years latency 12 12 0.6-2.0
(10-30%): Hodgkin’s disease
maneb, No latency 11 1.2 0.6-2.2
triadimefon 2 10 years latency 4 15 0.4-3.7
STS
No latency 7 09 0.4-1.9
2 10 years latency 4 1.0 0.3-2.7
Ketchum & 1261 Ranch Hand Mortality Agent Orange Men All cancers 30 0.9 0.6-1.3 US Air Force Viet
Akhtar (1996), veterans (Viet Nam)  through 1993 median serum Lung 3 [09 0.5-1.6] Nam veterans who
USA 2,3,7,8-TCDD All haematopoietic 12 [0.9 0.2-2.5] applied Agent Orange,
12 ng/kg in NHL 1 [14 0.0-7.7] compared to 19 101
1987 STS 1 [24 0.1-13.6]  Air Force Viet Nam
(comparison Digestive system 5 [0.7 0.2-1.5] veterans who did not
4 ng/kg) apply Agent Orange

Abbreyiations: NHL, non-Hodgkin lymphoma; STS, soft-tissue sarcoma; CLL, chronic lymphocytic leukaemia

891
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phenoxyherbicides and those with exposure to both. Workers had also been exposed to
some less commonly used herbicides such as monuron, diuron, or atrazine (see IARC,
1991). None of the 348 individuals was lost to follow-up. Underlying cause of death was
recorded on the basis of information from death certificates as classified by the National
Central Bureau of Statistics. Expected numbers of deaths were calculated using cause-,
calendar period- and age-specific national mortality rates. Mortality rates for 1975 were
used for the period 1975-78 since national rates were not available at the time of the
study for the last three years. In the total cohort, all-cause mortality was approximately
that expected (45 deaths; SMR, 0.9, [95% CI, 0.7-1.2]) and mortality from all cancers
combined was slightly elevated (17 deaths; SMR, 1.4 [95% CI, 0.8-2.3]). The SMRs for
all cancers in the sub-cohort exposed to phenoxy herbicides was 1.1 (6 deaths [95% CI,
0.4-2.3]), with an excess observed for stomach cancer (2 deaths; SMR, 3.1 [95% CI,
0.4-11.1]). The SMR for all cancers combined in the sub-cohort exposed to both
phenoxy herbicides and amitrole was 2.1 (6 deaths [95% CI, 0.8—4.5]) with an excess for
stomach cancer based on only one death (0.3 expected) and lung cancer (one death; 0.5
expected). When a 10-year latency period was applied, the SMR for all cancers
combined for the phenoxy herbicides sub-cohort was 1.9 (6 deaths [95% CI, 0.7—4.2])
and that for the sub-cohort exposed to both phenoxy herbicides and amitrole was 3.4 (6
deaths [95% CI, 1.2-7.3]).

A follow-up study was conducted among forestry workers in Sweden (Hogstedt &
Westerlund, 1980). One hundred and forty-five male forestry workers registered as
having worked with phenoxy herbicides (2,4-D and 2,4,5-T) for at least five days, 16
foremen (claimed to be highly exposed) and 251 unexposed foresters were identified
from pay lists of a timber company in Hlsingland between 1954 and 1967. Persons who
worked for more than five days with other herbicides were not included. Vital status and
cause of death were assessed for the period 1954-78 from national health registers,
except for three exposed and seven unexposed foresters. Incident cancer cases between
1958 and 1978 were identified through cancer registries. National statistics were used as
a reference. The average duration of exposure was 30 days (range, 6—114) among forest
workers and 176 days (range, 16-317) among foremen. In the exposed cohort, 29 deaths
occurred versus 28.0 expected; 47 deaths were observed in the unexposed versus 64.4
expected. Tumour deaths were three (versus 1.0 expected) among foremen, two (versus
5.4 expected) among exposed workers and five (versus 6.4 expected) among unexposed
workers. Incident cancer cases were in excess among foremen (5 versus 1.4 expected; p
< 0.02) and less than expected in the other exposed workers (3 versus 8.4 expected). No
specific cancer site was remarkable (stomach (1), pancreas (2), lung (1), skin (1), prostate
(2), urinary bladder (1)).

A cohort of male phenoxy herbicide applicators in Finland was followed prospec-
tively from 1972 to 1980 (Riihimiki et al., 1982). The herbicides 2,4-D and 2,4,5-T had
been used in Finland since the mid-1950s, with the peak consumption (about 50-70
tonnes of active ingredient per year) occurring in the late 1960s. Analysis of some old
herbicide preparations used in Finland in 1962-67 suggested that the 2,3,7,8-TCDD
content ranged between 0.1 and 0.9 mg/kg. After 1972, the use of these chemicals
declined. The cohort of herbicide applicators was identified in 1972 from the personnel
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records of the four main Finnish employers involved in chemical control of brushwood.
The cohort included 1971 men exposed to 2,4-D and 2,4,5-T for at least two weeks
during 1955-71. The data were collected by office personnel in the companies from
various sources such as payrolls. In some cases, supplementary information was sought
through interviews with foremen and clerks. About a quarter of the population had been
exposed for more than eight weeks, as of 1971. During 1955-71, 45 individuals died,
leaving 1926 subjects alive followed during 1972-80; fifteen subjects were not located in
the population data register and were excluded from the cohort. The underlying cause of
death for all deceased subjects was retrieved from death certificates registered at the
Central Statistical Office. National age- and sex-specific mortality rates for 1975 were
used to calculate expected numbers of deaths. Mortality from all cancers during the
period 1972-80 was lower than expected from national rates (26 deaths [SMR, 0.7: 95%
CL 0.5-1.0]), with a slightly higher rate observed during the last years of follow-up,
(1977-80; 17 deaths [SMR, 0.9; 95% CI, 0.5-1.5]). Similar results were obtained when
allowing for a 10-year or a 15-year latency period, or when the analysis was restricted to
subjects with the longest duration of exposure. The SMR for lung cancer, allowing for a
10-year latency period, was 1.1 (12 deaths [95% CI, 0.6—1.9]). There were no deaths
registered from malignant lymphomas or soft-tissue sarcoma.

Cancer incidence was studied in a cohort of 20 245 licensed pesticide applicators in
Sweden (Wiklund ez al., 1987, 1988, 1989). Since 1965, a licence has been mandatory
for using the most acutely toxic pesticides. The workers in the study had been issued a
licence between 1965 and 1976 and were followed up for cancer incidence to 31
December 1982. A survey of a random sample of 273 workers showed that 72% had
been exposed to phenoxy herbicides for one day or more during the 1950s, 1960s and
1970s. Phenoxy herbicides had been used in Sweden since the late 1940s. The main
compound used in agriculture was MCPA and, since the mid-1960s, MCPP and dichlor-
prop (2-(2,4-dichlorophenoxy)propionic acid). 2,4-D and 2,4,5-T were used to a lesser
extent. Cancer incidence rates for the Swedish population were used for comparison. A
total of 558 cancer cases were observed in the cohort (SIR, 0.86; 95% CI, 0.79-0.93).
Excess risks were observed for lip cancer (14 observed; SIR, 1.8; 95% CI, 1.0-2.9),
testicular cancer (18 observed; SIR, 1.6; 95% CI, 0.9-2.5) and Hodgkin’s disease (11
observed; SIR, 1.2; 95% CI, 0.6-2.2) but not for lung cancer (38 observed; SIR, 0.5;
95% CI, 0.4-0.7), non-Hodgkin lymphoma (21 observed; SIR, 1.0; 95% CI, 0.6-1.5) or
cancer at any other site. The SIR for testicular cancer increased with time since licence
(04 years, 0.9; 5-9 years, 1.4; > 10 years, 2.5; based on four, six and eight cases, respec-
tively). The SIR for lung cancer increased with years since first employment from 0.3
(04 years) to 0.5 (5-9 years) to 0.6 (= 10 years). The authors provided data showing that
smoking was less prevalent among pesticide applicators than among other occupational
categories in Sweden, strongly suggesting that the observed deficit of lung cancer was
due to lower cigarette consumption. A follow-up from the date of licence until
31 December 1984 indicated no excess risk for soft-tissue sarcoma (7 cases observed;
SIR, 0.9; 95% CI, 0.4-1.9) (Wiklund et al., 1988).

A historical cohort study was conducted among Danish gardeners heavily exposed to
pesticides (Hansen ef al., 1992). The cohort comprised 859 women and 3156 men and
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included all employed persons who, in May 1975, were members of one of the 10 local
trade unions of gardeners associated with the Danish Union of General Workers.
Subjects were followed from 1 May 1975 to 1 January 1985 through the records of the
Danish Central Population Register, with 100% of the subjects being traced. Cancer
incidence was recorded through the Danish Cancer Registry. The analysis was limited to
subjects 30-79 years of age. The gardeners constituted three fairly separate groups,
namely workers in greenhouses (nearly all female), a small group of nursery gardeners
and gardeners in public parks, gardens and cemeteries (the majority of workers).
Gardeners working outdoors had been exposed to phenoxy herbicides (2,4-D, MCPA,
2,4,5-T) and amitrole. This exposure took place regularly throughout the growing season.
Data on individual job histories were not obtained, except for a limited subset of cancer
cases. A total of 219 cancer cases were identified in the study, 217 among subjects aged
30-79 years. There was no elevation in incidence of all cancers combined (SIR, 1.0; 95%
CL 0.9-1.2) or of most common neoplasms. An increased risk was seen for soft-tissue
sarcoma (code 197 in ICD 7th revision), with an SIR of 4.6 (3 cases; 95% CI, 0.9-13.3)
which was statistically significant among men (3 cases; SIR, 5.3; 95% (I, 1.1-15.4).
Elevated risks were seen for non-Hodgkin lymphoma (8 cases; SIR, 2.0: 95% CI, 0.9-
3.9) and for chronic lymphatic leukaemia (6 cases; SIR, 2.5: 95% ClL, 0.9-5.5). Two
individuals with soft-tissue sarcoma, six with non-Hodgkin lymphoma and three with
chronic lymphatic leukaemia had worked as gardeners for more than 10 years. No
additional soft-tissue sarcoma cases were identified in this cohort when the records of the
cancer registry were searched for sarcomas which might have occurred in parenchymal
organs and consequently not been included in the ICD code (code 197, 7th rev.) used for
the main analysis.

(b) Military

United States Viet Nam veterans as a group, with the exception of those known to
have directly handled Agent Orange, show no evidence of exposure to PCDDs or PCDFs
above that of other veterans who did not serve in Viet Nam (i.e., beyond background
levels), on the basis of serum measurements. However, veterans actually involved in
spraying, as members of the Air Force Operation Ranch Hand or of the Army Chemical
Corps, have shown elevated serum levels of 2,3,7,8-TCDD (see Section 1.3. 1(a)(ii)).

The mortality of 1261 Ranch Hand veterans has been compared with that of 19 101
other Air Force Viet Nam veterans who were not exposed to Agent Orange (Michalek
et al., 1990). Person—time at risk began when the tour of duty in Viet Nam began. The
most recent mortality report extends follow-up through 1993 (Ketchum & Akhtar, 1996),
with 31 394 person—years among Ranch Hand personnel and 490 792 person—years
among the comparison group. The SMR for all causes of death was 1.0 (95% CI, 0.8—
1.2), based on 118 deaths. There were 30 cancer deaths (SMR, 0.9; 95% CI, 0.6-1.3) and
12 lung cancer deaths (13.0 expected). There was one death from soft-tissue sarcoma
(a fibroma; ICD 171.3) versus 0.4 expected for the category cancer of the connective
tissue (ICD 171.0-171.9), and one from non-Hodgkin lymphoma (0.7 expected). No case
of chloracne has been reported among Ranch Hand veterans. :
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The mortality of 894 members of the Army Chemical Corps was studied by Thomas
and Kang (1990). Follow-up extended through 1987, and the United States population
was used as the referent. Person-time at risk was taken to begin when service ended in
Viet Nam. There were 53 deaths (SMR, 1.1) in this cohort, with about 16 000 person—
years and an average follow-up of 18 years. There were six cancer deaths (SMR, 0.9):
two lung cancer deaths versus 1.8 expected, two leukaemias versus 0.5 expected and two
brain cancers versus 0.4 expected. Review of medical records found two incident cases
of Hodgkin’s disease, with approximately 0.7 expected.

2.2.2  Community-based case—control studies

Although many case—control studies may include one or more questions concerning
exposure to herbicides, the Working Group considered only those in which exposure to
PCDD-containing herbicides was a major hypothesis being tested, and where such expo-
sure was evaluated in detail.

Studies of soft-tissue sarcoma and haematopoietic tumours have been systematically
reviewed. For other sites (Section 2.2.2(d)), studies in which phenoxy herbicides were
not a main focus of interest have not been examined.

(a) Soft-tissue sarcoma (see Table 35)

A series of studies on soft-tissue sarcoma were conducted in Sweden applying similar
methodology (Hardell & Sindstrom, 1979; Eriksson et al., 1981; Hardell & Eriksson,
1988; Eriksson et al., 1990). Relevant exposure measurements are presented in Tables
16 and 17.

The first case—control study associating phenoxy herbicides and chlorophenols with
soft-tissue sarcoma was conducted in 1978 in the population of the region of Ume3, in
northern Sweden (Hardell & Sdndstrom, 1979). The study was initiated following a case
report of three soft-tissue sarcoma patients who had been exposed to phenoxy herbicides
(Hardell, 1977). The study included 21 living and 31 deceased pathologically verified
soft-tissue sarcoma male cases, diagnosed in one hospital during 1970-77. Four popu-
lation controls matched for age, sex, place of residence and vital status were selected per
case. Living controls were selected from the national population registry and deceased
controls from the national registry of causes of death. The response rate was 100% for
cases and 99% for the controls. A self-administered questionnaire was sent to living
subjects and to the next-of-kin of deceased subjects (approximately 60% of all ques-
tionnaires). Information was requested about a variety of exposures and the questionnaire
was supplemented by telephone interviews of selected subjects. Any subject exposed for
more than one day was characterized as exposed. Exposure to phenoxy herbicides and/or
chlorophenols was associated with a six-fold increased risk. In the matched analysis, the
odds ratio was 6.2 [confidence intervals not provided]. In an unmatched analysis, the
odds ratio was 5.7 (95% CI, 2.9-11.3). The odds ratio among living subjects was 9.9 and
that among deceased subjects was 3.8. The odds ratio for exposure only to phenoxy
herbicides was 5.3 (95% CI, 2.4-11.5). After excluding the three index cases [but not



Table 35. Case—control studies on soft-tissue sarcoma containing information on exposure to phenoxy herbicides,

chlorophenols or PCDDs
Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls 95% CI)
Hardell & 52/208 Men Exposure to phenoxy herbicides or chlorophenols 5.7 (2.9-11.3) Odds ratios for living subjects
Sandstrom for more than one day were higher than those for
(1979), Exposure to phenoxy herbicides only 5.3 (2.4-11.5)  deceased subjects
Sweden
Ericksson et al. 110/220 Men Exposure to phenoxy herbicides or chlorophenols 5.1 (2.5-10.4)  Odds ratio from matched
(1981), for more than one day analysis
Sweden Exposure for more than one day to phenoxy 17.0 (NR)

herbicides contaminated with 2,3,7.8-TCDD

Exposure for more than one day to phenoxy 4.2 (NR)

herbicides not contaminated with 2,3,7,8-TCDD

Exposure to chlorophenols for one week 3.3(1.3-8.1)

continuously or one month discontinuously
Hardell & 54/490 (311 Men Exposure to phenoxy herbicides for more than 3.3(1.4-8.1) Odds ratio from matched
Eriksson (1988),  population one day (comparison with population controls) analysis. Odds ratio was
Sweden controls, 179 slightly lower (2.2; 95% CI,

cancer 0.9-5.3) when comparing
controls) with cancer controls.

Eriksson et al. 218/212 Men Exposure to phenoxy herbicides for more than 1.3 (0.7-2.6) Odds ratio from matched
(1990, one day analysis. Risk for exposure to
Sweden Exposure to 2,4,5-T 1.8 (0.9-3.9) 2,4,5-T before 1950 was

Exposure to PCP for one week continuously or 3.9 (1.2-12.9)  higher (odds ratio, 2.9; 95%

one month discontinuously

CI, 1.1-8.0)

SNIXOIA-74rd-OZNAGId AALYNIMOTHOATOd

eLT



VLI

Table 35 (contd)
Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls (95% CI)
Hardell e? al. 352/865 Men 2,3,7,8-TCDD exposure Odds ratios (90% CI)
(1991), Non-exposed 1.0 Referent group non-exposed
Sweden Less than one year to phenoxy herbicides 3.0 (2.04.5) to phenoxy herbicides or
contaminated with 2,3,7,8-TCDD _ chlorophenols. Pooled
More than one year to phenoxy herbicides 7.2 (2.6-20) analysis of the four above-
contaminated with 2,3,7,8-TCDD mentioned studies by Hardell,
: Eriksson and colleagues
Exposure to other PCDDs
Non-exposed 1.0
Less than one year to phenoxy herbicides 1.7 (1.0-2.9)
contaminated with other PCDDs
More than one year to phenoxy herbicides 6.2 (2.9-13)
contaminated with other PCDDs
Smith et al. 82/92 Men Phenoxy herbicides : Odds ratios (90% CI)
(1984b), Potentially exposed > 1 day not in 5 years before 1.3 (0.6-2.5)
New Zealand cancer registration
Probably or definitely exposed for > 5 daysnotin 1.3 (0.6-2.9)
10 years before cancer registration
Chlorophenols
Potentially exposed > 1 day not in 5 years before 1.5 (0.5-4.5)
cancer registration
Probably or definitely exposed for > 5 days notin 1.6 (0.5-5.2)
10 years before cancer registration
Smith & Pearce 51/315 Men Phenoxy herbicides 0.7 (0.3-1.5) Odds ratios (90% CI)
(1986), (new study) Potentially exposed for > 1 day not in S years
New Zealand before cancer registration
133/407 ‘ 1.1 (0.7-1.8)

(combined)
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Table 35 (contd)

Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls (95% CI)
Woods et al. 128/694 Men All occupations with potential exposure to 0.8 (0.5-1.2) Risk for soft-tissue sarcoma
(1987), phenoxy herbicides or chlorophenols was not associated with
USA Estimated intensity of exposure to phenoxy exposure to phenoxy
herbicides: herbicides or chlorophenols
Low 0.6 (0.3-1.1) and no incresed risk with
Medium 1.0 (0.6-1.7) increasing length of exposure
High 0.9 (0.4-1.9)
Estimated intensity of exposure to chlorophenols:
Low 0.9 (0.5-1.6)
Medium 0.9 (0.6-1.5)
High 0.9 (0.5-1.8)
Vineis et al. 37/85 Men Living men whose exposure could not be ruled 0.9 (0.2-3.9) Age-adjusted estimates.
(1986), out ' 90% CI. Risk higher in
Italy 31/73 Women Living women ‘definitely’ exposed to phenoxy 27(0.6-12.4)  women exposed during 1950~
herbicides 55 when highest exposures
occurred. No excess risk in
men. No excess risk for
, deceased cases and controls
Smith & 30/30/30 Men At least one day of exposure to phenoxy 1.0 (0.3-3.1) Exposure to phenoxy
Christophers cancer and herbicides or chlorophenols herbicides and chlorophenols
(1992), population At least one day only to phenoxy herbicides 1.3(0.4-4.1) coded as ‘none’, ‘possible’
Australia controls More than 30 days of exposure to phenoxy 2.0 (0.5-8.0) and ‘definite/probable’ by

herbicides or chlorophenols

expert assessment. Matched
analysis on age, gender and
residence

NR, not reported
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four additional cases included in a pilot study], this odds ratio became 4.7 (95% CI, 2.0—
10.7). Tobacco smoking, exposure to DDT, exhaust fumes and emulsion agents did not
appear to be associated with risk for soft-tissue sarcoma.

Responding to criticisms that selection and information bias could have affected the
results of the previous study (Hardell & Sindstrom, 1979) and of a study on malignant
lymphomas (Hardell et al., 1981), Hardell (1981) conducted a further analysis using
colon cancer patients as controls. The study is fully described in Section 2.2.4(d). Results
obtained when using colon cancer patients as controls were very similar to the original
results obtained when using population controls. -

A case—control study of the association between soft-tissue sarcoma and phenoxy
herbicides and chlorophenols was conducted among the population of the five southern-
most counties of Sweden (Eriksson et al., 1981). The study included 110 pathologically
verified soft-tissue sarcoma cases (including 38 deceased cases) reported to the cancer
registry during 1974-78. Two population controls matched for age, place of residence
and vital status were selected per case. Living controls were selected from the national
population registry and deceased controls from the national registry of causes of death. A
self-administered questionnaire was sent to living subjects and to the next-of-kin
(approximately 35% of all questionnaires) of deceased subjects. Information was
requested about a variety of exposures. The questionnaire was supplemented by tele-
phone interviews for subjects with incomplete or obscure replies to questions on expo-
sure to solvents or pesticides, and also for all subjects reporting work in agriculture,
forestry or horticulture. Any subject exposed to phenoxy herbicides for more than one
day was characterized as exposed. The predominant exposure in this area was to MCPA,
considered to be free of 2,3,7,8-TCDD contamination, to 2,4-D and the analogous
- phenoxypropionic acids, MCPP and dichlorprop, possibly contaminated by PCDDs other
than 2,3,7,8-TCDD. A high level of exposure to chlorophenols used as wood preser-
vatives was defined as one week of continuous or one month of discontinuous exposure.
The odds ratio for exposure to phenoxy herbicides and/or chlorophenols was 5.1 in the
matched analysis (95% CI, 2.5-10.4). The odds ratio for exposure to any phenoxy
herbicide was 6.8 (95% CI, 2.6-17.3). A higher relative risk was observed for exposure
to phenoxy herbicides considered to be contaminated with 2,3,7,8-TCDD (odds ratio,
17.0) compared with herbicides uncontaminated with 2,3,7,8-TCDD (odds ratio, 4.2).
Longer duration of exposure to phenoxy herbicides (more or less than 30 days) was not
associated with an increased risk. High-level exposure to chlorophenols was associated
with an increased risk (odds ratio, 3.3; 95% CI, 1.3-8.1), while low-level exposure was
not associated with an increased risk. Tobacco smoking or exposure to organic solvents,
various pesticides or other chemical agents did not appear to be associated with risk for
soft-tissue sarcoma.

A case—control study on soft-tissue sarcoma was conducted in the population of three
northern counties of Sweden (Hardell & Eriksson, 1988). The study included 55 male
histopathologically confirmed soft-tissue sarcoma cases (18 alive, 37 deceased) aged 25—
80 years. Cases were diagnosed during 1978-83 and were identified through the regional
cancer registry in Umed. In eight cases, the tumour was classified as probable soft-tissue



POLYCHLORINATED DIBENZO-para-DIOXINS 177

sarcoma but another malignancy could not be excluded. Three groups of controls were
selected. A first group of 220 living population controls was matched with cases by age
and residence at the time of diagnosis. The second group consisted of 110 dead controls.
The third group consisted of 190 cancer cases (112 alive) (except for malignant lympho-
mas and nasopharyngeal cancer) drawn at random from the population cancer registry. A
self-administered postal questionnaire was used and information was requested on
lifetime occupational history, exposure to specific agents at work or leisure and lifestyle
factors. The questionnaire was supplemented by telephone interviews for subjects with
incomplete or obscure replies, and also for all subjects reporting work in agriculture,
forestry, horticulture, carpentry and sawmills. The participation rate among both cases
and controls was about 95%. The odds ratios for at least one day of exposure to phenoxy
herbicides were 3.3 (95% CI, 1.4-8.1) when the two combined population control groups
were used and 2.2 when cancer controls were used (95% CI, 0.9-5.3). Exclusion of the
eight soft-tissue sarcoma cases with uncertain diagnosis gave a higher estimate of the risk
(odds ratio, 3.7 (95% CI, 1.5-9.1) for population controls and 2.4 (95% C1, 1.0-5.9) for
cancer controls). No association with exposure to chlorophenols was found. Exposure to
2,3,7,8-TCDD gave a crude rate ratio of 3.5 when population-based referents were used
and 3.1 with cancer referents. A higher risk associated with exposure to DDT was
present only among subjects with concomitant exposure to phenoxy herbicides. No sta-
tistically significant results were observed for other occupational exposures or for
smoking.

A case—control study on soft-tissue sarcoma was conducted among the population of
seven counties of central Sweden covered by the population cancer registry of Uppsala
(Eriksson et al., 1990). The study included 218 male histopathologically confirmed soft-
tissue sarcoma cases (78 alive, 140 deceased) aged 25-80 years. Cases were diagnosed
during 1978-86 and were identified through the regional cancer registry. One group of
population controls was selected, matched for age, gender, county of residence and vital
status. A self-administered postal questionnaire was used and information was requested
on lifetime occupational history (including details of 16 specific occupations), exposure
to specific agents at work or leisure and lifestyle factors. The questionnaire was supple-
mented by telephone interviews for subjects with incomplete or obscure replies, and also
for all subjects reporting work in agriculture, forestry, horticulture, carpentry and saw-
mills. The participation rate for the cases was 92% (218/237 originally identified cases)
and that for controls was 89% (212/237 originally identified controls). The odds ratio for
exposure (at least one day) to phenoxy herbicides was 1.3 (95% CI, 0.7-2.6). The risk
associated with use of 2,4,5-T was higher (odds ratio, 1.8; 95% CI, 0.9-3.9), especially
for use before the 1950s (odds ratio, 2.9; 95% CI, 1.1-8.0) when contamination with
PCDDs could be expected to be highest. A high risk was associated with exposure to
chlorophenols (odds ratio, 5.3; 95% CI, 1.7-16.3), particularly PCP (odds ratio, 3.9; 95%
CI, 1.2-12.9) among subjects characterized as having a high level of exposure (conti-
nuous exposure for more than one week or discontinuous exposure for more than one
month). No clear dose-response relationship was observed for exposure to phenoxy
herbicides. Exposure to phenoxy herbicides not contaminated with 2,3,7,8-TCDD was
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not associated with an increased risk. No statistically significant associations were
observed for other occupational exposures or for smoking.

The data from the four Swedish case—control studies on soft-tissue sarcoma were
aggregated (for a total of 434 cases and 948 controls) and re-analysed according to
duration of exposure, latency and type of PCDD exposure, reported in a letter to the
editor (Hardell et al., 1991). For exposure to PCDDs of any type, less than one year of
exposure gave an odds ratio of 2.4 (58 exposed cases; 90% CI, 1.7-3.4), and more than
one year gave an odds ratio of 6.4 (24 exposed cases; 90% CI, 3.5-12). Forty-six cases
were exposed to 2,4,5-T, presumed to be contaminated with 2,3,7,8-TCDD, yielding
odds ratios of 3.0 (40 exposed cases; 90% CI, 2.0-4.5) for less than one year of exposure
and 7.2 (6 exposed cases; 90% CI, 2.6—20) for more than one year of exposure. However,
even exposure to other PCDDs was associated with an increased risk for soft-tissue
sarcoma (< 1 year: 18 exposed cases; odds ratio, 1.7; 90% CI, 1.0-2.9; >1 year: 18
exposed cases; odds ratio, 6.2; 90% CI, 2.9—13). It was concluded that PCDDs other than
2,3,7,8-TCDD might have contributed to the noted effect.

A case—control study evaluating the association between exposure to phenoxy herbi-
cides and chlorophenols with the occurrence of soft-tissue sarcoma was carried out in
New Zealand (Smith ez al., 1984b). Preliminary results had been reported earlier (Smith
et al., 1982a, 1983). The study included 82 living or deceased male cases with histo-
pathologically verified soft-tissue sarcoma reported to the national cancer registry
between 1976 and 1980. One control per case was selected randomly from other cancer
patients in the national cancer registry matched for age, gender and year of registration.
The participation rate was 84% among cases (82/98 eligible) and 83% among controls
(92/111 eligible). Interviews were conducted with the subjects or the next-of-kin (43% of
cases, 34% of controls). Subjects were interviewed by telephone concerning work in
particular occupations with potential exposure to phenoxy herbicides or chlorophenols.
Exposure to phenoxy herbicides and chlorophenols was ascertained through a combi-
nation of information on occupation, industry, type of cultivation sprayed and self-
reported exposure to specific agents. In a separate study, PCDD levels were determined
in serum of nine workers first employed before 1960 and having sprayed 2,4,5-T for a
minimum of 180 months (Smith ez al., 1992a). The mean value of 2,3,7,8-TCDD was
53.3 ng/kg (range, 3-131 ng/kg) (see Table 17). Any potential exposure to a phenoxy
herbicide was associated with a small non-statistically significant excess risk (odds ratio,
1.3; 90% CI, 0.7-2.5). A slightly higher risk was observed in subjects with more than
one day of probable or definite exposure, after excluding the last five years of exposure
before registration (odds ratio, 1.6; 90% ClI, 0.7-3.3). Potential exposure to chloro-
phenols was associated with a small increased risk (odds ratio, 1.3; 90% CI, 0.5-3.6),
particularly for those subjects who were potentially exposed for more than five days
(odds ratio, 1.6; 90% CI, 0.5-5.2). However, a review of the working histories of those
subjects through additional interviews and contacts with their employers indicated that
only two cases, out of the seven characterized as potentially exposed, actually had
potential for exposure to TCP. i
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An update was conducted by Smith and Pearce (1986) combining new data, including
a general population control group, with the study population of Smith er al. (1984b).
New cases diagnosed from 1980 to 1982 (n = 51) were compared with population
controls (n = 315). The odds ratio estimate was 0.7 (90% CI, 0.3-1.5) for probable or
definite exposure to phenoxy herbicides for more than one day not in the five years
before cancer registration. The odds ratio estimate for the combined studies was 1.1
(90% CI, 0.7-1.8). There was no evidence in either study of an increase in risk with
longer duration of exposure or longer latency since first exposure.

A population-based case—control study was conducted in three provinces of northern
Italy where rice growing is the predominant agricultural activity and phenoxy herbicides
have been used since 1950 (Vineis et al., 1986). During 1950-55, rice weeding was still
done manually, mostly by a seasonal work force of women, who were presumed to have
had the highest exposure to phenoxy herbicides, predominantly 2,4,5-T. Incident cases of
soft-tissue sarcoma aged 20 years or older, with a proven or suspected histological dia-
gnosis in 1981-83 were identified through all the pathology departments of the three
provinces, and six pathology departments of the city of Turin and the National Cancer
Institute in Milan. Out of 135 cases initially identified, 37 were excluded because the
diagnosis was not confirmed or because the cases were prevalent or were visceral
sarcomas. Of the remaining 98 eligible cases, interviews were obtained from 68 patients
or next-of-kin (44 living, 24 deceased). The participation rate was 69%. A random
sample of living controls was drawn from electoral registers. Deceased controls (any
cause of death apart from suicide) matched by age, sex, year of death and municipality
were selected through demographic offices of the relevant municipalities. Interviews
were obtained from 122/168 eligible controls (participation rate 73%) and 36/40 relatives
of deceased subjects (participation rate 90%). Direct interviews were carried out with
subjects, who were asked for information on lifetime occupational history, and additional
information on jobs with titles indicating potential exposure to phenoxy herbicides or
chlorophenols. In addition, supplementary questionnaires were administered to subjects
working in agriculture, particularly cultivation of rice and other crops. Two experts
assessed exposure to phenoxy herbicides and classified subjects into three categories: (1)
those not exposed to phenoxy herbicides; (2) those for whom exposure could not be ruled
out; and (3) those ‘definitely’ exposed, based on occupational histories primarily as rice
weeders. Among living subjects, no men were ‘definitely’ exposed. Among living
women, four cases and five controls were ‘definitely’ exposed (odds ratio, 2.7; 90% CI,
0.6-12.4). The odds ratio for the combined categories 2 and 3 was 2.4 (5 exposed cases;
90% CI, 0.6-10.3). Among living women continuously exposed during 1950-55, the
crude odds ratio was [9.9] (3 exposed cases, 1 exposed control). No excess risk was
observed when analyses were limited to deceased subjects. [The Working Group noted
that no distinction was made between herbicides likely to be contaminated with PCDDs
and others.]

A population-based case—control study was conducted in western Washington State,
United States, to evaluate the relationship between occupational exposure to phenoxy
herbicides and chlorophenols and risk for soft-tissue sarcoma and non-Hodgkin
lymphoma (Woods et al., 1987). Living and deceased cases, aged 20-79 years and
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diagnosed during 1981-84, were identified from the population-based tumour registry
that covers 13 counties of the state. Enrolled in the study were 128 pathologically
reviewed soft-tissue sarcoma cases (97 alive, 31 dead). Population controls were selected
using random digit dialling or from social security records (for older cases) or non-cancer
death certificates (for deceased cases). Controls were matched for age and vital status
with a parallel series of non-Hodgkin lymphoma cases. The participation rate was 62%
for soft-tissue sarcoma cases (128/206) and 76% for controls. Subjects were interviewed
in person and information was requested on occupational exposures to phenoxy herbi-
cides and chlorophenols and to other potential risk factors. Additional information was
requested for specific occupations and job activities involving potential exposure to the
chemicals of interest. The risk for soft-tissue sarcoma associated with all occupations
involving potential exposure to phenoxy herbicides was 0.8 (95% CI, 0.5-1.2). Exposure
to phenoxy herbicides or chlorophenols was not associated with increased risk for soft-
tissue sarcoma. No association was seen with estimated intensity of exposure to either
phenoxy herbicides or chlorophenols. [The Working Group noted that no information
was provided on use of specific herbicides.]

A case—control study on patients with soft-tissue sarcoma was undertaken in Victoria,
Australia, during 1982-88 (Smith & Christophers, 1992). The study included 30 male
cases with soft-tissue sarcoma registered in the Victoria Cancer Registry. Cases were
first diagnosed between 1976 and 1987. For each case, one cancer control was selected
from the cancer registry, matched for age, sex and residence. A second set of population
controls was selected from the electoral register using the same matching criteria. The
response rates were 70% for cases, 56% for cancer controls and 70% for population
controls. Cases were interviewed mostly before 1986, while both series of controls were
mostly interviewed after 1986. A comprehensive occupational history was obtained
through a personal interview. Exposures to phenoxy herbicides and to chlorophenols
were coded by expert assessment as none, possible or definite/probable. Exposures
within the five-year period before the year of diagnosis of a case were ignored, for both
cases and their matched controls. The main chlorinated herbicides used in Victoria were
2,4-D, 2,4,5-T and MCPA. There were no significant differences between population and
cancer controls with respect to definite exposure and these two groups were combined
for the analysis. For soft-tissue sarcoma, the odds ratio was 1.0 (95% CI1, 0.3-3.1) for at
least one day’s exposure to phenoxy herbicides or chlorophenols and 1.3 (95% CI, 0.4—
4.1) for exposure only to phenoxy herbicides. The odds ratio for more than 30 days of
exposure to phenoxy herbicides or chlorophenols was 2.0 (95% CI, 0.5-8.0). [The
Working Group noted that no distinction was made between herbicides likely to be
contaminated with PCDDs and others.]

(b) Malignant lymphomas (see Table 36)

A case—control study followed the report in Sweden of 17 cases of histiocytic mali-
gnant lymphoma, 11 of whom had been exposed to phenoxy herbicides or chlorophenols
(Hardell, 1979). All men aged 25-85 years admitted between 1974 and 1978 to the onco-
logy department of the University Hospital in Ume8, Sweden, with histologically verified
malignant lymphoma were included in the study (Hardell ez al., 1981). For every living



Table 36. Case—control

rophenols or dioxins

studies on malignant lymphoma containing information on exposure to phenoxy herbicides, chlo-

Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls 95% CI)
Hardell et al. 109 cases Men Exposure to phenoxy herbicides or 6.0 (3.7-9.7) Odds ratios from matched analysis
(1981), with NHL chlorophenols for more than one day
Sweden and 60 with Exposure to phenoxy herbicides for more 4.8 (2.9-8.1)
Hodgkin’s than one day
disease/338 Exposure to chlorophenols for one week 8.4 (4.2-16.9)
controls continuously or one month discontinuously
Hoar et al. 170 with Men Phenoxy herbicide use 22(1.24.1) Phenoxy herbicide used was almost
(1986), NHL/948 exclusively 2,4-D. Significant but
USA inconsistent increases in risk were
observed in relation to duration,
frequency and latency. The increased
risk persisted after adjusting for use of
other pesticides.
Woods et al. 576 with Men Estimated intensity of exposure to phenoxy Higher risks observed for specific
(1987), NHL /694 herbicides: occupational groups
USA None 1.0
Low 0.9 (0.6-1.3)
Medium 1.0 (0.7-1.3)
High 1.2 (0.8-1.9)
Estimated intensity of exposure to
chlorophenols:
None 1.0
Low 1.0 (0.7-1.3)
Medium 0.9 (0.7-1.2)
High 0.9 (0.9-1.4)
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Table 36 (contd)
Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls (95% CI)
Olsson & 167 with Men One day handling phenoxy herbicides 1.3 (0.8-2.1) Age-adjusted odds ratios. No
Brandt (1988),  NHL/130 One day handling chlorophenols 1.2 (0.7-2.0) interactions between exposures. Risk
Sweden ‘Skin lymphoma’ exposed to phenoxy 10.0 (2.7-31.1)  not associated with length of exposure
herbicides
Woods & 576 with Men Used more than once or twice per year: Mantel-Haenszel estimates
Polissar (1989), NHL/694 All subjects
USA ‘Phenoxy per se’ 0.9 (0.5-1.5)
2,4,5-T 1.0 (0.4-2.0)
181/196 Farmers
‘Phenoxy per se’ 0.7 (0.3-1.5)
2,4,5-T 0.7 (0.3-2.1)
Pearce et al. 183 with Men Ever potentially exposed to 2,4,5-T 1.0 (0.7-1.5) No association of the risk with any
(1987), malignant Ever potentially exposed to chlorophenols 1.4 (0.8-2.3) specific herbicide or with duration or
New Zealand lymphoma/ frequency of herbicide use
338 cancer
controls
Cantor et al. 622 with Men Use of one or more herbicides 1.3 (1.0-1.6) Odds ratios and CI adjusted for many
(1992), NHL/1245 ‘ Ever handling, mixing or applying 2,4-D 1.2 (0.9-1.6) potential confounding factors. Risk for
USA Ever handling, mixing or applying 2,4,5-T 1.2 (0.7-1.9) 2,4,5-T was slightly higher in farmers
_ Prior to 1965 1.7 (0.8-3.6) not using protective equipment
Smith & 30 with Men At least one day of exposure to phenoxy 1.5 (0.6-3.7) Exposure to phenoxy herbicides and
Christophers malignant herbicides or chlorophenols chlorophenols coded as ‘none’,
(1992), lymphoma/ At least one day only to phenoxy herbicides 1.1 (0.4-3.0) ‘possible’ and ‘definite/probable’ by
Australia 30/30 cancer At least one day only to chlorophenols 1.4 (0.3-6.1) expert assessment. Matched analysis
and More than 30 days of exposure to phenoxy 2.7 (0.7-9.6) on age, gender and residence.
population herbicides or chlorophenols
controls

NHL, Non-Hodgkin lymphoma

(41!
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case (in total 107), eight controls matched for sex, age and place of residence were
extracted from the national population registry and the two closest in age were used in
the analysis. For the 62 deceased cases, 10 controls per case were selected from the
national registry of causes of death among those who had died from causes other than
malignant tumour, matched for sex, age, municipality and year of death. The two
deceased controls closest in age to the cases were used in the analysis. Exposures were
reconstructed by means of a self-administered questionnaire. The data concerning
deceased subjects were obtained by contact with next-of-kin. For exposure to phenoxy
herbicides or chlorophenols, an odds ratio of 6.0 (95% CI, 3.7-9.7) was obtained. For
phenoxy herbicides alone (41 exposed cases), the odds ratios were 4.8 (95% (I, 2.9-8.1)
and 7.0 for those exposed for more than 90 days. Five cases and no controls were
exposed only to MCPA; 7 cases and 1 control only to 2,4-D. These herbicides were not
likely to be contaminated with PCDDs or PCDFs. Fifty cases were exposed to chloro-
phenols, giving an odds ratio of 2.9 (95% CI, 1.6-5.2) for those with low-level exposure
and 8.4 (95% CI, 4.2-16.9) for high-level exposure. High-level exposure to organic
solvents was also associated with a significantly increased risk. Combined exposure to
solvents and phenoxy herbicides or chlorophenols further increased the odds ratio
estimate. Separate analysis for Hodgkin’s disease (60 cases) and non-Hodgkin lymphoma
(109 cases) yielded similarly increased risks. [The Working Group noted that no
distinction was made between herbicides likely to be contaminated with PCDDs and
others.]

A population-based case—control study on lymphoma was conducted in Kansas, a
major wheat-producing state in the United States (Hoar er al., 1986). All newly
diagnosed cases of Hodgkin’s disease and non-Hodgkin lymphoma among white male
residents in Kansas aged 21 years or older, diagnosed from 1976 through 1982, were
identified through the population-based cancer registry covering the state of Kansas. All
cases included in the study were histologically confirmed. Interviews were conducted
with 121 cases with Hodgkin’s disease and 170 with non-Hodgkin lymphoma (96%
participation rate). One-half of the patients with non-Hodgkin lymphoma and one-third
of those with Hodgkin’s disease had died before the study began. Controls were 948
white men resident in Kansas matched to cases for age and vital status. The response rate
for controls was 94%. Subjects were interviewed by telephone and detailed information
was obtained concerning farming practices, including years lived or worked in farms,
crops grown or livestock raised, herbicides and insecticides used, numbers of years and
acres of treatment and protective equipment used. Corroborative evidence was sought for
a sample of 130 subjects by contacting their suppliers. Farm herbicide use was associated
with an increased risk for non-Hodgkin lymphoma (odds ratio, 1.6; 95% CI, 0.9-2.6).
The relative risk for non-Hodgkin lymphoma increased significantly with the number of
days of herbicide exposure per year and with latency. Men exposed to herbicides for
more than 20 days per year had a six-fold increased risk for non-Hodgkin lymphoma
(odds ratio, 6.0; 95% CI, 1.9-19.5). Frequent users (> 20 years per year) who mixed or
applied the herbicides themselves had an odds ratio of 8.0 (95% CI, 2.3-27.9). Use of
phenoxy herbicides (odds ratio, 2.2; 95% CI, 1.24.1) essentially indicated use of 2,4-D,
since only three cases and 18 controls had used 2,4,5-T, and all but two of these controls
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had also used 2,4-D. Farm herbicide use was not associated with risk for Hodgkin’s
disease (odds ratio, 0.9; 95% CI, 0.5-1.5). For this neoplasm, no consistent pattern of
excess risk was observed either with duration or frequency of exposure. The authors
noted that the observed excess risk for non-Hodgkin lymphoma was associated with
exposure to phenoxy herbicides (2,4-D) which were not contaminated with 2.3,7,8-
TCDD, although they might be contaminated with other PCDD congeners.

A population-based case—control study from western Washington State (Woods et al.,
1987), described above, included 576 non-Hodgkin lymphoma cases (402 alive, 174
dead). Population controls were selected using random digit dialling or from social
security records (for older cases) or non-cancer death certificates (for deceased cases).
Controls were frequency matched for age and vital status with the non-Hodgkin
lymphoma cases. The participation rate was 77% for non-Hodgkin lymphoma cases and
76% for controls. The risk for non-Hodgkin lymphoma associated with all occupations
involving potential exposure to phenoxy herbicides was 1.1 (95% CI, 0.8-1.4). Exposure
to phenoxy herbicides or chlorophenols was not associated with increased risk for non-
Hodgkin lymphoma. No association was seen with estimated intensity of exposure to
either phenoxy herbicides or chlorophenols. A statistically significant excess risk for
non-Hodgkin lymphoma was observed for specific occupational groups, including
farmers (odds ratio, 1.3; 95% CI, 1.0-1.7) and subjects spraying forests with herbicides
(odds ratio, 4.8; 95% CI, 1.2-19.4). All forestry sprayers reported combined use of 2,4-D
and 2,4,5-T. [The Working Group noted that no information was provided on use of
specific herbicides.]

Following the same methodology, a population-based case—control study was con-
ducted in western Washington State on non-Hodgkin lymphoma and phenoxy herbicide
exposure in farmers (Woods & Polissar, 1989). Cases of non-Hodgkin lymphoma
occurring between 1983 and 1985 were identified from the cancer surveillance System.
A total of 694 control men without cancer selected randomly from the same geographical
area were matched with the 576 cases by five-year age group and vital status. Among
them, 181 non-Hodgkin lymphoma cases and 196 controls reported having worked as
farmers. Information on exposure to phenoxy herbicides was obtained through personal
interviews. Regular use was defined as ‘more than just once or twice per year’. Mantel-
Haenszel odds ratios were calculated for farmers, for all subjects for 2,4,5-T and for
‘phenoxy per se’ exposures, among others. No excess risks were observed in all subjects
nor in the group of farmers for the above exposures: for 2,4,5-T, the odds ratios were 0.7
(95% CI, 0.3-2.1) in farmers and 1.0 (95% CI, 0.4-2.0) for all subjects; for ‘phenoxy
per se’, the odds ratios were 0.7 (95% CI, 0.3-1.5) and 0.9 (95% CI1, 0.5-1.5),
respectively.

Pearce et al. (1987) expanded a previously reported case—control study on malignant
lymphomas and farming in New Zealand (Pearce e al., 1986). The study included male
public hospital patients registered under ICD codes 200 or 202 during the period 1977~
81, who were under the age of 70 years. All cases were pathologically verified. Out of a
total of 215 eligible cases, 183 cases were enrolled in the study (participation rate 85%).
For each of the cases, two cancer controls were randomly selected from the cancer
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registry files, matched for age and year of cancer registration. In total, 338 controls were
enrolled (81% participation rate). Interviews were conducted by telephone with the
patients or their next-of-kin [no information was given on the proportion of interviews
with next-of-kin]. Information was requested concerning work in particular occupations
with potential exposure to phenoxy herbicides or chlorophenols. If the response to a stem
question was affirmative, then a series of subsidiary questions were asked to clarify the
work done and the actual potential for exposure to specific chemicals. Exposure to
phenoxy herbicides and chlorophenols was ascertained through a combination of
information on occupation, industry, type of cultivation sprayed and self-reported
exposure to specific agents. The proportions of cases and controls who had worked in the
occupations examined in this study were very similar. The odds ratio for any potential
exposure to phenoxy herbicides was 1.0 (95% CI, 0.7-1.5) and none of the odds ratios
relating to specific phenoxy herbicides was elevated. The odds ratio for any potential
exposure to chlorophenols was slightly elevated (odds ratio, 1.4; 95% CI, 0.8-2.3),
largely due to the results for meat workers, which included workers potentially exposed
to 2,4,6-TCP in pelt departments. In a re-analysis of the data (Pearce, 1989), little
evidence was found of an association of non-Hodgkin lymphoma either with duration or
with frequency of phenoxy herbicide use. Findings were similar in the earlier publication
using general population controls (Pearce et al., 1986). [The Working Group noted that
no distinction was made between herbicides likely to be contaminated with PCDDs and
others.]

Olsson and Brandt (1988) examined the lifetime work history of 167 incident cases of
non-Hodgkin lymphoma diagnosed at a hospital in Lund (Sweden) between 1978 and
1981 in adult men and in 130 age-matched population controls, 50 from the same geo-
graphical area as the cases and 80 from different parts of Sweden. Exposure to organic
solvents, phenoxy herbicides and chlorophenols was given special attention. Interviewers
were not blind to subject status (case or control). One day of handling was taken to
constitute exposure to phenoxy acids or chlorophenols. Odds ratios were estimated using
logistic models, adjusting for age. The roles of different exposures, of their interaction
and of length of exposure were examined using logistic regression analysis. In the
multivariate analysis, the odds ratio for exposure to phenoxy herbicides was 1.3 (95% CI,
0.8-2.1) and that for chlorophenols was 1.2 (95% CI, 0.7-2.0). Separate analysis for
localized ‘skin lymphoma’ yielded a significantly increased risk (odds ratio, 10.0; 95%
CIL, 2.7-37.1) for exposure to phenoxy herbicides. No interaction between exposures was
detected. Risk for non-Hodgkin lymphoma was significantly associated with length of
exposure to solvents but not to phenoxy herbicides and chlorophenols. [The Working

Group noted that no distinction was made between herbicides likely to be contaminated
with PCDDs and others.]

Concurrent population-based case—control interview studies of leukaemia, non-
Hodgkin lymphoma and multiple myeloma in Iowa, United States, and leukaemia and
non-Hodgkin lymphoma in Minnesota, United States, were conducted during 1981-84.
The studies used the same questionnaire and the same controls. Results from the case—
control study on non-Hodgkin lymphoma were reported by Cantor et al. (1992). Results
for the studies on leukaemia (Morris Brown ef al., 1990) and multiple myeloma (Morris
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Brown et al., 1993) are described in Section 2.2.2(c). All male cases of non-Hodgkin
lymphoma aged 30 years or older and newly diagnosed during 1980-82 were ascertained
from Iowa State Health Registry records and a special surveillance of Minnesota
hospitals and pathology laboratory records. Residents of Iowa and of selected areas of
Minnesota were eligible. A review panel of four pathologists confirmed diagnoses. Out
of 780 reported non-Hodgkin lymphoma cases, 622 (438 living, 184 deceased) were
confirmed as non-Hodgkin lymphoma and interviewed. The participation rate was
slightly above 80% [exact proportion not estimable]. A population control group of 1245
white men without haematopoietic or lymphatic cancer was randomly selected and
frequency matched with the non-Hodgkin lymphoma and leukaemia cases by five-year
age group, vital status at time of interview and state of residence. Random digit dialling
was used to select controls for living cases under 65 years of age. A 1% random listing of
Medicare files was used for the selection of controls for living cases over 65 years of age.
State death certificates were used for deceased cases. The participation rate was around
77% in all three groups of controls. Direct structured interviews were conducted during
1981-84. Detailed information on farming and pesticide use was requested for all
subjects who had worked on a farm for at least six months since the age of 18 years. The
information recorded included years of farming activity, total acreage, crops grown and
detailed history of pesticide use. There was a small increase in risk (odds ratio, 1.2; 95%
CI, 1.0-1.5) associated with ever living or working on a farm. The odds ratio for use of
one or more herbicides was 1.3 (95% CI, 1.0-1.6), but no single family of herbicides was
significantly associated with risk for non-Hodgkin lymphoma. No significant risk
elevations were observed for ever handling, mixing or applying specific phenoxy
herbicides. The odds ratio for 2,4-D was 1.2 (95%, 0.9-1.6) and that for 2,4,5-T was 1.2
(95% CI, 0.7-1.9). The risk for 2,4,5-T was slightly higher among farmers who did not
use protective gear (odds ratio, 1.4; 95% CI, 0.7-2.5). The odds ratios for handling these
herbicides before 1965 (assuming a latency of about 15 years) were 1.3 (95% CI, 0.9—
1.8) for 2,4-D and 1.7 (95% CI, 0.8-3.6) for 2,4,5-T. The authors stated that there was
minimal confounding of results for any single pesticide by exposure to pesticides
belonging to other chemical families.

The case—control study conducted in Victoria, Australia, described in Section 2.2.2(a)
(Smith & Christophers, 1992), also included 52 male cases with malignant lymphoma.
The odds ratios for malignant lymphoma were 1.5 (95% CI, 0.6-3.7) for at least one
day’s exposure to phenoxy herbicides or chlorophenols, 1.1 (95% CI, 0.4-3.0) for
exposure only to phenoxy herbicides and 1.4 (95% CI, 0.3-6.1) for exposure only to
chlorophenols. The odds ratio for more than 30 days of exposure to phenoxy herbicides
or chlorophenols was 2.7 (95% CI, 0.7-9.6). [The Working Group noted that no
distinction was made between herbicides likely to be contaminated with PCDDs and
others.]

(c) Other haematopoietic malignancies (see Table 37)

A case—control study on leukaemia was conducted in Iowa and Minnesota, United
States (Morris Brown et al., 1990) using the same methodology and same control group
as that described in Section 2.2.2(b) (Cantor et al., 1992). All newly diagnosed cases of



Table 37. Case—control studies on other tumour sites containing information on exposure to phenoxy herbicides,

chlorophenols or dioxins

Reference, No. of cases/ Gender  Exposure Relative risk Comments
country controls 95% CI)
Leukaemia
Morris-Brown ~ 578/1245 Men Use of one or more herbicides 1.2 (0.9-1.6) Cases (340 living/238 deceased).
et al. (1990), Use of phenoxy herbicides 1.2 (0.9-1.6) Adjusted for vital status, age,
USA Exposure to 2,4,5-T (20 years before interview) 1.8 (0.8-4.0) state, tobacco, family history,
Mixed, handled or applied 2,4,5-T high-risk occupations and
Acute non-lymphocytic leukaemia 2.1(0.94.9) exposures. No consistent dose~
Chronic lymphocytic leukaemia 1.6 (0.7-3.4) response pattern by days per year
Mixed, handled or applied 2,4,5-T at least 20 handled for any herbicide used
years before interview
Chronic lymphocytic leukaemia 3.3(1.2-8.9)
Multiple myeloma
Morris-Brown 173/650 Men Mixed, handled or applied 2,4,5-T 0.9 (0.4-2.1) Adjusted for vital status and age
et al. (1993), by logistic regression
USA
Liver
Hardell et al. 103/206 Men Exposure to phenoxy herbicides and 1.8 (0.9-4.0) Analysis restricted to 98
(1984), chlorophenols hepatocellular and
Sweden Exposure to phenoxy herbicides only 1.7 (0.74.4) cholangiocellular carcinomas and
Exposure to chlorophenols only for one week 2.2 (0.7-7.3) 200 controls with exposure data.
continuously or one month discontinuously Mantel-Haenszel estimates
adjusted by alcohol consumption
Cordier et al. 152/241 Men Exposure to Agent Orange during military Cases were hepatocellular
(1993), service in south Viet Nam carcinoma. Risks adjusted for
Viet Nam Any service 1.3 (0.8-2.1) matching variables, hepatitis
10 years or more 8.8 (1.9-41) virus status and alcohol
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Table 37 (contd)

Reference, No. of cases/ Gender  Exposure Relative risk Comments

country controls (95% CI)

Colon

Hardell (1981), 157/451 Men More than one day of exposure to: Mantel-Haenszel estimates

Sweden Phenoxy herbicides 1.3 (0.6-2.8) adjusted by age, vital status and
Chlorophenols 1.8 (0.6-5.3)  place of residence

Nasopharynx + nasal

Hardell et al. 71/541 Men Exposure to phenoxy herbicides for more than 2.1(0.9-4.7) Mantel-Haenszel estimates

(1982), one day adjusted by age and vital status

Sweden Exposure to chlorophenols for one week 6.7 (2.8-16.2)

continuously or one month discontinuously
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leukaemia among white men aged 30 years or older were ascertained from tumour
registry or hospital records retrospectively (one year before the start of the study) or
prospectively (two years after the start of the study). Interviews were completed with
86% of the cases (or next-of-kin). The final study population consisted of 578 cases (340
living, 238 deceased) and 1245 population controls. Apart from the main interview
(described above), a supplementary interview was conducted including 92 cases and 211
controls (or their next-of-kin) from Iowa who had reported agricultural use of pesticides
in their initial interview. There was a small risk for all leukaemias among persons who
had lived or worked on a farm as an adult (odds ratio, 1.2; 95% CI, 1.0-1.5). A similar
risk was seen for farmers reporting ever having used herbicides (odds ratio, 1.2; 95% CI,
0.9-1.6) or phenoxy herbicides (odds ratio, 1.2; 95% CI, 0.9-1.6). Risks for all
leukaemias were not significantly increased among subjects who personally mixed,
handled or applied specific herbicides. When analyses were restricted to persons first
exposed to specific herbicides more than 20 years before interview, increased risks were
observed for exposure to MCPA (odds ratio, 2.4; 95% ClI, 0.7-8.2) and 2,4,5-T (odds
ratio, 1.8; 95% CI, 0.8-4.0). Among specific cell types, the highest risk for those who
handled 2,4-D was seen for chronic myelogenous leukaemia (odds ratio, 1.9; 95% (I,
0.9-3.9). The odds ratios for those who handled 2,4,5-T were 2.1 (95% CI, 0.9-4.9) for
acute non-lymphocytic leukaemia and 1.6 (95% CI, 0.7-3.4) for chronic lymphocytic
leukaemia. The risk for those who handled 2.4,5-T at least 20 years before interview was
significantly elevated for chronic lymphocytic leukaemia (odds ratio, 3.3; 95% Cl, 1.2—
8.9). No consistent dose-response pattern in terms of days of handling per year was seen
for any of the herbicides used.

A case—control study on multiple myeloma was conducted in Towa, United States
(Morris-Brown et al., 1993), using the same methodology and same control group as that
described above in Section 2.2.2(b) (Cantor et al., 1992). All cases of multiple myeloma
among adult white men aged 30 years or older and diagnosed during 1981-84 were
identified from the Iowa State Health Registry. Pathological material and laboratory
reports were reviewed by an expert pathologist. Included the study were 173 cases (101
alive, 72 deceased) and 650 controls (452 alive, 198 deceased). Interviews were
completed for 84% of multiple myeloma cases and 78% of controls. Some farming
activity was reported by 64% of the cases and 58% of the controls (odds ratio, 1.2; 95%
CL, 0.8-1.7). Risks were not elevated for subjects who handled the phenoxy herbicides
2,4-D (odds ratio, 1.0; 95% CI, 0.6-1.6) or 2,4,5-T (odds ratio, 0.9; 95% CI, 0.4-2.1).

(d) Other solid tumours (Table 37)

Hardell (1981) conducted a case—control study on colon cancer patients following the
same methodology as that described earlier (see Section 2.2.2(a); Hardell & Sindstrom,
1979; Eriksson et al., 1981; Hardell et al., 1981). Cases were 157 men with colon cancer
(response rate, 98.1%) aged 25-85 years who were residents of the region of Umes3,
Sweden, and who had been reported to the Swedish Cancer Registry in 1978-79. All had
a histopathological diagnosis of adenocarcinoma. Sixty-five cases (41%) were deceased.
The 541 controls were derived from two earlier studies (Hardell & Sindstrom, 1979;
Hardell et al., 1981). A low excess risk was observed for exposure to phenoxy herbicides



190 IARC MONOGRAPHS VOLUME 69

(odds ratio, 1.3; 95% CI, 0.6-2.8) and for exposure to chlorophenols (odds ratio, 1.8;
95% CI1, 0.6-5.3). [The Working Group noted that no distinction was made between
herbicides likely to be contaminated with PCDDs and others.]

In a case—control study on nasal and nasopharyngeal cancer in the region of Umes,
Sweden, Hardell er al. (1982) followed the same methodology as that described above
(Hardell & Sandstrom, 1979; Hardell ez al., 1981). The cases comprised all male patients
aged 25-85 years with histopathologically confirmed nasopharyngeal cancer (n = 27) and
cancer of the nose and nasal sinuses (n = 44). All cases had been reported to the Swedish
Cancer Registry in 1970-79 and were residents in the three most northern counties of
Sweden. The 541 controls were derived from two earlier studies in the same region
(Hardell & Séndstrom, 1979; Hardell et al., 1981). Fifty (70.4%) of the cases were
deceased, compared with 245 (45.3%) of the controls. [No information was provided on
response rates.] Exposure to phenoxy herbicides was associated with a two-fold risk for
the combination of nasopharyngeal and nasal cavity cancer (odds ratio, 2.1; 95% CI, 0.9—
4.7). A high risk was found for high-level exposure to chlorophenol, defined as a cumu-
lative exposure of one week of continuous or one month of discontinuous exposure (odds
ratio, 6.7; 95% CI, 2.8-16.2). No obvious difference was reported between cases and
controls for low-level exposure to chlorophenols. The risk associated with use of chloro-
phenol exposure was higher among wood workers (odds ratio, 8.4) than in other occu-
pations (odds ratio, 2.7) but, in a stratified analysis, it was shown that occupation as a
wood worker was not a confounding factor for exposure to chlorophenols. [The Working
Group noted that no distinction was made between herbicides likely to be contaminated
with PCDDs and others.]

Men aged 25-80 who had been diagnosed with liver cancer between 1974 and 1981
and reported to the Department of Oncology, Umed, Sweden, were included in another
case—control study (Hardell er al., 1984). Microscope slides were reviewed for the 166
assembled cases, and 103 cases of primary liver cancer were retained for the study; 206
population-based controls were matched with cases for age and residence. Information
on exposure was obtained as in previous studies (see Hardell & Sandstrom, 1979);
responses were obtained for 102 cases and 200 controls. The analyses were restricted to
the 98 cases of hepatocellular and cholangiocellular carcinoma. Odds ratios, without
controlling for other agricultural exposures, were 1.8 (95% CI, 0.9-4.0) for exposure to
phenoxy herbicides and chlorophenols, 1.7 (95% CI, 0.7—4.4) for exposure to phenoxy
herbicides only and 2.2 (95% CI, 0.7-7.3) for high-level exposure to chlorophenols only.
[The Working Group noted that no distinction was made between herbicides likely to be
contaminated with PCDDs and others.]

A case—control study conducted in two hospitals in Hanoi (Viet Nam) between 1989
and 1992 included 152 male cases of hepatocellular carcinoma and 241 hospital controls,
admitted mainly in abdominal surgery departments, matched for age, sex and area of
residence at the time of admission (Cordier et al., 1993). Exposure to Agent Orange may
have occurred during stays in the south of Viet Nam after 1960 (date of the beginning of
spraying missions) especially for military purposes. Duration of military service in the
south, for North Vietnamese soldiers, was considered as a proxy for exposure to Agent



POLYCHLORINATED DIBENZO-para-DIOXINS 191

Orange. This is justified by the fact that sprayings were principally aimed at uncovering
trails used by the Vietnamese combatants, who stayed one or two years on average in
these areas and consumed locally grown (and contaminated) foodstuffs. The overall odds
ratio associated with military service in the south was 1.3 (95% (I, 0.8-2.1). The risk
rose with increasing duration of stay in the south, reaching 8.8 (95% CI, 1.9-41) after 10
years. Odds ratios were adjusted for matching variables (hospital, age, area of residence),
hepatitis B virus surface antigen, anti-hepatitis C virus status and alcohol consumption.

2.3 Combined evidence from high-exposure human populations

Causal inference about the effects of chemicals can best be drawn from studies with
well documented exposures. It is important to focus on human studies in which it is clear
that exposure to the chemical in question actually occurred. The ideal is to have biolo-
gical markers of such exposure. In the case of 2,3,78-TCDD, the long half-life in
humans means that recent biological measurements allow assessment of past human
exposure. In addition, chloracne may be an indication of exposure for some studies,
although its absence does not rule out exposure.

The most informative studies for causal inference are those with the highest expo-
sures, which if they are causal will produce the highest cancer risks. For these reasons,
the Working Group abstracted from published studies data concerning the most highly
exposed populations studied in the world. Evidence for their exposure being high is
given in Section 1.3.1 (see Table 22). The Working Group focused on the most exposed
sub-cohorts within cohorts, and also confined its attention to findings with adequate
latency when available. The reasons for doing this are that if associations are truly
causal, they will become more apparent at the highest exposures with adequate latency.
Such studies are identified in Table 38. The first line gives the results from the large
international cohort study conducted by TARC. The next lines give data from four
separate cohorts of industrial production workers, three of which were included within
this large cohort. These have been selected because of known high exposure to 2,3,7,8-
TCDD, whereas the total combined IARC cohort also included sub-cohorts with much
lower exposure. Data from the community exposures resulting from the Seveso accident,
although high exposures, are not included because of inadequate duration of follow-up
since the accident.

The focus of attention within each of the published studies has been on all cancers
combined, and on particular sites of interest, namely cancers of the lung and gastro-
intestinal tract, non-Hodgkin lymphoma and soft-tissue sarcoma. Observed numbers,
SMRs and 95% ClIs are given for each of these sites for each study. Below the presen-
tation of the high-exposure industrial cohorts are summary estimates by the Working
Group obtained by adding the observed and expected numbers for all cancers combined
and each cancer site. '

There is an overall increase in mortality from all cancers combined in the high-
exposure industrial cohorts in several studies. The overall SMR for all cancers combined
calculated by the Working Group was 1.4 (95% CI, 1.2-1.6). Although this overall SMR
is low, these findings concerning all cancers are most unlikely to be due to chance, and



Table 38. Summary of the combined international cohort and selected industrial cohort studies with high exposure levels

Reference All cancers Lung cancer Non-Hodgkin lymphoma  Soft-tissue sarcoma Gastrointestinal cancer

Obs. SMR 95% CI Obs. SMR 95%CI  Obs. SMR 95%CI Obs. SMR 95%CI Obs. SMR 95%CI

International cohort

Kogevinas eral. 394 1.2 1.1-1.3 127 1.2 1.0-1.4 14 1.6 0.9-2.7 3 2.3 0.5-6.6 190 1.0 0.9-1.2
(1997y°

Industrial populations (high-exposure subcohorts)

Fingerhut et al. 114 1.5 1.2-1.8 40 14 1.0-1.9 2 0.9 0.1-3.4 3 9.2 1.9-27.0 28 14 0.9-2.0
(1991a)

(USA)

Becher et al. 105 [1.3] [1.0-1.5] 33 [14] [1.0-2.0] 6 [4.6] [1.7-10.0] 0 0.0 - 27 [09] [0.6-1.4]
(1996)°

(Germany)

Hooiveld et al. 51 1.5 1.1-1.9 14 1.0 0.5-1.7 3 3.8 0.8-11.0 0 0.00 - NR

(1996a)°

(Netherlands)

Ott & Zober 18 1.9 1.1-3.0 7 24 1.0-5.0 NR NR 6 1.8 0.74.0
(1996)°
(BASF,
accident)
Total [288] [1.4] [1.2-1.6] [94] [l.4] [L1-17] ([11] [2.6] [1.3-4.7] [3] [4.71 [61] [1.2] [0.9-1.5]

 p value <0.001 <001 <001 0.23

NR, not reported

* Kogevinas et al. (1997): men and women > 20 years since first exposure, except for digestive cancer for which no latency data were available. These data
include the cohorts of Fingerhut ez al. (1991a,b), Becher ez al. (1996), Hooiveld et al. (1996a), the original IARC cohort (Saracci ef al., 1991) and other cohorts.
"Fingerhut et al. (1991a): Men 2 20 years latency and > 1 year exposure _

“Becher et al. (1996): Men, Cohort I and II, summed (Boehringer-Ingelheim, Bayer-Uerdingen cohorts)

“Hooiveld et al. (1996a): Men and women, Factory A

“Ott & Zober (1996): Men, chloracne subgroup, 20 years latency. Data presented for lung cancer are all respiratory tract cancers combined. No data were
available for soft-tissue sarcoma and non-Hodgkin lymphoma.
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are consistent across the studies with the highest exposure. Increases in all cancers
combined of this magnitude have rarely been found in occupational cohorts.

The combined SMR for lung cancer was calculated to be 1.4 (95% CI, 1.1-1.7). The
findings are unlikely to be due to chance. It is the view of the Working Group that these
lung cancer results are not the result of confounding by cigarette smoking. As with all
cancers combined, the strength of association is again low .

The overall estimate for non-Hodgkin lymphoma was significantly elevated [SMR,
2.6; 95% CI, 1.3-4.7], but there was no increased risk in the large NIOSH cohort. The
SMR for gastrointestinal cancer was 1.2 (95% CI, 0.9~1.5). For soft-tissue sarcoma, the
overall SMR was approximately 4.7 [calculated by the Working Group, estimating
expected values of 0.20 and 0.12 for Becher et al. (1996) and Hooiveld et al. (1996a)
respectively].

The available dose-response data are presented in Table 39. Two studies give dose—
response relationship data for all cancers combined based on evidence for 2,3,7,8-TCDD
exposure. In the Boehringer-Ingelheim cohort (cohort I in Becher et al.), the relative
risks are given for seven levels of toxic equivalents for 2,3,7,8-TCDD (Flesch-Janys
etal., 1995). The rate ratios fluctuate, but there is a clear elevation for the highest
exposure group, which involves workers with markedly higher blood and fat 2,3,7,8-
TCDD levels than for the other categories (RR, 2.7; 95% CI, 1.7-4.4). The overall test
for trend resulted in a p value less than 0.01, but this is largely the result of the high RR
for the highest exposure group.

The second study giving dose-response data for all cancers involves the BASF
accident cohort, based on the entire cohort (n = 243). Workers were divided into four
categories of measured and estimated 2,3,7,8-TCDD levels. There was a trend for
increasing SMR with measured exposure up to a relative risk of 2.0 (95% CI, 0.8—4.0).
The test for trend using cumulative dose as a continuous variable in Cox’s regression
analysis yielded confidence intervals indicating a p value of 0.05. Thus this study and the
Boehringer-Ingelheim cohort together provide dose-response evidence supporting a
causal relationship between 2,3,7,8-TCDD exposure and mortality from all cancers
combined. Further subdivision of the data indicates that the positive dose—response was
restricted to smokers.

Concerning specific cancer sites, dose-response information from highly exposed
populations is available in one publication only involving two cancer sites, non-Hodgkin
lymphoma and soft-tissue sarcoma. For each site, there are trends of increasing risks with
increasing exposures classified as low, medium and high. While confidence limits are
broad, the test for trend gave p values of 0.1 for non-Hodgkin lymphoma and 0.04 for
soft-tissue sarcoma.

In summary, the epidemiological evidence from the most highly 2,3,7,8-TCDD-
exposed populations studied produces strong evidence of increased risks for all cancers
combined, along with less strong evidence of increased risks for cancers of particular
sites. This situation appears to be unique, compared with established human carcinogens.
The overall findings are unlikely to be due to chance. There is no obvious basis to infer
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Table 39. Cohort or nested case—control studies of
industrial workers presenting dose-response data

Boehringer-Ingeltheim cohort, Germany (Flesch-Janys,
1996), all cancers

PCDD/PCDF TEQ (ng/blood fat)® Rate (95% CD
ratio

0 1.0

1.0-12.2 1.0 (0.6-1.8)
12.3-39.5 1.3 (0.8-2.1)
39.6-98.9 1.2 (0.7-1.9)
99.0-278.5 1.2 (0.8-1.9)
278.6-545.0 1.3 (0.7-2.3)
545.1-4361.9 2. (1.7-4.4)

Test for linear trend p < 0.01

BASF accident cohort, Germany (Ott & Zober, 1996), all
cancers

2,3,7,8-TCDD No. of subjects No.of SMR (95% CI)

(ug/kg bw) deaths

<0.1 108 8 0.8 (04-1.6)

0.1-0.99 66 8 1.2 (0.5-2.3)

1.0-1.99 47 8 14 (0.6-2.7)

220 22 7 20 (0.84.0)
' [p = 0.05]

TARC nested case—control study (Kogevinas et al., 1995)

2,3,7.8-TCDD  Number of Odds (95% CI)
exposure cases/controls  ratio

Non-Hodgkin lymphoma

Non-exposed 21/119 1.0

Low 4/18 14 (0.4-4.6)
Medium 3/8 3.6 (0.7-18.7)
High 4/13 3.6 (0.6-19.2)

Test for linear trend p = 0.1

Soft-tissue sarcoma

Non-exposed 6/42 1.0 :
Low 1/4 .28 (0.1-54.8)
Medium 1/4 6.6 (0.1-540)
High 3/5 10.6 (0.6-671)

Test for linear trend p = 0.04

“Estimated German PCDD/PCDF TEQ levels at the end of
exposure above German median background
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that the findings are due to confounding with smoking, nor with occupational exposures
to other chemicals, but such confounding cannot be ruled out. There is evidence in some
studies of dose—response relationships, although dose—response data are not available for
some of the largest studies. The relative risk estimates for all cancers, lung cancer and
gastrointestinal cancer involve relatively low strengths of association. Higher relative
risk estimates are present in some studies concerning non-Hodgkin lymphoma and soft-
tissue sarcoma, but the total numbers of cancers are small, in particular for soft-tissue
sarcoma.

3. Studies of Cancer in Experimental Animals

2,3,7,8-Tetrachlorodibenzo-para-dioxin 2,3,7,8-TCDD)

Long-term carcinogenicity studies of 2,3,7,8-TCDD in expenmental animals are
summarized in Table 40.

3.1 Oral administration
3.1.1 Mouse

Groups of 45 male outbred Swiss/H/Riop mice, 10 weeks of age, were given
gastric instillations of 0.007, 0.7 or 7.0 ug/kg bw 2,3,7,8-TCDD [purity unspecified]
dissolved in sunflower oil once a week for one year. A control group received vehicle
only. Animals were followed for the rest of their life span. Survival was significantly
decreased in the high-dose animals (average life span, 424 days compared with 588 days
in controls). It was reported that all organs [unspecified] were examined histologically.
Treatment with 2,3,7,8-TCDD caused severe chronic, ulcerous skin lesions, followed by
generalized lethal amyloidosis and was associated with an increased incidence of liver
tumours (hepatocellular adenomas and carcinomas combined) [the two histological types
were not reported separately]: control, 7/38; low-dose, 13/44; mid-dose, 21/44 (p < 0.01,
% test) and high-dose, 13/43. No statistically significant increase in the incidence of lung
tumours or lymphomas was observed (Toth et al., 1979). [The Working Group noted that
mortality-adjusted analysis was not performed and therefore, the tumour incidence in the
high-dose group may be underestimated.]

Groups of 50 male and 50 female B6C3F1 mice, six weeks of age, were given gastric
instillations of 0.01, 0.05 or 0.5 pg/kg bw (males) and 0.04, 0.2 or 2.0 uglkg bw
(females) 2,3,7,8-TCDD (purity, 99.4%) in a vehicle of 9 : 1 corn oil-acetone twice a
week for 104 weeks. One control group of 75 males and 75 females received vehicle
alone and another group of 50 males and 50 females was untreated. Mean body weights
of the treated groups were comparable with those of the vehicle-control group. Treatment
did not affect survival: 30/50 untreated control, 38/74 vehicle-control, 30/50 low-dose,
31/50 mid-dose and 31/50 high-dose males were still alive at 105-107 weeks and 34/50
untreated control, 58/75 vehicle-control, 37/50 low-dose, 36/50 mid-dose and 32/50
high-dose females were still alive at 106-107 weeks. Treatment-related increases in



Table 40. Summary of long-term carcinogenicity studies on 2,3,7,8-TCDD in experimental animals

Species Sex  Dose and route Target organ Tumour type Lowest effective Reference
dose for significant
increase in tumours
Mouse M 0.007, 0.7, 7.0 pg/kg bw Liver Hepatocellular adenoma 0.7 ug/kg/bw Toth et al. (1979)
orally once a week for and carcinoma
1 year and observed for
lifetime
M 0.01, 0.05, 0.5 pg/kg bw Liver Hepatocellular carcinoma Dose-related trend  United States
orally twice a week, 104 Lung Alveolar/bronchiolar Dose-related trend  National Toxico-
weeks adenomas or carcinoma logy Program
F 0.04, 0.2, 2.0 ug/kg bw Liver Hepatocellular carcinoma Dose-related trend  (1982a)
orally twice a week, 104 Thyroid Follicle-cell adenoma Dose-related trend
weeks Haematopoietic system  Lymphoma Dose-related trend
Skin Subcutaneous fibrosarcoma  Dose-related trend
F 0.005 pg/animal, skin, Integumentary system Fibrosarcoma 0.001 pg/animal United States
3 times per week for 104 National Toxico-
weeks logy Program
(1982b)
M 2.5, 5.0 ug/kg bw orally Liver Hepatocellular carcinoma 2.5 ug/kg bw Della Porta et al.
once a week for 52 weeks, (1987)
followed until 104 weeks
of age
F 2.5, 5.0 pg/kg bw orally Liver Hepatocellular carcinoma 2.5 ug/kg bw

once a week for 52 weeks,
followed until 104 weeks
of age
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Table 40 (contd)

Species Sex  Dose and route Target organ Tumour type Lowest effective Reference
dose for significant
increase in tumours
Mouse M 1, 30, 60 pg/kg bw i.p. Thymus Lymphoma Dose-related trend  Della Porta ef al.
(immature) once a week for 5 weeks Liver Hepatocellular adenoma Dose-related trend  (1987)
and observed until and carcinoma (contd)
78 weeks of age
F 1, 30, 60 pg/kg bw i.p. Thymus Lymphoma Dose-related trend
- once a week for 5 weeks Liver Hepatocellular adenoma Dose-related trend
and observed until and carcinoma
78 weeks of age
Rat M 22,210, 2200 ppt in diet, Hard palate Squamous-cell carcinoma 0.1 pg/kg bw Kociba et al.
for 2 yrs (equiv. to 0.001,  Nasal turbinates Squamous-cell carcinoma 0.1 ug/kg bw (1978)
0.01, 0.1 pg/kg bw) Tongue Squamous-cell carcinoma 0.1 pg/kg bw
F 22,210, 2200 ppt in diet, Liver Hyperplastic nodule 0.01 pg/kg bw
for 2 yrs (equiv. to 0.001,  Liver Hepatocellular carcinoma 0.1 pug/kg bw
0.01, 0.1 pg/kg bw) Hard palate Squamous-cell carcinoma 0.1 pg/kg bw
Nasal turbinates Squamous-cell carcinoma 0.1 pg/kg bw
Lung Squamous-cell carcinoma 0.1 pg/kg bw
Tongue Squamous-cell carcinoma 0.1 pg/kg bw
M 0.01, 0.05, 0.5 ng/kg bw Thyroid Follicular-cell adenoma Dose-related trend  United States
orally, twice a week, 104 Liver Neoplastic nodule Dose-related trend  National Toxico-
weeks logy Program
(1982a)
F 0.01, 0.05, 0.5 ug/kg bw Thyroid Follicular-cell adenomas 0.5 ug/kg bw
orally, twice a week, 104 Liver Neoplastic nodules 0.5 pg/kg bw
weeks
Hamster M 50, 100 pg/kg bw i.p. or Skin Squamous-cell carcinomas 100 png/kg bw Rao et al. (1988)

s.c. 6 times at 4 wk
intervals and observed for
1 year

i.p., intraperitoneally; s.c., subcutaneously
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hepatotoxicity were found in high-dose animals of both sexes. The incidences of hepato-
cellular carcinoma were dose-related, with significantly higher incidence in the high-dose
groups (males, p = 0.002; females, p = 0.014, Fisher’s exact test) than in the vehicle-
control groups (males: vehicle-control, 8/73; low-dose, 9/49; mid-dose, 8/49; and high-
dose, 17/50; females: vehicle-control, 1/73; low-dose, 2/50; mid-dose, 2/48; and high-
dose, 6/47; males, p = 0.002; females, p = 0.008 Cochran—Armitage test for trend). Dose-
related increases in the incidence of follicular-cell adenomas of the thyroid were
observed in female mice, with significantly higher incidence (p = 0.009) in the high-dose
group than in the vehicle-control group (vehicle-control, 0/69; low-dose, 3/50; mid-dose,
1/47; and high-dose, 5/46; p = 0.016 for trend). In female mice, there was a significant
increase in the incidence of lymphomas at the high dose (18/74 controls, 11/50 low-dose,
13/48 mid-dose and 20/47 high-dose; p = 0.029). There was also a significant increase in
the incidence of subcutaneous fibrosarcomas in high-dose females (1/74 controls, 1/50
low-dose, 1/48 mid-dose and 5/47 high-dose; p = 0.032). A dose-related increase
(p = 0.04, Cochran—-Armitage test for trend) in lung tumours (alveolar/bronchiolar ade-
nomas or carcinomas) was observed in male mice (10/71 controls, 2/48 low-dose, 4/48
mid-dose and 13/50 high-dose) (United States National Toxicology Program, 1982a).

Groups of 45-55 male and female (C57BL/6J x C3HNHF1 mice, six weeks of age,
were given gastric instillations of 0, 2.5 or 5.0 ug/kg bw 2,3,7,8-TCDD [laboratory
grade; purity unspecified] in 0.01 mL/kg bw corn oil vehicle (containing 1.2% acetone)
once a week for 52 weeks. At 31-39 weeks of age, 41 males and 32 females in the 2.5-
ng/kg bw group were erroneously treated once with a dose of 25 ng/kg bw 2,3,7,8-
TCDD. The treatment of these mice was interrupted for five weeks and then continued
until week 57, as for the other treated mice. At the end of treatment, all groups were kept
under observation until 110 weeks of age, when all survivors were killed. Histopatho-
logical examination was carried out on Harderian glands, pituitary, thyroid, tongue, oeso-
phagus, trachea, lungs, liver, pancreas, mesenteric lymph nodes, small intestine, spleen,
kidney, adrenal glands, testis or ovaries, uterus, urinary bladder and all other organs with
apparent or suspected pathological alterations. Treatment with 2,3,7,8-TCDD at both
dose levels caused a marked depression in mean body weight in both males and females.
Survival was significantly reduced in male and female 2,3,7,8-TCDD-treated mice
(p < 0.001). Long-term administration of 2,3,7,8-TCDD increased the incidence of some
non-neoplastic lesions, including liver necrosis, amyloidosis of multiple tissues and
nephrosclerosis. Dermatitis developed in most 2,3,7,8-TCDD-treated mice and regressed
after cessation of treatment. Tumour incidence was evaluated statistically adjusting for
intercurrent mortality. [The authors report that, due to the toxicity of the treatment, it was
not possible to distinguish between fatal and incidental tumours and both statistical
methods were used.] Hepatocellular adenomas occurred in 10/45 control, 11/51 low-dose
and 10/50 high-dose males (p > 0.05, incidental tumour test). However, when fatal
tumours were considered, there was a significant increase (p <0.001, fatal tumour test).
In females, the incidence of hepatocellular adenomas was 2/49 control, 4/42 low-dose
and 11/48 high-dose animals (p < 0.01, fatal tumour test; p < 0.001, incidental tumour
test). The incidences of hepatocellular carcinomas were: 5/43 control, 15/51 low-dose
and 33/50 high-dose males (p < 0.001 for both fatal and incidental tumour tests); and
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1/49 control, 12/42 low-dose and 9/48 high-dose females (p < 0.01, fatal tumour test;
p < 0.05, incidental tumour test). The incidence of any other tumour type was not asso-
ciated with treatment (Della Porta et al., 1987).

3.1.2 Rat

Groups of 10 male Sprague-Dawley rats, weighing approximately 60 g, were fed diets
containing 1, 5, 50, 500 ng/kg diet (parts per trillion; ppt), 1, 5, 50, 500 or 1000 ng/kg
diet (parts per billion; ppb) 2,3,7,8-TCDD [purity unspecified]. One control group was
maintained on basal diet. Animals were maintained on the diets for 78 weeks, at which
time the treated animals were changed to the basal diet. At 65 weeks of the experiment,
laparotomies were performed on all surviving animals and at 95 weeks all surviving
animals were killed. All animals treated with the three highest doses (50, 500 and 1000
ppb) died between the second and fourth week of the experiment. At the end of the
experiment, four, eight, six, six and five, zero and zero animals were alive in the control,
1-, 5-, 50- and 500-ppt and 1- and 5-ppb groups, respectively. Various types of neoplasm
were observed in the treated rats and none in the control rats. The numbers of animals
with neoplasms were zero, zero, five, three, four, four and seven in the control, 1-, 5-, 50-
and 500-ppt and 1- and 5-ppb groups, respectively. In the 5-ppb group, four squamous-
cell tumours of the lung, four neoplastic nodules of the liver and two cholangio-
carcinomas of the liver were observed. One cholangiocarcinoma was observed in the
1-ppb group (Van Miller et al., 1977). [The Working Group noted the small number of
animals per group, but that cholangiocarcinomas are relatively rare in rats and may be
related to treatment.]

Groups of 50 male and 50 female Sprague-Dawley rats, six to seven weeks of age,
were fed 22, 210 or 2200 ppt (ng/kg) 2,3,7,8-TCDD (purity, > 99%) in the diet, corres-
ponding to 0.001, 0.01 or 0.1 pg/kg bw daily for two years. Control groups of 86 male
and 86 female rats received a basal diet containing the vehicle (acetone) only. Terminal
necropsy was performed at 105 weeks. Representative portions of most organs and any
additional gross lesions were preserved in formalin fixative. Histological examination
was conducted on an extensive list of tissues from control and high-dose rats. All rats in
the low- and mid-dose groups were subjected to histological examination of tissues iden-
tified as possible target organs and all gross lesions. Reduced survival was observed in
high-dose females and in mid- and high-dose males. Mean body weights of high-dose
males and mid- and high-dose females were below those of the control animals through-
out the major portion of the study [details not reported]. Non-neoplastic, treatment-
related pathological changes were reported, especially in the liver. High- and mid-dose
rats had multiple hepatocellular necrosis and inflammatory changes. In males, the inci-
dences of hepatocellular hyperplastic nodules (6/85 controls, 0/50 low-dose, 3/50 mid-
dose and 2/50 high-dose) and hepatocellular carcinomas (2/85 controls, 0/50 low-dose,
0/50 mid-dose and 1/50 high-dose) were not increased. In female rats, the incidence of
hepatocellular hyperplastic nodules was 8/86 control, 3/50 low-dose, 18/50 mid-dose and
23/49 high-dose animals (p < 0.05, Fisher’s exact test) and that of hepatocellular carci-
nomas was 1/86 control, 0/50 low-dose, 2/50 mid-dose and 11/49 high-dose animals
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(p <0.05). The lipid concentrations of 2,3,7,8-TCDD in the low-, mid- and high-dose
rats were 540, 1700 and 8100 ng/kg. Squamous-cell carcinomas of the hard palate or
nasal turbinates occurred in 4/49 (p < 0.05) high-dose and 1/50 mid-dose females,
squamous-cell carcinomas of the lung were observed in 7/49 (p <0.05) high-dose
females and squamous-cell carcinomas of the tongue occurred in 2/49 high-dose females;
tumours at these sites were not observed in the other groups. In high-dose males, 4/50
rats developed squamous-cell carcinomas of the hard palate or nasal turbinates
(» <0.05), one developed a squamous-cell carcinoma of the lung and three squamous-
cell carcinomas of the tongue (p <0.05). In comparison with the high incidence of
endocrine-related tumours (pituitary adenomas, phaeochromocytomas and pancreatic
islet-cell tumours) in controls, reduced incidences were observed in the high-dose group
(Kociba et al., 1978).

A re-evaluation of the slides of liver specimens from the female animals studied by
Kociba er al. (1978) was performed by a panel of pathologists (Keenan et al., 1991). In
contrast to the original findings, they found about two-thirds fewer tumours present in
the livers of female Sprague-Dawley rats. On the basis of their results, they established a
no-observed-adverse-effect level for hepatocellular carcinomas of 0.01 pg/kg bw per day
2,3,1,8-TCDD. [The Working Group noted that the results of this re-evaluation do not
change substantially the positive findings of Kociba et al. (1978) on the liver carcino-
genicity of 2,3,7,8-TCDD in female rats.]

Liver slides from the study by Kociba et al. (1978) were further reviewed by a patho-
logy working group with the aim of evaluating proliferative lesions in the livers of
female rats. The results of the working group substantially confirmed the previous results
on dose-related increased tumour incidence (hepatocellular adenomas: 2/81 control, 1/50
low-dose, 9/50 mide-dose and 14/45 high-dose; hepatocellular carcinomas: 0/86, 0/50,
0/50 and 4/45). There was a dose-related increase in the incidence of hepatic eosinophilic
foci (31/86 control, 23/50 low-dose, 37/50 mid-dose and 40/45 high-dose) (Goodman &
Sauer, 1992).

Groups of 50 male and 50 female Osborne-Mendel rats, six weeks of age, were given
gastric instillations of 0.01, 0.05 or 0.5 ug/kg bw 2,3,7,8-TCDD (purity, > 99.4%) in a
vehicle of 9: 1 com oil-acetone twice a week for 104 weeks. One control group of 75
male and 75 female rats received vehicle alone and another control group of 50 males
and 50 females was untreated. Mean body weights of the high-dose groups were lower
than those of the corresponding controls after week 55 in males and after week 45 in
females. Treatment did not affect survival: 23/50 untreated control, 29/75 vehicle-
control, 17/50 low-dose, 20/50 mid-dose and 19/50 high-dose males were alive at the end
of the experiment at 105-108 weeks; 29/50 untreated control, 39/75 vehicle-treated
control, 29/50 low-dose, 34/50 mid-dose and 32/50 high-dose females were alive at the
end of the experiment at 105-107 weeks. Treatment-related increased hepatotoxicity was
observed in high-dose males and females. Treatment-related increased incidences of
follicular-cell adenomas of the thyroid were seen in males and were significantly higher
(p = 0.001; Fisher’s exact test) in the high-dose group than in the vehicle controls (1/69
vehicle-control, 5/48 low-dose, 6/50 mid-dose and 10/50 high-dose; p = 0.006, Cochran—
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Armitage test for trend) and in high-dose female rats (3/73 vehicle-control, 2/45 low-
dose, 1/49 mid-dose and 6/47 high-dose; p = 0.022, Cochran—Armitage test for trend).
The incidence of neoplastic nodules of the liver was significantly higher (p = 0.006) in
high-dose females than in vehicle-control females (5/75 vehicle-control, 1/49 low-dose,
3/50 mid-dose and 12/49 high-dose). In males, a dose-related positive trend (p = 0.005)
was seen (0/74, 0/50, 0/50 and 3/50, respectively) (United States National Toxicology
Program, 1982a).

3.2 Administration to immature animals

Mouse: Groups of 89-186 male and female (C57BL/6J x C3Hf)F1 (B6C3) and
(C57BL/6J x BALB/c)F1 (B6C) mice, 10 days old, were given five weekly intraperi-
toneal injections of 0, 1, 30 or 60 ug/kg bw 2,3,7,8-TCDD [laboratory grade; purity
unspecified] in 0.01 mL/g bw corn oil vehicle (containing 1.2% acetone). Treatment-
related mortality was high, especially with the mid and high doses. In both hybrids,
2—6% of vehicle-control and low-dose mice died between the end of treatment and week
13 of age, compared with 12-20% of mid-dose and 26-30% of high-dose mice. A mean
body weight depression of 5% was observed throughout the experiment in mid- and
high-dose B6C3 and B6C males compared with the control groups. Animals received no
further treatment until 78 weeks of age, when all survivors (73-100% of males and 81—
100% of females) were killed. Gross examination was performed on all animals that died
or were killed. Histopathological examination was carried out on the liver, kidney and
any other organ with apparent or suspected pathological alterations. The incidences of
thymic lymphomas were: 0/45 control, 0/55 low-dose, 1/52 mid-dose and 2/43 high-dose
B6C3 males; 0/42 control, 0/57 low-dose, 0/48 mid-dose and 5/57 high-dose B6C3
females; 0/32 control, 0/54 low-dose, 2/27 mid-dose and 2/30 high-dose B6C males; and
0/48 control, 0/57 low-dose, 1/39 mid-dose and 2/38 high-dose B6C females. Thymic
lymphomas developed between 16 and 41 weeks of age and most of them (11/15) were
seen within 26 weeks of age. The ¥” test for trend was significant (p < 0.05) in all four
groups (male and female B6C3 and B6C mice). The authors considered the development
of thymic lymphomas to be treatment-related due to the rarity of this tumour type in
untreated groups of B6C3 and B6C mice. The incidences of hepatocellular adenomas
were: 6/45 control, 5/55 low-dose, 5/52 mid-dose and 11/43 high-dose B6C3 males (p=
0.043, x2 test for trend); and 0/42 control, 1/57 low-dose, 1/48 mid-dose and 5/57 high-
dose B6C3 females (p = 0.014, * test for trend). The incidences of hepatocellular
carcinomas were: 3/45 control, 1/55 low-dose, 9/52 mid-dose and 14/43 high-dose B6C3
males (p < 0.001, x* test for trend; p = 0.002, Fisher’s exact test, high-dose compared
with control); and in 0/42 control, 0/57 low-dose, 1/48 mid-dose and 1/57 high-dose
B6C3 females. Hepatocellular carcinomas were not observed in B6C mice of either sex
(Della Porta et al., 1987).

3.3 Intraperitoneal or subcutaneous administration

Hamster: Groups of 10-24 male Syrian golden hamsters, weighing 65-80 g [age
unspecified] received six intraperitoneal or subcutaneous injections of 50 or 100 png/kg
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bw 2,3,7,8-TCDD [purity unspecified] in dioxane or dioxane alone at four-week
intervals. A further group received only two intraperitoneal injections of 100 pg/kg bw
2,3,7.8-TCDD. Animals were observed until 12-13 months after the beginning of
treatment. Complete necropsies were performed on all animals, and tissues were fixed in
formalin and examined microscopically. Toxicity and early mortality were observed in
the high-dose groups. Squamous-cell carcinomas of the facial skin developed in 4/18
intraperitoneally high-dosed animals and 3/14 subcutaneously high-dosed animals. No
animal in the control groups, the low-dose groups or the groups receiving two intra-
peritoneal injections of the high dose developed tumours at any site (Rao et al., 1988).
[The Working Group noted the small number of animals per group.]

3.4 Skin application

Mouse: Groups of 30 male and 30 female Swiss-Webster mice (six weeks old)
received 2,3,7,8-TCDD (purity, 99.4%) on the clipped back at doses of 0.001 pg/animal
(males) and 0.005 pg/animal (females), suspended in 0.1 mL acetone, on three days per
week for 99 (males) or 104 weeks (females). As vehicle controls, 45 mice of each sex
received 0.1 mL acetone three times per week. Thirty animals of each sex served as
untreated controls. Mean body weights were similar in the 2,3,7,8-TCDD- and vehicle-
treated groups, but untreated controls of both sexes had slightly higher body weights.
Survival in both sexes was decreased by 2,3,7,8-TCDD treatment (p = 0.005 and
p=0.031 in males and females, respectively, Cox’s test). Among males, 27/30, 33/45
and 27/30 untreated control, vehicle-control and 2,3,7,8-TCDD-treated mice, respec-
tively, were alive at week 52 of the study; 28/30, 43/45 and 29/30 untreated control,
vehicle-control and 2,3,7,8-TCDD-treated females, respectively, were alive at week 52 of
the study. In males, the incidence of fibrosarcomas of the integumentary system was 3/42
and 6/28 in the vehicle-control and 2,3,7,8-TCDD-treated mice, respectively (not a
statistically significant difference). In female mice, the incidence of fibrosarcomas of the
integumentary system was significantly higher in animals treated with 2,3,7,8-TCDD
(8/27) compared with vehicle-controls (2/41; p = 0.007, Fisher’s exact test) (United
States National Toxicology Program, 1982b).

3.5 Exposure by immersion in water

Fish: Preliminary results of a study in progress reported in an abstract indicate that
exposure of medaka fish [Oryzias latipes] to 2,3,7,8-TCDD producing a body concen-
tration of 2 pg/kg was associated with tumours at several sites — gills, thyroid and swim
bladder (Johnson et al., 1992b).

3.6 Administration with known carcinogens and modifying factors

For an overview of studies on administration of 2,3,7,8-TCDD and related PCDDs
with known carcinogens, see Table 41. [The Working Group noted that the experimental
approach used in these studies is frequently termed a tumour promotion protocol. This
terminology is used in Section 4.6.2 of the present monograph.]



Table 41. Studies on 2,3,7,8-TCDD and related PCDDs administered with known carcinogens and modifying factors

Tumour type Known carcinogen Route of Interval Dose and frequency of PCDD Route of Enhance-  Reference
Strain/species (sex) adminis- (times per week/number of weeks) adminis- ment®
tration tration
Skin
CD1 mice (F) 200 nmol DMBA Skin 1 week 0.1 ug 2,3,7,8-TCDD/2 per wk/30 wk Skin - Berry et al.
(1978)
HRS/J haired mice 200 nmol DMBA Skin None 20 ng 2,3,7,8-TCDD/2 per wk/8 wk then 50 ng/17 wk Skin - Poland et al.
(hr/+) (F) (1982)
HRS/J hairless mice 200 nmol DMBA Skin None 20 ng 2,3,7,8-TCDD/2 per wk/8 wk then 50 ng/17 wk Skin +
(hr/hr) (F)
HRS/J hairless mice 5 umol MNNG Skin Norne 3.75 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin +
(hr/hr) (F) 5 pmol MNNG Skin None 7.5 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin +
5 umol MNNG Skin None 15 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin +
5 wmol MNNG Skin None 30 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin +
5 pmol MNNG Skin None 50 ng 2,3,7,8-TCDD/5 wk/ then 20 ng/15 wk Skin +
5 pmol MNNG Skin None 20 ug 2,7-DCDD/2 per wk/20 wk Skin -
HRS/T hairless mice 5 pmol MNNG Skin 7 days 2.5 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin + Hébert et al.
(hr/hr) (F) 5 pmol MNNG Skin 7 days 5 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin + (1990a)
5'umol MNNG Skin 7 days 10 ng 2,3,7,8-TCDD/2 per wk/20 wk Skin +
Lung
Swiss mice (M) 25 mg/kg bw NDMA i.p. 3 weeks 1x 1.6 pug/kg bw 2,3,7,8-TCDD i.p. + Beebe et al.
25 mg/kg bw NDMA i.p. 3 weeks 1x 16 or 48 pg/kg bw 2,3,7,8-TCDD i.p. ~ (toxic) (1995a)
25 mg/kg bw NDMA i.p. 3 weeks 20 x 0.05 pg/kg bw 2,3,7,8-TCDD ip. -
C57BL/6 mice (M) 90 mg/kg bw NDEA i.p. 3 weeks 0.05 ug/kg bw 2,3,7,8-TCDD/weekly/20 wk ip. - Beebe et al.
B6D2F1 mice (M) 90 mg/kg bw NDEA Lp. 3 weeks 0.05 ug/kg bw 2,3,7,8-TCDD/weekly/20 wk i.p. - (1995b)
DBA/2 mice (M) 90 mg/kg bw NDEA i.p. 3 weeks 0.05 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk ip. -
SD rats (F) 200 mg/kg bw NDEA i.p. 10 days 1.4 ug/kg bw 2,3,7,8-TCDD/biweekly/60 wks Oral - Clark et al.
SD rats (F) 200 mg/kg bw NDEA i.p. 10 days 1.4 pg/kg bw 2,3,7,8-TCDD/biweekly/60 wks Oral + (1991)
(ovariectomized)
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Table 41 (contd)

Strain/species (sex) Known carcinogen Route of Interval Dose and frequency of PCDD Route of Enhance-  Reference
adminis- adminis- ment’
tration tration
Liver
C57BL/6 mouse 90 mg/kg bw NDEA ip. 3 weeks 0.05 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk i.p. - Beebe ez al.
B6D2F1 mouse 90 mg/kg bw NDEA i.p. 3 weeks 0.05 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk i.p. + (1995b)
DBA/2 mouse 90 mg/kg bw NDEA i.p. 3 weeks 0.05 ng/kg bw 2,3,7,8-TCDD/weekly/20 wk i.p. -
SD rats (F) PH/10 mg/kg bw NDEA oral 7 days 0.14 pg/kg bw 2,3,7,8-TCDD/biweekly/7 mo i.m. - Pitot et al.
PH/10 mg/kg bw NDEA oral 7 days 1.4 pug/kg bw 2,3,7,8-TCDD/biweekly/7 mo im. + (1980)
Fischer 344 rats (F) PH/ 10 mg/kg bw NDEA  oral 14 days 0.0014 mg/kg bw 2,3,7,8-TCDD/biwekkly/6 mo im. - Pitot et al.
PH/ 10 mg/kg bw NDEA  oral 14 days 0.014 pg/kg bw 2,3,7,8-TCDD/biweekly/6 mo im. - (1987)
PH/ 10 mg/kg bw NDEA  oral 14 days 0.14 pg/kg bw 2,3,7,8-TCDD/biweekly/6 mo im. -
. PH/ 10 mg/kg bw NDEA  oral 14 days 1.4 pg/kg bw 2,3,7,8-TCDD/biweekly/6 mo i.m. +
SD rats (F) PH/30 mg/kg bw NDEA i.p. 7 days 0.7 pug/kg bw 2,3,7,8-TCDD/weekly/14 wk s.c. - Flodstrom &
PH/30 mg/kg bw NDEA ip. 7 days 0.7 pg/kg bw 2,3,7,8-TCDD/weekly/26 wk s.C. + Ahlborg
PH/30 mg/kg bw NDEA i.p. 35 days 3.5 then 0.7 pg/kg bw 2,3,7,8-TCDD/weekly/9 wk s.C. + (1989);
PH/30 mg/kg bw NDEA i.p. 35 days 3.5 then 0.7 pg/kg bw 2,3,7,8-TCDD/weekly/21 wk s.C. + Flodstrom
PH/30 mg/kg bw NDEA ip. 35 days 0.35 then 0.07 pg/kg bw 2,3,7.8-TCDD/weekly/15 wk s.c. - etal. (1991)
(normal vitamin A)
PH/30 mg/kg bw NDEA i.p. 35 days 0.35 then 0.07 pg/kg bw 2,3,7,8-TCDD/weekly/15 wk s.C. +
(marginal or low vitamin A)
PH/30 mg/kg bw NDEA ip. 35 days 3.5 then 0.7 ug/kg bw 2,3,7,8-TCDD/weekly/15 wk s.C. +
(normal, marginal, low vitamin A)
Fischer 344 rats (F) PH/10 mg/kg bw NDEA oral 2 weeks 0.14 ug/kg bw 2,3,7,8-TCDD/biweekly/6 mo s.C. + Dragan et al.
(1991)
SD rats (F) PH/30 mg/kg bw NDEA i.p. 35 days 0.44 then 0.088 pe/kg bw 1,2,3,7,8-PeCDD/weekly/ s.c. + Waern et al.
20 wk
PH/30 mg/kg bw NDEA  ip. 35 days 1.75 then 0.35 pg/kg bw 1,2,3,7,8-PeCDD/weekly/20 wk  s.c. + (1991)
PH/30 mg/kg bw NDEA i.p. 35 days 7 then 1.4 pg/kg bw 1,2,3,7,8-PeCDD/weekly/20 wk s.C. +
PH/30 mg/kg bw NDEA ip. 35 days 0.22 then 0.044 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk s.C. +
PH/30 mg/kg bw NDEA i.p. 35 days 0.88 then 0.175 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk s.C. +
PH/30 mg/kg bw NDEA ip. 35 days 3.5 then 0.7 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk s.c. +
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Table 41 (contd)

Strain/species (sex) Known carcinogen Route of Interval Dose and frequency of PCDD Route of Enhance-  Reference
adminis- adminis- ment’
tration tration
Liver (contd)
SD rats (F) 200 mg/kg bw NDEA i.p. 7 days 1.4 pug/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral + Lucier et al.
SD rats (F) 200 mg/kg bw NDEA i.p. 7 days 1.4 pg/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral + (1991)
(overiectomized)
SD rats (F) PH/10 mg/kg bw NDEA oral 7 days 0.14 pg/kg bw 2,3,7,8-TCDD/biweekly/1 mo i.p. + Dragan et al.
PH/10 mg/kg bw NDEA oral 7 days 0.14 ug/kg bw 2,3,7,8-TCDD/biweekly/3 mo ip. + (1992)
PH/10 mg/kg bw NDEA oral 7 days 0.14 ng/kg bw 2,3,7,8-TCDD/biweekly/5 mo i.p. +
SD rats (F) 175 mg/kg bw NDEA ip. 14 days 3.5 ng/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral - Maronpot
175 mg/kg bw NDEA i.p. 14 days 10.7 ng/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral - etal. (1993)
175 mg/kg bw NDEA i.p. 14 days 35.7 ng/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral -
175 mg/kg bw NDEA i.p. 14 days 125 ng/kg bw 2,3,7,8-TCDD/biweekly/30 wk Oral +
Wistar rats (F) 5 x 10 mg/kg bw NDEA oral 14 days 1.4 ug/kg bw 2,3,7,8-TCDD/biweekly/9 wk s.C. + Buchmann
5 x 10 mg/kg bw NDEA oral 14 days 1.4 ug/kg bw 2,3,7,8-TCDD/biweekly/13 wk s.c. + etal. (1994)
5% 10 mg/kg bw NDEA oral 14 days 1.4 pg/kg bw 2,3,7,8-TCDD/biweekly/17 wk s.c. +
5 x 10 mg/kg bw NDEA oral 14 days 70 pg/kg bw HpCDD/biweekly/9 wk s.c. +
5 x 10 mg/kg bw NDEA oral 14 days 70 pg/kg bw HpCDD/biweekly/13 wk s.C. +
5 % 10 mg/kg bw NDEA oral 14 days 70 ug/kg bw HpCDD/biweekly/17 wk s.C. +
Wistar rats (F) 80 mg/L. N-nitroso- oral 14 days 2 ng/kg bw 2,3,7,8-TCDD/daily/13 wk s.C. + Schrenk et al.
morpholine in drinking- oral 14 days 20 ng/kg bw 2,3,7,8-TCDD/daily/13 wk 5.C. + (1994a)
water for 25 days oral 14 days 200 ng/kg bw 2,3,7,8-TCDD/daily/13 wk s.C. +
oral 14 days 100 ng/kg bw HpCDD/daily/13 wk s.c. -
oral 14 days 1000 ng/kg bw HpCDD/daily/13 wk s.C. -
oral 14 days 10 000 ng/kg bw HpCDD/daily/13 wk s.C. +
oral 14 days 200 ng/kg bw PCDD mixture/daily/13 wk s.c. +
oral 14 days 2000 ng/kg bw PCDD mixture/daily/13 wk s.C. +
oral 14 days 20 000 ng/kg bw PCDD mixture/daily/13 wk s.C. +
SD rats (F) 10 mg/kg bw NDEA i.p. 30 days 0.007 pg/kg bw 2,3,7,8-TCDD/day (150 ppt in diet) until  Oral + Sills et al.
day 450 (1994)
10 mg/kg bw NDEA ip. 170 days 0.007 ug/kg bw 2,3,7,8-TCDD/day (150 ppt in diet) until ~ Oral +
day 450
10 mg/kg bw NDEA i.p. 240 days  0.007 pg/kg bw 2,3,7,8-TCDD/day (150 ppt in diet) until  Oral +

day 450
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Table 41 (contd)
Strain/species (sex) Known carcinogen Route of Interval Dose and frequency of PCDD Route of Enhance-  Reference
adminis- adminis- ment’
tration tration
Liver (contd)
SD rats (F) PH/30 mg/kg bw NDEA i.p. 35 days 0.5 then 0.1 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk s.C. - Hemming
PH/30 mg/kg bw NDEA ip. 35 days 1.58 then 0.316 pg/kg bw 2,3,7,8-TCDD/weekly/20 wk s.C. - et al. (1995)
PH/30 mg/kg bw NDEA ip. 35 days 5 then 1 ug/kg bw 2,3,7,8-TCDD/weekly/20 wk 8.C. +
Wistar rats (F) 10 x 10 mg/kg bw NDEA  oral 56 days 1.4 ug/kg bw 2,3,7,8-TCDD once s.C. - Stinchcombe
10 X 10 mg/kg bw NDEA  oral 56 days 1.4 ug/kg bw 2,3,7,8-TCDD/biweekly/16 wk s.C. + et al. (1995)
SD rats (F) 175 mg/kg bw NDEA i.p. 14 days 1.75 pglkg bw 2,3,7,8-TCDD/biweekly/30 wk Oral Tritscher

et al. (1995)

DMBA, 7,12-dimethylbenz(a]anthracene; MNNG, N-methyl-N -nitro-N-nitrosoguanidine; NDMA, N-nitrosodimethylamine; NDEA, N-nitrosodiethylamine; SD, Sprague-Dawley;

PH, partial hepatectomy; F, female; M, male; i.p., intraperitoneal injection; s.c., subcutaneous injection; i.m., intamuscular injection

“Enhancement corresponds to promotion as used in Section 4.6.2.
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3.6.1 Skin

Mouse: Groups of 30 female CD1 mice, seven to nine weeks of age, received skin
applications of 2 ug 2,3,7,8-TCDD or 2.56 pg 7,12-dimethylbenz{a]anthracene (DMBA)
per animal or both chemicals together in 0.2 mL acetone solvent. Starting one week later,
the mice received thrice weekly applications of 12-O-tetradecanoylphorbol-13-acetate
(TPA) (5 pg/animal) in 0.2 mL acetone for 32 weeks. The 2,3,7,8-TCDD/TPA-treated
mice had 0.1 papillomas/mouse (14% incidence), the 2,3,7,8-TCDD + DMBA/TPA-
treated mice had 2.2 papillomas/mouse (63% incidence) and the DMBA/TPA-treated
mice had approximately 1.8 papillomas/mouse (40% incidence) (DiGiovanni et al.,
1977). [The Working Group noted that adequate control groups were not available,
precluding an evaluation.]

Three groups of 30 female CD1 mice, six to eight weeks of age, received single skin
applications of 0.2 umol/animal (60 pg) DMBA in 0.2 mL acetone or solvent alone.
Starting one week later, mice were treated with an acetone solution of 0.1 ug 2,3,7,8-
TCDD or 2 ug TPA per animal (positive control) or acetone solvent alone twice weekly
for 30 weeks, at which time the experiment was terminated. The percentages of mice
with skin papillomas were DMBA/2,3,7,8-TCDD, 0%; DMBA/TPA, 92% and acetone/-
TPA, 0% (Berry et al., 1978).

In groups of female HRS/J haired (hr/+) mice given single skin applications of
DMBA (0.2 pmol in acetone) followed by twice weekly applications of 20 ng/animal
2,3,7,8-TCDD for eight weeks then 50 ng/animal for 17 weeks, no skin tumours were
found. In contrast, in HRS/J hairless (hr/hr) mice treated with 0.2 gmol/animal DMBA
and the same regimen of 2,3,7,8-TCDD (25 weeks), 15/19 surviving mice developed skin
tumours (1.4 tumours per mouse). In hairless animals treated with DMBA alone, one
skin papilloma was found and, in the absence of DMBA, 2,3,7,8-TCDD produced no
skin tumour (Poland et al., 1982).

In a further experiment, groups of 20 female HRS/J hairless (hr/hr) mice, seven
weeks of age, were given single skin applications of 5 pmol (0.75 mg)/animal N-methyl-
N’-nitro-N-nitrosoguanidine (MNNG) in 50 pL acetone followed by twice weekly doses
of 0 or 3.75-30 ng/animal 2,3,7,8-TCDD or 1pug or 3 pg/animal TPA as positive
controls. The numbers of mice with skin tumours at 20 weeks are shown in Table 42
(Poland et al., 1982).

Groups of 26 female HRS/J hairless (hr/hr) mice, eight weeks of age, were given
single skin applications of 0 or 5 pmol/animal MNNG in 50 pL acetone followed by
50 ng/animal 2,3,7,8-TCDD for five weeks then 20 ng/animal for 15 weeks, both in
50 uL. acetone twice weekly during the 20-week period. Skin tumours developed in
16/19 (1.6 tumours per mouse) mice treated with MNNG plus 2,3,7,8-TCDD compared
with 0/18 in mice treated with 2,3,7,8-TCDD alone (Poland et al., 1982).

Three groups of 20 female HRS/J hairless (hr/hr) mice, five to eight weeks of age,
were given single skin applications of 5 pmol/animal MNNG in 50 pL acetone. Seven
days later, the mice were treated with 2.5, 5 or 10 ng/animal 2,3,7,8-TCDD in 25 pL
acetone twice weekly for 20 weeks. A control group of 20 mice received acetone
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followed by 10 ng/animal 2,3,7,8-TCDD. The numbers of surviving mice with papil-
lomas, carcinomas or hyperproliferative nodules of the skin were 8/20, 8/19 and 7/18
after treatment with MNNG and 2.5, 5 or 10 ng/animal 2,3,7,8-TCDD compared with
0/18 mice treated with 2,3,7,8-TCDD alone (Hébert et al., 1990a).

Table 42. Induction of skin tumours in female HRS/J hairless

mice

Initiation  Promotion Tumour incidence Tumour multiplicity
(surviving mice (average no. of
with tumours/ papillomas/
surviving mice) surviving mice)

MNNG Acetone 1/19 0.05

MNNG TCDD  375ng 11720 0.7

MNNG TCDD  7.5ng 13/17 1.5

MNNG TCDD 15ng 10/10 4.0

MNNG TCDD  30ng 15/19 1.6

Acetone TCDD  30ng 0/19 0

MNNG TPA 1ug 5/19 0.4

MNNG TPA 3ug 13/18 1.6

From Poland et al. (1982)

In two experiments with female Sencar mice, it was shown that prior skin application
of 2,3,7,8-TCDD reduced tumorigenesis of DMBA (or monofluoro derivatives of
DMBA) and benzo[a]pyrene (Cohen et al., 1979; DiGiovanni ef al., 1983).

3.6.2 Lung
(@) Mouse

Groups of male Swiss mice [initial numbers unspecified], five weeks of age, were
given a single intraperitoneal injection of 25 mg/kg bw N-nitrosodimethylamine
(NDMA) in saline. Three weeks later, the mice were given either single intraperitoneal
injections of 1.6, 16 or 48 pg/kg bw 2,3,7,8-TCDD in olive oil, weekly doses of
0.05 pg/kg bw 2,3,7,8-TCDD weekly for 20 weeks or olive oil alone. All mice were
killed after 52 weeks. Alveolar-cell adenomas and carcinomas were found in 100% of
mice in all treatment groups (NDMA/olive oil, 24/24; NDMA/2,3,7,8-TCDD (repeated
0.05 pg/kg bw/week), 30/30; NDMA/2,3,7,8-TCDD (1.6 ug/kg bw), 15/15; NDMA/-
2,3,7,8-TCDD (16 pg/kg bw), 19/19; NDMA/2,3,7,8-TCDD (48 pug/kg bw), 11/11).
However, tumour multiplicity was significantly increased in mice receiving weekly
injections of 0.05 pg/kg bw 2,3,7,8-TCDD (18 + 1.7 versus 12 + 1.5; p = 0.031) and in
mice given a single dose of 1.6 ug/kg bw 2,3,7,8-TCDD (20+2.6 versus 12 + 1.5;
p = 0.016) compared with those given NDMA only (Beebe et al., 1995a).

In another experiment with male C57BL/6, DBA/2 and B6D2F1 mice, lung tumour
incidence following a single intraperitoneal injection of 90 mg/kg bw N-nitrosodiethyl-
amine (NDEA) was not increased by weekly intraperitoneal injections of 0.05 png/kg bw
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2,3,7,8-TCDD given three weeks later for 20 weeks followed by observation up to 52
weeks (C57BL/6: NDEA alone, 20/26; NDEA + 2,3,7,8-TCDD, 25/31; DBA/2: NDEA
alone, 24/28; NDEA + 2,3,7,8-TCDD, 22/26; B6D2F1: NDEA alone, 33/34; NDEA +
2,3,7,8-TCDD, 33/33) (Beebe et al., 1995b). [The Working Group noted that the high
incidence of lung tumours induced by NDEA alone precluded the detection of an effect
of 2,3,7,8-TCDD.]

() Rat

Groups of 45 female Sprague-Dawley rats were ovariectomized or sham-operated at
56 days of age. At 70 days of age, they were given a single intraperitoneal injection of
200 mg/kg bw NDEA in saline followed 10 days later by oral administration of O or
1.4 ug/kg bw 2,3,7,8-TCDD in olive oil every two weeks for 60 weeks. Lung carcinomas
were found in 0/37 sham-operated and 4/39 (3 adenocarcinomas and 1 squamous-cell
carcinoma) ovariectomized rats treated with NDEA and 2,3,7,8-TCDD (Clark et al.,
1991a). [The Working Group noted that no information was reported on whether NDEA
alone caused lung tumours in sham-operated or ovariectomized rats.]

3.6.3 Liver

(@) Mouse

Groups of 18-30 male C57BL/6, DBA/2 and B6D2F1 mice were given a single intra-
peritoneal injection of 90 mg/kg bw NDEA or the solvent tricaprilyn at five weeks of
age. Starting three weeks later, 0.05 pg/kg bw 2,3,7,8-TCDD was given weekly for
20 weeks, and animals were observed until the terminal killing at 52 weeks. No
significant increase was observed in liver tumours (all types) due to co-administration of
NDEA and 2,3,7,8-TCDD in C57BL/6 (NDEA alone, 4/28; NDEA + 2,3,7,8-TCDD,
6/32) or DBA/2 (NDEA alone, 6/28; NDEA + 2,3,7,8-TCDD, 10/39) mice. However,
2,3,7,8-TCDD did increase the incidence of liver tumours (all types) as compared to
NDEA alone in B6D2F1 mice (NDEA alone, 7/33; NDEA + 2,3,7,8-TCDD, 17/33). This
increase was particularly due to an increase in hepatoblastomas (NDEA alone, 1/33:
NDEA + 2,3,7,8-TCDD, 8/33) (Beebe et al., 1995b). [The Working Group noted that
only one dose level of 2,3,7,8-TCDD was used in this study.]

(b) Rat

Groups of 4-7 female Sprague-Dawley rats, weighing 200-250 g, were subjected to
70% partial hepatectomy and 24 h later treated once with saline or 10 mg/kg bw NDEA
in saline by gastric instillation. Starting seven days later, the rats were given 0, 0.14 or
1.4 pg/kg bw 2,3,7,8-TCDD by subcutaneous injection every two weeks for 28 weeks at
which time all surviving rats were killed. There was an increase in the number and size
of focal and nodular hepatic lesions with 2,3,7,8-TCDD in the low- and high-dose
groups. Focal and nodular hepatic lesions were identified by y-glutamyl transpeptidase
(GGT), canalicular adenosine triphosphatase (ATPase) and glucose-6-phosphatase
(G6Pase). The number of focal lesions was 309 + 98 (NDEA alone), 34 + 17 (low-dose
2,3,7,8-TCDD), 25 + 7 (high-dose 2,3,7,8-TCDD), 1068 + 166 (NDEA followed by low-
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dose 2,3,7,8-TCDD) and 871 + 66 (NDEA followed by high-dose 2,3,7,8-TCDD). The
corresponding volume fractions of liver occupied by these lesions were 0.7,0.2,0.1,9.0
and 43.0% (Pitot et al., 1980).

Female Fischer 344 rats (150-220 g) [number not stated] were subjected to a 70%
partial hepatectomy and given 10 mg/kg bw NDEA orally 24 h after the surgery. Starting
two weeks after surgery, the rats were given intramuscular injections of 0, 0.0014, 0.014,
0.14 or 1.4 pg/kg bw 2,3,7,8-TCDD in corn oil every two weeks for six months.
Treatment with 2,3,7.8-TCDD alone had virtually no effect on the number or volume
fraction of altered hepatic foci. No effect on the number or volume fraction of focal
hepatic lesions was observed at the three lowest doses. Only the highest dose (0.1 pg/kg
bw per day) significantly increased the number and volume fraction of hepatic foci
(detected by GGT, ATPase and G6Pase) (approximately 10 000 foci/liver with
NDEA + 2,3,7,8-TCDD compared with 4000 foci/liver with NDEA alone; volume
fraction approximately 2.8% with NDEA + 2,3,7,8-TCDD compared with 0.8% with
NDEA alone) (Pitot et al., 1987).

Groups of 10 female Sprague-Dawley rats (140-160 g) were subjected to a 70%
partial hepatectomy and 24 h later were given a single intraperitoneal injection of
30 mg/kg bw NDEA. Starting one week later, the rats were given weekly subcutaneous
injections of the corn oil solvent or 2,3,7,8-TCDD (0.7 pug/kg bw) for 14 or 26 weeks.
Alternatively, some groups of rats were given a single loading dose (3.5 pg/kg bw) of
2,3,7,8-TCDD at five weeks after NDEA treatment or solvent in order to attain the same
total dose. These latter groups were then given a weekly maintenance dose of 0.7 ug/kg
bw 2,3,7,8-TCDD for nine or 21 weeks until killing. Focal hepatic lesions (detected by
GGT) were significantly increased with weekly administration of 0.7 pg/kg bw 2,3,7,8-
TCDD for 26 weeks. In the group receiving a loading dose of 2,3,7,8-TCDD, the
percentage of liver occupied by hepatic foci was even greater than in the group treated
with the same cumulative dose (Flodstrom & Ahlborg, 1989). Using the same experi-
mental design, the influence of vitamin A deficiency upon the 2,3,7,8-TCDD response
was investigated. Vitamin A deficiency increased the mean volume fraction of foci
following NDEA + 2,3,7.8-TCDD treatment (Flodstrom et al., 1991).

Female Fischer 344 rats (130-220 g) were subjected to a 70% partial hepatectomy
and 24 h later were given a single gastric instillation of 10 mg/kg bw NDEA. Starting
two weeks later, nine rats were administered oil and four rats were given 0.14 ng/kg bw
2,3,7,8-TCDD by subcutaneous injection every two weeks for six months. The number
and volume fraction of the liver occupied by focal hepatic lesions (detected by gluta-
thione S-transferase P (GSTP), GGT, ATPase, G6Pase) in the 2,3,7,8-TCDD-treated
group was significantly increased compared with controls. The numbers of focal hepatic
lesions per liver were 90 + 30 (NDEA alone) and 14 220 + 1340 (NDEA followed by
2,3,7,8-TCDD), while the volume fractions of liver were 0.14 + 0.05% (NDEA alone)
and 1.23 +0.11% (NDEA followed by 2,3,7,8-TCDD) (Dragan et al., 1991).

Groups of 10-20 female Sprague-Dawley rats were subjected to a 70% partial hepa-
tectomy followed by a single intraperitoneal injection of 30 mg/kg bw NDEA. Starting
five weeks later, rats were given a loading dose of 0.22, 0.88 or 3.5 ug/kg bw 2,3,7,8-
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TCDD by subcutaneous injection followed by a weekly maintenance dose of one fifth of
the loading dose of 2,3,7,8-TCDD. One group received no 2,3,7,8-TCDD. The rats were
killed after 20 weeks of treatment. A significant increase in the percentage of liver
occupied by GGT-positive focal hepatic lesions was observed for all doses compared
with NDEA controls (approximately 0.15% in controls, 0.6% in the low-dose, 0.59% in
the mid-dose and 1.15% in the high-dose rats). A significant increase was seen in the
number of foci at all doses (approximately: low-dose, 5000; mid-dose, 4250, high-dose,
7500) as compared to NDEA alone (2000) (Waern et al., 1991).

Groups of nine female Sprague-Dawley rats, 70 days of age, were ovariectomized or
sham-operated and were given an intraperitoneal injection of saline or 200 mg/kg bw
NDEA. One week later, the rats were administered 2,3,7,8-TCDD in corn oil by
intragastric instillation biweekly to provide a daily dose of approximately 100 ng/kg bw
per day. The rats were killed after 30 weeks of 2,3,7,8-TCDD administration and GSTP-
and GGT-positive foci were examined. For the GGT-positive foci, the percentages of the
liver occupied by foci were 0.01 + 0.01 (control), 0.01 £ 0.01 (2,3,7,8-TCDD alone),
0.3 £ 0.1 (NDEA alone) and 0.87 £ 0.06 (NDEA followed by 2,3,7,8-TCDD) in the
intact animals. In the ovariectomized animals, the corresponding GGT-positive volume
fractions were 0, 0, 0.03 + 0.01 and 0.08 + 0.04. The percentages of liver occupied by
GSTP-positive foci were 0.04 £ 0.02 (control), 0.02 + 0.01 (2,3,7,8-TCDD alone), 0.35 +
0.11 (NDEA alone) and 1.17 + 0.26 (NDEA followed by 2,3,7,8-TCDD) in the intact
animals and 0.01 + 0.01, 0.03 + 0.01, 0.16 + 0.05 and 0.57 + 0.1 in the corresponding
groups of ovariectomized animals. There was a reduction in the volume fraction of liver
occupied by GSTP lesions in ovariectomized rats treated with NDEA alone and NDEA
followed by 2,3,7,8-TCDD (Lucier ef al., 1991).

Groups of 5-10 female Sprague-Dawley rats were subjected to a 70% partial hepa-
tectomy and administered oil vehicle or 10 mg/kg bw NDEA 24 h later by gastric instil-
lation. Starting one week after the surgery, the rats were given biweekly subcutaneous
injections of 0.14 pg/kg bw 2,3,7,8-TCDD for one, three or five months and either killed
or maintained for a further six months before killing. The percentages of liver occupied
by focal hepatic lesions (as identified by GSTP, GGT, ATPase and G6Pase) were 0.17 *
0.03 (NDEA alone) and 1.47 £ 0.19 (NDEA and 2,3,7,8-TCDD) at the end of the first
five months. The corresponding values in the group observed for an additional six
months were 2.00 £ 0.27 (NDEA followed by 2,3,7,8-TCDD) and 1.35 + 0.16 (NDEA
alone, killed at the 11-month time point) (Dragan et al., 1992).

Groups of 8-10 female Sprague-Dawley rats (70 days of age) were given a single
intraperitoneal dose of saline or 175 mg/kg bw NDEA. Starting two weeks later, these
rats were then administered an average of 0, 3.5, 10.7, 35.7 and 125 ng/kg bw 2,3,7,8-
TCDD biweekly in corn oil by gastric instillation for 30 weeks and the number and
volume fraction of GSTP-positive foci were determined. Dose-related increases in the
number of foci per liver and the volume percentage of liver occupied by foci (as iden-
tified by GSTP) were found (see Table 43) (Maronpot et al., 1993).

Groups of 20 female Wistar rats (100 g) were administered doses of 10 mg/kg bw
NDEA in water by gastric instillation on five consecutive days. Starting two weeks after
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NDEA administration, rats were treated with either corn oil or 1.4 pug/kg bw 2,3,7,8-
TCDD biweekly by subcutaneous injection. Focal hepatic lesions (detected by ATPase
deficiency) were quantitated at 9, 13 and 17 weeks for 4—8 rats per treatment group. In
the control rats, the percentage of the liver occupied by foci was zero at all time points.
In the group treated with NDEA alone, the percentages of liver occupied by foci were
0.025 +0.007 (at 9 weeks), 0.045 + 0.017 (at 13 weeks) and 0.048 + 0.018 (at 17 weeks).
In the rats treated with 2,3,7,8-TCDD alone, the percentages of the liver occupied by
ATPase-deficient hepatic foci were 0.030 + 0.021 (at 9 weeks), 0.020 + 0.011 (at 13
weeks) and 0.283 + 0.211 (at 17 weeks). In the NDEA/2,3,7,8-TCDD-treated rats, the
percentages of liver occupied by foci were 0.043 + 0.02 (at 9 weeks), 0.211 + 0.065 (at
13 weeks) and 0.313 £ 0.215 (at 17 weeks) (Buchmann et al., 1994).

Table 43. Induction of focal hepatic lesions in rats treated with
2,3,7,8-TCDD and/or NDEA

2,3,7,8-TCDD only + NDEA (175 mg/kg bw)
2,3,7,8-TCDD No. of foci Vol. % No. of foci Vol. %
dose (ng/kg
bw)
0 327 +£418 0.01+£0.01 5748+3923 0.57+0.44
3.5 457 +£1122 0.02+0.05 10552+7941 0.87 +0.40
10.7 447 £ 614 0.02+0.03 11482+8879 1.00+0.16
35.7 1533£1794 0.06+£0.11 7157+3952 0.93+0.56
125 693 + 921 0.04+0.07 11989+6798 223+1.47

From Maronpot et al. (1993)

Groups of five female Wistar rats (190-210 g) were given N-nitrosomorpholine
(80 mg/L) in the drinking-water for 25 days. Starting two weeks later, the rats were given
biweekly subcutaneous injections of corn oil or 2,3,7,8-TCDD for 13 weeks. The
calculated average daily dose was 2, 20 or 200 ng/kg bw. The number and volume
fraction of hepatic focal lesions (ATPase-deficient) were increased following 13 weeks
of 2,3,7,8-TCDD administration at all doses. The numbers of hepatic focal lesions were
approximately 125/cm’ (control), 250/cm’ (low-dose 2,3,7,8-TCDD), 250/cm’ (mid-dose
2,3,7,8-TCDD) and 500/cm’ (high-dose 2,3,7,8-TCDD), while the corresponding volume
fractions were approximately 0.125% (control), 0.10% (low-dose 2,3,7,8-TCDD),
0.125% (mid-dose 2,3,7,8-TCDD) and 0.6% (high-dose 2,3,7,8-TCDD) (Schrenk ef al.,
1994a).

Groups of 6-15 female Sprague-Dawley rats, 21 days of age, were treated with
10 mg/kg bw NDEA by intraperitoneal injection. After 30 days, rats were given either a
basal diet or the basal diet supplemented with 2,3,7,8-TCDD (150 ppt [ng/kg diet], equi-
valent to a daily dose of about 0.007 ng/kg bw). Hepatic lesions were scored as ATPase-
deficient foci. A time-dependent increase was noted in the volume fraction of hepatic
foci in NDEA + 2,3,7,8-TCDD-treated rats (170 days after NDEA, 2%; 240 days, 4%;
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450 days, 17%) as compared to NDEA alone (170 days, 0.6%; 240 days, 1.0%; 450 days,
4.0%). No hepatotoxicity was detected in any of the groups. Other rats were treated with
NDEA (as above) followed by phenobarbital (PB) in the diet (500 ppm) for 30—170 days,
at which time the rats were either returned to the basal diet or exposed to dietary 2,3,7,8-
TCDD (150 ppt; 0.007 pug/kg bw per day). There was a time-dependent increase in the
volume fraction of focal hepatic lesions, which was enhanced in the NDEA + PB +
2,3,7,8-TCDD group (240 days, 2%; 450 days, 13%) as compared to NDEA + PB (240
days, 1%; 450 days, 4%). However, when comparing the groups given NDEA + PB +
2,3,7,8-TCDD and NDEA + 2,3,7,8-TCDD (240 days, 4%; 450 days, 17%), no
difference was seen. This suggests that phenobarbital does not enhance the ATPase-
negative foci caused by NDEA + 2,3,7,8-TCDD. [The Working Group noted that loss of
ATPase does not identify all possible preneoplastic lesions.] Hepatic tumours were
examined at 450 days after NDEA treatment. They were primarily eosinophilic and
expressed ras. The number of combined hepatocellular adenomas and carcinomas was
1/12 in the NDEA group, 5/15 in the NDEA + 2,3,7,8-TCDD group, 5/15 in the NDEA +
PB group and 6/15 in the NDEA + PB + 2,3,7,8-TCDD group (Sills et al., 1994).

The single and combined effects of 2,3,7,8-TCDD and 3,4,5,3’,4’-pentachlorobi-
phenyl (PCB 126) were examined in groups of 10-15 female Sprague-Dawley rats.
Female rats (120-140 g) were subjected to a 70% partial hepatectomy and 24 h later
received an intraperitoneal injection of corn oil or 30 mg/kg bw NDEA. Five weeks later,
the rats were administered either PCB 126, 2,3,7,8-TCDD or a combination of the two,
as an initial loading dose (equivalent to five single doses) followed by weekly injections
for 19 weeks, at which time the rats were killed. Weekly doses of PCB 126 were O,
0.316, 1, 3.16 or 10 pug/kg bw, while those of 2,3,7,8-TCDD were 0.1, 0.316 or 1 pg/kg
bw. The doses of the combinations were 1 pg/kg bw PCB 126 plus 0.1 pug/kg bw 2,3,7,8-
TCDD, 3.16 pg/kg bw PCB 126 plus 0.316 pg/kg bw 2,3,7,8-TCDD and 10 pg/kg bw
PCB 126 plus 1 pug/kg bw 2,3,7,8-TCDD. The number and volume fraction of the liver
occupied by altered hepatic foci expressing GGT were increased with the highest dose of
PCB 126 (10 pg/kg bw per week), with the highest dose of 2,3,7,8-TCDD (1 ug/kg bw
per week), and with two of the combinations of PCB 126 with 2,3,7,8-TCDD (3.16 +
0.316 and 10+ 1 pg/kg bw per week of PCB 126 and 2,3,7,8-TCDD, respectively)
(Hemming et al., 1995).

Groups of four female Wistar rats (120 g) were given gastric instillations of 10 mg/kg
bw NDEA in water daily for 10 days and were then allowed to recover for eight weeks.
One group of rats was given a single subcutaneous injection of 1.4 pg/kg bw 2,3,7,8-
TCDD (‘acute’), while a second group received biweekly subcutaneous injections of
1.4 pg/kg bw 2,3,7,8-TCDD for 115 days (‘chronic’). All rats were killed 26 weeks after
the start of NDEA treatment. The volume fraction of altered hepatic foci, identified as
GSTP-positive, was significantly increased in the ‘chronic’ 2,3,7,8-TCDD + NDEA
group (3.4%) as compared to NDEA alone (1.2%). There was no difference between the
‘acute’ 2,3,7,8-TCDD + NDEA group (1.7%) and the NDEA-alone group (1.2%)
(Stinchcombe et al., 1995).
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Groups of 7-11 female Sprague-Dawley rats given 0 or 175 mg/kg bw NDEA in
saline by intraperitoneal injection followed by biweekly treatment with 1.75 pg/kg bw
2,3,7,8-TCDD in corn oil by gastric instillation for 30 weeks. The percentages of the
liver occupied by focal hepatic lesions (detected by GSTP) were 0.01 + 0.01 (non-
NDEA-treated controls at 30 weeks), 2.23 + 1.47 (NDEA followed by 2,3,7,8-TCDD at
30 weeks), 0.32 £ 0.97 (non-NDEA-treated controls at 62 weeks) and 6.05 + 4.3 (NDEA
followed by 2,3,7,8-TCDD for 30 weeks and a 32-week observation period). [The
Working Group noted that this study did not compare the NDEA/2,3,7,8-TCDD group to
an NDEA group not given 2,3,7,8-TCDD.] The incidence of liver neoplasms was
increased in the NDEA/2,3,7,8-TCDD group relative to the controls (5/7 and 0/11)
(Tritscher et al., 1995).

Dibenzo-para-dioxin
Oral administration

Mouse

Groups of 50 male and 50 female B6C3F1 mice, five weeks of age, were admi-
nistered 0 (control), 5000 (low-dose) or 10 000 (high-dose) mg/kg of diet (ppm) dibenzo-
para-dioxin (purity, 99.5%) for 87 (high-dose males) or 90 (low-dose males and females,
high-dose females) weeks. All surviving male mice were killed at 92-97 weeks, and all
surviving female mice at 91-93 weeks. Mean body weights of the treated male and
female mice were slightly lower than those of the corresponding controls. Survival of
high-dose females was lower than that of the control and low-dose groups (p < 0.001,
Tarone test). At week 90 of the study, 48/50 (96%), 50/50 (100%) and 46/50 (92%)
control, low-dose and high-dose males, respectively, were still alive; and 44/50 (88%),
44/50 (88%) and 27/50 (54%) control, low-dose and high-dose females, respectively,
were still alive. Tumours were not induced in mice of either sex at significantly higher
incidence in the treated groups than in the corresponding control groups (United States
National Toxicology Program, 1979a).

Rat

Groups of 35 male and 35 female Osborne-Mendel rats, five weeks of age, were
administered 0 (control), 5000 (low-dose) or 10 000 (high-dose) mg/kg of diet (ppm)
dibenzo-para-dioxin (purity 99.5%) in the diet for 110 weeks. Mean body weights of the
treated male and female rats were lower that those of the corresponding controls. In male
rats, survival in the control group was lower than in the treated groups (p = 0.011, Tarone
test). Survival of high-dose female rats was lower than that of the control and low-dose
groups (p = 0.007, Tarone test). At week 90 of the study, 24/35 control and 29/35 rats in
each treated group of males were still alive, and 32/35, 31/35 and 20/35 control, low-
dose and high-dose female rats, respectively, were still alive. Tumours were not induced
in rats of either sex at significantly higher incidence in the treated groups than in the
corresponding control groups (United States National Toxicology Program, 1979a).
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2,7-Dichlorodibenzo-para-dioxin (2,7-DCDD)
3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3F1 mice, five weeks of age, were given 0
(control), 5000 (low-dose) or 10 000 (high-dose) mg/kg of diet (ppm) 2,7-DCDD for 90
weeks. Three impurities with peak areas 3-6% of the major peak were detected by gas
chromatography. One was identified as trichlorodibenzo-para-dioxin. No 2,3,7,8-TCDD
was detected. All surviving male mice were killed at 92-101 weeks and all surviving
female mice at 91-98 weeks. Mean body weights of the male mice were unaffected by
administration of the test chemical, whereas those of female treated mice were slightly
lower than those of the corresponding controls. Survival in male mice was unaffected by
treatment. Survival in high-dose female mice was significantly lower than that in control
and low-dose groups (p < 0.001, Tarone test). At the end of the study, 48/50, 36/50 and
38/50 control, low-dose and high-dose males, respectively, were still alive; and 45/50,
46/50 and 28/50 control, low-dose and high-dose females, respectively, were still alive.
Treated male and female mice showed an increased incidence of focal necrosis of the
liver. The incidence of hepatocellular carcinomas in male mice was unaffected by
treatment: 4/49, 5/50 and 5/42 control, low-dose and high-dose mice, respectively.
However, the incidence of hepatocellular adenomas was 4/49, 15/50 and 12/42 in
control, low-dose and high-dose males, respectively. The incidence of hepatocellular
adenomas and carcinomas combined (8/49, 20/50 and 17/42) was significantly higher in
the treated groups than in the control group (p = 0.008, Cochran—Armitage test for trend).
The incidences in the low- and high-dose groups were both significantly higher than that
in the control group (p = 0.008 and p = 0.010, respectively, Fisher’s exact test). In male
mice, the incidence of lymphoma or leukaemia was higher in the low-dose (6/50) than in
the control group (0/50) (p = 0.006, Fisher’s exact test). However, the incidence in the
high-dose group (3/50) was not statistically different from that of controls. In the female
mice, no tumours were observed at significantly higher incidence in the dosed groups
than in the corresponding controls (United States National Toxicology Program, 1979b).
[The Working Group noted that the presence of three impurities makes it impossible to
ascribe the observed carcinogenic effect specifically to the 2,7-dichloro congener. ]

3.1.2 Rat

Groups of 35 male and 35 female Osborne-Mendel rats, five weeks of age, were given
0 (control), 5000 (low-dose) or 10 000 (high-dose) ppm 2,7-DCDD in the diet for 110
weeks. Three impurities with peak areas 3—6% of the major peak were detected by gas
chromatography. All surviving male rats were killed at 110-112 weeks, and all surviving
female rats at 110-117 weeks. Mean body weights of the dosed groups were lower that
those in the corresponding controls. Survival was not significantly affected by
administration of 2,7-DCDD. At week 78 of the study, 30/35, 26/35 and 29/35 control,
low-dose and high-dose males, respectively, were still alive; and 33/35, 30/35 and 28/35
control, low-dose and high-dose females, respectively, were still alive. Toxic hepatic
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lesions characterized by centrilobular fatty metamorphosis (33-48%) and/or necrosis (6-
20%) were observed in both low- and high-dose rats. Tumours were not induced in rats
of either sex at significantly higher incidence in the dosed groups than in the corres-
ponding control groups (United States National Toxicology Program, 1979b)

3.2 Administration with known carcinogens
Skin

Mouse: Groups of 20 female HRS/J hairless (Ar/hr) mice, five to eight weeks of age,
were treated with single skin applications of 0 or 5 wmol (0.75 mg) per animal MNNG in
50 uL acetone followed by 20 pg/animal 2,7-DCDD in 50 UL acetone twice weekly for
20 weeks. A control group of 20 mice was given acetone followed by 10 ng/animal
2,3,7.8-TCDD. Skin tumours developed in 0/19 mice treated with MNNG plus 2,7-
DCDD and in 0/20 mice treated with 2,7-DCDD alone (Poland et al., 1982).

1,2,3,6,7,8-Hexachlorodibenzo-para-dioxin and 1,2,3,7,8,9-hexachlorodibenzo-para-
dioxin (mixture) (HxCDD)

3.1 Oral administration
3.1.1 Mouse

Groups of 50 male and 50 female B6C3F1 mice, six weeks of age, were administered
HxCDD (purity, 98.6%; 31% 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-HxCDD of the
total HxCDD content), suspended in a vehicle of 9 : 1 corn oil-acetone, by gastric instil-
lation twice a week for 104 weeks at doses of 1.25 (low), 2.5 (mid) or 5 (high) pg/kg per
week for male mice and 2.5 (low), 5 (mid) or 10 (high) ug/kg per week for female mice.
Groups of 75 mice of each sex served as vehicle controls and 50 mice of each sex as
untreated controls. All surviving animals were killed at 105—-108 weeks. The mean body
weights and survival in the treated groups were similar to those of the vehicle-control
groups. At the end of the study, 32/50, 38/75, 29/50, 26/50 and 23/50 untreated control,
vehicle-control, low-, mid- and high-dose male mice, respectively, were still alive; for
females, the corresponding numbers were 36/50, 58/75, 31/50, 33/50 and 36/50 animals.
In males, hepatocellular adenomas occurred at increased incidence in the high-dose
group (7/73, 5/50, 9/49 and 15/48 vehicle-control, low-, mid- and high-dose mice,
respectively; p = 0.003, Fisher’s exact test). There was no significant increase in the
incidence of hepatocellular carcinomas (8/73, 9/50, 5/49 and 9/48). In females,
hepatocellular adenomas occurred at incidences that were dose-related (2/73, 4/48, 4/47
and 9/47 in the vehicle-control, low-, mid- and high-dose mice, respectively; p = 0.002,
Cochran—Armitage test for trend); the incidence in the high-dose group was significantly
higher (p = 0.003, Fisher’s exact test) than that in the corresponding vehicle-control
group. Hepatocellular carcinomas were found in 1/73, 0/48, 2/47 and 2/47 females, res-
pectively (United States National Toxicology Program, 1980a). [The Working Group
noted that it is unlikely that the impurities consisting of various polyhalogenated
dibenzo-para-dioxins were responsible for the observed carcinogenic effects.]
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3.1.2 Rat

Groups of 50 male and 50 female Osborne-Mendel rats, six weeks of age, were
administered HxCDD (purity, 98.6%; 31% 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-
HxCDD of the total HxCDD content), suspended in a vehicle of 9 : 1 corn oil-acetone,
by gastric instillation twice a week for 104 weeks at doses of 1.25 (low), 2.5 (mid) or 5
(high) pg/kg per week. Groups of 75 rats of each sex served as vehicle controls and 50
rats of each sex as untreated controls. All surviving animals were killed at 105-108
weeks. A dose-related depression in mean body weight was seen in both sexes. At the
end of the study, 24/50, 29/75, 18/50, 19/50 and 19/50 untreated control, vehicle control,
low-, mid- and high-dose rats, respectively, were still alive; for females, the corres-
ponding numbers were 33/50, 39/75, 36/50, 36/50 and 37/50 animals. In male rats,
hepatic neoplastic nodules occurred at incidences that were dose-related (0/74, 0/49, 1/50
and 4/48 in the vehicle-control, low-, mid- and high-dose groups, respectively (p = 0.003,
Cochran—Armitage test for trend). No hepatocellular carcinomas occurred in males. In
female rats, hepatic neoplastic nodules occurred at incidences that were dose-related
(5775, 10/50, 12/50 and 30/50 in the vehicle-control, low-, mid- and high-dose groups,
respectively; p <0.001, Cochran-Armitage trend test); the incidences in the mid- and
high-dose groups were significantly higher (p = 0.006 and p < 0.001, respectively,
Fisher’s exact test) than that in the corresponding vehicle-control group. In addition, four
high-dose females had hepatocellular carcinomas (United States National Toxicology
Program, 1980a). [The Working Group noted that it is unlikely that the impurities
consisting of various polyhalogenated dibenzo-para-dioxins were responsible for the
observed carcinogenic effects.]

3.2 Skin application

Mouse: Groups of 30 male and 30 female Swiss-Webster mice, six weeks of age,
received skin applications on the clipped back of 0.01 pg/animal HxCDD (purity, 98.6%:;
31% 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-HxCDD of the total HxCDD content) sus-
pended in 0.1 mL acetone on three days per week for 104 weeks. During the first 16
weeks, doses were 0.005 pg/animal per application. As vehicle controls, 45 mice of each
sex received 0.1 mL of acetone three times per week. Thirty animals of each sex served
as untreated controls. HxCDD treatment did not affect mean body weights or survival in
either sex. At week 60 of the study, 23/30, 30/45 and 25/30 untreated control, vehicle-
control and HxCDD-treated males, respectively, were still alive; and 28/30, 43/45 and
24/30 untreated control, vehicle-control and HxCDD-treated females, respectively, were
still alive. In male mice, the incidence of alveolar/bronchiolar carcinomas in the group
administered only HxCDD was significantly higher (5/30; p = 0.045, Fisher’s exact test)
than that in the vehicle controls (1/41), but similar to that in untreated controls (4/28). In
male mice, the incidence of lymphomas or leukaemias was significantly lower (0/30;
p =0.011) than that in untreated controls (6/29). In female mice, the incidence of fibro-
sarcomas of the integumentary system was significantly higher in animals administered
HxCDD (4/27; p = 0.044, Fisher’s exact test) than that in untreated controls (0/30).
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However, the incidences were not significantly elevated compared with those of the
vehicle controls (2/41) (United States National Toxicology Program, 1980b).

1,2,3,7,8-Pentachlorodibenzo-para-dioxin (1,2,3,7,8-PeCDD)
Administration with known carcinogens
Liver

Rat: Waern ef al. (1991) analysed the GGT-positive foci in groups of 10-20 female
Sprague-Dawley rats subjected to a 70% partial hepatectomy followed by single intra-
peritoneal injection of 30 mg/kg bw NDEA and 1,2,3,7,8-PeCDD. Five weeks after
NDEA administration, a loading dose of 1,2,3,7,8-PeCDD consisting of five times the
weekly maintenance dose in each treatment group was given by subcutaneous injection.
Weekly maintenance doses of 0.088, 0.35 and 1.4 pg/kg bw 1,2,3,7,8-PeCDD per week
were then given for 20 weeks. The rats were killed at the end of the treatment. A signi-
ficant increase in the percentage of liver occupied by GGT-positive focal hepatic lesions
was observed for all doses of 1,2,3,7,8-PeCDD (approximately: low-dose, 0.35%; mid-
dose, 0.7%; high-dose, 1.6%) compared with NDEA alone (0.15%). A significant
increase in the number of foci per liver was also seen in the two highest-dose groups
(approximately: low-dose, 2750; mid-dose, 5000; high-dose, 10 250) compared with
NDEA alone (2000).

1,2,3,4,6,7,8-Heptachlorodibenzo-para-dioxin (1,2,3,4,6,7,8-HpCDD)
Administration with known carcinogens
Liver

Rat: Groups of 4-8 female Wistar rats (100 g) were given five doses of 10 mg/kg bw
NDEA in water by gastric instillation. Starting two weeks later, rats were treated with
either corn oil solvent or 70 pg/kg bw 1,2,3,4,6,7,8-HpCDD biweekly by subcutaneous
injection. The development of focal hepatic lesions was determined at 9, 13 and 17
weeks. ATPase-deficient lesions were quantitated and the GSTP-positive focal popu-
lation was used to determine focal proliferation rates from pulse labelling with bromo-
deoxyuridine (BrdU) before sacrifice. The numbers of ATPase-deficient lesions were
619 £ 113 (at 9 weeks), 551 * 158 (at 13 weeks) and 1691 + 652 (at 17 weeks) per cm’ in
the NDEA-treated rats given 1,2,3,4,6,7,8-HpCDD. The corresponding numbers in the
groups given 1,2,3,4,6,7,8-HpCDD but no NDEA were 63 + 35 (at 9 weeks), 87 + 16 (at
13 weeks) and 120 * 30 (at 17 weeks) per cm’. The percentage volume fractions of
ATPase-deficient lesions were 0.093 £ 0.38 (at 9 weeks), 0.091 + 0.037 (at 13 weeks)
and 0.76 £ 0.40 (at 17 weeks) (Buchmann et al., 1994).

Groups of five female Wistar rats (190-210 g) were given N-nitrosomorpholine
(80 mg/L) in the drinking-water for 25 days. Starting two weeks later, the rats were given
biweekly subcutaneous injections of corn oil or 1,2,3,4,6,7,8-HpCDD for 13 weeks. The
calculated average daily doses were 100, 1000 or 10 000 ng/kg bw. The number and
volume fraction of ATPase deficient lesions were assessed following 13 weeks of admi-
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nistration. The numbers of ATPase-deficient hepatic foci were approx1mately 125/cm’
(controls), 450/cm’ (low-dose), 250/cm’ (mid-dose) and 500/cm’ (high-dose), while the
corresponding percentage volume fractions were approximately 0.125 (control), 0.25
(low-dose), 0.125 (mi