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NOTE TO THE READER

The term ‘carcinogenic risk’ in the JARC Monographs series is taken to mean that an
agent is capable of causing cancer under some circumstances. The Monographs evaluate
cancer hazards, despite the historical presence of the word ‘risks’ in the title.

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
Section of IARC Monographs, 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 Section of
IARC Monographs, so that corrections can be reported in future volumes.
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IARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS

PREAMBLE

1. BACKGROUND

In 1969, the International Agency for Research on Cancer (IARC) initiated a pro-
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce mono-
graphs 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 avai-
lable evidence that certain exposures could alter the incidence of cancer in humans. The
second step is quantitative risk estimation. Detailed, quantitative evaluations of epidemio-
logical data may be made in the Monographs, but without extrapolation beyond 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-

7
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plasms may in some circumstances (see p. 19) contribute to the judgement that the expo-
sure 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 mechanisms may be involved.
The aim of the Monographs has been, from their inception, to evaluate evidence of carci-
nogenicity 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. 25-27).

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 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 legislation,
which are the responsibility of individual governments and/or other international
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 2500
copies of each volume are printed, for distribution to governments, regulatory bodies and
interested scientists. The Monographs are also available from IARCPress in Lyon and via
the Marketing and Dissemination (MDI) of the World Health Organization in Geneva.

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-
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, 1993 and 1998 gave
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recommendations as to which agents should be evaluated in the IARC Monographs series
(IARC, 1984, 1989, 1991b, 1993, 1998a,b).

As significant new data on subjects on which monographs have already been
prepared become available, re-evaluations are made at subsequent meetings, and revised
monographs 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. 25-27). In the sections on chemical and physical properties, on analysis, on
production and use and on occurrence, unpublished sources of information may be used.

5. 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; (ii) to select the
data relevant for the evaluation on the basis of scientific merit; (iii) 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 pre-
paration 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. Infor-
mation 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 pre-
pared 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, des-
cription of an industry or habit, chemistry of the complex mixture or taxonomy. Mono-
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graphs 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 trade 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 evaluation or
recommendation of any of the methods is meant or implied. The IARC published 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
reproducibility.

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
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present. For processes, industries and occupations, a historical description is also 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
carcinogenicity in humans — cohort studies, case—control studies and correlation (or
ecological) 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 the exposures under study to the occurrence 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 association than
in fact exists between disease and an agent, mixture or exposure circumstance. 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 investigated
factors other than the exposure of interest should have been reported.
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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
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).

(c)  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 mecha-
nisms of action (IARC, 1991a; Vainio ef al., 1992).

(d)  Criteria for causality

After the individual epidemiological studies of cancer have been summarized and the
quality 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 carcinogenicity
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
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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
type) adds plausibility to a causal relationship, particularly when excess cancer occurrence
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 popu-
lation size. Moreover, no individual study nor the pooled results of all the studies should
show any consistent tendency for the relative risk of cancer to increase with increasing
level of exposure. It is important to note that evidence of lack of carcinogenicity 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; studies with latent periods substantially
shorter than 30 years cannot provide evidence for lack of carcinogenicity.

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 ef al.,
1986; Tomatis et al., 1989). For several agents (aflatoxins, 4-aminobiphenyl, azathio-
prine, betel quid with tobacco, bischloromethyl ether and chloromethyl methyl ether
(technical grade), chlorambucil, chlornaphazine, ciclosporin, coal-tar pitches, coal-tars,
combined oral contraceptives, cyclophosphamide, diethylstilboestrol, melphalan, 8-
methoxypsoralen plus ultraviolet A radiation, mustard gas, myleran, 2-naphthylamine,
nonsteroidal estrogens, estrogen replacement therapy/steroidal estrogens, solar radiation,
thiotepa and vinyl chloride), carcinogenicity in experimental animals was established or
highly suspected before epidemiological studies confirmed their carcinogenicity in
humans (Vainio et al., 1995). Although this association cannot establish that all agents
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and mixtures that cause cancer in experimental 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 possibility that a given agent may cause cancer through a species-
specific mechanism which does not operate in humans (see p. 27) 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
carcinogenic 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, (ii) constituent substances that indicate the presence of a class of
substances, (iii) the results of tests for genetic and related effects, including studies on
DNA adduct formation, 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.

(a)  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;
(11) 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., too
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).
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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 each sex were used; (vi) whether animals 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 et al., 1989). The occurrence of lesions presumed to be pre-neoplastic
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 progress 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 deter-
minant 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 ef al., 1983; Gart et al., 1986).

(c)  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
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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 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
CARCINOGENICITY AND ITS MECHANISMS

In coming to an overall evaluation of carcinogenicity in humans (see pp. 25-27), 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 or 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 on humans and on 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; McGregor et
al., 1999). The adequacy of the reporting of sample characterization is considered and,
where necessary, commented upon; with regard to complex mixtures, such comments are
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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, chromosomal 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.

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 detected 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 ef 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)
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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
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 experiments,
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
experimental 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.
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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:

(1) 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

(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/inac-
tivation/DNA repair

(iii) Evidence of relevant effects on cell behaviour (morphological or behavioural
changes at the cellular or tissue level): for example, induction of mitogenesis,
compensatory 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 interpretation
of these criteria would indicate.
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(a)  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 is 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.

(i)  Carcinogenicity in humans

The applicability of an evaluation of the carcinogenicity of a mixture, process, occu-
pation 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
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 between exposure and cancer, 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.
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In some instances, the above categories may be used to classify the degree of evi-
dence related to carcinogenicity in specific organs or tissues.

(i)  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 incidence
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 carcinogenicity
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 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
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humans or biological specimens obtained from exposed humans. The data may be consi-
dered 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 com-
pounds 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 experi-
mental systems are related to those to which humans are exposed.

(c)  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 eva-
luated 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
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 of carci-
nogenicity in humans is less than sufficient but there is sufficient evidence of carcino-
genicity in experimental 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
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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 24 — 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 /imited 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, 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 /imited evidence
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 circums-
tances 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
experimental 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.
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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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GENERAL REMARKS

This ninety-second volume of [ARC Monographs contains evaluations of the
carcinogenic hazard to humans of 60 polycyclic aromatic hydrocarbon (PAH) compounds
and several occupations involving exposures to coal-derived PAHs. This is the first of
several volumes related to agents that contribute to air pollution; subsequent volumes will
cover certain particulate or chemical agents, indoor emissions from household
combustion of solid fuels and high-temperature frying, asphalt/bitumen, motor vehicle
emissions, and ultimately outdoor air pollution. Many of the PAHs and occupations
evaluated in this volume were last reviewed more than 20 years ago in Volumes 32-35, a
four-part series on polynuclear aromatic compounds. Newer experimental and
epidemiological information have been published since that time and are reviewed in this
volume.

There is a long history to the identification of PAHs as human cancer hazards. In
1775 Sir Percivall Pott identified soot as the cause of scrotal cancer in chimney sweeps
(Brown and Thornton, 1957), the first attribution of an occupational cancer to a specific
cause. In the early 1900s laboratory scientists began the search that led to the isolation of
benz[a]anthracene, dibenz|a,/]anthracene, benzo[a]pyrene, and other PAH compounds
and the demonstration that they can induce cancer in experimental animals (Phillips,
1983).

The evaluations of carcinogenic hazard in this volume are qualitative assessments of
the evidence that a PAH congener or mixture can increase the incidence of cancer. The
same evidence also demonstrates that PAH congeners and mixtures vary widely in the
level of carcinogenic response induced by a given dose. Although benzo[a]pyrene is the
marker of PAH exposure that is most often used, there is evidence that a few PAH
congeners, for example, dibenzo[a,/[pyrene, are more potent in their ability to induce lung
cancer or skin cancer in experimental systems. These potent congeners should be
measured in environmental and biological samples, as they may contribute substantially
to the risk of human cancer attributable to PAH mixtures.

Some occupations evaluated in this volume may entail exposures to carcinogens other
than coal-derived PAHs, and it is possible that the observed cancer risks could be
attributable in part to these other exposures. In aluminium production, for example, there
is an excess of bladder cancer, and potential confounding by other occupational exposures
could not be ruled out with reasonable confidence.

31—
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The IARC Monographs use the term 'carcinogen' to denote an exposure that is capable
of increasing the incidence of malignant neoplasms, reducing their latency, or increasing
their severity or multiplicity. In reviewing bioassay data for this volume, the Working
Group considered mouse skin initiation-promotion studies (single or multiple applications
of a PAH followed by repeated applications of a tumour promoter such as 12-O-
tetradecanoylphorbol-13-acetate) to be insufficient for assessing the carcinogenicity of
PAHs per se. The Working Group also reviewed a number of newborn mouse assays in
which the PAHs were administered to infant mice (e.g. days 1, 8, and 15 of life). Some of
these newborn treatments led to neoplasms, which were in some instances malignant. The
Working Group considered positive newborn mouse assays to be indicative of the
genotoxic potential of the compound under investigation rather than as unambiguous
proof of carcinogenic potential. The Working Group further felt that results of newborn
mouse assays had to be viewed in light of other available data before making an
assessment of the overall carcinogenic potential of an exposure.

A significant source of PAH exposure in the general population is the consumption of
particular foods, notably toasted cereals and grilled meats. These foods contain
measurable levels of benzo[a]pyrene and other PAHs that are carcinogenic, probably
carcinogenic, or possibly carcinogenic to humans, and there is strong evidence that some
of these compounds, including benzo[a]pyrene, induce digestive-tract tumours in
experimental animals when administered by ingestion. There are, however, few
epidemiological studies investigating directly the possible association between dietary
PAH intake and cancer. The studies conducted to date used questionnaires about meat-
cooking in conjunction with benzo[a]pyrene as a marker for total PAH intake. Three
case-control studies observed a small-to-moderate increase in the risk of colorectal
adenoma, a precursor of colon cancer, with higher estimated intake of benzo[a]pyrene.
There was, however, no association with benzo[a]pyrene intake in a case-control study of
colon cancer. One case-control study of pancreatic cancer also observed a moderate
increase in risk with benzo[a]pyrene intake. There was no association with
benzo[a]pyrene in one study of prostate cancer and non-Hodgkin lymphoma. This
volume reviews the epidemiological studies that suggest a possible association between
consumption of PAHs in foods and increased risks of colorectal adenoma and pancreatic
cancer. These epidemiological studies, however, are limited to one geographical area and
are too small to be considered conclusive. Large-scale independent cohort studies are
needed to more definitively investigate these associations.

A summary of the findings of this volume appears in The Lancet Oncology.
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SOME NON-HETEROCYCLIC POLYCYCLIC AROMATIC
HYDROCARBONS AND SOME RELATED EXPOSURES

The compounds covered in this monograph are listed in Table 1.1

1. Exposure Data

Polycyclic aromatic hydrocarbons (PAHs) are very widespread environmental
contaminants, due to their formation during the incomplete combustion or pyrolysis of
organic material. They are found in air, water, soils and sediments, generally at trace
levels except near their sources. Tobacco smoke contains high concentrations of PAHs.
They are present in some foods and in a few pharmaceutical products that are applied to
the skin.

Occupational exposure to PAHs in several work environments can lead to body
burdens among exposed workers that are considerably higher than those in the general
population. In particular, industrial processes that involve the pyrolysis or combustion of
coal and the production and use of coal-derived products are major sources of PAHs and
are the focus of this monograph.

1.1 Chemical and physical data

1.1.1  Nomenclature, structure and properties

The term polycyclic aromatic hydrocarbons (PAHs) commonly refers to a large class
of organic compounds that contain only carbon and hydrogen and are comprised of two
or more fused aromatic rings.

The PAHs that have been chosen for inclusion in this monograph are presented in the
Appendix; their nomenclature is listed in Table 1 and their structures are given in Figure 1
therein. The International Union of Pure and Applied Chemistry (IUPAC) Systematic
Name (IUPAC, 1979; Sander & Wise, 1997), the Chemical Abstracts Services (CAS)
Registry Number, the molecular formula and the relative molecular mass for each
compound are given in Table 1 of the Appendix. The chemical and physical properties,
the latest Chemical Abstracts Primary Name (9th Collective Index), common synonyms
and sources for spectroscopic data are given in Table 2 and the main text of this
Appendix. The nomenclature of PAHs has been inconsistent and the more commonly
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used names that appear in this monograph may not be those used in the primary CAS

Index or by I[UPAC.

Table 1.1. IARC Monographs volume® and evaluation of the polycyclic
aromatic hydrocarbons covered in this monograph

Common name Volume(s) Group
Acenaphthene - -
Acepyrene - -
Anthanthrene 32 3
Anthracene 32 3
11H-Benz[b,c]aceanthrylene - -
Benz[j]aceanthrylene - -
Benz[/]aceanthrylene - -
Benz[a]anthracene 3,32 2A
Benzo[b]chrysene - -
Benzo[g]chrysene - -
Benzo[a]fluoranthene - -
Benzo[b]fluoranthene 3,32 2B
Benzo[ghi]fluoranthene 32 3
Benzo[j]fluoranthene 3,32 2B
Benzo[k]fluoranthene 32 2B
Benzo[a]fluorene 32 3
Benzo[b]fluorene 32 3
Benzo[c]fluorene 32 3
Benzo[ghi]perylene 32 3
Benzo|[ c]phenanthrene 32 3
Benzo[a]pyrene 3,32 2A
Benzo[e]pyrene 3,32 3
Chrysene 3,32 3
Coronene 32 3
4H-Cyclopenta[def]chrysene - -
Cyclopenta[cd]pyrene 32 3
5,6-Cyclopenteno-1,2-benzanthracene - -
Dibenz[a,c]anthracene 32 3
Dibenz[a,h]anthracene 3,32 2A
Dibenz[a,j]anthracene 32 3
Dibenzo[a,e]fluoranthene 32 3

13H-Dibenzo[a,g]fluorene

Dibenzol[A,rst]pentaphene 3 3
Dibenzo[a,e]pyrene 3,32 2B
Dibenzo[a,h]pyrene 3,32 2B
Dibenzo[a,i]pyrene 3,32 2B
Dibenzol[a,/]pyrene 3,32 2B
Dibenzol[e,/]pyrene - -
1,2-Dihydroaceanthrylene - -
1,4-Dimethylphenanthrene 32 3
Fluoranthene 32 3
Fluorene 32 3
Indeno[1,2,3-cd]pyrene 3,32 2B
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Table 1.1 (contd)

Common name Volume(s) Group
1-Methylchrysene 32 3
2-Methylchrysene 32 3
3-Methylchrysene 32 3
4-Methylchrysene 32 3
5-Methylchrysene 32 2B
6-Methylchrysene 32 3
2-Methylfluoranthene 32 3
3-Methylfluoranthene 32 3
1-Methylphenanthrene 32 3

Naphtho[1,2-b]fluoranthene -
Naphtho[2,1-a]fluoranthene -
Naphtho[2,3-¢e]pyrene -
Perylene 32

3
Phenanthrene 32 3
Picene - -
Pyrene 32 3
Triphenylene 32 3

#Vol. 3 published in 1973, Vol. 32 in 1983 and Suppl. 7 in 1987 (IARC, 1973, 1983, 1987).

The chemical structures and ring numbering shown in the Appendix follow the
IUPAC rules for fused-ring systems. Structures are typically oriented such that (i) the
greatest number of rings in a row are aligned horizontally, (ii) the maximum number of
rings is positioned in the upper right quadrant and (iii) the least number of rings is
positioned in the lower left quadrant. Numbering begins with the uppermost ring the
furthest to the right; the most counterclockwise carbon atom is not involved with ring
fusion. The numbering proceeds clockwise around the structure with hydrogenated
carbon atoms. The numbering of anthracene and phenanthrene are ‘retained exceptions’
to this rule. Numbering of atoms engaged in ring fusion (numbers not shown in this
monograph) are given letters, such as a, b and c, after the number of the preceding atom.

The 35 IUPAC ‘parent compounds’ are used in the nomenclature, and structures are
built from these by adding prefixes (e.g. benzo-, cyclopenta- or a group of rings such as
indeno-), followed by an italic letter or letters denoting the bond or bonds of the base
(which has as many rings as possible) at which fusion occurs. The letter a refers to the
1,2-bond, and all bonds are then lettered sequentially whether or not they carry hydrogen
atoms (Lee et al., 1981). The [IUPAC parent compounds are given an order of increasing
priority with increasing ring number. The parent with the highest priority is used to name
the structure. An exception to this rule is the choice of benzo[a]pyrene over
benzo|[def]chrysene.

The important chemical and physical properties of each pure PAH are summarized in
Table 2 of the Appendix and include, where available: melting-point, vapour pressure,
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partition coefficient for n-octanol:water (log K,,), water solubility, and Henry’s law
constant. These physicochemical properties of PAHs—namely, very low water
solubility, low vapour pressure and high log K,,, — control the transport and distribution
of PAHs in the environment. A more complete set of data that includes the available
descriptions of crystals, and data on boiling-point, density and rate constant for
atmospheric gas-phase reactions (low molecular weights only) are given in the Appendix.
Only experimental data are reported here and, for consistency, log K,,, values generally
include evaluated values only (Sangster Research Laboratories, 2005).

1.1.2  Analysis

(a)  Analysis of ambient exposure to PAHs

Chemical analysis of PAHs often requires extensive separation schemes because of
their lack of distinct functional groups, the existence of numerous structural isomers and
the need to analyse PAHs in diverse environmental matrices. Methods for the analysis of
PAHs were described in detail in the 1980s (for example, Lee et al., 1981; Bjorseth, 1983;
IARC, 1983; Bjorseth & Ramdahl, 1985) and have recently been updated (IPCS, 1998;
Neilson, 1998). Unfortunately, the PAHs that have been quantified in ambient and
occupational samples are often very limited in number; for example, the 16 ‘US
Environmental Protection Agency priority pollutant PAHs’ are often measured, and the
larger PAHs (molecular weight >300), which have been suggested to have an important
carcinogenic impact (Grimmer et al., 1984), have been addressed only recently (Schubert
et al.,2003).

(i)  Collection and sampling

Two- to four-ring PAHs are present, at least partially, in the gas phase in ambient and
industrial atmospheres (Coutant et al., 1988), and sampling of total PAHs requires that an
adsorbent be placed downstream from the filter that samples the particle-associated
PAHs. In addition, air stripping, that is caused by the passage of large volumes of air, can
cause volatile components to be lost from the filter, and, again, it is very important that
sampling techniques include adsorbents downstream of the filter (NIOSH, 2000).
Common adsorbents used include Amberlite XAD resins, polyurethane foam and Tenax-
GC (Chuang et al., 1987; Reisen & Arey, 2005). Size-fractionated sampling of particles is
now often used to apportion the sources of ambient particles and to investigate the health
impact of ambient particles. The US Environmental Protection Agency classifies particle
diameters as ‘coarse’ (2.5-10 um), ‘fine’ (<2.5 um) and ‘ultrafine’ (<0.1 um).

During ambient sampling, reaction of the PAHs on the filter with ambient gaseous
species such as ozone can result in an underestimation of the actual concentrations
(Schauer et al, 2003). Such ‘artefacts’ are probably less important in workplace
atmospheres where higher PAH concentrations allow shorter sampling times.
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(i)  Extraction
Extraction techniques used include solvent, Soxhlet, ultrasonic, microwave-assisted,
supercritical fluid, accelerated solvent and solid-phase extraction, and these have been
evaluated for use with different sample matrices (Colmsjo, 1998). The addition of
deuterated internal standards of specific PAHs and quantification by ‘isotope-dilution’
mass spectrometry (MS) is one technique that is often employed to correct for losses of
analyte during sample preparation (Boden & Reiner, 2004).

(iil)  Quantification and identification of PAHs in isolated mixtures
of polycyclic aromatic compounds

Due to the existence of numerous structural isomers of the PAHs, chromatographic
separation either by gas chromatography (GC) or high-performance liquid chroma-
tography (HPLC) is generally employed for isomer-specific identification and quanti-
fication. In addition, HPLC provides a useful fractionation technique for isolating PAHs
from complex sample mixtures and allows quantification with universal or selective
detectors after further separation, for example, by GC with MS (GC-MS) (Reisen &
Arey, 2005). The development of standard reference materials (SRMs) with certified
values for PAHs in complex environmental matrices allows evaluation of new analytical
techniques (Wise et al., 1993; Schubert et al., 2003).

(iv) Liguid chromatography (LC)

The development of reverse-phase (RP) HPLC columns coupled with ultraviolet
(UV) absorbance and fluorescence detection has improved the analysis of a range of
PAHs including high-molecular-weight species (Fetzer & Biggs, 1993; Wise et al., 1993).
The length:breadth ratio is a shape-descriptive parameter that has been used in numerous
studies of PAH retention in both LC and GC (see Poster et al., 1998 and references
therein), and a useful listing of length:breadth ratio for many of the PAHs has been
compiled (Sander & Wise, 1997). For a comprehensive review of the selectivity of
monomeric and polymeric C;s RP HPLC columns for PAH analysis, the reader is referred
to Poster et al. (1998).

(v)  Gas chromatography

High-efficiency capillary GC columns with thermally stable stationary phases are
used routinely for the analysis of PAHs. Using GC-MS and three different GC stationary
phases, 23 isomers of molecular weight 302 and four isomers of molecular weight 300
were recently quantified in four different environmental-matrix SRMs: coal tar (SRM
1597), sediment (SRM 1941) and air particulate matter (SRMs 1648 and 1649a)
(Schubert et al., 2003).

(vi)  Other methods of quantification

Laser-excited time-resolved Shpol’skii spectroscopy has recently been reported as a
method for the unambiguous determination of dibenzo[a.e]pyrene, dibenzo[a,h]pyrene,
dibenzo[a,i]pyrene, dibenzo[a,/Jpyrene and dibenzo[e,/]pyrene in HPLC fractions (Yu &
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Campiglia, 2004). The use of multidimensional GC, LC, coupled LC-GC and
supercritical fluid chromatography have been reported (Sonnefeld et al., 1982; Benner,
1998; Poster et al., 1998; Marriott et al., 2003). The use of single-particle or particle-beam
MS offers the possibility of real-time analysis of PAHs on size-resolved particles but,
without chromatographic separation, complete information on structural isomers cannot
be achieved (Noble & Prather, 2000).

(b)  Analysis of occupational exposure

Since the 1940s, the exposure of workers to PAHs has been assessed by
measurements of workroom air. In the 1970s, personal air sampling of inhalable dust
replaced static air sampling (Kenny et al., 1997). In many studies, a surrogate — namely
coal-tar pitch volatiles as benzene-soluble or cyclohexane-soluble matter — has been
used as an indicator of airborne PAH. Only in the last decade has the direct determination
of the 16 ‘priority pollutant’ PAHs or that of a single marker — namely benzo[a]pyrene
— in workroom air been chosen to measure industrial exposure to PAHs. The sampling
method used to evaluate PAH exposures has been changed so that not only the
particulates are sampled, but also the gaseous fraction of the PAH (Noto et al., 1996).
Methods for the extraction and analysis of ambient air samples are also applied to
occupational air samples.

There are currently no standardized methods to measure dermal exposures to PAH.
Using polypropylene pads as adsorbing materials, Jongeneelen et al. (1988a) evaluated
dermal exposures among workers exposed to coal-tar pitch. Wolff et al. (1989) measured
dermal exposures among roofers by collecting pre- and post-shift skin wipes from
measured areas of each worker’s forehead. These samples are extracted and analysed by
methods similer to those used for air samples.

(c)  Analysis of PAH metabolites in urine

A specific metabolite of pyrene, 1-hydroxypyrene, in urine has been suggested as a
biomarker of human exposure to PAHs (Jongeneelen ef al., 1985; Jongeneelen, 2001).
Recently, the glucuronide of 1-hydroxypyrene has also been used as an indicator of
exposure, since the majority of 1-hydroxypyrene is conjugated and the fluorescence
intensity of the conjugate is higher, but its additional value has not yet been assessed
(Strickland et al., 1996). The measurement of various hydroxylated phenanthrenes has
also been reported as a biomarker of exposure; analysis by GC-MS (Grimmer et al.,
1991, 1993) and HPLC has been used to measure hydroxylated phenanthrenes and 3-
hydroxybenzo[a]pyrene (Gundel et al., 1996; Popp et al., 1997; Gendre et al., 2002). A
recent attempt at immunoaffinity separation of PAH metabolites from the urine of
exposed workers showed the presence of both 1-hydroxypyrene and several
hydroxyphenanthrenes (Bentsen-Farmen et al., 1999). Urinary 1-hydroxypyrene remains,
at the present time, the most reliable and pratical marker for monitoring individual
exposures or exposures of the population to PAHs (Dor ef al., 1999).
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1.2 Occurrence and exposure

1.2.1  Sources of exposure to PAHs for the general population

Sources of PAH exposure for the general population have been reviewed previously
(IARC, 1983) and also more recently (IPCS, 1998). Exposures to PAHs can occur
through tobacco smoke, ambient air, water, soils, food and pharmaceutical products.
PAHs are ubiquitous in the environment, and result in measurable background levels in
the general population (IPCS, 1998). Biological monitoring of 1-hydroxypyrene in the
urine of occupationally non-exposed individuals or representative samples of the general
population has shown detectable levels in nearly all individuals at median concentrations
that are typically less than 0.1 umol/mol creatinine (reported in Huang et al., 2004). In the
USA, the National Health and Nutrition Examination Survey (NHANES) analysed
2312 urine samples collected from the general population in 1999-2000 and showed a
geometric mean concentration of 1-hydroxypyrene of 0.039 umol/mol creatinine
(95% confidence interval (CI), 0.034-0.046 pmol/mol). Adult smokers had a three-fold
higher level than nonsmokers (geometric mean, 0.080 versus 0.025 pwmol/mol). These
data are comparable with other recent data on occupationally non-exposed populations in
Europe and Canada (Huang et al., 2004). Occupational exposures in some industries can
result in urinary levels of 1-hydroxypyrene that are orders of magnitude higher (see
Section 1.2.2). The NHANES survey data for 2001-2002 (CDC, 2005) also include
urinary analyses of 22 PAH metabolites in over 2700 individuals.

Mainstream tobacco smoke is a major source of exposure to PAHs for smokers
(IARC, 2004). A recent study (Ding et al., 2005) reported PAH levels in mainstream
smoke from 30 US domestic brands of cigarette. The 14 PAHs measured (of the
16 priority PAHs of the Environmental Protection Agency) had either sufficient or limited
evidence of carcinogenicity in experimental animals. Levels of total PAHs in mainstream
smoke ranged from 1 to 1.6 pg/cigarette. Sidestream smoke is a source of PAHs in indoor
air; levels of benzo[a]pyrene in sidestream smoke have been reported to range from
52 to 95 ng/cigarette — more than three times that in mainstream smoke (IARC, 2004).

PAHs are widely detected as ambient air pollutants, primarily bound to particulate
matter but also in the gas phase (especially the lower-molecular-weight PAHs). Average
concentrations of individual PAHs in the ambient air of urban areas typically range from
1 to 30 ng/m’ (excluding naphthalenes), and the more volatile PAHs are generally more
abundant; however, concentrations up to several tens of nanograms per cubic metre have
been reported in road tunnels or in large cities that use coal or other biomasses as
residential heating fuels extensively (IPCS, 1998). Estimates of annual emissions of
PAHs from anthropogenic sources in the 1990s were 8600 tonnes/year in Europe
(Bostrom et al., 2002) and 2000 tonnes/year in Canada (Government of Canada, 1994).
Major sources of PAHs in ambient air (both outdoors and indoors) include residential and
commercial heating with wood, coal or other biomasses (oil and gas heating produce
much lower quantities of PAH), other indoor sources such as cooking and tobacco smoke,
motor vehicle exhaust (especially from diesel engines), industrial emissions and forest
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fires (IARC, 1983; IPCS, 1998). PAHs present in ambient air in the gas phase generally
have durations of less than a day, whereas particle-associated PAHs may persist for
weeks and undergo long-range atmospheric transport (Arey & Atkinson, 2003).

Most PAHs in water originate from surface run-off, particularly in urban areas;
smaller particles derive from atmospheric fall-out and larger particles from the abrasion of
asphalt pavement. Industrial effluents can also contribute to PAH loads in surface waters,
and sediment levels may range up to several thousand micrograms per kilogram.
Although concentrations of PAHs in water are usually very low because of the low
solubility of these compounds, surface water concentrations are typically 1-50 ng/L, with
higher concentrations in some contaminated areas (IPCS, 1998). Comparison of PAH
levels in rainwater with those in surface waters showed higher levels in rainwater (10—
200 ng/L, with levels up to 1000 ng/L in snow and fog) (IPCS, 1998). Recently, it has
been reported that urban run-off from asphalt-paved car parks treated with coats of coal-
tar emulsion seal could account for the majority of PAHs in many watersheds in the USA
(Mahler et al., 2005). PAH levels in drinking-water are typically much lower (IPCS,
1998).

Food is a major source of intake of PAHs for the general population (see
Section 1.2.3). Estimates of PAH intake from food vary widely, ranging from a few
nanograms to a few micrograms per person per day. Sources of PAHs in the diet include
barbecued/grilled/broiled and smoke-cured meats; roasted, baked and fried foods (high-
temperature heat processing); breads, cereals and grains (at least in part from gas/flame
drying of grains); and vegetables grown in contaminated soils or with surface
contamination from atmospheric fall-out of PAHs (IARC, 1983; IPCS, 1998; JECFA,
2005).

Skin contact with PAH-contaminated soils and the use of dermal pharmaceutical
products based on coal tar have also been identified as sources of exposure to and uptake
of PAHs for the general population (Jongeneelen et al., 1985; Wright et al., 1985; Viau &
Vyskocil, 1995; IPCS, 1998).

1.2.2  PAHs in occupational settings: production processes and exposure

(a)  Processing and use of coal and coal-derived products

The processing and use of coal and coal-derived products is fundamental to many of
the industries described below. A brief introduction to coal pyrolysis and liquefaction is
informative.

Pyrolysis (also called thermolysis) is the thermal decomposition of organic substances
such as coal during heating to more than 300 °C in an oxygen-free atmosphere. It is the
generic term for carbonization, coking and devolatilization. It is also the primary reaction
in gasification, combustion and direct liquefaction. The decomposition products of
pyrolysis are pyrolysis gas (mainly hydrogen, carbon monoxide, carbon dioxide, methane
and C,—Cs hydrocarbons), liquid products (tar, oil, crude benzene and water) and coke as
a solid residue and the main product. Depending on the properties of the coal, different
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sulfur and nitrogen compounds are formed during the pyrolysis process. The distribution
and composition of pyrolysis products are mainly determined by the type of coal but can
be influenced by parameters in the process such as heating rate, temperature, atmosphere
and pressure (Crelling et al., 2005).

Low-temperature carbonization and coking involve the heating of coal with the
exclusion of air. This process removes condensable hydrocarbons (pitch, tar and oil), gas
and gas liquour, which leaves a solid residue of coke. Low-temperature carbonization (up
to 800 °C) and coking (> 900 °C) are differentiated by the final temperature. The two
processes also differ considerably in the rate of heating of the coal and the residence time
in the reactor. These parameters have a direct effect on the product yields. Low-
temperature carbonization produces fine coke and fairly large quantities of liquid and
gaseous products, whereas high-temperature coking is used primarily for the production
of a high-temperature lump coke for blast furnaces and cupola ovens (Crelling et al.,
2005).

High-temperature coking of coal is carried out entirely in batch-operated coke ovens,
the majority of which are of the horizontal chamber type. The feedstock is a coking coal
of given size and composition. The coking properties depend chiefly on softening and
resolidification temperatures and on swelling behaviour. Coking takes place at 1000—
1300 °C for 15-30 h. The coking time depends on the operating conditions and width of
the oven. The main product is metallurgical coke that is required for the production of pig
iron. Metallurgical coke is characterized by its suitable size and high resistance to
abrasion even under the conditions of a blast furnace. Coke-oven gas and liquid by-
products are also produced. In western Europe, these by-products influence the economy
of coking and, therefore, are reprocessed (Crelling et al., 2005). High-temperature coking
is associated with higher levels of exposure to PAHs than low-temperature processes
(Price et al., 2000).

Considerable technical improvements in coke production have led to greater cost
effectiveness. These include the mechanization and automation of oven operations, the
reduction of coking time and an increase in specific throughput by the use of thinner
bricks of higher thermal conductivity and larger oven sizes (Crelling et al., 2005).

Tables 1.2—-1.13 summarize the information available on exposures from 1983 to
2005 for the 10 industrial sectors addressed in this monograph. Each table was con-
structed to identify the country in which the sampling was carried out, the year in which
measurements were made, the identity of the job or task sampled, the number subjects for
whom measurements were made, the number of measurements taken, tobacco-smoking
status of the subjects (when reported), levels of total PAHs, pyrene and benzo[a]pyrene in
the air and dermal levels of pyrene and benzo[a]pyrene, as well as composite measures
such as benzene-soluble fractions and cyclohexane-soluble material. The air samples
reported are personal exposure measurements. In most cases, the study did not take into
account concomitant exposures in the workplace; however, when this information was
reported, it has been indicated in the text on the relevant industrial sector. Approximately
one-third of the studies reported measurements of urinary metabolites, usually 1-pyrenol



44 IARC MONOGRAPHS VOLUME 92

(1-hydroxypyrene). These have also been indicated below, together with results of the
dermal sampling that was usually conducted to measure levels of pyrene and
benzo[a]pyrene on the skin surface.

(b)  General considerations

Based on the CAREX database, it has been estimated that in 15 countries in Europe in
1990-93 almost 1000 000 people were exposed to PAHs above background levels
through their occupations (Kauppinen et al., 2000). A study in Costa Rica showed that
17 700 men and women were occupationally exposed to PAHs, excluding environmental
tobacco smoke and diesel exhaust (Partanen et al., 2003).

The production and use of coal tar and coal tar-derived products are major sources of
occupational exposure to PAHs. Crude coal tar is a by-product of coke production and
was formerly also a by-product of gas works. Crude coal tar is usually distilled, and
blends of distillation fractions are used for various purposes, such as wood conservation,
paints, road tars and roofing materials. PAH concentrations in coal-tar products may
range from less than 1% up to 70% or more (Jongeneelen, 2001; ATSDR, 2002).

Most PAHs are relatively non-volatile compounds. Airborne PAHs with fewer than
four aromatic rings (molecular weight range, 128-178) are sufficiently volatile to be
present as gaseous compounds in the working environment. PAHs with four rings
(molecular weight, 202) may be present both in the gas phase and as adsorbed
particulates. PAHs with higher molecular weights (>228) are typically bound to airborne
particulates (Jongeneelen, 2001).

Occupational exposure to PAHs occurs primarily through inhalation and skin contact.
Monitoring of workplace air and personal air sampling for individual PAHs, sets of PAHs
or surrogates (e.g. coal-tar pitch volatiles) have been used to characterize inhalation
exposures; more recently, biological monitoring methods have been applied to
characterize the uptake of certain PAHs (e.g. pyrene, benzo[a]pyrene) as biomarkers of
total exposure (see Sections 1.1.2 and 1.3).

There is growing awareness that occupational uptake of PAHs through the skin is
substantial (Jongeneelen, 2001). For example, uptake of pyrene by the dermal route was
estimated to account for as much as 75% of total body dose for coke-oven workers
(VanRooij et al, 1993a); for creosote-impregnating workers, dermal pyrene uptake was
on average 15-fold higher than the estimated respiratory uptake (VanRooij et al., 1993b).

Geographical distribution of the industries described in the following sections varies
considerably from industry to industry and over time within an industry. Coke production
increased more than fivefold in the People’s Republic of China between 1970 and 1995,
with concomitant decreases in Europe and North America. In 1995 and 1999, the
People’s Republic of China provided over one-third of the world’s production of coke and
more than half of global coke exports (Terjung, 2000).
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(¢)  Coal liquefaction

Coal liquefaction is a conversion process in which liquid fuels and liquid chemicals
are obtained from solid coal. Coal liquefaction can be accomplished in two ways. In the
first, which is called direct liquefaction or coal hydrogenation, the coal is suspended in
suitable oils and treated with either hydrogen in the presence of a catalyst or
hydrogenating solvents to yield oil products and some unreactive residue. In the second,
which is called indirect liquefaction, coal is gasified to yield a mixture of hydrogen and
carbon monoxide (synthesis gas) from which liquid products can be synthesized in one or
more steps. Both methods were developed into industrial-scale processes during the
1930s and were used extensively during the Second World War in Germany. Currently,
(indirect) coal liquefaction is employed on an industrial scale only in South Africa.
Further improvements were made to develop large pilot plant operations, mainly in
Germany, Japan and the USA. These activities reached their peak between 1975 and
1985, and have continued at lower levels since that time (Quinlan et al., 1995ab,c;
Crelling et al., 2005).

Concentrations of PAHs in the air and the skin and urine of workers in coal
liquefaction are summarized in Table 1.2.

Quinlan et al. (1995a) studied a pilot coal liquefaction plant. Inhalation exposures to
cyclohexane-soluble material were measured and spot urine samples were collected.
There were no statistically significant relationships between the levels of cyclohexane-
soluble material and those of 1-hydroxypyrene, and the authors attributed elevated levels
of 1-hydroxypyrene primarily to dermal absorption of PAHs among engineers.

Quinlan ef al. (1995b) also conducted an in-depth study to investigate the relation-
ships between work activities, exposures to PAHs and excretion of 1-hydroxypyrene
among coal liquefaction workers. The study demonstrated that there was an increase in
the daily (pre- versus post-shift) levels of 1-hydroxypyrene excretion, as well as an
increase in the day-to-day levels (shift 1 to shift 4). The levels of exposure to cyclo-
hexane-soluble material ranged from <5 to 49 pg/m’. Pyrene was reported to comprise
7% of the extract; its concentration in the particulate phase ranged from 0.8 to 2.8 pg/m’,
while benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene
and dibenzo[a,/]pyrene totalled 0.5% of the cyclohexane-soluble extract.

(d)  Coal gasification

Coal gasification is the process of reacting coal with oxygen, steam and carbon
dioxide to form a gas that contains hydrogen and carbon monoxide. Gasification is
essentially incomplete combustion. The chemical and physical processes in gasification
and combustion are quite similar, the main difference being the nature of the final
products. With regard to processing, the main difference in operations is that gasification
consumes the heat evolved during combustion. Under the reducing environment of
gasification, sulfur in the coal is released as hydrogen sulfide rather than sulfur dioxide
and nitrogen in the coal is converted mostly to ammonia rather than nitrogen oxides. These



Table 1.2. Concentrations of PAHs in the air, skin and urine of workers in coal liquefaction in the United Kingdom [year of
study not reported]

9%

Reference Job/task No.of  No.of No.of  PAH measured Air levels Dermal levels Urinary levels
subjects samples smokers (ug/m®) (ng/cm?) (umol/mol creatinine)
Mean Range Mean Range Mean Range
Quinlan et al. Engineer 5 6 2 0.07 NR
(1995a) Technician 5 9 3
Engineer 5 6 2 1-Hydroxypyrene 8.53 <1*-72.8
Technician 5 9 3 3.74 0.5%-7*
Quinlan et al. Operators® 5 NR NR 16 individual PAHs, ND-3340°
(1995b) vapour-phase only
10 NR CSM ND-49
b NR Pyrene* 1323 630-2870
Geometric
mean
Operators* 5 38 NR 1-Hydroxypyrene NR 0.59-20.02
Maintenance! 5 35 NR NR 0.24-13.72
Laboratory* 2 16 NR NR 0.29-2.22
Operators® 7 7 NR 29 0.87-6.58
Maintenance® 9 9 NR 3.35 0.56-14.18
Laboratory® 9 9 0 0.53 0.22-2.28
Office® 10 10 1 0.26 0.15-2.06
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Table 1.2 (Contd)

Reference Job/task  No. of No. of No. of PAH measured Air levels Dermal levels Urinary levels
subjects samples smokers (ng/m?) (ng/cm?) (umol/mol creatinine)
Mean Range Mean  Range Mean Range
Quinlan Engineer 5 10 0 Pyrene 21.5 ND-47.7
etal. Technician 5 10 3 17.8 ND-78.3
(1995¢) Engineer 5 20 0 Benzo[a]pyrene ND ND
Technician 5 20 3 ND ND
Engineer 5 20 0 1-Hydroxypyrene 0.73-48.47
Technician 5 20 3 2.19-15.43

CSM, cyclohexane-soluble material; ND, not detected; NR, not reported; PAH, polycyclic aromatic hydrocarbon
* Read from graph

? Values measured over 1 week

® Value measured for phenanthrene

¢ Calculated from mean CSM value, assuming 7% pyrene content in CSM extract

4 Values measured over 4 weeks

¢ Spot measurements at the end of working period
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reduced forms of sulfur and nitrogen are easily isolated, captured and used, and thus
gasification is a clean-coal technology with better environmental performance than coal
combustion (Shadle et al., 2002).

Depending on the type of gasifier and the operating conditions, gasification can be
used to produce a fuel gas that is suitable for a number of applications. A low heating-
value fuel gas is produced from an air-blown gasifier for use as an industrial fuel and for
power production. A medium heating-value fuel gas is produced from enriched oxygen-
blown gasification for use as a synthesis gas in the production of chemicals such as
ammonia, methanol and transportation fuels. A high heating-value gas can be produced
by passing the medium heating-value gas product over catalysts to produce a substitute or
synthetic natural gas (Shadle et al., 2002).

The earliest gasification processes were developed using a countercurrent, fixed-bed
gasifier. In a fixed-bed gasifier, coal is fed onto the top of the bed and travels downwards
against the current to the flow of gases. Atmospheric fixed-bed gasifiers of various design
are still occasionally found in small-scale industrial use. On a large scale, some Lurgi
fixed-bed pressurized gasification plants are currently operating commercially, e.g. in the
Republic of South Africa and in the USA (Shadle et al., 2002; Crelling ef al., 2005).

Fluidized-bed gasification, invented in 1922 by Winkler at BASF, has the advantage
of a fairly simple reactor design. In this process, the reactor vessel is designed so that the
air and steam flow required for gasification is sufficient to fluidize the bed of coal, char
and ash. Fluidization occurs when the velocity of the gas flow lifts the particles and
causes the gas—solid mixture to flow like a fluid (Shadle et al., 2002; Crelling et al.,
2005).

Entrained-flow gasification takes place in a flame-like reaction zone, usually at a very
high temperature, to produce a liquid slag. For economical operations, a high-standard
heat recovery system is mandatory, but the gas product typically has a very low methane
content and is free of tars, oils and phenols, which thereby simplifies gas and water
treatment considerably. Entrained-flow gasifiers of the Koppers-Totzek design that are
operated at atmospheric pressure are used industrially in many countries to produce
hydrogen or synthesis gas (Shadle et al., 2002; Crelling et al., 2005).

The moving-bed gasifiers produce tars, oils, phenols and heavy hydrocarbons, and the
concentrations in the gas product are controlled by quenching and water scrubbing.
Fluidized-bed gasifiers produce significantly smaller amounts of these compounds
because of higher operating temperatures. Entrained-flow gasifiers that operate at even
higher temperatures (in excess of 1650 °C) can achieve carbon conversions of more than
99.5% while generating essentially no organic compounds heavier than methane (Shadle
etal.,2002).

Concentrations of PAHs in the air of workers in the coal gasification industry were
reported by Gustavsson and Reuterwall (1990) to be similar to those described by
Lindstedt and Sollenberg (1982) in American plants [data not presented in Tables or
Figures]. In addition to PAHs, workers in coal gasification may be exposed to many



POLYCYCLIC AROMATIC HYDROCARBONS 49

compounds, including asbestos, silica, amines, arsenic, cadmium, lead, nickel, vanadium,
hydrocarbons, sulfur dioxide, sulfuric acid and aldehydes (IARC, 1984).

(e)  Coke production and coke ovens

Coke was first produced commercially in England in the early eighteenth century. By
the early to mid-1800s, coke was being widely produced in Europe and the USA as the
major fuel for blast furnaces.

Coal carbonization is the process of producing metallurgical coke for use in iron-
making blast furnaces and other metal-smelting processes. Carbonization entails heating
the coal to temperatures as high as 1300 °C in the absence of oxygen in order to distill out
tars and light oils. A gaseous by-product, referred to as coke-oven gas, together with
ammonia, water and sulfur compounds are also removed thermally from the coal. The
coke that remains after this distillation largely consists of carbon in various crystallo-
graphic forms, but also contains the thermally modified remains of various minerals that
were in the original coal. These mineral residues, commonly referred to as coke ash, do
not combust and are left after the coke is burned. Coke also contains part of the sulfur
from the coal. Coke is principally used as a fuel, a reductant and a support for other raw
materials in iron-making blast furnaces. A much smaller amount of coke is used similarly
in cupola furnaces in the foundry industry. The carbonization by-products are usually
refined, within the coke plant, into commodity chemicals such as elemental sulfur,
ammonium sulfate, benzene, toluene, xylene and naphthalene. Subsequent processing of
these chemicals produces a large number of other chemicals and materials. Coke-oven
gas is a valuable heating fuel that is used mainly within steel plants, for example, to fire
blast-furnace stoves, to soak furnaces for semi-finished steel, to anneal furnaces and lime
kilns as well as to heat the coke ovens themselves (Kaegi ef al., 1993).

The vast majority of coke is produced from slot-type by-product coke ovens.
Individual coke ovens are built of interlocking silica bricks that are produced in numerous
shapes for special purposes. It is not uncommon for batteries of modern coke ovens to
contain 2000 different shapes and sizes of brick. Typical coke ovens are 12-14 m in
length, 4-6 m in internal height and be less than 0.5 m in internal width. On each side of
the oven are heating flues that are also built of silica brick. Batteries of adjacent ovens,
where ovens share heating flues, contain as many as 85 ovens. At each end of each oven,
refractory-lined steel doors are removed and re-seated for each oven charge and push.
Coke batteries are generally heated with part of the coke-oven gas that is generated in the
process of coke production; however, they can also be heated with blast-furnace gas and
natural gas. Once heated, the battery generally remains hot for its entire life because
cooling causes a mineralogical change in the silica that lowers the strength of the silica
brick (Kaegi et al., 1993).

Above the ovens is a roof system that is capable of supporting the moving Larry car
from which coal is discharged into each oven through three to five charging holes in the
top of each oven. The Larry car is filled for each oven charge from a large blended coal
silo that is constructed above the rail of the Larry car, usually at one end of the coke



50 IARC MONOGRAPHS VOLUME 92

battery. Modern Larry car technology includes telescopic charging chutes to minimize
dust emissions during charging. Many facilities also include automatic removal and
replacement of the charging-hole lid. After completion of charging and replacement of the
charging-hole lids, a small flap at the top of one of the oven doors is opened and a steel
levelling bar is inserted along the length of the oven above the coal charge. The levelling
bar is moved back and forth over the coal to produce a level charge that has sufficient free
space above it. This free space is important to ensure balanced heating of the coal and is
needed to convey the volatile carbonization products out of the oven. Most coke batteries
charge wet coal into the ovens; however, a few facilities are equipped with pre-heaters
that not only remove all moisture from the coal, but pre-heat it to 150-200 °C in order to
expedite the carbonization process. The pre-heated charge facilities function very simi-
larly to wet charge facilities except that more attention is paid to potentially higher levels
of charging emissions caused by the dryness of the coal (Kaegi et al., 1993).

On top of the battery, at either one or both ends of each oven, refractory-lined
standpipes are mounted on additional roof openings into each oven. The volatile gases
generated from the coal during carbonization flow to the top of the oven, into the free
space and out through the standpipes. The standpipes are all connected to large collecting
mains that run along the length of the battery. These mains transport the gases to the by-
product plant in which they are processed into various materials. Water is sprayed into the
mains in order to cool the gases and to condense out some of the tar (Kaegi et al., 1993).

At the end of the coking cycle, which ranges from about 15 to 30 h depending on
production needs and on the condition of the battery, the doors are removed from each
oven. A pusher machine equipped with a large water-cooled ram then pushes the coke
from the oven into a hot or quench car. After the coke is pushed from the oven, the doors
are replaced to maintain oven heat and oven carbon content. The hot car may or may not
have a moveable or partial roof to minimize gaseous and particulate emissions. The car
moves on rails and positions the hot coke beneath a large water tank that is equipped with
nozzles on its underside. The water flow is regulated to quench the coke with a minimal
amount of excess water remaining on the cooled coke. After quenching, the hot car moves
again to dump the coke onto a refractory, covered coke wharf that is sloped away from
the hot car. The coke flows to the bottom of the wharf, at which point it drops onto a
conveyor system for transportation to a blast furnace, storage pile or out of the plant
(Kaegi et al., 1993; Crelling et al., 2005).

In 1990, total worldwide coke production was about 378 million tones and was
essentially unchanged since that in 1970. In 1990, the former USSR was the largest coke
producer (80 million tonnes), followed closely by the People’s Republic of China
(73 million tonnes). Japan produced 53 million tonnes and the USA produced about
27 million tonnes. Since 1970, production in the former USSR has remained in the range
of 75-85 million tonnes, but massive shifts in production have occurred in the USA,
Japan and the People’s Republic of China. Between 1970 and 1990, production in the
USA decreased by more than 50% while Japanese production increased by 50%. During
the same period, the People’s Republic of China increased coke production by over 300%
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(Kaegi et al., 1993). By 1999, worldwide coke production had declined to about 326
million tonnes, of which 121 million tonnes were produced in the People’s Republic of
China (Terjung, 2000).

Concentrations of PAHs in the air and urine of workers in coke ovens are summarized
in Table 1.3 and Figure 1.1.

More than 30 studies of exposure among coke-oven workers have been reported since
1983, six of which included profiles of three or more PAHs; seven others reported levels
of pyrene, benzo[a]pyrene or both; and the remainder reported composite measurements
(benzene-soluble fraction, cyclohexane-soluble material) or urinary measurements only.
A variety of sites in the coke plants were sampled, and the overall pattern (regardless of
the exposure that was measured) was that topside workers (including lidmen, tar chasers
and Larry car operators) had the highest exposures, followed by workers by the side of the
ovens (such as coke-side machine operators, benchmen, door repairers, wharfmen,
quenchers, pushers and temperature controllers). Workers in other areas of the plant such
as maintenance, office and control workers had the lowest exposures (see Table 1.3). It
has been reported that modernization of coke plants, including improved control
measures, can substantially reduce exposures (Quinlan et al., 1995c).

In addition to PAHs, coke-oven workers may be exposed to a large number of
compounds, including asbestos, silica, amines, arsenic, cadmium, lead, nickel, vanadium,
hydrocarbons, sulfur dioxide, sulfuric acid and aldehydes (IARC, 1984).

()  Coal-tar distillation

Coal tar is the condensation product obtained by cooling the gas that evolves from the
destructive distillation of coal to approximately ambient temperature. It is a black, viscous
liquid that is denser than water and is composed primarily of a complex mixture of
condensed-ring aromatic hydrocarbons. It may contain phenolic compounds, aromatic
nitrogen bases and their alkyl derivatives, and paraffinic and olefinic hydrocarbons. Coal-
tar pitch is the residue from the distillation of coal tar. It is a black solid that has a
softening-point of 30-180 °C (Betts, 1997). Figure 1.2 portrays the process of coal-tar
production and its conversion to coal-tar distillates and residual coal-tar pitch, and also
illustrates the uses of creosote (see this section) and of coal-tar pitch (see Sections
1.2.2(e),(g),(h)).

The largest source of tar and pitch is the pyrolysis or carbonization of coal. The
importance of coal tar as an industrial raw material dates back to the first half of the
eighteenth century, when the carbonization of coal and the production of tar as a by-
product were expanding rapidly in the United Kingdom. Initially, the crude tar was
subjected to a simple flash distillation in pot stills to yield a solvent (naphtha), creosote for
timber preservation and a residue of pitch that was used as a binder for coal briquettes.
Later, coal tar was the main source of aromatic hydrocarbons, phenols and pyridine bases
that were needed by the rapidly expanding dyestuffs, pharmaceuticals and explosives
industries. The development of by-product coke ovens and recovery of crude benzene at
both coke ovens and gas works greatly increased the supplies of crude tar and tar distillates



Table 1.3. Concentrations of PAHs in the air, skin and urine of workers in coke ovens

Reference, Job/task No. of No.of  No.of PAH Air levels (ug/m?) Urinary levels (umol/mol creatinine)

country, subjects samples smokers measured

year of study Mean Range Mean Range

Andersson et al.  Top side 1 1 NR 11 PAHs 1513 (total)

(1983), Benzo[a]pyrene 38

Sweden,

NR

Haugen et al. Top side 4 4 22 38 PAHs Outside RPE, 266 212-315

(1986), Inside RPE, 110 51-162

Norway,

NR

Hemminki et al. Top side NR NR NR Benzo[a]pyrene 39.1 9.4-90

(1990), Side NR NR NR 4.09 0.54-13.6

Poland, Pusher side NR NR NR 6.42 2.5-11.2

NR Sorting NR NR NR 0.82 0.25-1.4
Office NR NR NR 0.19 0.03-0.45
Distillation NR NR NR 0.06 0.06

Jongeneelen et al.  Side 5 NR 13 PAHs; pyrene  6.9% < 0.6" < 1-46;<0.6-4.8

(1990), Top side oven 1 20 55% 17.0% 2.0° 7.3-39;<0.6-4.4

Netherlands, Push side 7 29% 13.9% 1.6° 3.6-77;<0.6-9.8

NR Maintenance 10 NR 13.6% 1.8° <1-43;<0.6-6.1
Top side oven 2 9 56% 12.9% 1.7° 1.8-37,1.8-7.3
Side 7 57% 1-Hydroxy- 2.0%0.13° 0.7-2.6; -1.2-1.5
Top side oven 1 19 NR pyrene: end of 33%2.0° 0.8-7.5;0-4.9
Push side 7 29% shift; increase 1.9%0.67% 0.6-3.5;-0.4-2.0
Maintenance 11 64% over shift 1.9%1.2° 1.31-4.1; 0.33-3.0
Top side oven 2 9 56% 2.7%1.3% 1.3-6.5; -1.3-4.6

Reuterwall et al. Oven in steel mill 12 NR 0 14 PAHs; NR; [3.5 6-570

(1991), benzo[a]pyrene estimated]

Sweden,

NR

[43
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No.of  PAH Air levels (ug/m®) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Buchet et al. Oven bench side 10 10 6 13 PAHs 14.2%25.1° 0.7-74.2
(1992), Oven top side 6 6 3 198.7°; 241.2¢ 26.6-959
Belgium, Oven bench side 10 10 6 Pyrene 0.05 NS 0.09 S°
NR Oven top side 6 6 3 15.9 NS%5.62 S°
Oven bench side 10 10 6 1-Hydroxypyrene Nonsmoker®  Smoker®
2.27 pre; 0.46 pre;
2.36 post 1.45 post
4.67 pre; 3.22 pre;
10.91 post 11.72 post
Oven top side 6 6 3
Assennato et al. 69 NR 45.6%
(1993), Supervisor 1 1 NR  Benz[a]anthra- 0.41;0.29;
Italy, cene; chrysene; 0.32; 6.98
1992 Door maintenance NR NR 36.4%  benzo[a]pyrene; 4.26-14.79; 2.31—
total PAHs 6.37; 2.34-6.53;
30.37-96.96
Machine operator NR NR NR 0.11-33.19; 0.08—
13.17; 0.03-12.63;
2.94-218.9
Gas regulator NR NR NR 0.21-2.1; 0.12-1.61;
0.13-1.6; 7.24-26.48
Temperature operator NR NR NR NR 1.77-10.07; 1.37—
5.03; 0.98-4.78;
20.98-64.48
Top side NR NR NR NR 0.45-3.4;0.47-4.73;

0.23-2.42; 8.91-47.93
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No.of  PAH Air levels (ug/m’) Urinary levels (umol/mol creatinine)

country, subjects samples smokers measured

year of study Mean Range Mean Range

Grimmer et al. 4 16 3/4 19 PAHs Summary data not reported

(1993), Battery top 1 4 0 Pyrene 60.5 43.7-80.3

Germany, Battery top 1 4 1 metabolites 334 29.2-39.2

NR Driver of containers 1 4 1 16.9 6.1-26.3
Machinist 1 4 1 43 3.1-52

Van Hummelen 33 33 26/33 13 PAHs 23.7 SE, 10.8

et al. (1993), 1-Hydroxypyrene 0.51 pre; SE, 0.08

Belgium, 0.75 post SE, 0.17

NR

VanRooij et al. 12 60 8/12 Pyrene 1.53 0.09-5.37

(1993a), Total dermal levels (ug)

Netherlands, Pyrene (8-h) 74.4 21.2-165.9

1990 1-Hydroxy- 111.4 nmol 36-239 nmol

pyrene (7-day)

Ferreira et al. 56 56 31/56 Total 13 PAHs 15.9 0.5-1106.4

(1994), 1-Hydroxypyrene 0.8 pre 0.04-29.3

Belgium, 1.5 post 0.02-93.5

NR

129
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No. of PAH Air levels (ng/m’) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Clonfero et al. 95 95 54 1-Hydroxypyrene 1.28 0.04-5.59
(1995),
Ttaly
NR
Levin et al. Various 10 10 6/10 Benzo[a]pyrene  4° 0.9-37
(1995), Sum of 7 PAHs 20-480
Sweden, 1-Hydroxypyrene 14 ng/mL°® 4-90 ng/mL
1988
1990 Benzo[a]pyrene  0.7°
Sum of 7 PAHs <10-70
1-Hydroxypyrene 3.8 ng/mL°® 1-17 ng/mL
Qvrebeo et al. Jan; June 1-Hydroxypyrene Jan; June
(1995), Top side 18; 13 50% 4.26;5.53
Norway, Bench side 26; 18 61% 1.80;2.93
NR Maintenance 23,17 56% 1.11;1.32
Popp et al. 29 29 16/29 Benzo[a]pyrene 1.7 0.5-3.6
(1995), Total 19 PAHs 49.2 14.0-127.4
Germany, Top side Benzo[a]pyrene 23
NR Total 19 PAHs 67.1
Coke side Benzo[a]pyrene 1.4
Total 19 PAHs 38.7
Pyy et al. (1995), 160 Dust, 510; NR Fluorene 0.58-24.64
Finland, 10 working areas gas, 90 Phenanthrene 0.16-18.76
1987-90 Benzo[a]pyrene  0.05-10.30
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No. of PAH Air levels (ug/m’®) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Malkin et al. 10 10 NR CTPV ND-350
(1996), Pyrene ND-1
USA, Coal-tar sludge 18 18 9 1-Hydroxy- 1.0; 1.7 0.16-3.0; 0.24-4.85
1994 handling area pyrene (pre; post) 1.6;3.7
Labourer 2 2 NR 0.4;0.6
Coal handler 6 6 NR
operator 14,24
Coal handler 5 5 NR
maintenance
Other 5 5 NR I;1.6
Winker et al. 24 1 14/24 Sum of 16 PAHs  Old facility 101
(1996), New facility 32
Austria,
NR
Mielzynska et al.  Total 24 > 50% Benzo[a]pyrene 2.1° 0.1-15.1
(1997), Top side oven 7 25 NR (air) and 3.97 0.6-14.1 2.0;3.57 0.1-7.76; 0.14-10.74
Poland, Side of oven 8 28 NR 1-Hydroxy- 2.57 0.2-15.1 1.54;2.37 0.09-4.94; 0.08-18.92
NR Gas fitting operators 3 10 NR pyrene (pre; post  1.27 0.34.5 1.24;2.96 0.15-2.66; 0.92-5.3
urine)
Dry quenching 6 11 NR 0.27 0.1-1.5 0.46; 0.87 0.07-1.76; 0.06-2.2
Pan et al. (1998), 75 95 51/75
China, Topside 25 15 Total PAHs; 264.9% 4.27° 12.0
NR pyrene; benzo[a]- 4.30°
Push side 10 8 pyrene; 139.3% 1.6% 2.0° 9.1
Coke side 15 10 1-hydroxypyrene  82.4°; 0.46°%; 0.58° 5.7
Bottom 25 18 (pre urine) 134.0; 0.86; 4.0 4.0

9¢
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No. of PAH Air levels (ug/m’) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Romundstad et al. NR 594 NR Total particulate
(1998), Top side PAH 95% CI
Norway, 1976 12 300 139-461
197687 1978-87 221 125 113-138

Inside helmet, 212 37 3341

1977-87
Side oven
1976-87 75 44 25-63
Inside helmet 60 10 7-12
Ram car

1976 5 30 5-55

1978 5 6 0-17

Quench, 1976 4 2 0-6
Wuet al. (1998),  Top side 18 54 12 BSF (air) and 528° 144-6309 294 199¢ 1-101%; 8-3261¢
Taiwan, China, Side oven 41 123 21 1-hydroxy-pyrene  74° 11-1130 59134 0.7-23¢; 0.2-520¢
1995-96 Side/control 21 63 11 (pre; post urine) ~ 49° 16-111 34114 0.3-24% 3-31¢
Brescia et al. 76 PAH; benzo[a]- 18.98; 1.72 12.58-42.66;0.87-2.88 1.44 0.04-3.75
(1999), Top side 27 27 55.6% pyrene,
Italy, Bench 32 32 62.5% 1-hydroxypyrene  20.03; 1.56 12.58-63.66;0.48-6.33  1.30 0.051-5.59
NR Bottom 17 17 45.0% 15.37;0.78 6.9-16.86; 0.32-0.86  1.35 0.068—4.18
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Table 1.3 (Contd)

Reference, Job/task No. of No.of  No.of PAH Air levels (ug/m®) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Chen et al. 88 264 NR BSF
(1999), Lidman 33 515° 72-18181
Taiwan, China, Tar chaser 21 432° 51-4334
1995-96 Larry car operator 15 185° 55-649

Cokeside machine 21 121° 32-2965

operator

Benchman 18 97 33-488

Door repair 30 82 11-352

Wharfman 15 42 10-117

Quencher 24 29 ND-395

Pusher 24 25 ND-98

Temperature 12 55 30-156

controller

Body repairman 21 55 10-136

Heater 12 38 21-85

Supervisor 18 26 ND-91
Pavanello et al. Top side 30 30 0 1-Hydroxypyrene 0.82 0.12-5.15
(2000), Other workers 30 30 0 0.39 0.03-1.23
Italy,

NR

86
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No.of  PAH Air levels (ug/m®) Urinary levels (umol/mol creatinine)
country, subjects samples smokers measured
year of study Mean Range Mean Range
Price et al. Low-temperature 13 13 6 Sum of 19 PAHs  50.03 5.87-131.6
(2000), HSE11° 7.03 0.01-19.4
United Kingdom, Benzo[a]pyrene 1.15 0.01-3.2
1998 Pyrene 2.03 0.05-7.44
1-Hydroxy- 2.64 0.41-6.91
pyrene
High-temperature 11 11 5 Sum of 19 PAHs  79.26 8.8-184.7
HSE11° 16.45 1.27-44.8
Benzo[a]pyrene  2.26 0.18-6.26
Pyrene 2.12 0.43-9.90
1-Hydroxy- 1.72 0.25-5.42
pyrene
High-temperature 13 13 5 Sum of 19 PAHs  70.73 9.94-294.7
HSE11° 5.77 0.226-29.25
Benzo[a]pyrene 0.81 0.02-4.13
Pyrene 0.63 0.05-2.49
1-Hydroxy- 2.07 0.25-7.1
pyrene
van Delft et al. SD
(2001), Oven (high exposure) 35 35 15 1-Hydroxypyrene 51.04 (NS); 0.67 (NS); 1.40 (S)
Netherlands, 1.52(S)
1997 Distilleries and 37 37 18 0.27 (NS); 0.7 0.22 (NS); 0.39 (S)
maintenance (low S)
exposure)
Zhang et al. 162 NR 108 1-Hydroxypyrene 9.86° 0.9-89.8
(2001),
China,
NR
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No.of  PAH Air levels (ug/m®) Urinary levels (umol/mol creatinine)
country, subjects samples  smokers measured
year of study Mean Range Mean Range
Lu et al. (2002), BSF
Taiwan, China, Top side 24 72 15 1-Hydroxypyrene ~ 483.0° S pre: 6.6 2.3-16.7
NR S post: 17.0 6.0-32.5
NS pre: 3.8 0.4-18.6
NS post: 7.3 1.0-35.0
Coke side 50 150 23 70.8° S pre: 0.9 0.3-2.7
S post: 1.6 0.3-5.0
NS pre: 0.8 0.2-2.4
NS post: 1.4 0.3-11.5
Office 14 42 6 43.4° S pre: 1.0 0.4-2.2
S post: 1.3 0.7-3.1
NS pre: 1.2 0.5-3.0
NS post: 1.5 0.7-3.6
Marczynski et al. 20 20 15 Sum of 16 PAHs  54.26 4.51-316.4
(2002), Benzo[a]pyrene 2.77 0.12-16.26
Germany,
NR
Strunk et al. 24 24 16 Sum of 16 PAHs
(2002), Top side 5 5 (air); 1-hydroxy-  491.2 82.81-1679 19.7;39.18 6.84-34.82; 19.06-79.36
Germany, Bench side 8 8 pyrene; sum of 26.61 1.65-88.53 7.01; 12.95 1.22-15.03; 5.87-23.66
NR Complete area 11 11 hydroxyphenan-  76.18 1.04-237.8 3.57;8.70 0.51-10.2; 3.31-21.26
threne (urine)
Waidyanatha Side and bottom 13 13 8 Phenanthrene’; 1.70; 0.003 0.037-8.66; 0.001-0.007
et al. (2003), Top side 15 15 9 pyrene? 3.42;0.005 0.013-19.3; 0.0005-0.017
China,

NR

09
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Table 1.3 (Contd)

Reference, Job/task No. of No. of No. of PAH Air levels (ug/m’) Urinary levels (umol/mol creatinine)

country, subjects samples smokers measured

year of study Mean Range Mean Range

Pavanello et al. 95 95 57 1-Hydroxypyrene 6.93 0.25-31.4
(2004),

Poland,

2002

BSF, benzene-soluble fraction; CI, confidence interval; CTPV, coal-tar pitch volatiles; ND, not detected; NR, not reported; NS, nonsmoker; PAH, polycyclic aromatic hydrocarbon; pre, pre
shift; post, post shift; RPE, respiratory protective equipment; S, smoker; SD, standard deviation; SE, standard error

? Geometric mean of the mean of three or fewer observations per worker

® Geometric mean

¢ Median

4 Reported in pg/L

¢ Benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene, dibenzo[a, hlanthracene, anthanthrene,
cyclopenta[cd]pyrene
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Figure 1.1. Range in concentrations of post-shift urinary 1-hydroxypyrene (in pmol/mol creatinine) and
benzo[a]pyrene (in ug/m3) in occupational settings with exposure to PAHs"
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Figure 1.1 (contd)

Coal tar distillation
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Figure 1.1 (contd)
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Figure 1.1 (contd)

Anode manufacturing for aluminium
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Figure 1.1 (contd)
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Figure 1.2. Simple schema for generation of coal tar and coal-tar products
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for the recovery of tar chemicals, i.e. benzene, toluene, xylenes, phenol, cresols and
cresylic acids, pyridine and methylpyridines, naphthalene and anthracene, in addition to
the so-called bulk products, e.g. creosote, tar paints, road tars and pitch binders (Betts,
1997).

Until the end of the Second World War, coal tar was the main source of these
aromatic chemicals. However, the large increase in demand from the rapidly expanding
plastics and synthetic fibre industries has greatly surpassed the potential supply from coal
carbonization, which has led to the development of petroleum-based processes. This
situation was exacerbated in the early 1970s by the cessation of the manufacture in
Europe of town gas from coal, a process that was carried out preponderantly in
continuous vertical retorts. By the 1990s, over 90% of the world production of aromatic
chemicals was derived from the petrochemical industry, and coal tar became chiefly a
source of anti-corrosion coatings, wood preservatives, feedstocks for the manufacture of
carbon black and binders for electrodes (Betts, 1997).

Apart from the presence of a few per cent (usually below 5%) of aqueous liquor that
contains inorganic salts and 1 or 2% of coal-char—coke dust that arises from the carry-
over of particles in the carbonization process, coal-tar distillation products comprise
essentially two components: (i) the distillate, which distills at up to ~400 °C at atmos-
pheric pressure, is primarily a complex mixture of mono- and polycyclic aromatic
hydrocarbons, a proportion of which are substituted with alkyl, hydroxyl and amine
and/or hydro sulfide groups and, to a lesser extent, their sulfur-, nitrogen- and oxygen-
containing analogues. For those tars produced from coal carbonization at lower
temperatures, the distillate also contains hydroxy aromatic compounds, alkanes and
alkenes. The distillate is typically removed by way of several fractions, which include
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‘chemical oils’ and creosote; (ii) the second product is the residue from the distillation
(pitch), which represents at least 50% of the coal-tar products formed by high-temperature
carbonization and consists of a continuation of the sequence of mono- and polycyclic
aromatic and heterocyclic compounds, but also extends to molecules containing 20—
30 rings (Betts, 1997).

Crude coal tar is of value only as a fuel. Although large amounts were formerly
burned, this practice has largely been abandoned. In the 1990s, 99% of the tar produced in
the United Kingdom and Germany and 75% of that produced in the USA were distilled.
In the USA, most of the crude tar is first topped in simple continuous stills to recover a
chemical oil, i.e. a fraction that distills at 235 °C and contains most of the naphthalene
(Betts, 1997).

Although smaller mild-steel or wrought-iron pot stills, that are equipped with
fractionating columns, may still be used, continuous stills that have daily capacities of
100-700 tonnes are the primary means of coal-tar distillation worldwide (Betts, 1997).

The various designs of continuous tar stills are basically similar. The crude tar is
filtered to remove large-sized solid particles, dehydrated by heat exchange and passage
through a waste-heat coil, then heated under pressure to ~360 °C and flashed to separate
volatile oils from the non-volatile pitch. The volatile oils are separated into a series of
fractions of increasing boiling range by fractional condensation in a sidestream column or
a series of columns. The diverse designs differ in the extent to which heat exchange is
used, in the plan of the pipe-still furnace, in the distillation pressure (i.e. atmospheric
pressure or reduced pressure) and the recycling or not of pitch or base tar (Betts, 1997).

The tars recovered from commercial carbonization plants are not primary products of
the thermal decomposition of coal, since the initial products undergo a complex series of
secondary reactions. Even tars produced at the lowest commercial carbonization
temperatures are very different from primary tars. Low-temperature tar, continuous
vertical-retort tar and coke-oven tar form a series in which the yield of tar decreases, the
aromaticity of the tar increases, the content of paraffins and phenols decreases and the
ratio of substituted aromatic and heterocyclic compounds to their unsubstituted parent
molecules decreases. These differences are reflected in the densities and carbon:hydrogen
ratios of the tars. Higher aromaticity correlates with higher density and carbon:hydrogen
ratio. The reactions that account for these changes (i.e. cracking and cyclization of
paraffins, dehydration of phenols and dealkylation of aromatic and heterocyclic ring
compounds) are those that would be expected, on thermodynamic grounds, to occur at the
temperatures that prevail in carbonization retorts (Betts, 1997).

The part of coke-oven tar that is normally distillable at atmospheric pressure boils at
up to ~400 °C and amounts to up to 50% of the whole. It contains principally aromatic
hydrocarbons. In particular, benzene, toluene and the xylene isomers, tri- and tetra-
methylbenzenes, indene, hydrindene (indane) and coumarone occur in the first fraction
that is normally removed; this represents about 3.5% of the tar and boils at up to ~200 °C.
This fraction also contains polar compounds including tar acids (phenol and cresols) and
tar bases (pyridine, picolines (methylpyridines) and lutidines (dimethylpyridines)). The
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most abundant component of this type of tar is naphthalene, which is taken in the second
fraction and represents about 10% of the tar. It is contaminated with small but significant
amounts of thionaphthene, indene and other compounds. The next fraction contains the
two methylnaphthalene isomers and is equivalent to 2% of the tar. Subsequent fractions
contain biphenyl, acenaphthene and fluorene (each in the range of 0.7-1% of the tar) and
then diphenylene oxide (about 1.5% of the tar). Anthracene and phenanthrene are usually
present at about 1 and 6%, respectively. The series continues with components that boil at
up to 400 °C, which represents approximately the limit of the usual commercial distillation
range, i.e. pyrene and fluoranthene (Betts, 1997).

Continuous vertical-retort tars differ from coke-oven tars in that, whereas the latter
contain relatively small amounts of non-aromatic hydrocarbons, continuous vertical-retort
tars contain a relatively high proportion of normal straight-chain or slightly branched-
chain paraffins, alkylated aromatics and phenols (Betts, 1997).

Of the total tar bases in coke-oven and continuous vertical-retort tars in the United
Kingdom, pyridine makes up about 2%, 2-methylpyridine, 1.5%, 3- and 4-methyl-
pyridines, about 2%, and ethylpyridine and dimethylpyridines, 6%. Primary bases,
anilines and methylanilines account for about 2% of the bases in coke-oven and contin-
uous vertical-retort tars and 3.5% of the bases in low-temperature tars. The main basic
components in coke-oven tars are quinoline (16-20% of the total), isoquinoline (4—5%)
and methylquinolines. These dicyclic bases are less prominent in continuous vertical-
retort and low-temperature tars, in which only a minority of the basic constituents have
been identified (Betts, 1997).

Much less is known about the composition of pitch, the residue from coal-tar distil-
lation. Studies of coke-oven pitch indicate that it contains the following high-molecular-
weight constituents: aromatic hydrocarbons with four rings, e.g. chrysene, fluoranthene,
pyrene, triphenylene, naphthacene and benzanthracene; five-membered ring systems are
represented by picene, benzopyrenes (benzo[a]pyrene and benzo[e]pyrene), benzo-
fluoranthenes and perylene; the main components of the next highest fraction are six-
membered ring systems such as dibenzopyrenes, dibenzofluoranthenes and benzo-
perylenes; seven-ring systems, e.g. coronene, have also been identified. These basic
hydrocarbon structures are accompanied by methyl and polymethyl derivatives and, in the
case of the pitches from continuous vertical-retort and low-temperature tars, by mono-
and polyhydroxy derivatives. As in the case of the distillate oil range, heterocyclic
compounds are also present (Betts, 1997).

Above this relatively low-molecular-weight range, which constitutes approximately
40-50% of a medium-soft coke-oven pitch, the information concerning the chemical
structure of pitch is only qualitative and is derived mainly from statistical structural
analysis and mass spectra. As molecular weight increases, more heterocyclic atoms
appear in the molecule, whereas the number and length of alkyl chains decreases and the
hydrocarbon structures are not fully condensed. In the lower-temperature pitches, some
ring structures appear to be partly hydrogenated (Betts, 1997).
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Concentrations of PAHs in the air and urine of workers in coal-tar distillation are
summarised in Table 1.4 and Figure 1.1. The levels of exposure to PAHs overall were
similar among the high-temperature processes and much lower in the low-temperature
distillation facility.

(g)  Paving and roofing involving coal-tar pitch

The exposures associated with roofing are the result of two operations. First, the old
roof is removed by cutting, prying and scraping the existing roofing material from the
roof, and discarding it. A new roof is then installed by melting solid blocks of coal-tar
pitch, then pumping or carrying buckets of the molten material to the roof, where layers of
roofing felt and liquid coal-tar pitch are spread upon the surface to produce a build-up. In
recent years, coal-tar pitch has been removed from paving and roofing asphalts and has
been replaced by bitumen (NIOSH, 2000; IPCS, 2004).

Concentrations of PAHs in the air of workers who used coal-tar pitch in roofing are
summarized in Table 1.5 and Figure 1.1.

NIOSH conducted three health hazard evaluations (Reed, 1982; Zey, 1983; Behrens
& Liss, 1984) between 1982 and 1984 of the tear-off and installation of coal-tar roofs. In
the three investigations, air samples were collected to measure exposures to total PAHs,
the benzene-soluble fraction and six to 12 individual PAHs. Exposures varied widely
between sites. In one study, the majority of exposures were below the limits of detection;
in another study, exposures ranged up to 64.5 ug/m’ for benzo[a]pyrene.

Wolff et al. (1989) evaluated dermal and inhalation exposure among roofers by
collecting pre-shift and post-shift skin wipes from a measured area of each worker’s
forehead and air samples from the workers’ breathing zone. Samples were collected
during the portion of each job when old coal-tar roofs were cut into pieces, ripped up and
cleared away. Substantial increases were measured in the levels of skin contamination
(pre- to post-shift) for seven PAHs and total PAHs (mean pre-shift, 83.9 ng/9 cm® skin
area versus post-shift, 1521 ng/9 cm” skin area). Mean inhalation exposure levels during
the tear-off of coal-tar roofs ranged from 9.6 to 23.0 pg/m’ for the sum of eight PAHS.

Other exposures of roofers include silica, diesel exhaust, asbestos and organic
solvents.

Roadway paving can be conducted by several methods, including hot-mix laying and
chip sealing. In hot-mix laying, the mixture of a binder (coal tar, bitumen or a blended
product containing both) and aggregate (stone chips) is spread on the roadway by a
paving machine, followed by a roller. In the chip-sealing process (also known as surface
dressing), the liquid binder (coal tar, bitumen or a mix) is sprayed directly onto the road,
then the aggregate stone is spread on top and rolled (Darby et al., 1986).

Detailed information on cessation of the use of coal tar in the European paving
industry has been collected in the course of an IARC study on cancer mortality among
asphalt workers. In Table 1.6, the last reported year of use of coal tar in paving by any
company that participated in the cohort study is presented. The data originated from a
company questionnaire and its ensuing evaluation by country-specific experts (Burstyn et



Table 1.4. Concentrations of PAHs in the air and urine of workers in coal-tar distillation

Reference, Job/task No. of No. of No. of PAH measured Air Urinary 1-hydroxypyrene
country, subjects  samples smokers (ug/m’) (umol/mol creatinine)
year of study
Mean Range Mean Range
van de Ven & Operators, cleaners, NR 49 NR Sum of 11 PAHs 31 <1-277
Nossent (1984), maintenance
Netherlands,
NR
Jongeneelen et Air; urine Sum of 11 PAHs; pyrene
al. (1986), Operator pitch unit 1 8;2 0 26;8.5 } 3.7 NR
Netherlands, Operator batch distillery 1 6;2 1 14;5.1 } <2-280; 11.8 NR
NR Operator pump station 1 5;4 0 4.7;1.4} <2-96 4.0 NR
Cleaner 1 4; 4 1 16;5.2 } 4.6 NR
Price et al. Low-temperature 8 8 1 Total 19 PAHs 12.17 3.99-38.59 0.36 0.21-1.05
(2000), HSE 11° 0.008 <0.004-0.008
United Benzo[a]pyrene ND ND
Kingdom, Pyrene 0.037 0.013-0.068
1998
High-temperature 12 12 4 Total 19 PAHs 279.04 51.9-1130.5  2.60 0.78-5.69
HSE 11° 0.95 0.15-4.87
Benzo[a]pyrene 0.283 0.019-0.642
Pyrene 1.24 0.14-6.73

PAHEs, polycyclic aromatic hydrocarbons; ND, not detected; NR, not reported
* Benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[/]fluoranthene, benzo[a]pyrene, benzo[ghi]perylene, indeno[ 1,2,3-cd]pyrene, dibenzo[a,/]anthracene,
anthanthrene, cyclopenta[cd]pyrene
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Table 1.5. Concentrations of PAHs in the air of workers in roofing involving coal-tar pitch

Reference, Job/task No. of No.of  No. of PAH measured Air levels (ug/m®)

country, subjects samples smokers

year of study Mean Range

Reed (1982), Coal-tar roof tear-off 7 11 NR BSF 720 300-1100

USA, Phenanthrene 8.3 0.8-22.0

1982 Anthracene 24 0.2-6.7
Fluoranthene 13.1 1.5-39.5
Pyrene 11.6 1.0-34.7
Benzo[a]anthracene 5.7 0.5-14.4
Chrysene 6.4 0.6-15.6
Benzo[a]pyrene 59 0.4-15.7

Zey (1983)?, Coal-tar roof tear-offand 13 24 NR BSF ND 140-2970

USA, application Acenaphthene 24 ND-91.6

1983 Fluorene 25 ND-26
Phenanthrene 12 ND-21
Anthracene 22 ND-16.8
Fluoranthene 9 ND-47.3
Pyrene 9 ND-31.3
Benzo[c]phenanthrene 29 ND-3
Benzo[a]anthracene 14 ND-8.4
Chrysene 15 ND-17.6
Benzo[b]- + benzo[k]- 17 ND-11.5
fluoranthene
Benzo[e]pyrene 30 ND-4.5
Benzo[a]pyrene 23 ND-11.9
Total PAHs 427 ND-388

L

26 HWN'TOA SHAVIDONON DYUVI



Table 1.5 (Contd)

Reference, Job/task No. of No. of  No. of PAH measured Air levels (pug/m’)
country, subjects samples smokers
year of study Mean Range
Behrens & Liss  Coal-tar roof tear-off 6 6 NR BSF 22 600-5300
(1984), Fluoranthene 69.0 13.3-186.6
USA, Pyrene 52.8 10.6-140.6
1984 Benzo[a]anthracene 32.7 6.8-82.9
Chrysene 279 6.0-71.4
Benzo[a]pyrene 23.7 6.0-59.9
Benzo[e]pyrene 21.8 4.3-64.5
Phenanthrene 59.2 10.6-161.3
Benzo[ghi]lpyrene 17.9 3.3-43.8
Wolff et al. Tear-off of coal-tar roofs SD
(1989)", Morning job NR 8 NR Sum of 8 PAHs 23.0 9.5
USA, Afternoon job NR 2 9.6 0.9
1987 Single job NR 1 153 -
Morning job NR 7 14.5 5.2
Single job NR 2 13.4 7.1
Dermal levels (ng)
Skin wipe 3 6 pre 83.9 37.7
post 1521 1373

BSF, benzene soluble fraction; ND, not detected; NR, not reported; PAH, polycyclic aromatic hydrocarbons; pre, pre-shift; post, post-shift; SD,
standard deviation

* The Working Group noted some inconsistency and lack of information in the article, which made determination of number of workers, number of
samples and PAH air levels difficult.

® The paper presents some inconsistencies in the number of air and skin wipe samples that were taken.
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Table 1.6. Cessation of use of coal tar in
asphalt paving (surface dressing)

Country Last year of use
Finland 1965
Denmark 1974
Sweden 1974
Norway 1984
Netherlands 1990
France 1992
Germany 1995

From Burstyn et al. (2003)

al.,2003). A gradient in cessation of use can be seen, with Scandinavian countries ending
use earlier than central and southern European countries, such as the Netherlands, France
and Germany. However, even within countries, large differences in the use of coal tar
have occurred between companies, depending on the supplier of the asphalt mixes and the
presence of coke ovens in the neighbourhood. Even after the cessation of use of coal tar,
workers in paving have been exposed to coal tar due to the use of recycled asphalt that
contained coal tar in some countries.

Concentrations of PAHs in the air and urine of workers in paving that involves coal
tar are summarized in Table 1.7 and Figure 1.1.

Darby et al. (1986) investigated the exposure of workers who performed coal-tar chip
sealing as part of road paving operations in New Zealand. Personal exposures to six PAHs
were measured in two samples taken in the area of workers’ breathing zones and were
reported to contain up to 9 pg/m’ benzo[a]pyrene.

Jongeneelen et al. (1988a) measured exposures in highway chip sealing with coal-tar
and reported inhalation levels of cyclohexane-soluble material, dermal levels of pyrene
and pre- and post-shift levels of urinary excretion of 1-hydroxypyrene. The geometric
mean for inhalation exposures to cyclohexane-soluble material was 0.6 mg/m’ and that
for dermal exposure to pyrene was < 10 ng; mean pre- to post-shift urinary 1-hydroxy-
pyrene levels increased from 0.7 to 0.9 pmol/mol creatinine. In another study of road
surfacing with blends of bitumen with refined coal-tar, the mean increase between pre-
and post-shift levels of urinary 1-hydroxypyrene was 0.54 pmol/mol creatinine
(Jongeneelen et al., 1988b).

Knecht and Woitowitz (1989) measured air samples located in the breathing zone of
workers who applied a coal tar-bitumen blend in road paving. Median air concentrations
of benzo[a]pyrene were reported to be 0.7 pg/m’.



Table 1.7. Concentrations of PAHs in the air and urine of workers in paving involving coal-tar pitch

Reference, Job/task No. of No.of No.of PAH measured Air levels Urinary levels
country, subjects  samples smokers (ng/m’) (pmol/mol creatinine)
year of study Mean Range Mean  Range
Darby et al. Coal-tar chip 2 2 NR Benzo[a]anthracene 1.2-17.8
(1986), sealing + chrysene
New Zealand, Benzol[b,j,k]fluorene 1.1-11.4
NR Benzo[e]pyrene 0.7-54
Benzo[a]pyrene 0.9-9.0
Dibenz[a,j]anthracene 0.2-1.6
Indeno[1,2,3-cd]pyrene 0.7-6.3
Jongeneelen  Chip sealing Geometric mean Geometric mean
et al. (1988a), with refined 3 2 2 CSM 0.25 mg/m3
Netherlands,  coal-tar and 3 Pyrene (wrist) <10 ng
NR blended 9 1-Hydroxypyrene pre 1.8
bitumens 8 post 2.8
6 18 2 CSM 0.20 mg/m’
23 Pyrene (wrist) 24 ng
23 Pyrene rinse post 97.5 pug
23 1-Hydroxypyrene pre 1.2
23 post 1.5
3 6 1 CSM 0.2 mg/m’
9 Pyrene (wrist) 24 ng
7 Pyrene rinse post 216 ng
8 1-Hydroxypyrene pre 1.5
8 post 1.9
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Table 1.7 (contd)

Reference, Job/task No. of No.of No.of PAH measured Air levels Urinary levels
country, subjects  samples smokers (ng/m®) (pmol/mol creatinine)
year of study Mean Range Mean  Range
Jongeneelen  Chip sealing 4 1 0 CSM 0.6 mg/m’
et al. (1988a) with refined 4 Pyrene (wrist) <10 ng
(contd) coal-tar 5 Pyrene rinse post 37.4ng

3 1-Hydroxypyrene pre 0.7

4 post 0.9
Jongeneelen  Road surfacing 28 NR 1-Hydroxypyrene pre 0.8-3.1
et al. (1988b), with blended post 0.9-3.2
Netherlands,  bitumen and
NR refined coal-tar
Knecht & Road surfacing NR 250 NR Median
Woitowitz with blended Stationary Benzo[a]pyrene 0.7
(1989), 30% refined samples Indeno[1,2,3-cd]pyrene 0.2
Germany, coal-tar + 70%  taken near Benzo[bjk]fluoranthene 9.3
NR bitumen work Dibenzo[a,h]anthracene  0.03

stations Chrysene 2.8

CSM, cyclohexane-soluble matter; NR, not reported; PAH, polycyclic aromatic hydrocarbon; pre, pre-shift; post, post-shift
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(h)  Creosote as a wood preservative

Coal-tar creosote is a distillate of coal tar that generally distills in the 200400 °C
range and is composed primarily of about 85% PAHs and 2—17% phenolic compounds.
PAHs in coal-tar creosote are mainly two- and three-ring structures (Price et al., 2000;
ATSDR, 2002).

Coal-tar creosote has been used as a wood preservative since the nineteenth century,
and wood preservation accounts for over 97% of its current use. Coal-tar creosote is
applied to wood by commercial pressure treatment at 50—60 °C or, at least in the past, by
individuals dipping or brushing the wood by hand. It is applied to railroad ties, utility
poles, marine pilings, fence posts and other wood products for outdoor use (Price ef al.,
2000; ATSDR, 2002).

Several studies have investigated exposure to PAHs among workers involved in the
treatment of timber with creosote (Table 1.8 and Figure 1.1). Total PAH concentrations
can be very high, especially due to relatively high concentrations of low-molecular-
weight PAHs such as naphthalene, acenapthene and phenanthrene. In this industry,
exposure to PAHs may occur both through inhalation and via the skin by contact with
treated timber and contaminated surfaces. Based on urinary 1-hydroxypyrene levels,
Elovaara ef al. (1995) showed that the major uptake of PAHs was attributable to exposure
to creosote through the skin. An intervention study (VanRooij et al., 1993b) also provided
evidence that skin is the main route of uptake of PAHs in this industry. Workers who
wore a coverall under their working clothes had a 35% reduction in dermal exposure to
pyrene and their urinary concentration of 1-hydroxypyrene was halved from 6.6 pug to
3.2 ugover a period of 22 h.

Workers involved in the creosote industry are also exposed to diesel exhaust,
asbestos, silica, sulfur-substituted hydrocarbons, solvents, aliphatic amines and aldehydes.
Other potential exposures may include other wood preservatives such as inorganic
arsenicals or pesticides based on pentachlorophenol.

(i)  Aluminium production, including the manufacture of anodes

Aluminium, the third most abundant element in the earth’s crust, is usually combined
in nature with silicon and oxygen as aluminium silicate. When aluminium silicate is
subjected to tropical weathering, aluminium hydroxide may be formed. Rock that
contains high concentrations of aluminium hydroxide is called bauxite. Although bauxite
is normally the starting material for the production of aluminium, the industry generally
refers to metallurgical grade alumina (Al,O;) that is extracted from bauxite by the Bayer
process as the ore, from which aluminium is obtained by electrolysis (Sanders, 2002).

Since the discovery of the process by Hall and Héroult in 1886, nearly all aluminium
has been produced by electrolysis of alumina dissolved in a molten cryolite (Na;AlF)-
based bath. The aluminium is deposited in molten form on a carbon cathode, which also
serves as the melt container. Simultaneously, oxygen is deposited on and consumes the
carbon—carbon anode(s) of the cell. Pure cryolite melts at 1012 °C, but alumina and additives,



Table 1.8. Concentrations of PAHs in the air, skin and urine of workers in the timber impregnation industry
(creosote)
Reference Job/task No.of No.of No.of PAHmeasured  Airlevels Dermal levels Urinary levels
country, subjects samples smokers (ng/m’) (ng) (umol/mol
year of study creatinine)
Mean Range Mean Range Mean  Range
Heikkild Plant 1 9 26 3—6 ring PAHs 3-106°
etal. (1987), 4-6 ring PAHs 0.3-8.1*
Finland, Plant 2 4 8 3-6 ring PAHs 0.1-104*
[1985] 4-6 ring PAHs 0.06-7.5%
VanRooij et Assembly hall 7 7 5/7  Pyrene 0.3-3.0
al. (1993b), 1-Hydroxypyrene 440 47-1368 6.4 png 0.7-12.7°
Netherlands, Cylinder 3 3 0  Pyrene 1.1 0.9-1.3
1991 1-Hydroxypyrene 649  120-1511 7.5pg 2.6-12.2°
Elovaara Wood 6 30 3 Total 10 PAHS® 5.7 1.23-13.74
et al. (1995), impregnation Benzo[a]pyrene  0.01 0.01-0.05
Finland, plant Pyrene 0.97 0.23-2.10
1987 6 18 3 1-Hydroxypyrene 64 19-85
(end of shift)
Heikkild Handling of 3 9 3 1-Hydroxypyrene 6.8 3.8-12.8
et al. (1995), creosote-
Finland, impregnated
NR timber

8L
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Table 1.8 (Contd)

Reference Job/task No.of No.of No.of PAH measured Air levels Dermal levels Urinary levels
country, subjects samples smokers (png/m’) (ng) (umol/mol
year of study creatinine)
Mean Range Mean Range Mean Range
Price et al. Several 11 11 6  Total of 19 PAHs 835 30.2-1913
(2000, HSE11¢ 0.28 0.07-0.38
United Benzo[a]pyrene  0.22 0.07-0.35
Kingdom, Pyrene 0.33 0.06-0.69
1998 1-Hydroxypyrene 16.0 1.44-60.0

PAH, polycyclic aromatic hydrocarbon

* Range of means

® Excluding naphthalene

¢ Sample covering 8 h-work shift and the 14 consecutive hours

4 Benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[/]fluoranthene, benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene,
dibenzo[ @, h]anthracene, anthanthrene, cyclopenta|c,d]pyren
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namely 4-8% calcium fluoride, 5-13% aluminum fluoride, 0—7% lithium fluoride and 0—
5% magnesium fluoride, lower the melting-point, which allows operations to proceed at
920-980 °C (Sanders, 2002). Commercialization of the Hall-Héroult process was rapid,
and led to the swift growth of the aluminium industry in Europe and North America in the
last decade of the nineteenth century (Frank et al., 2005).

A modern alumina-smelting cell consists of a rectangular steel shell which is lined
with refractory insulation that surrounds an inner lining of baked carbon. Few materials
other than carbon are able to withstand the combined corrosive action of molten fluorides
and molten aluminium. Thermal insulation is adjusted to provide sufficient heat loss to
freeze a protective coating of electrolyte on the inner walls but not on the bottom, which
must remain uncovered to allow for electrical contact with the molten aluminium cathode.
Steel (collector) bars are joined to the carbon cathode at the bottom to conduct the electric
current from the cell. The current enters the cell either through pre-baked carbon anodes
or through a continuous self-baking Sederberg anode (Sanders, 2002).

The Sederberg anode is formed continuously from a paste of petroleum coke and
coal-tar pitch which are typically added to the top of a rectangular steel casing. When it
passes through the casing, the paste bakes to form carbon and replaces the anode that is
being consumed. The baked portion extends past the casing into the molten electrolyte.
The electric current enters the anode through vertical or sloping steel spikes (also called
pins), and molten aluminium is generally removed from the cells daily by siphoning into a
crucible. Normally, the metal is 99.6-99.9% pure, and the principal impurities (iron,
silica, titanium, vanadium and manganese) derive mainly from the anode, but also from
the alumina (Sanders, 2002).

Pre-baked anodes are produced by molding petroleum coke and coal-tar pitch binder
into blocks which are baked at 1000-1200 °C. Petroleum coke is used because of its low
impurity (ash) content. The more noble impurities, such as iron and silicon, deposit in the
aluminium whereas less noble impurities, such as calcium and magnesium, accumulate as
fluorides in the bath. Coal-based coke could be used, but extensive and expensive pre-
purification would be required. Steel stubs seated in the anode that uses cast iron support
the anodes (via anode rods) in the electrolyte and conduct electric current into the anodes
(Sanders, 2002).

In industrial electrowinning (separation by electrolysis) of aluminium, part of the
energy required to reduce the alumina is supplied by electricity and part derives from
consumption of the carbon anode. Carbon is also used to line the cathode. For each
kilogram of aluminium produced, 0.4-0.5 kg of anode is consumed and this represents the
major carbon requirement. High-purity carbon is desirable because any ash from the
carbon would contaminate either the aluminium produced or the electrolyte. In addition,
certain impurities, such as vanadium, are particularly harmful because they catalyse air
burning of the carbon; other impurities, such as phosphorus, accumulate in the electrolyte,
undergo cyclic redox reactions (partial reduction followed by re-oxidation) and consume
electric current unproductively. The coke residue from petroleum refining is reasonably
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pure and has therefore been used as the major source of carbon for anodes (Frank et al.,
2005).

Anthracite has been the major constituent of cathode blocks in the cells, although
graphite and metallurgical coke have also been used to some extent. Anthracite is calcined
at 1200 °C or above, crushed and sized, mixed with coal-tar pitch, molded into blocks and
baked. These blocks, mortared together with a carbonaceous seam mix, form the pot
lining, which is the container for both the aluminium and the electrolyte. High purity is
not as important for the cathode blocks because leaching of impurities is very slow.
Consumption of cathode carbon amounts to 0.02—0.04 kg per kilogram of aluminium
produced (Frank et al., 2005).

Workers in the aluminium industry and the related carbon-electrode manufacturing
industry have been monitored most intensively for exposure to PAHs and large studies
have recently been conducted in Europe and South America (Table 1.9 and Figure 1.1).
Exposure studies up to the early 1980s were reviewed previously (IARC, 1984), and only
studies published since that time are reviewed below.

Exposure to PAHs, sulfur dioxide and fluorides have decreased over time (Benke ef
al., 1998). At two plants that operated the vertical stud Sederberg potrooms in Norway,
exposures decreased on average by a factor of four between the late 1950s and the late
1980s (Romundstad et al., 1999). The decrease in exposure is most probably a result of
the implementation of improved technology in combination with increased use of
effective personal protective devices. In addition, the increasing predominance of pre-
bake potrooms also probably contributed to the decline of exposures to PAHs (Benke et
al., 1998), although this might apply to the anode pre-baking plants. Urinary levels of 1-
hydroxypyrene in anode manufacturing for the aluminium industry did not decrease
considerably between the mid-1980s and mid-1990s (Table 1.10 and Figure 1.1).

Dermal exposure to PAHs and consequent uptake through the skin may contribute to
the internal exposure to PAHs of workers. VanRooij et al. (1992) showed that dermal
exposure does not necessarily correlate with exposure by inhalation in workers in
potrooms and the anode pre-bake plants. Levels of benzo[a]pyrene on the wrists of
workers in the bake-oven area were twice as high as those of workers from the paste
plant. The exposure of bake-oven workers to benzo[a]pyrene by inhalation, however,
appeared to be four times lower than that of workers in the paste plant. Exposure to
pyrene by both inhalation and dermal contact was higher in the paste plant. No
information was available for temporal trends in dermal exposure in these workplaces.

In addition to exposures to sulfur dioxide and fluorides, several other exposures can
occur among aluminium workers, including aluminium fluoride, fibrous sodium
aluminium tetrafluoride particles, fluorspar, alumina, carbon monoxide, carbon dioxide
and various trace metals (e.g. vanadium, chromium and nickel) (Benke et al., 1998).
Exposure to asbestos has also been reported (Dufresne et al., 1996). In addition to these
chemical exposures, workers in the aluminium industry are also exposed to extreme heat
and high static magnetic fields (Benke et al., 1998).



Table 1.9. Concentrations of PAHs in the air and urine of workers in the aluminium industry*

Reference, Year of Job/task No. of No.of No.of PAH measured Air levels Urinary levels (umol/mol
country study subjects samples smokers (ng/m’) creatinine)

(4

Mean Range Mean Range

Bolt & Golka NR Sederberg plant 16 NR NR Benzo[a]pyrene NS 0.8-292
(1993),
Germany
Tjoe Ny et al. 1990 Technicians, 6 6 1 Total 16¢ 12 3-22
(1993), engineers, Benzo[a]pyrene <1.0 <1.0—<1.0
[Surinam] electricians, Pyrene 35 <14-83
laboratory 5 5 1 1-Hydroxypyrene 1.0 0.2-2.7
workers
Foremen, tappers 6 6 NR Total 16¢ 38 12-60
Benzo[a]pyrene 093 <1.0-1.5
Pyrene 79 22-14
4 4 2 1-Hydroxypyrene 3.0 1.2-4.5
Crane operators, 10 10 NR Total 16¢ 328 59-715
all rounders Benzo[a]pyrene 14 1.5-43.2
Pyrene 39 16-121
8 8 4 1-Hydroxypyrene 18 3.7-39.6
Potmen 10 10 NR Total 16 170 30-388
Benzo[a]pyrene 2.7 1.0-57
Pyrene 25 2.5-49
9 9 3 1-Hydroxypyrene 35 16.5-75.9
Electrode men 6 6 NR Total 16 1040 256-2430
Benzo[a]pyrene 48 7.5-94
Pyrene 130 52-262

4 4 4 1-Hydroxypyrene 43 23.5-66.5
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Table 1.9 (Contd)

Reference, Year of  Job/task No.of No.of No.of PAH measured Air levels Urinary levels (umol/mol
country study subjects samples smokers (ng/m?) creatinine)
Mean Range Mean Range
Levinetal. NR Several 9 9 1 Total 7 91 30400
(1995), Benzo[a]pyrene 7.07 1.7-36
Sweden 9 9 1 1-Hydroxypyrene 5.9 1.3-10.7 ng/mL
van Schooten 1989 Pot-relining NR 41 NR Total 12° 150° 0.9-1709 SD
et al. (1995), Benzo[a]pyreneb 1.05° <0.02-9
Netherlands Pyrene® 32.3°  0.15-223
8 NS 6 1-Hydroxypyrene S,6.72  4.25
NS, 6.20 8.44
Electrolysis NR 23 NR Total 12° 1.0° 0.3-4.6
Benzo[a]pyrene® 0.03° <0.02-0.2
Pyrene® 0.12° 0.03-0.7
22 NR 13 1-Hydroxypyrene S,0.88 042
NS, 048 0.27
Carstensen et NR Potroom workers 97 97 31% Total 22° 13.2°  0.01-270
al. (1999) 96 96 Total 7 (gaseous) 16.3°  0.01-132
Sweden 93 93 Benzo[a]pyrene® 0.97° 0.02-23.5
94 94 Pyrene” 1.11° 0.02-344
95 95 Pyrene (gaseous) 1.56° 0.01-9.5
96 96 1-Hydroxypyrene 43 0.1-17.7
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Table 1.9 (Contd)

Reference, Year of  Job/task No. of No.of No.of PAH measured Air levels Urinary levels (umol/mol
country study subjects samples smokers (ug/m?) creatinine)

78

Mean Range Mean Range

Romundstad 1978-87 Pot operator 195 NR PAHs® 66
et al. (1999), 1980-86 60 NR 88
Norway 1987-95 201 NR 10
1988-96 98 NR 14
1980-86 Stud puller 54 NR 842
198687 35 NR 89
1987-89 30 NR 248
1988-96 Stud puller with 130 NR 11
1990-95 one-man cabins 49 NR 12
with filtered air
1978-79 Flex raiser 47 NR 145
1980-86 21 NR 120
1987-95 46 NR 9
1978-87 Tapper 90 NR 37
1986 2 NR 65
1987-95 60 NR 10
1988-96 97 NR 9
1978-87 Other jobs in 288 NR 53
1980-86 potroom 161 NR 52
1987-95 193 NR 10
1988-89 15 NR 13
1978-87 Daytime 264 NR 86
1980-86 maintenance 33 NR 219
1987-95 74 NR 24

1988-96 271 NR 23
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Table 1.9 (Contd)

Reference, Year of  Job/task No. of No.of No.of PAH measured Air levels Urinary levels (umol/mol
country study subjects samples smokers (ng/m’) creatinine)

Mean Range Mean Range

Price et al. 1998 Several 10 10 1/9 Sum of 19 PAHs 60.9 0.01-138
(2000), HSE 11" 0.31  0.001-0.85
United Benzo[a]pyrene 0.03  0.01-0.10
Kingdom Pyrene 0.86  0.02-2.91
1-Hydroxypyrene 0.7 0.3-2.6

NR, not reported; NS, non-smoker; PAH, polycyclic aromatic hydrocarbon; S, smoker; SD, standard deviation

All studies were of the Sederberg process, except those in the Netherlands (van Schooten et al., 1995) and the United Kingdom (Price et al., 2000),
which were of the pre-baking process

® Only particulate PAHs were measured

¢ Geometric mean

4 PAHSs recommended for sampling by the US National Institute of Occupational Safety and Health

¢ Median

fBenz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[/]fluoranthene, benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene,
dibenzo[a,#]anthracene, anthanthrene, cyclopentalcd]pyrene

SNOFIVIOIJAH DILVINOYYV DITOADATOd

S8



Table 1.10. Concentrations of PAHs in the air and urine of workers in anode manufacturing for the aluminium

industry
Reference, Job/task No.of  No.of No.of  PAH measured Air levels Urinary levels (umol/mol
country, subjects samples smokers (ng/m’) creatinine)
year of study
Mean Range or SD Mean Range
Tolos et al. Anode bake area
(1990), Crane operators 9 9 NR Total 17 25.8 13.8-56.4
USA, Pyrene 2.5 1.2-6.5
NR 1-Hydroxypyrene 2.9 2.0-3.6
Packer-puller 7 7 NR Total 17 24.7 10.1-57.2
Pyrene 2.8 1.5-7.4
1-Hydroxypyrene 2.4 1.9-33
Equipment operators 2 2 NR Total 17 52.1 9.5-94.6
Pyrene 2.1 1.5-2.8
1-Hydroxypyrene 3.0 2.5-35
van Schooten Bake oven NR 22 NR Total 12° 8.7° 3.0-107 SD
et al. (1995) Benzo[a]pyrene®  0.35° 0.1-14.4
Netherlands, Pyrene” 1.5° 0.5-22.7
1989 6 NR 6 1-Hydroxypyrene 8.43 4.08
9 NR 0 3.65 2.11
Anode factory NR 40 NR Total 12° 23° 1.1-854
Benzo[a]pyrene®  1.51° 0.1-11.6
Pyrenc® 5.6° 0.3-318
2 NR 2 1-Hydroxypyrene 4.84 3.64
5 NR 0 3.25 1.89
Petry et al. Green anode section; 6 30 4 Total 26 NR 4.0-121
(1996), several jobs Benzo[a]pyrene =~ NR 0.2-4.9
Switzerland, Pyrene NR 0.4-12.8
1994 1-Hydroxypyrene NR 0.5-61.8

98
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Table 1.10 (Contd)

Reference, Job/task No.of  No.of No.of  PAH measured Air levels Urinary levels (umol/mol
country, subjects samples smokers (ng/m’) creatinine)
year of study
Mean Range or SD Mean Range
van Delft ez Anode plant (high 5 18 Total 16 32 2.3-185
al. (1998), exposure Benzo[a]pyrene 1.2 0.43-3.2
Netherlands, Pyrene 2.45 0.28-46
1995 17 17 9 1-Hydroxypyrene® 13.2 pg/day 7.7-45.1
Maintenance (medium 7 12 Total 16 8.4 1.8-80
exposure) Benzo[a]|pyrene  0.37 0.09-5.0
Pyrene 0.51 0.104.4
19 19 7 1-Hydroxypyrene® 5.66 pg/day 2.2-20.2
Laboratory and office 19 19 5 1-Hydroxypyrene® 1.59 pg/day  0.66-3.54
(low exposure)
Pavanello et Anode plant workers 22 22 0 1-Hydroxypyrene 0.32 0.06-1.17

al. (2000),
Italy,
NR

NR, not reported; PAH, polycyclic aromatic hydrocarbon; SD, standard deviation

# Only particulate PAH were measured
® Geometric mean

¢ Conversions used for 1-hydroxypyrene: 1 umol/mol creatinine = 1.93 ug/g creatinine = 0.013 pmol/L = 2.84 ug/L = 2.84 ng/mL
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(j)  Carbon-electrode manufacture other than for aluminium production

With the exception of the use of carbon in the manufacture of aluminium, the largest
use of carbon and graphite is as electrodes in electric-arc furnaces. In general, the use of
graphite electrodes is restricted to open-arc furnaces of the type used in steel production,
whereas carbon electrodes are employed in submerged-arc furnaces used in the manu-
facture of phosphorus, ferroalloy and calcium carbide (Criscione et al., 1992).

Graphite electrodes are produced commercially in many sizes ranging from 32 mm in
diameter by 610 mm in length to 700 mm in diameter by 2800 mm in length; each
diameter is generally available in two or three lengths. These electrodes are used in open-
arc furnaces for the manufacture of steel, iron and steel castings, brass, bronze, copper and
its alloys, nickel and its alloys, magnesium, lead, tin, fused cast refractories, fused
refractory grain and mineral wool insulation and for the treatment of toxic wastes. The
largest use of graphite electrodes by far is in the manufacture of steel and, as a
consequence, the growth of graphite production has been closely related to the growth in
steel production in electric furnaces. A small but growing number of arc furnaces now use
direct current and a single-electrode column positioned in the centre of the furnace. In
both cases, steel is produced by filling the cylindrical shell with ferrous scrap, directly
reduced iron or occasionally molten pig iron, then melting and refining the metallic
charge with the intense heat derived from the electric arc that is generated at the tips of the
electrodes (Criscione et al., 1992).

Before the mid-1940s, the arc furnace was used almost exclusively for the production
of low-tonnage, high-quality steels such as stainless and alloy steels. Since then, its use
has been extended to production of the more common high-tonnage steel grades,
including sheet steels. The growth of steel production in arc furnaces in the USA has been
dramatic; it rose from 6% of total steel production in 1950, to 20% in 1975 and 36% in
1990. Worldwide, over 210 million tonnes of steel were produced in electric-arc furnaces
in 1990 (approximately 26% of total world steel production) and these furnaces consumed
over 800 000 tonnes of graphite electrodes (Criscione ef al., 1992).

Graphite electrodes are consumed in the melting process. For iron and steel
production, the average consumption is approximately 2—5 kg/tonne, depending on the
quality of the charge material, the quality of the electrodes and numerous factors related
to the productivity and operation of the arc furnace. A combination of these factors has
resulted in a reduction of about 40% in specific electrode consumption over the past
15 years (Criscione et al., 1992).

Graphite electrodes are produced in two broad-grade classifications — regular grade
and premium grade. The principal differences between the two grades are that the
premium grade is made from a super premium needle coke and is impregnated with pitch
before graphitization. The premium-grade electrode is used when very high performance
is required, such as in ultrahigh-powered arc furnaces. The capacity of an electrode
column to carry current depends on many characteristics of the furnace operation as well
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as those of the electrode and electrode joint, and, over the years, significant progress has
been achieved in improving this capacity (Criscione et al., 1992).

Concentrations of PAHs in the air and urine of workers in the carbon-electrode
industry are summarized in Table 1.11 and Figure 1.1. Exposure conditions in these
carbon manufacturing plants are relatively similar to those in anode manufacturing for
aluminium plants. Three recent studies from Belgium (Buchet ef al., 1992), Germany
(Angerer et al., 1997) and Norway (Qvrebg et al., 1994) reported differences in PAH
concentrations within the plants. Much higher exposures were observed at the beginning
of the production process when raw materials are mixed and the electrode is dipped in
liquid tar in the studies in Belgium and Germany.

(k)  Chimney sweeping and other exposures to soot

For hundreds of years, chimneys have been swept with long steel brushes inserted
manually into the chimney from the top and from the bottom. By this procedure, chimney
sweepers are exposed to soot particulates.

Soots are black particulate matter that are formed as by-products of combustion or
pyrolysis of organic (carbon-containing) materials, such as coal, wood, fuel oil, waste oil,
paper, plastics and household refuse. Their chemical compositions and properties are
highly variable and depend on the type of starting material and the conditions of
combustion. Soots vary considerably with respect to their relative amounts of carbon,
their particle type, size and shape, and the types of organic and inorganic compounds
adsorbed to the particles. In general, soots have a total carbon content below 60% and a
high content of inorganic material and soluble organic fraction. The soluble organic
fraction of soot is extractable with organic solvents and consists of PAHs and their
derivatives. Inorganic constituents may include oxides, salts, metals, sulfur and nitrogen
compounds, water, and other adsorbed liquids and gases (IARC, 1985; Watson &
Valberg, 2001).

Two German studies investigated the exposure of chimney sweeps to PAHs
(Table 1.12 and Figure 1.1). Knecht et al. (1989) assessed exposures in the breathing zone
of chimney sweeps during so-called ‘dirty’ or ‘black work’ over a period of 11 days.
Samples were taken per ‘job’ that was classified based on the fuel fired: oil fuel, oil/solid
or solid fuels. Twenty PAHs were quantified in a total of 115 samples. Higher
concentrations were seen when solid fuels had been fired. A more recent biomonitoring
study carried out in Germany and Poland in 1995 reported 1-hydroxypyrene levels in the
urine ranging from below the detection limit of 0.1 ug/L to 12.8 ug/L (Letzel et al.,
1999). Urinary concentrations in Poland were on average five times higher, most
probably due to the fact that coal and wood are more often used there as fuel. The urinary
concentrations in workers in Germany were relatively low. The use of personal protective
devices among this group of 100 chimney sweeps was not reported.

Chimney sweeps have also been reported to be exposed concurrently to sulfur dioxide
and arsenic (Bagchi & Zimmerman, 1980).



Table 1.11. Concentrations of PAHs in the air and urine of workers in carbon electrode manufacturing other

than for the aluminium industry

Reference, Job/task No. of No. of No. of PAH measured Air levels Urinary levels
country, subjects  samples  smokers (ng/m?) (umol/mol creatinine)
year of study
Mean Range Mean Range
Buchet et al.  Conditioning 10 NR 7 Total of 13 2.8 1.0-93
(1992), Pyrene 0.10 NS;
Belgium, 0.04 S
NR 1-Hydroxypyrene 0.55NS;
0.558S
Second thermal 25 NR 17 Total of 13 4.1 0.2-50.9
treatment Pyrene 0.05 NS;
0.058S
1-Hydroxypyrene 0.57 NS;
0.79 S
Heating of raw 6 NR 4 Total of 13 17.4 100117 [sic]?
electrodes Pyrene 0.20 NS ;
039S
1-Hydroxypyrene 2.56 NS;
3.138
Maintenance 17 NR 2 Total of 13 12.5 0.6-251
Pyrene 0.21 NS;
0.138S
1-Hydroxypyrene 1.21 NS;
3.76 S
Grinding and 14 NR 9 Total of 13 96.0 17.7-551
mixing raw Pyrene 10.75NS;
materials 3528
1-Hydroxypyrene 2.98 NS;

2838
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Table 1.11 (Contd)

Reference, Job/task No. of No. of No. of PAH measured Air levels Urinary levels
country, subjects  samples  smokers (ng/m®) (umol/mol creatinine)
year of study
Mean Range Mean  Range
Buchet et al.  Electrode 8 NR 5 Total of 13 222.6 20.8-1212
(1992) impregnation Pyrene 2727NS;
(contd) 3358
1-Hydroxypyrene 4.14 NS;
4.96 S
Angerer et al. Crushing 2 4 NR Total of 8 5.19 0.37-10.0
(1997), Benzo[a]pyrene 0.09 0.01-0.17
Germany, Pyrene 0.72 0.04-1.40
NR 2 NR 1-Hydroxypyrene 5.0 0.6-9.4
Sum of OH-PHE 5.4 0.98-9.7
Baking 5 10 NR Total of 8 293 4.94-70.7
Benzo[a]pyrene 1.15 0.14-3.39
Pyrene 4.54 0.81-12.4
30 NR 1-Hydroxypyrene 12.1 0.9-169
Sum of OH-PHE 12.0 1.7-56.0
Impregnation 3 6 NR Total of 8 234 16.9-31.1
Benzo[a]pyrene 1.09 0.47-1.46
Pyrene 3.12 2.19-4.55
9 NR 1-Hydroxypyrene 11.4 3.2-42.1
Sum of OH-PHE 18.7 8.9-75.6
Graphitization 4 8 NR Total of 8 1.27 0.45-1.74
Benzo[a]pyrene 0.01 0.007-0.01
Pyrene 0.22 0.01-0.38
24 NR 1-Hydroxypyrene 0.93 0.1-3.3
Sum of OH-PHE 24 0.77-8.5
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Table 1.11 (Contd)

Reference, Job/task No. of No. of No. of PAH measured Air levels Urinary levels
country, subjects  samples  smokers (ug/m®) (umol/mol creatinine)
year of study
Mean Range Mean Range

Angerer et al.  Conditioning 2 4 NR Total of 8 0.37 0.11-0.63
(1997) Benzo[a]pyrene 0.01 0.003-0.02
(contd) Pyrene 0.03 0.01-0.05

2 NR 1-Hydroxypyrene 1.2 0.9-1.5

Sum of OH-PHE 3.9 2.1-58

NR, not reported; NS, nonsmoker; OH-PHE, monohydrated metabolites of phenanthrene; PAH, polycyclic aromatic hydrocarbon; S, smoker
? [The lower value of 100 is inconsistent with a mean of 17.4.]

6
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Table 1.12. Concentrations of PAHs in the air and urine of chimney sweeps

Reference, Job/task No.of  No.of No.of PAH measured Air levels Urinary levels (umol/mol
country, subjects samples smokers (ug/m’) creatinine)
year of
study Mean Range Mean Range
Knecht et NR NR
al. (1989),  Oil fuel 37 Benzo[a]pyrene 0.36
Germany, Oil/solid fuel 34 0.83
NR Solid fuel 44 0.82
Median

Letzel et al. 100 100 42 1-Hydroxypyrene® NR 0.044.5
(1999), Apprentices, journeymen 79 79 NR 0.28
Germany, District master 21 21 NR 0.1
Poland, Workers from Germany 93 93 38 0.14-0.32
1995 Workers from Poland 7 7 4 1.2

Smokers 42 42 42 0.39

Nonsmokers 58 58 0 0.19
Pavanello et 27 27 0 1-Hydroxypyrene 0.56 0.04-2.34
al. (2000),
Italy,
NR

NR, not reported; PAH, polycyclic aromatic hydrocarbon
 Originally reported in pg/L. Conversion factor: 1 umol/mol creatinine = 1.93 pg/g creatinine = 0.013 umol/L = 2.84 pg/L
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()  Thermoelectric power plants

Thermal power plants use the energy of heat to make electricity. Coal is burned to
heat water in a boiler and convert it to high-pressure steam. The high-pressure steam is
directed into a steam turbine which turns the turbine shaft. This shaft is connected to an
electrical generator which produces electricity. A condenser converts the exhausted steam
from the turbine back into water which is re-used in the boiler. The condenser contains
tubes that have water circulating through them to cool the steam. The water is supplied by
a nearby reservoir or river. This condensing process increases the efficiency of electricity
generation (ATCO Power, 2008).

Coal for the generating stations may be extracted from a nearby coal mine or brought
in by rail or ship. At the generating station, the coal is crushed and stockpiled. A conveyor
belt carries the crushed coal from the stockpile to bunkers within the power station. The
coal is fed as required into pulverizers, where it is ground to a fine dust, the consistency of
talcum powder. A fan blows the coal into the boiler’s furnace. Water flows through tubes
that form the walls of the furnace and the intense heat of the burning coal causes the water
inside the tubes to boil. The boiling water rises into the steam drum at the top of the boiler
where the steam is separated from the water. The steam, at high pressure, is super-heated
to still higher temperatures and then used to turn the steam turbine and an electricity
generator. After leaving the turbine, the steam — now at a lower temperature and lower
pressure — passes through the condenser, which condenses the steam back into water that
is pumped back to the boiler to repeat the cycle. The fine, powdery ash produced when
coal is burned is called fly-ash. The hot gases and fly-ash move out of the boiler’s furnace
and into electrostatic precipitators, which are a series of electrically charged metal plates
that attract and hold the fly-ash particles. The collected fly-ash is either sold for use as an
additive to concrete or transported to the mine site to be used for fill (ATCO Power,
2008).

Few studies have focused on the exposure to PAHs of workers in power plants that
transform coal into electricity. A recent study by the Health and Safety Executive (Price et
al., 2000) evaluated exposures to PAHs of workers employed in a coal-fired power station
(Table 1.13 and Figure 1.1). Twelve individuals (including drivers of bulldozers and other
equipment, operators and fitters and welders) were monitored. The overall mean exposure
was low (1.4 pg/m’) and none of the end-of-shift urine samples contained levels of 1-
hydroxypyrene above the detection limit (0.5 pmol/mol creatinine).

Other potential exposures present in the environment of workers in thermoelectric
power plants are to residual coal or oil fly-ash, trace metals such as chromium, vanadium,
nickel and mercury, and combustion gases such as sulfur dioxide and nitrogen oxides.
Depending on the fuel that is used to drive vehicles such as bulldozers and other heavy
equipment, there is also potential exposure to diesel exhaust emissions. Since the majority
of workers in a power plant are involved in maintenance work, exposure to solvents,
greases and oils, asbestos and welding fumes should also be taken into account (Price et
al., 2000).



Table 1.13. Concentrations of PAHs in the air and urine of workers in thermoelectric power plants (utility
industry)

Reference,  Job/task No.of  No.of No. of PAH Air levels (pg/m®) Urinary levels (umol/mol creatinine)
country, subjects samples smokers

year of study Mean Range Mean Range

Price et al. Several 12 12 6 Sum of 19 PAHs 1.42 0.46-2.15

(2000), HSE11* 0.14 0.04-0.49

United Benzo[a]pyrene 0.02 0.007-0.11

Kingdom, Pyrene 0.025 0.006-0.055

1998 1-Hydroxypyrene 0.25 0.25-0.25

PAH, polycyclic aromatic hydrocarbon
? Benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[/]fluoranthene, benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene,
dibenzo[a, h]anthracene, anthanthrene, cyclopenta[cd|pyrene
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(m)  Overall ranking of industries by level of PAHs

To rank exposure to PAHs by industry, the Working Group compared the
measurements of the analytes most frequently reported in air samples collected
throughout the 10 industrial sectors. Relatively few of the studies conducted a detailed
analysis to identify six or more of the component PAHs that comprised the overall
exposure. Therefore, airbone concentrations of benzo[a]pyrene and urinary levels of 1-
hydroxypyrene were compared across industries. Urinary levels of 1-hydroxypyrene also
reflect dermal uptake and therefore should be interpreted as a measure of uptake via both
inhalation and the skin. Ranges of personal measurements of benzo[a]pyrene and urinary
levels of 1-hydroxypyrene were plotted by year and study (Figure 1.1). The relative
ranking of the industries for 1-hydroxypyrene in urine and benzo[a]pyrene in air is
summarized in Figure 1.3.

In the case of inhalation exposures to benzo[a]pyrene, reported levels were highest in
the aluminium production industry (operating the Sederberg process), with values of up to
100 pg/m’. These levels were substantially higher than those measured in the pre-bake
aluminium production process. Levels in electrode manufacturing for aluminium reduction
or manufacture of graphite electrodes for the metal industry were also considerably lower
(up to 10 pg/m’).

The levels of benzo[a]pyrene observed in studies of coke ovens were somewhat
lower than those observed in aluminium production, and there was some evidence of a
trend towards lower exposures over time within the studies conducted in western Europe
and the USA; a study from Sweden documented substantial reductions by comparing
exposures before and after a major plant renovation in 1990 (Levin et al, 1995). A
distinct reduction in exposures to PAHs was also evident from the analysis of longitudinal
data from two Norwegian Sederberg plants that covered three decades (Romundstad et
al., 1999).

Studies conducted after 1995 do not support the downward trend in exposure,
although this may be because more recent studies were performed in coke manufacture in
Asian and eastern European countries. This coincides with a shift in coke production
away from Europe and the USA. The extent to which controls of coke-oven emissions
and associated exposure are in place in these facilities has not been reported. Given the
reported (sometimes extreme) concentrations, it is unlikely that the control measures in
place meet modern standards.

Comparison of the urinary levels of 1-hydroxypyrene between aluminium production
and coke-oven workers shows a pattern of higher exposures among the coke-oven
workers (up to 3261 pmol/mol creatinine), which is probably a result of the higher levels
of exposure to pyrene in coke-oven environments than those in aluminium reduction
plants.

Concentrations of benzo[a]pyrene measured during roofing and paving with coal tar
were relatively similar, with ranges generally up to 1020 pg/m’. One exception was a
study in the USA, in which exposure to benzo[a]pyrene ranged up to 64.5 pg/m’ during



Figure 1.3. Relative ranking of industries by levels of exposure to (by inhalation only) and by urinary

levels of 1-hydroxypyrene (inhalation and dermal exposure)
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tear-off of coal-tar roofing; however, no measures of 1-hydroxypyrene were reported
among roofers. One study that measured 1-hydroxypyrene among pavers found levels of
up to 3.2 umol/mol creatinine, which are much lower than urinary levels seen in workers
in aluminium production plants, electrode manufacturing plants, coke ovens and tar
distillation plants. No trends in exposure to PAHs were apparent for roofers and pavers in
the studies reviewed for the period 1982—89. The fact that coal tar had stopped being used
in these applications would have resulted in greatly reduced exposures to PAHs.
However, during tear-off in roofing and recycling in paving, exposure to coal tar can still
occur.

The lowest tier of exposure to benzo[a]pyrene (at or below 1 pg/m’) included
workers in coal-tar distillation, coal liquefaction, power plants, chimney sweeping and
wood impregnation (Figure 1.3). The pattern of urinary 1-hydroxypyrene among these
industrial groups did not parallel airborne levels of benzo[a]pyrene; workers in coal
liquefaction and wood impregnation with coal-tar creosote had levels of 1-hydroxypyrene
of 10-100 umol/mol. This may reflect the poor correspondence between exposure to
PAHs by inhalation and urinary excretion of 1-hydroxypyrene, since dermal absorption
may be a very significant route of exposure to PAHs. For wood impregnation, the high
urinary levels of 1-hydroxypyrene may reflect a predominance of low-molecular-weight
PAHs in this environment.

Substantial differences in exposures have been reported within industries and time
periods. In Figure 1.1, more detailed temporal and geographical information is given.
Differences between job/task within industries are shown in the tables.

(n)  PAH profiles

A comparison of industries by composition of the PAH profiles is to some extent
limited by the differences in the sets of PAH compounds that were measured in the
individual studies. The set of PAHs measured also changed over time, as sampling and
analytical methods evolved, making it possible to identify and quantify more components
of these complex mixtures. Since the mid-1980s, benzo[a]pyrene and pyrene were
measured more frequently. The heavier PAHs (heavier than coronene) have not been
measured in these industries to date, largely because of the lack of SRMs in the past and
difficulties in analytical techniques.

Studies that reported at least six individual PAHs are presented in Table 1.14. Some
patterns are apparent in the profiles by industry, which are strongly influenced by the
source material in the particular process and the temperature at which the operations were
conducted. For example, coke ovens operate at high temperatures (up to 1300 °C), at
which extensive pyrolysis of coal constituents occurs very readily. As a result, the studies
showed higher levels of exposure over the entire range of PAH compounds and the
greatest prevalence of high-molecular-weight PAH compounds (molecular weight > 252).
At the other extreme, wood impregnation with creosote reflects a lower-temperature
process that uses a distillate fraction of coal tar as a preservative. The resulting PAH
exposure profile for this process is rich in low-molecular-weight PAH compounds (such
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as naphthalene, acenaphthylene, acenaphthene and fluorene), while very low to non-
detectable levels of PAHs with a molecular weight of >216 (benzo[a]fluorene) are
reported. Some industries present intermediate profiles; for example, carbon electrode
manufacture uses coal-tar pitch as the process material but does not raise the pitch to
temperatures that promote the volatilization of the higher-molecular-weight compounds
(molecular weight, 252 and above). The profiles for these operations reflect this, as the
highest exposures in these industries are to pyrene (molecular weight, 202) and lower-
molecular-weight PAHs. No profiles were available for the aluminum pre-bake process,
coal gasification or chimney sweeps.

1.2.3  Dietary exposure to PAHs

The general population can be exposed to PAHs via grilled and smoked foods, foods
grown in polluted environments, polluted air, drinking-water and tobacco smoking. Due
to the ubiquitous nature of PAHs in foods, the estimation of their dietary consumption is
challenging; thus, etiological studies of cancer must rely on exposure measures of dietary
intake from questionnaires as well as on biological markers, such as urinary metabolites
(Roth et al., 2001; Strickland et al., 2002) and DNA adducts (see Ramesh et al., 2004 for
a comprehensive review of dietary PAHs).

Two general approaches have been used to measure PAH levels in the diet. The first
approach is to measure a large number of PAHs (see Guillén, 1994; Phillips, 1999), while
the second method measures benzo[a]pyrene as a surrogate marker for all PAHs
(Kazerouni et al., 2001). The first approach provides a more realistic notion of the total
burden from diet but individual PAHs in any particular foods may vary widely. Measure-
ment of many of the PAHs was previously found to be difficult, and many studies have
measured only benzo[a]pyrene as a marker of total PAHs in foods because of its
carcinogenic potency in experimental animals.

To verify that benzo[a]pyrene is a representative marker of total PAHs in food,
Kazerouni et al. (2001) calculated the correlation coefficients (r) between values of
benzo[a]pyrene and the concentrations of individual and total PAHs in a selection of food
items. Selected samples from each major food group were analysed for acenaphthene,
anthracene, benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[ghi]-
perylene, benzo[a]pyrene, chrysene, cyclopenta[cd]pyrene, fluoranthene, fluorene, indeno-
[1,2,3-cd]pyrene, naphthalene, phenanthrene and pyrene by HPLC. The correlation co-
efficient between concentrations of total PAHs (the sum of all those measured in this
study) and benzo[a]pyrene was 0.87 (p-value =0.0001). The correlation value between
PAHs that are known to have carcinogenic potential in experimental animals (i.e.
benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, chrysene,
cyclopenta[cd]pyrene and indeno[1,2,3-cd]pyrene) and benzo[a]pyrene was 0.98 (p-value
=0.0001).

A large body of international data on PAHs in food has recently been reviewed
(http://epic-spain.comvlibro.html) (Jakszyn et al., 2004). The data consist of information
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Table 1.14. PAH profiles of the industries reviewed in this monograph®

No. of PAH MW | Coke ovens Coke Coal-tar
rings production distillation
(top) High Low | High Low
temp. temp. | temp. temp.
Reference: A B C D E F F F F
2/3 Naphthalene 128 5 5 4 4 5 3
Acenaphthylene 152 4 3 5 3 3 2 1
Acenaphthene 154 3 30 3 2 4 3
Fluorene 166 5 4 3 4 3 3 3 2
Anthracene 178 5 4 4 2 3 2 3 2 1
Phenanthrene 178 5 4 5 3 4 3 3 4 2
4 Fluoranthene 202 5 4 4 3 4 3 2 2 1
Pyrene 202 4 4 3 3 2 2 2 1
Benzo[a]fluorene 216 5 3 3
Benzo[ghi]fluoranthene 226 2 3
Cyclopenta[c,d]pyrene 226 3 3
Benzo[a]anthracene 228 5 3 4 2 3 2 2 1 0
Benzo[c]phenanthrene 228 2 3
Chrysene 228 |5 3 4 2 3 2 2 1 0
5 Benzo[a]pyrene 252 4 3 4 3 3 2 2 2 0
Benzo[b]fluoranthene 252 4 2 3 4 3 2 2 1 0
Benzo[e]pyrene 252 3 4 3
Benzo[/]fluoranthene 252 2 3
Benzo[k]fluoranthene 252 4 2 2 3 3 2 2 1 0
Perylene 252 2 3
6 Anthanthrene 276 3 3 2 0 0
Benzo[g,A,i]perylene 276 33 3 3 2 1 1 0
Indenol[1,2,3-c,d]pyrene 276 3 3 4 3 2 0
Benzo[b]chrysene 278
Dibenzo[a,c]anthracene 278 2 2
Dibenzo[a,h]anthracene 278 3 1 2 0 0 0
Picene 278
Coronene 300 3 3

? No profiles were available to the Working Group for coal liquefaction, coal gasification, aluminium
production by the prebake process or chimney sweeps.

MW, molecular weight; PAH, polycyclic aromatic hydrocarbon; temp., temperature

A, Andersson ef al. (1983); B, Haughen et al. (1986); C, Grimmer et al. (1993); D, Winker et al.
(1996); E, Strunk et al. (2002); F, Price et al. (2000); G, Reed (1982); H, Zey (1983); I, Behrens &
Liss (1984); J, Wolff et al. (1989); K, Darby et al. (1986); L, Knecht & Woitowitz (1989);

M, Heikkild ef al. (1987); N, Tjoe Ny et al. (1993); O, Carstensen et al. (1999); P, Petry et al. (1996)
Categorised levels of exposure to selected PAHs: 0: < detection limit; 1: < 0.1 pg/m’; 2: 0.1-2 pg/m’;
3:2-10 pg/m’; 4: 10-50 pg/m>; 5: > 50 pg/m’
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Table 1.14 (contd)

Coal-tar roofing Paving Creosote | Aluminium Carbon Thermo-
production electrode electric
manufacturing | power plants
Tear Coal  Tar Seoderberg| Anode
off tar bitumen manufac-
only blend turing
G H I 1J K L M F| N O P F F
5 515 3 4 2
213 2 2 1
0 5 51| 4 4 3 1
0 3 2 4| 4 3 3 1
30 2 2 13 1 2 2 1
3 2 5 3 414 2 3 3 1
4 3 5 5 215 2 3 2 1
4 3 5 3 5 2 213 2 3 2 1
4 1 2
3 3 1
3 02 5 2 3 4 1 3 2 2 1 1
0 1 1
3 2 5 3 4 2 114 3 2 2 1
3 2 5 2 3 3 1 214 2 2 1 1
3 2 2 0|4 3 2 1 1
0 5 3 3 1 2 2
5 2 2 2
2 2 1 0|4 2 2 1 1
1 2 2
1 0 2 0 1
5 2 1 1 0] 3 2 2 1 0
2 1 0| 4 2 2 1 0
2
2
2 1 1 0| 4 2 0 0
2
1 1
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on food type, methods of cooking and preservation, benzo[a]pyrene and total PAH
content, analytical technique, sampling method, authors and year of the study and the
country where the food was obtained (see Table 1.15 as an example).

PAHs can contaminate foods by two major routes. They are generated through
pyrolysis during the grilling/barbecueing of meat products when fat drips from the meat
onto hot coals or a heated surface and produces smoke that coats the food with the
compounds (Larsson et al., 1983; Lijinsky, 1991). They are also introduced by certain
methods of preserving meat and other food products. The other major source of PAH
contamination of food is from environmental sources such as petroleum or coal-tar
combustion by-products (Lijinsky, 1991).

Grilled foods of any type that are exposed to smoke are likely to have a high content
of PAHs. The benzo[a]pyrene content of meat items depends on the method, temperature
and duration of cooking (Larsson et al., 1983; Larsson, 1986; Lodovici et al., 1995).

Smoke curing of foods is commonly used for preservation and to add flavour.
Although the methods differ, they all expose the food to potentially carcinogenic
compounds such as PAHs. The level of contamination with PAHs can vary substantially
depending on the procedure used in the smoking (Gomaa et al., 1993; Garcia Falcon et
al., 1999; Anastasio et al., 2004). Currently, traditional smoking techniques are being
partially replaced by liquid smoke flavour. The advantage is a more uniform flavour,
which is easier to reproduce and allows greater control of the levels of toxic compounds.
However, the level of benzo[a]pyrene in liquid smoke flavour samples can vary
substantially, from not detected to 336.6 pg/kg (Gomaa et al., 1993; Yabiku et al., 1993).

Unprocessed foods such as vegetables, fruits, vegetable oils, dairy products and
seafood can be contaminated with PAHs from the atmosphere, and by deposition and
uptake from soil, water and sediment. The higher content in green leafy vegetables such
as kale and collards compared with other vegetables is probably due to greater surface
contact with ambient air and consequently deposition of airborne contaminants
(Kazerouni et al., 2001; Ramesh et al., 2004). Vegetables can be highly contaminated
when grown close to highways or on contaminated soils. As a result of stricter air
emission regulations and improved environmental conditions in several developed
countries, levels of PAHs in vegetables and fruits are now lower than those reported in the
1970s. Oils from different vegetable sources, such as rapeseed, olive oil, sunflower, soya
bean and maize, contain considerable levels of PAHs (Ramesh ez al., 2004), which are
probably formed during processing rather than as a result of airborne contamination.
Similarly, PAH levels are low in cereals and beans, but drying techniques used for
preservation, such as combustion-gas heating and smoking, increases concentrations of
PAHs (Roth et al., 1998; Ramesh ef al., 2004).

In addition to grilling and smoking processes, the accumulation of PAHs in foods of
animal origin, especially livestock, is also due to the consumption of contaminated feed.
Consumption of seafoods, in particular bottom-feeding shellfish and finfish, may con-
tribute considerably to the amount of PAHs in the diet (Ramesh et al., 2004). [High trophic-



Table 1.15. Examples of PAH concentrations in selected fruit and vegetables

Food Cooking Preservation Mean BaP Total PAH  Analytical method Reference Country of
method method wkg study
Fruit
Apple Raw Fresh 0.10 HPLC + TLC Kazerouni et al. (2001) USA
Apple Raw NA 0.53 8.27 HPLC Lodovici et al. (1995) Italy
Apple (peeled) Raw NA 0.06 2.35 HPLC Lodovici et al. (1995) Italy
Banana Raw Fresh 0.16 HPLC + TLC Kazerouni et al. (2001) USA
Fruits (citrus) Raw NA 0.03 1.67 HPLC Lodovici et al. (1995) Italy
Grapefruit Raw Fresh 0.02 HPLC + TLC Kazerouni et al. (2001) USA
Orange Raw Fresh 0.16 HPLC + TLC Kazerouni et al. (2001) USA
Peach Raw Fresh 0.17 HPLC + TLC Kazerouni et al. (2001) USA
Peanuts Toasted NA 0.01 HPLC + TLC Kazerouni et al. (2001) USA
Strawberry Raw Fresh 0.01 HPLC + TLC Kazerouni et al. (2001) USA
Walnuts Toasted NA 0.03 HPLC + TLC Kazerouni et al. (2001) USA
Vegetables
Beans (greens) NA Canned 0.14 HPLC + TLC Kazerouni et al. (2001) USA
Beets (greens) Raw NA 0.096 14.0 HPLC Lodovici et al. (1995) Italy
Broccoli Raw Fresh/frozen 0.17 HPLC + TLC Kazerouni et al. (2001) USA
Carrot Raw Fresh/frozen 0.15 HPLC + TLC Kazerouni et al. (2001) USA
Cauliflower Raw Fresh/frozen 0.12 HPLC + TLC Kazerouni et al. (2001) USA
Cauliflower Raw NA 0.006 2.79 HPLC Lodovici et al. (1995) Italy
Cole slaw Raw NA 0.02 HPLC + TLC Kazerouni et al. (2001) USA
Collars greens Raw Fresh/frozen 0.48 HPLC + TLC Kazerouni et al. (2001) USA
Corn NA Canned 0.17 HPLC + TLC Kazerouni et al. (2001) USA
Comn NA NA 0.022 0.85 HPLC Lodovici et al. (1995) Italy
Greens (mixed) NA Frozen 0.14 HPLC + TLC Kazerouni et al. (2001) USA
Kale Raw Fresh/frozen 0.47 HPLC + TLC Kazerouni et al. (2001) USA
Kale NA Frozen 0.15 HPLC + TLC Kazerouni et al. (2001) USA
Lettuce Raw NA 0.007 2.61 HPLC Lodovici et al. (1995) Italy
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Table 1.15 (Contd)

Food Cooking Preservation Mean BaP Total PAH  Analytical method Reference Country of
method method wkg study
Peas NA Canned 0.09 HPLC + TLC Kazerouni et al. (2001) USA
Spinach NA Frozen/fresh 0.10 HPLC + TLC Kazerouni et al. (2001) USA
Spinach NA Frozen 0.12 HPLC + TLC Kazerouni et al. (2001) USA
Squash Raw NA 0.45 8.90 HPLC Lodovici et al. (1995) Italy
Tomato NA Fresh/canned 0.19 HPLC + TLC Kazerouni et al. (2001) USA
Tomato Raw NA 0.003 0.64 HPLC Lodovici et al. (1995) Italy

BaP; benzo[a]pyrene; HPLC, high-performance liquid chromatography;NA, not available; PAH, polycyclic aromatic hydrocarbon; TLC, thin-layer

chromatography

Adapted from http://epic-Spain.com/libro.html
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level consumers, such as humans, do not bioaccumulate due to a higher capacity to
metabolize PAHSs.]

A comparison of daily intakes of PAHs across studies requires the consideration of
various issues, such as selection of food items, methodology used for extraction, iden-
tification and quantification. Estimated daily dietary intake of PAHs in selected countries
has been summarized (Ramesh et al., 2004) (Table 1.16).

Table 1.16. Dietary intakes of PAHs in various countries

Country Intake (ug/person/day) Reference

USA 0.16-1.6 Santodonato ef al. (1981)
0.04-0.06" Kazerouni et al. (2001)
0.12-2.8* Hattemer-Frey & Travis (1991)

United Kingdom 3.7 Dennis et al. (1991)

Germany 0.02-0.04 State Committee for Air Pollution Control

(1992)

Austria 3.4 (0.7-15.6)° Pfannhauser (1991)

Italy 3.0 Lodovici et al. (1995)

Spain 6.3-8.4 Falco et al. (2003)

Greece 1.6-4.5 Voutsa & Samara (1998)

Netherlands 5-17 de Vos et al. (1990)

Sweden 0.08 Beckman Sundh et al. (1998)

PAH, polycyclic aromatic hydrocarbon

From Ramesh et al. (2004)

? Values reported were for benzo[a]pyrene concentrations only.
® Median and range for the sum of 16 PAHs

The FAO/WHO Joint Expert Committee on Food Additives and Contaminants
(JECFA) recently selected a representative mean intake of 4 ng/kg bw benzo[a]pyrene per
day and a high-level intake of 10 ng/kg bw per day for their evaluation of PAHs (JECFA,
2005). It also noted that some population groups who regularly consume food cooked
over open fires or barbecues, or people who habitually consume foods from areas of
higher contamination, may have higher intakes.

In spite of the differences observed in international studies, it is clear that dietary
intake is the major route of exposure to PAHs for a large proportion of the nonsmoking,
non-occupationally exposed population (Ramesh et al., 2004). In a study in the USA,
Phillips (1999) estimated that, for nonsmokers who are not exposed occupationally, about
70% of exposure to PAHs typically comes from dietary sources. For a nonsmoking man
aged between 19 and 50 years, total PAH intake was estimated at 3.12 pg per day, of
which 96.2% was from food, 1.6% from air, 0.2% from water and 1.9% from soil
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(Menzie et al., 1992). However, in a study in which the relative contributions of dietary
and inhalation exposures were compared directly, weekly intakes of benzo[a[pyrene by
inhalation (mainly from indoor air) were greater than those from the diet in half of the
subjects mostly because the range of dietary exposure to benzo[a]pyrene (1-500 ng/day)
was wider than that of inhalation exposure (10-50 ng/day) (Lioy et al., 1988; Lioy &
Greenberg, 1990).

In a study conducted in the USA on the distribution of dietary intake of
benzo[a]pyrene in 228 subjects, approximatively 31% of the subjects had an intake in the
range of 40.1-60 ng/day (Kazerouni et al., 2001).

Figure 1.4 presents the percentage contribution of various food groups to the mean
daily intake of benzo[a]pyrene. The dietary information was collected using a food-
frequency questionnaire that included detailed questions on the cooking methods of meat
combined with a newly developed benzo[a]pyrene database (Sinha et al., 2005). Bread
and other cereal products (29%) followed by grilled/barbecued meat (21%) contributed
most to the total daily intake of benzo[a]pyrene. In contrast, fat, sweets and dairy food
groups contributed the least. Taking into account the concentration of benzo[a]pyrene in
individual items in the cereal, fruit and vegetable food groups, the large contribution of
each group is due to the size of the portion consumed. In terms of the percentage contri-
bution to total dietary intake of benzo[a|pyrene, this result is consistent with the study by
Lodovici ef al. (1995) with regard to cereal products, vegetables and fruit groups, but not
to grilled/barbecued meats. The studies by Larsson (1986) and by de Vos et al. (1990)
reported a much higher contribution from fat/oil and from sugar and sweets, respectively.

A database has been developed that can be used in conjunction with a food-frequency
questionnaire to estimate the intake of PAHs (Kazerouni et al., 2001; Sinha ef al., 2005).
Multiple meat samples were cooked by different methods and to varying degrees, and
additional foods were sampled and measured for benzo[a]pyrene as a marker for PAHs.
The software application, CHARRED, which was developed to compute PAH values
from meat intake, is now available (www.charred.cancer.gov).

1.3 Regulations and guidelines

Several countries have set occupational exposure limits for coal-tar pitch volatiles
(CTPVs) or particulate PAHs. The values are typically based on the benzene- or
cyclohexane-soluble matter of the particulates present in air. Some countries have
exposure limits for individual PAHs, notably for benzo[a]pyrene.

For CTPVs, Belgium, Canada (Alberta, British Columbia, Ontario [short-term
exposure limit (STEL)], Quebec), China, Malaysia, New Zealand, Spain and the USA
have set the occupational exposure limit at a 0.2-mg/m’ time-weighted average (TWA)
for the benzene-soluble fraction (which includes acridine, anthracene, benzo[a]pyrene,
chrysene, phenanthrene and pyrene). This value has also been suggested as the threshold
limit value (TLV) by the American Conference of Governmental Industrial Hygienists
(ACGIH) in the USA. China has set a STEL of 0.6 mg/m’ for this parameter. Also in the
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Figure 1.4. Percentage of total daily benzo[a]pyrene (BaP) intake
from selected food groups among 228 subjects in Maryland, USA®
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USA, the National Institute of Occupational Safety and Hygiene (NIOSH) has suggested
a recommended exposure limit of a 0.1-mg/m’ TWA for the cyclohexane-extractable
fraction of CTPVs; this value also is applied in Hong Kong, Ireland and South Africa.
The Netherlands report a value of 0.2 mg/m’, but without a designation of soluble
fraction. Mexico has set a limit for CTPVs at 0.002 mg/m’, without a designation of
soluble fraction.

Mexico has set the limit for PAH particulates at a 0.2-mg/m’ TWA and a 0.3-mg/m’
STEL; the corresponding values for Canada (Alberta) are a 0.2-mg/m’ TWA and a
0.6-mg/m’ STEL as benzene solubles; Norway has set a limit of 0.04 mg/m’ for total
PAHs (ACGIH, 2005; OSHA, 2005a).

In Germany, benzo[a]pyrene is the indicator for external exposure to PAHs. The
German technical guiding concentration for benzo[a]pyrene in the air is 0.005 mg/m’ for
the production, loading and unloading of pencil pitch and in the area near the ovens in
coking plants and 0.002 mg/m’ for all other workplaces (Bundesministerium fiir Arbeit
und Sozialordnung, 2000; ACGIH, 2005). The Czech Republic has set the limit for
benzo[a]pyrene at a 0.005-mg/m’ TWA (with a skin irritation notation) and a 0.025-mg/m’
STEL; Canada (Quebec) has set a limit of 0.005 mg/m’; Poland, Sweden and Switzerland
have set a limit of 0.002 mg/m’; and Finland has set a limit of 0.01 mg/m’ (ACGIH, 2005;
Suva, 2005).
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The US Occupational Safety and Hygiene Administration (OSHA) has established a
permissible exposure limit for workers exposed to coke oven emissions; the concentration
cannot exceed 0.15 mg CTPV/m’ of air, averaged over any 8-h period (ACGIH, 2005;
OSHA, 2005b,c,d). China has set the limit for coke-oven emissions at a O.I—mg/m3 TWA
and a 0.3-mg/m’ STEL (ACGIH, 2005).

While not determining an actual biological exposure index value, the US ACGIH®
recommends that a benchmark value of 1 pg/L 1-hydroxypyrene/L (0.49 umol/mol
creatinine) in urine be considered as a postshift level that indicates occupational exposure
to PAHs. The benchmark level is based on exposures to PAHs that result in urinary levels
of 1-hydroxypyrene that are greater than those of at least 99% of the population with no
occupational or significant environmental exposure. The biological exposure index is
applicable to all exposures that involve PAHs, and is designed to assist industrial
hygienists and other occupational health professionals to control occupational exposure to
PAHs from all routes (ACGIH, 2005).

On the basis of the measured levels of 1-hydroxypyrene in the urine of workers
exposed in the various industries surveyed, the Health and Safety Executive adopted a
biological monitoring guidance value of 4 pmol/mol creatinine (Health and Safety
Executive, 2005). This value represents the 90th percentile of measurements taken from
industries that are deemed to have good controls, which includes the CTPV industries but
excludes data from one timber impregnation site. This value was also approved by
WATCH (Pedersen, 2003).

PAH mixtures are very variable qualitatively and quantitatively. The relative amounts
of pyrene and benzo[a]pyrene in the applicable exposure matrix (air and/or
dermal/surface contamination) should be determined; the benchmark level of 1 pg/L can
then be adjusted to take into account different pyrene:benzo[a]pyrene ratios in the specific
exposure matrix. The adjustment should be based on data collected from air, surface or
skin samples, as follows:

adjusted recommended level =

1 ug 1-hydroxypyrene/L x [(pyrene measured/benzo[a]pyrene measured)}
2.5

The ratio of 2.5 (pyrene:benzo[a]pyrene) was selected as the default ratio to provide a
realistic, although in some cases conservative, estimate of the proportion of carcinogens
in the mixture. Some reports of the relative amounts of pyrene:benzo[a|pyrene are
summarized in Table 1.17 (ACGIH, 2005).

The 1993 WHO Guidelines for Drinking-water Quality concluded that there were
insufficient data available to derive drinking-water guidelines for PAHs other than
benzo[a]pyrene, for which the guideline value was calculated to be 0.7 pg/L and remains
the current guideline value (WHO, 2004).

The European Union has set the drinking-water guideline for PAHs at 0.1 pg/L for the
sum of four compounds (benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[ghi]perylene
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Table 1.17. Reported ratios of pyrene:benzo[a]pyrene

Mixture Pyrene: Reference

benzo[a]-

pyrene

ratio
Aluminum workers: Anode factory (air) 3.7 van Schooten et al. (1995)
Aluminum workers: Bake oven (air) 43 van Schooten et al. (1995)
Aluminum workers: Electrolysis (air) 4.0 van Schooten et al. (1995)
Aluminum workers: Foundry (air) 2.0 van Schooten et al. (1995)
Aluminum workers: Pot relining (air) 30.8 van Schooten et al. (1995)
Bitumens (bulk) average of 8 samples 1.5 IARC (1985)
Chisellers of creosoted rails (air) 1.3 Heikkila et al. (1995)
Coal tar asphalt pavers (air) 9 Jongeneelen et al. (1988b)
Coal tar asphalt pavers (bulk) 4.0 Jongeneelen et al. (1988b)
Coal tar asphalt pavers (hand skin) 6 Jongeneelen et al. (1988b)
Coal tar asphalt pavers (wrist pad contamination) 8 Jongeneelen et al. (1988b)
Coke oven (air samples) 2.4 IARC (1985)
Creosote 7.2 Elovaara et al. (1995)
Creosote (bulk) 38 Elovaara et al. (1995)
Electrode manufacturing high exposure (air) 2.0 van Delft e al. (1998)
Electrode manufacturing intermediate exposure (air) 1.4 van Delft ef al. (1998)
Electrode paste plant: all workers (air) 1.9 Bentsen et al. (1998)
Electrode paste plant: mixing (air) 11.5 Bentsen et al. (1998)
Electrode paste plant: mold filling (air) 2.5 Bentsen et al. (1998)
Electrode paste plant: truck drivers (air) 1.3 Bentsen et al. (1998)
Graphite electrode production (air) 4.0 IARC (1985)
Medicinal coal tar (bulk) 1.2 Godschalk et al. (1998)
Medicinal coal tar (bulk) 1.1 VanRooij et al. (1993c)
Protective paints (bulk) 3.6 IARC (1985)
Range of bulk samples in petrochemical industries 0.4-220 Boogaard & van Sittert (1994)
Road tars (bulk) average of 2 samples 34 IARC (1985)
Roofers (air) 32 Wolff et al. (1989)
Roofers (skin wipes) 2.1 Wolff et al. (1989)
Shale oils (bulk) average of 5 samples 3.8 IARC (1985)
Soots (bulk) average of 3 sites hardwood fireplace 2.2 IARC (1985)
Tobacco smoke 5 Guérin (1980)

From ACGIH (2005)
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and indeno[1,2,3-cd|pyrene), and at 0.01 ug/L. for benzo[a]pyrene (European Union,

1998).

Canada has set a guideline for the maximum acceptable concentration of
benzo[a]pyrene in drinking-water at 0.01 pg/L (Health Canada, 1986, 2004).
The Environmental Protection Agency of the USA (2004) has set a drinking-water
standard (maximum contaminant level) for benzo[a]pyrene at 0.2 pg/L.
In the USA, coal tar may be used as an active ingredient in external drug products at a
concentration of 0.5-5% for control of dandruff, seborrheic dermatitis and psoriasis (Food
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and Drug Administration, 2005). When a coal-tar solution, derivative or fraction is used
as the source of the coal tar, the labelling must specify the identity and concentration of
the source of the coal tar used and the concentration of coal tar present in the final
product.
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2. Studies of Cancer in Humans

2.1 Cohort and nested case—control studies by industry

2.1.1  Coal gasification (Table 2.1)

Kennaway and Kennaway (1947) analysed the mortality from cancer of the lung and
larynx by occupation in England and Wales in 1921-38 that had been reported earlier
(Kennaway & Kennaway, 1936). Data on occupation were obtained from death
certificates; the population at risk in each occupation was estimated from national census
data, which allowed the calculation of age-adjusted expected numbers of cancers by
occupation. [Since different sources were used to obtain occupational titles for the
numerator and denominator, this may have caused a bias in the estimated risks.] Among
gas works labourers, 96 deaths from lung cancer (standardized mortality ratio [SMR],
1.29; 95% confidence interval [CI], 1.04-1.57) and 43 deaths from laryngeal cancer
(SMR, 0.90; 95% CI, 0.65-1.22) occurred; among male gas producers, 12 deaths from
lung cancer (SMR, 2.03; 95% CI, 1.05-3.55) and two deaths from laryngeal cancer
(SMR, 0.59; 95% CI, 0.07-2.12) occurred. No data on tobacco smoking habits were
available.

Bruusgaard (1959) analysed causes of death among current and former employees at
a Norwegian gas producing plant over a 15-year period, during which 125 deaths
occurred. Of these, 12 were from cancers of the respiratory tract, four of which were lung
cancers. Among all cancer deaths, the proportion of cancer of the respiratory tract was
higher than that in the general population. [This comparison was made on crude death
rates that were not adjusted for the age distribution among the gas workers.]

Kawai et al. (1967) reported the findings of a cohort study of all 504 generator gas
production workers who were employed at a Japanese steel factory until it was closed
down in 1953. Earlier publications from the plant included a report of a series of 12 cases
of lung cancer among the generator gas workers during 1931-35 (Kuroda & Kawahata,
1936). Mortality in the cohort was followed prospectively until 1965, up to a maximum
age of 55 years. Causes of death were obtained from medical records from the two
hospitals that served the area. Expected numbers of deaths were obtained by the person—
year method that used mortality in a reference cohort of 25 760 steel workers who had not
worked at the generator gas plant. Six cases of lung cancer occurred among the gas
workers in comparison with 0.18 expected (SMR, 33.33; [95% CI, 12.20-72.60]). [Only
eight deaths from lung cancer occurred in the reference cohort, but the authors stated that
the age-specific mortality from lung cancer in the reference group did not differ from that
among Japanese men in general. However, the precision of the estimates of the expected
numbers of cases among the gas workers was low. ]



Table 2.1. Cohort and linkage studies of coal gasification workers
Reference, Cohort description Exposure Organ Exposure categories No. of cases/ SMR (95% CI) Adjustment for potential
location assessment site deaths confounders/Comments
Kennaway & Register-based national ~Occupational Lung Gas works labourers 96 1.29[1.04-1.57]  No data available on
Kennaway mortality analysis of all  titles Gas producers (male) 12 2.03[1.05-3.55]  tobacco smoking
(1947), deaths in England and
United Wales, 1921-38 Larynx  Gas works labourers 43 0.90 [0.65-1.22]
Kingdom Gas producers (male) 2 0.59[0.07-2.12]
Kawai et al. 503 workers ata Occupational Lung Gas generator plant 6 33.3[12.2-72.6] Precision in the estimation
(1967), Japan generator gas plantina titles of expected numbers was
steel industry followed low.
from 1953 to 1965; the
plant was closed down
in 1953.
Doll et al. 3023 gas manufacturing Occupational Lung Heavy exp. to coal gas (A) 99 1.79 [1.46-2.18]  Tobacco smoking habits
(1972), workers aged 40-65 titles at start Low or no exp. (C1) 11 0.75[0.37-1.34]  studied in a 10% sample
United years employed at, or in  of study Bladder Heavy exp. to coal gas (A) 10 2.35[1.13-4.33]  of the cohort indicated no
Kingdom recpt of pension from, Low or no exp. (C1) 1 [0.77 (0.02-4.29)]  excess. No excess of
four gas boards Skin Heavy exp. to coal gas (A) 3 6.0 [1.24-17.5] atheros-clerotic heart
(‘original gas boards’) Low or no exp. (C1) 0 - disease supports that
followed for mortality (not possible to smoking habits were not
from 1953 to 1965; calculate expected excessive among the gas
minimum duration of number) workers.
employment, 5 years
4687 men from four Lung Heavy exp. to coal gas (A) 23 1.34 [0.85-2.01]
additional gas boards Intermittent exp. (B) 40 1.72 [1.23-2.35]
followed for mortality Low or no exp. (C2) 16 0.53[0.30-0.86]
from 1957 (one gas Bladder Heavy exp. to coal gas (A) 2 1.53 [0.19-5.54]
board from 1959) to Intermittent exp. (B) 2 1.07 [0.13-3.85]

1965

Low or no exp. (C2)

1

[0.40 (0.01-2.23)]
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Table 2.1 (Contd)

144!

Hansen et al. 47 gas production Lung OR No data on tobacco
(1986), workers employed 7 3.94 (p <0.05) smoking habits available;
Esbjerg, >] year any time analytical method may not
Denmark between 1911 and have been appropriate. A
1970.; an age-matched shorter time to death from
reference cohort of lung cancer was noted
141 persons selected among the gas wokers
from population than among the referent
registers cohort (p =0.01)
Wu (1988), 3107 workers active in Lung [not stated] SRR (90% CI) The short report does not
China 1971 at any of six coal 3.66 (2.36-5.43) allow an assessment of
gas plants followed for the validity of the study.
mortality until 1982
Gustavsson & 295 male blue-collar Department Lung Entire cohort 4 1.35(0.36-3.46)
Reuterwall workers from a gas Coke-oven department 0 (0.9 expected) —
(1990), production plant in Nose and Entire cohort 2 29.57 (3.57-106.89)
Stockholm, Stockholm employed > sinuses
Sweden 1 year between 1965
and 1972; followed for
mortality from 1966 to
1986 and for cancer
incidence from 1966 to
1983
Berger & 4908 male employees Department  Lung Gas furnace workers 78 2.88 (2.28-3.59) Data on tobacco smoking
Manz (1992), from a gas- producing Other labourers 102 0.96 (0.78-1.17) available for about 80%
Hamburg, plant, employed >10 White-collar workers 12 0.45 (0.23-0.79) of the cohort; no
Germany years between 1900 and Stomach Gas furnace workers 31 1.77 (1.20-2.51) smoking- adjusted SMR
1989 were followed for Other labourers 72 1.13(0.88-1.42) for lung cancer was
mortality from 1953 to White-collar workers 10 0.57 (0.27-1.05) presented. Causes of
1989 Colon Gas furnace workers 13 1.84 (0.98-3.15) death were obtained by
and Other labourers 48 1.70 (1.25-22.5) different methods for the
rectum White-collar workers 7 0.92 (0.37-1.90) cohort and the national

reference group.
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Table 2.1 (Contd)

Martin et al.  Case—control study Industry- Lung
(2000), nested within a cohort  specific job—
France of male workers exposure

employed >1 yearata  matrix with
company producing gas index of
and electricity. 310 lung cumulative
cancer cases occurring  exposure
between 1978 and 1989

were included, 1225

referents were selected

from the cohort.

Coal gas production
Unexposed

298

[S2EENEEN RN

1.0
1.02 (0.21-4.94)
1.59 (0.39-6.49)
0.55 (0.07-4.57)
3.87 (1.15-12.9)

Risks adjusted for
exposure to asbestos and
socioeconomic status.
There may be residual
confounding from tobacco
smoking.

CI, confidence interval; exp., exposed; OR, odds ratio; Q, quartile; SMR, standardized mortality ratio; SRR, standardized rate ratio
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Doll (1952) and Doll et al. (1965, 1972) reported mortality among a cohort of British gas
workers that originally comprised 11 499 men employed at, or in receipt of a pension
from, four British gas boards (North Western, West Midlands, South Eastern and North
Thames) in 1953. Men aged 40-65 years with a minimum duration of employment of
5 years were included. Job titles at the start of employment were used to classify the
degree of contact with coal gas: coal carbonizing process workers (heavy exposure, Class
A); intermittent exposure in gas-producing plants or process work other than in retort
houses (intermittent exposure, Class B); process and maintenance workers in chemical
and by-product plants (low exposure, Class C1); or pre-payment meter collectors, credit
meter readers and gas fitters (low or no exposure, Class C2). For the final follow-up, the
cohort was restricted to 3023 men who were classified into Class A or C1. In addition,
employees at four other gas boards were included (South Western, North Eastern,
Southern and East Midlands), using similar inclusion criteria and exposure classification
processes, and thereby increased the number of men in the cohort by 4687. The original
cohort was followed for mortality from 1953 to 1965, and workers from the additional gas
boards were followed from 1957 (one gas board from 1959) to 1965. Follow-up was
nearly 100% complete, and data were missing for only one individual. Underlying causes
of death were obtained from death certificates. Age-standardized death rates were
calculated and compared within the cohort as well as with the general death rates for
England and Wales. Local death rates were also used for some analyses to take into
account geographical differences in cancer rates. In the four original gas boards, there was
an increased risk for lung cancer among men who were heavily exposed to coal gas
(Class A) [SMR, 1.79; 95% CI, 1.46-2.18]. In Class C (with low or no exposure), there
was no excess risk for lung cancer [SMR, 0.75; 95% CI, 0.37-1.34]. Ten deaths from
bladder cancer occurred in Class A, which was in excess of the expected number [SMR,
2.35; 95% CI, 1.13-4.33], and only one death in Class C1 versus 1.3 expected. Three
deaths from skin cancer were observed in Class A, which indicated an excess risk [SMR,
6.00; 95% CI, 1.24-17.50]. In the four additional gas boards, there was increased
mortality from lung cancer among both Class A [SMR, 1.34; 95% CI, 0.85-2.01] and
Class B [SMR, 1.72; 95% CI, 1.23-2.35] workers. Thus, the excess was higher among
intermittently exposed and not statistically significant among regularly exposed workers.
[The authors discussed various explanations for this unexpected finding, the most
plausible of which appeared to be random variation.] Only two cases of bladder cancer
occurred in Class A and two in Class B, which were within the limits of those expected
by chance. An internal analysis based on a matched case—control approach indicated that
work as a top man or hydraulic mains attendant, both associated with high exposure to
coal gas, was especially associated with an increased risk for lung cancer. Smoking habits
were studied in a 10% sample of the cohort from the original four gas boards and
indicated no excess among the gas workers (Doll et al., 1965). [The Working Group
noted that the findings of the analysis of atherosclerotic and degenerative heart disease did
not indicate that smoking habits were in excess among the gas workers. ]
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Hansen et al. (1986) studied mortality among 47 gas workers in Esbjerg, Denmark,
who had been employed for >1 year at any time during 1911-70. A reference cohort was
formed by selecting age-matched referents from the population registers of the
Municipality of Esbjerg. Three referents were selected per cohort member (141 persons).
Dates of death were obtained from population registers, and causes of death were
obtained from death certificates. The mortality of gas workers was compared with that of
the reference cohort using a Kaplan-Meier survival analysis. Odds ratios were also
calculated. Thirty-three of the gas workers and 78 of the referent cohort had died at the
end of follow-up. [The Working Group noted that the analytical methods were not
sufficiently described. The end of follow-up was not specified but a maximum survival of
60 years was noted.] Mortality from all causes did not differ between gas workers and the
reference cohort. However, mortality from cancer, and especially from lung cancer, was
higher among the gas workers than the referent cohort (odds ratio, 3.84; p <0.01; and odds
ratio, 3.94; p <0.05, respectively). Restriction of the analysis to those with at least 10
years of employment and allowing for a latency of 10 years gave similar results. No data
on tobacco smoking were available.

Wu (1988) reported summary results for a number of occupational epidemiological
studies in the People’s Republic of China. Mortality in a cohort of 3107 workers from six
coal gas plants was compared with that in a cohort of steel workers. [The Working Group
noted that an increased risk for lung cancer has been observed among steel workers,
which may underestimate the true risk.] Workers employed in 1971 were followed for
mortality up to 1981, and 234 deaths occurred among gas workers (standardized rate ratio
[SRR], 1.29; 90% CI, 1.16-1.44). The SRR among workers in the gas departments of the
coal gas plant was increased (SRR, 3.66; 90% CI, 2.36-5.43). [It is not possible to assess
the validity of the study from this short report. ]

Gustavsson and Reuterwall (1990) studied mortality and cancer incidence among gas
workers employed by the Stockholm Gas Company in Sweden. All men who had been
employed for at least 1 year between 1965 and 1972 were followed for mortality from
1966 to 1986 and for cancer incidence from 1966 to 1983. In total, 300 individuals were
identified from company records; four had emigrated and one could not be traced, and the
analyses were based on the remaining 295 workers. Follow-up was carried out via
computerized population registers, underlying causes of death were obtained from death
certificates and incident cases of cancer were obtained from the national cancer register.
Expected numbers of deaths were calculated from gainfully employed men in Stockholm
using the person—year method; expected numbers of cancers were based on national
cancer rates. Overall mortality was slightly higher among gas workers than in the
reference population (84 deaths; SMR, 1.27; 95% CI, 1.01-1.57). Four incident cases of
lung cancer occurred which was close to the expected number (standardized incidence
ratio [SIR], 1.35; 95% CI, 0.36-3.46). A significant increase in the incidence of cancer of
the nose and nasal sinuses was found (SIR, 29.57; 95% CI, 3.57-106.89). [The Working
Group noted that this is a rare tumour, and that the observed increase was based on only
two cases. |
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Berger and Manz (1992) studied mortality among 4908 male workers at a gas
production plant in Hamburg, Germany. All male blue- and white-collar workers who had
been employed for >10 years during 1900-89 were included and were followed for
mortality from 1952 until 1989. Three exposure groups were formed: 789 gas furnace
workers (Group I), 3401 workmen in other parts of the plant (Group II) and 718 white-
collar workers (Group III). The average duration of employment was 26.7, 26.1 and
38.0 years, respectively. Causes of death were obtained from autopsy records, medical
records from hospital or family doctors and statements from relatives. SMRs were
computed using the person—year method and two reference cohorts: the general
population of Germany and Group III as an internal comparison. Tobacco smoking habits
were obtained from occupational health service registers, colleagues, next of kin and the
subjects themselves when alive. Of the initial 4928 men, 20 could not be traced and the
analyses were based on the remaining 4908. A total of 2240 cohort members had died at
the end of follow-up, which was somewhat below the expected number based on national
death rates (SMR, 0.83; 95% CI, 0.80-0.87). Gas furnace workers (Group I) showed a
highly increased rate of mortality from lung cancer (SMR, 2.88; 95% CI, 2.28-3.59) and
from stomach cancer and cancer of the colon and rectum. Mortality from lung cancer was
close to the expected rate in Group II (SMR, 0.96; 95% CI, 0.78-1.17), whereas it was
lower than that expected among the white-collar workers (SMR, 0.45; 95% CI, 0.23—
0.79). A clear relation with duration of employment was observed for lung cancer but not
for stomach or colorectal cancer. [The analysis of mortality in relation to duration of
employment was published in a non-peer reviewed report (Manz et al., 1983).] The
authors recognized the methodological problem raised by the fact that causes of death
were obtained using different methods within the cohort, including data from next of kin,
and national reference rates. An internal analysis using white-collar workers as a
reference cohort addressed this question and showed a higher SMR for lung cancer
(SMR, 7.28; 95% CI, 5.79-9.03) than that obtained with external rates. [It is questionable
whether white-collar workers constitute a suitable reference group.] The analysis of
tobacco smoking habits showed a higher rate of smokers among the gas furnace workers
(69.2%) than among other labourers (64.1%) and white-collar workers (48.7%). It should
be noted that smoking habits could not be obtained for 18, 16 and 22% of Groups I-III,
respectively. [It is improbable that all of the high excess of lung cancer among gas
furnace workers could be explained by tobacco smoking. |

Martin et al. (2000) reported a case—control study of lung cancer nested within a
cohort of all men who had been employed for at least 1 year at a French electricity and
gas producing company (EDF-GDF) between January 1978 and December 1989. Cases
of lung cancer were identified from the company’s cancer registry. Using incidence
density sampling, four individually age-matched referents per case were selected from the
cohort, which resulted in a total of 310 cases and 1225 referents in the study.
Occupational exposure to over 20 agents or exposure situations was assessed by a
industry-specific job—exposure matrix. The relative risk for lung cancer was estimated by
conditional logistic regression with adjustment for exposure to asbestos and
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socioeconomic status, which served as a proxy for tobacco smoking habits. The relative
risk for lung cancer was increased among workers in coal gas production (odds ratio,
1.64; 95% CI, 0.80-3.40). An analysis of exposure—response based on an index of
cumulative exposure showed a statistically significant excess risk in the highest quartile of
exposure (odds ratio, 3.87; 95% CI, 1.15-12.9). [There may be residual confounding from
tobacco smoking since socioeconomic status is not a good proxy for tobacco smoking
habits. Also, adjustment for socioeconomic status may lead to overmatching and result in
underestimation of relative risks.]

2.1.2  Coke production (Table 2.2)

In the study by Kennaway and Kennaway (1947) (reported in detail in Section 2.1.1),
85 deaths from lung cancer (SMR, 2.84; [95% CI, 2.27-3.52]) and 37 deaths from
laryngeal cancer (SMR, 2.13; [95% CI, 1.50-2.93]) occurred among gas stokers and
coke-oven chargers. No data on tobacco smoking habits were available.

Reid and Buck (1956) reported a mortality study of British coke workers, in which
deaths among coke plant workers from 1949 to 1954 were identified from the
Carbonization Department of the National Coal Board. Causes of death were ascertained
either from claims to the trade union’s funeral fund that required death certificates, or
from the General Registrar’s Office. The population at risk was estimated from a census
in 1952, which allowed estimation of person—years by job category and age group, and
was approximately 8000 persons. Expected numbers of deaths were calculated from death
rates obtained from ‘a large industrial organization’ [It was not stated that the death rates
were said to be similar to those of the General Post Office]. During the study period,
14 deaths from respiratory cancer occurred [SMR, 1.40; 95% CI, 0.77-2.35]. A
proportionate mortality analysis was performed for retired workers but was uninformative
due to the small numbers of deaths. [Insufficient details were given regarding the data
sources, the methods used to estimate the population at risk and the reference cohort to
assess the validity of the study.]

Sakabe et al. (1975) reported mortality among 2178 coke-oven workers in Japan who
retired (at age 55 years) between 1947 and 1973 from 11 companies, and who were
followed for mortality from 1949 to 1973. Expected numbers of deaths were calculated
from the general Japanese male population, with adjustment for age. Overall mortality
was not reported. Fifteen deaths from lung cancer were observed in comparison with
11.67 expected [SMR, 1.29; 95% CI, 0.72-2.12]. [ The methods for tracing the vital status
of the retired workers was not reported.]

Davies (1977) reported mortality among 610 coke production workers who were
actively employed in May 1954 at two coke plants located at steel industries in South
Wales, United Kingdom, and who were followed for mortality until June 1965. The
cohort was identified from personnel registers of the companies that also kept information
on job departments. Follow-up was achieved through company records, through mail and
National Insurance numbers, and underlying causes of death were obtained from death



Table 2.2. Cohort and record linkage studies of coke production workers

Reference, Cohort description Exposure Organ site No. of SMR Adjustment for potential
location assessment cases/ (95% CI) confounders/Comments
deaths
Kennaway & Register-based Occupational ~ Lung 85 2.84 [2.27-3.52]
Kennaway national mortality title Larynx 37 2.13[1.50-2.93]
(1947), United  analysis of all deaths
Kingdom in England and
Wales 1921-38
Reid & Buck Deaths among coke ~ Job Respiratory 14 [1.40 (0.77-2.35)]  The validity of the study design and
(1956), United ~ workers of the department cancer methods is questionable
Kingdom National Coal Board
from 1949 to 1954
obtained from local
or national registers;
population at risk
estimated from a
census.
Sakabe et al. 2178 coke-oven Lung 15 1.29[0.72-2.12] The methods for tracing vital status

(1975), Japan

workers who retired
1947-73 followed
for mortality from
1949 to 1973

among the retired workers was not
reported

0¢l
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Table 2.2 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR Adjustment for potential
location assessment categories cases/ (95% CI) confounders/Comments
deaths

Davies (1977), 601 coke production None Lung 8 [0.82 (0.35-1.62)] Follow-up period limited
Wales, United ~ workers in active
Kingdom employment in 1954

at two plants

followed for

mortality until 1965
Hurley et al. 6767 male manual Oven, part- Lung Non-oven work 65 [0.93 (0.71-1.18)]  The period of follow-up was short
(1983), United ~ workers from oven, non- Part-oven work 33 [1.22 (0.84-1.72)]
Kingdom 14 BSC works and oven work; Oven work 66 [0.99 (0.76-1.26)]

13 NSF Ltd works in  duration of

active employment employment

in 1966-67 followed

for mortality until

1979
Wu (1988), 21 995 coke plant Job Lung Entire cohort 93 [2.55 (2.06-3.13)]  Description of methods insufficient
China workers in the steel ~ department Coke oven 40 [4.97 (3.55-6.77)]

industry employed workers

before 1965
followed for
mortality from 1971
to 1982
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Table 2.2 (contd)

(43!

Reference, Cohort description Exposure Organ site  Exposure No. of SMR Adjustment for potential
location assessment categories cases/ (95% CI) confounders/Comments
deaths

Swaen et al. 5659 male workers Job Lung By-product plant 104 1.0 [0.82-1.21]
(1991), employed for at least ~department Coke oven 62 1.29 [0.99-1.65]
Netherlands 6 months at any of (coke plant or  Bladder By-product plant 20 1.37[0.84-2.12]

three plants in 1945—  by-product Coke oven 7 0.98 [0.39-2.02]

69 followed for plant) Skin By-product plant 4 15.5[0.42-3.97]

mortality up to 1984 Coke oven 0 -
Chau et al. 536 manual workers ~ Work area Lung All areas 25 2.38 [1.54-3.51] Adjustment for tobacco smoking by
(1993), who retired from Coke ovens 2 1.75[0.21-6.32] an indirect method gave ambiguous
Lorraine, two coke plants Near ovens 8 2.52[1.09-4.97] results
France between 1963 and By-product area 2 2.37[0.29-8.56]

1982 followed for Workshops 6 4.33[1.59-9.42]

mortality up to 1987 Unexposed areas 6 2.28 [0.84-4.96]
Franco et al. 538 male production Lung 19 1.70 (1.02-2.65)

(1993),
Carrara, Italy

workers employed
>1 year in 1960-85
followed for
mortality up to 1990
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Table 2.2 (contd)

Reference, Cohort description Exposure Organsite  Exposure No. of SMR Adjustment for potential
location assessment categories cases/ (95% CI) confounders/Comments
deaths

Costantino et 5321 coke-oven Information Lung Years as coke- The use of other steel workers as a
al. (1995); workers from on job oven worker reference cohort may reduce the
Lloyd & 12 plants in the USA  histories, 0 203 1(-) potential for bias due to tobacco
Ciocco (1969);  and Canada in department, 1-5 39 1.33 (0.92-1.89) smoking, and the clear exposure—
Lloyd et al. employment any work tasks 5-9 18 1.37 (0.92-2.51) response relationship precludes
(1970); Lloyd time in 1951-55 (or  and occupa- 10-15 26 1.82 (1.26-2.99) tobacco smoking as an explanation.
(1971); for two plants, in tional hygiene 15-19 47 291 (2.274.52) Especially high risks were noted
Redmond eral.  1953) followed for measurements >20 125 2.71 (1.76-2.85) among non-whites, who also held
(1972); mortality up to 1982 used to the most highly exposed jobs
Redmond calculate the
(1983) individual

cumulative

exposure to

CTPV
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Table 2.2 (contd)

Reference, Cobhort description Exposure Organsite  Exposure No. of SMR Adjustment for potential
location assessment categories cases/ (95% CI) confounders/Comments
deaths
Bye et al. 888 male workers Individual job  Lung Lung SIR Lagged results
(1998), Norway employed >1 yearin histories and Unexposed 7 0.82(0.33-1.70)
196288 were personal Cumulative PAH 5 0.76 (0.25-1.77)
followed for exposure (ug/m’ xy)
mortality and cancer —measurements <50 0 0 (1.1 expected)
incidence up to for PAH 50-149 0 0 (0.5 expected)
1993. >150 2 4.82(0.58-17.41)
Stomach Stomach
Unexposed 9 2.22(1.01-4.21)
Cumulative PAH 6 1.72 (0.63-3.74)
(ug/m’ xy)
<50 1 2.74
50-149 1 7.40
2150 1 12.61

BSC, British Steel Corporation; CI, confidence interval; CTPV, coal-tar pitch volatiles; NSF, National Smokeless Fuels; PAH, polycyclic aromatic hydrocarbon;

SIR, standardized incidence ratio; SMR, standardized mortality ratio
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certificates. Follow-up was complete for all 610 workers. [The follow-up period was
short.] Expected numbers of deaths for the entire follow-up period were computed by the
person—year method using death rates for England and Wales in 1958-61. A total of
82 deaths occurred in the cohort [SMR, 0.86; 95% CI, 0.68-1.06], eight of which were
from lung cancer [SMR, 0.82; 95% CI, 0.35-1.62].

Hurley et al. (1983) reported mortality in two cohorts that together constituted a large
part of all British coke workers. One cohort comprised all male manual workers at coke
production plants owned by the British Steel Corporation (BSC), who were actively
employed for the full period 1 January 1966 to 31 July 1967. The second cohort
comprised all male manual workers in coke production plants owned by National
Smokeless Fuels Limited (NSF) who were employed on 1 January 1967. Information on
work histories, including job departments, was obtained from company registers. In total,
6767 men from 14 BSC and 13 NSF works in England, Scotland and Wales were
included and followed up to 1979. Follow-up was achieved through population registers.
SMRs were calculated by the person—year method using national death rates to calculate
expected numbers of deaths. Surveys of tobacco smoking habits were performed among
those employed by the BSC in 1971-73 and by the NSF in 1968 and 1973. Follow-up
was completed for all but 159 men (2.3%) who were excluded from the analyses which
were performed on the remaining 6608 men. Four hundred and three deaths occurred in
the BSC cohort and 734 deaths in the NSF cohort, giving a total of 1137 deaths during the
follow-up period; 480.2 and 802.5 deaths were expected, respectively, giving a combined
SMR for both cohorts of 0.89 (95% CI, 0.84-0.94); 167 deaths were from lung cancer
(SMR, 1.17; 95% CI, 1.00-1.37). A subdivision of the cohort into the categories ‘non-
oven work’ (SMR, 0.93; 95% CI, 0.71-1.18; n=65 deaths), ‘part oven work’ (SMR, 1.22;
95% CI, 0.84-1.72; n=33 deaths) and ‘oven work’ (SMR, 0.99; 95% CI, 0.76-1.26;
n=66 deaths) showed no evidence of a dose—response pattern. Based on a small subset, no
trend in the SMR for lung cancer was observed with duration of employment. [The
limited data on tobacco smoking did not permit an assessment of the contribution of
smoking habits to the increased risk for lung cancer.]

Wu (1988) reported summary results for a number of occupational epidemiological
studies in the People’s Republic of China. Mortality in a cohort of 21 995 workers
employed before 1965 in 19 coke plants in the metallurgical industry in China was
compared with that among workers in a primary rolling mill in the steel industry from
1971 to 1982. Among the coke plant workers, 837 deaths occurred (SMR, 1.33; 95% CI,
1.24-1.42); 93 deaths from lung cancer (SMR, 2.55; 95% CI, 2.06-3.13) occurred in the
cohort and 40 occurred among the coke-oven workers (SMR, 4.97; 95% CI, 3.55-6.77).
The highest risk was observed in workers on top of the oven. [It is not possible to assess
the validity of the study from this short report. ]

Swaen et al. (1991) reported the findings of a cohort study of 5659 male workers who
had been employed for at least 6 months at any of three Dutch coke plants at any time
between 1945 and 1969; 5740 workers who had been employed at a fertilizer plant during
the same period were used as a reference cohort. Information on job histories was
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obtained from company records, and study and reference cohorts were followed for
mortality up to 1984, using company registers, registers of retired workers or municipal
population registers. Although access to causes of death for individuals in the cohort was
denied for reasons of confidentiality, numbers of deaths from different causes were
obtained from the Central Bureau of Statistics. Mortality in both the study and reference
cohort was compared with that of the general male Dutch population by calculation of
SMRs, using the person—year method. Of the 5659 coke plant workers, 1374 had died,
127 had emigrated and four were lost to follow-up. The coke plant workers had worked
either at the coke ovens or at the by-product plant. There were 520 deaths among the
coke-oven workers (SMR, 1.19; [95% CI, 1.09-1.29]) and 854 among the by-product
workers (SMR, 0.97; [95% CI, 0.91-1.04]). Among the coke-oven workers, 62 deaths
from lung cancer (SMR, 1.29; 95% CI, 0.99-1.65), seven deaths from bladder cancer
(SMR, 0.98; 95% CI, 0.39-2.02) and no deaths from skin cancer occurred. The SMR for
lung cancer among the coke by-product workers was 1.00 [95% CI, 0.82—1.21] and that
among the fertilizer plant workers was 0.87 [95% CI, 0.71-1.05].

Chau et al. (1993) investigated mortality among male manual workers who had
retired from two coke plants in Lorraine, France, between 1 January 1963 and
31 December 1982. The 536 workers identified were followed for mortality from
retirement until 31 December 1987. A report by Bertrand ef al. (1987) included follow-up
of the same cohort until 1982. Underlying causes of death were sought from medical
records from hospitals, occupational physicians and general practitioners. Work histories
were obtained from company and occupational health records, as well as from foremen.
SMRs were calculated by the person—year method using the French male population to
obtain expected numbers. Data on tobacco smoking (ever smoker/nonsmoker) were
collected from medical records, next of kin or from the individuals themselves and were
obtained for 87% of the cohort. By the end of follow-up, 182 deaths had occurred (SMR,
1.41; 95% CI, 1.21-1.63), of which 25 were from lung cancer (SMR, 2.38; 95% CI, 1.54—
3.51). A subdivision by work area showed that two lung cancer cases had worked at the
ovens (SMR, 175; 95% CI, 21-632) and eight cases had worked near the ovens (SMR,
2.52; 95% CI, 1.09-4.97). Workshop workers had an SMR of 4.33 (95% CI, 1.59-9.42;
six cases), by-product workers had an SMR of 2.37 (95% CI, 0.29-8.56; two cases) and
non-exposed workers had an SMR of 2.28 (95% CI, 0.84-4.96; six cases). The authors
noted that the Lorraine region had a 40% higher rate of death from lung cancer than the
national average, on which the expected numbers were based. [The Working Group noted
that an indirect adjustment for tobacco smoking habits gave ambiguous results; the
proportion of smokers among coke plant workers (74%) was lower than the national
average (80% smokers), but adjustment for tobacco smoking habits reduced the SMR for
lung cancer to close to unity. It remains unclear whether the findings were confounded by
tobacco smoking. ]

Franco et al. (1993) investigated mortality among 538 male production workers who
had been employed for at least 1 year between January 1960 and December 1985 at a
coke plant in Carrara, Italy, which first started to operate in 1943 and was closed down in
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1989. The cohort was identified from company records and was followed for mortality
from January 1960 to December 1990. Vital status and causes of death were traced via
municipal registers. SMRs were calculated according to the person—year method, using
national, regional (Tuscany) and provincial (Massa Carrara) mortality rates to calculate
the expected numbers. Follow-up was complete for 98.1% of the cohort. At the end of
follow-up, 118 persons had died (SMR, 1.04; 95% CI, 0.86-1.25) (using regional
reference rates), and 19 deaths from lung cancer occurred (SMR, 1.70; 95% CI, 1.02—
2.65) (regional rates). Applying reference rates obtained from the local area (Massa
Carrara), the SMR was reduced to 1.47 (95% CI, 0.89-2.30). Work histories were
complete only for a subset of the cohort, and it was not possible to investigate SMRs by
department in the plant. No data on tobacco smoking habits were available.

A cohort study of over 59 000 steel workers from seven plants in Allegheny County,
OH (USA) was first reported by Lloyd and Ciocco (1969) and included all steel workers
who were employed in 1953. Subdivision by work area showed a high risk for lung
cancer among the 2552 coke-oven workers (Lloyd et al., 1970; Lloyd, 1971). An update
and extension of the study that focused on coke plant workers was reported by Redmond
et al. (1972), and included 1356 workers from the two coking facilities of the original
cohort and 4661 coke plant workers (all workers who had been employed any time
between 1951 and 1955) in 10 plants in the USA and Canada. A further update was
published by Redmond (1983). The most recent report (Costantino ef al., 1995) covered
all coke-oven workers from the original study (two coke-oven facilities) as well as those
from the new cohort to give a total cohort of 5321 persons. Work histories and vital status
were updated through to 1982. Similar procedures were used for cohort identification and
follow-up for both cohorts. Company registers were used to identify individuals and work
histories and company and federal registers were used to assess vital status. Underlying
causes of death were obtained from death certificates. Follow-up for the original cohort of
steel workers (in 1966) was complete for all but 61 workers (0.1%), while 40 of
3305 men (1.2%) were lost to follow-up in the new cohort (Redmond et al., 1972).
Mortality among coke-oven workers was compared with a reference cohort, individually
matched (2:1) with regard to race, age, plant and start of hire, that was selected from
among non-oven workers at the steel industries involved. The relative risk for death
among coke-oven workers versus the reference cohort was estimated by the Mantel-
Haenszel procedure. There were 2291 deaths among coke-oven workers (relative risk,
1.08; 95% CI, 1.02—-1.14), of whom 255 had died from lung cancer (relative risk, 1.95;
95% CI, 1.59-2.33). Excess mortality was also noted for prostatic cancer (58 deaths;
relative risk, 1.57; 95% CI, 1.09-2.30). The earlier report by Redmond et al. (1972)
regarding the original Allegheny cohort identified that work on top of the ovens was
especially hazardous with regard to risk for lung cancer. The extended study that included
follow-up through to 1982 showed a positive association between the risk for lung cancer
and number of years as a coke-oven worker. The relative risks for lung cancer in
categories of increasing duration of employment as a coke-oven worker are shown in
Table 2.2 (p for trend <0.001). An even more pronounced trend was noted for duration of
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work in top-side jobs: 1.0 (reference), 1.67 (95% CI, 1.41-2.51), 2.58 (95% CI, 1.75—
4.23),4.25 (95% CI, 2.91-7.14), 4.45 (95% CI, 2.79-7.56) and 4.34 (95% CI, 2.89—-6.97)
for categories of duration of 0 (reference), 1-5, 5-9, 10-14, 15-19 and >20 years (p for
trend <0.001). A positive trend in relative risk was also noted for cumulative exposure to
coal-tar pitch volatiles (CTPV). An analysis of mortality from lung cancer in relation to
the period of follow-up indicated that the high risks noted among the coke-oven workers
were greater in the period up to 1965 and lower, but still significantly elevated, for the
periods 1966-75 and 1976-82. The relative risk for lung cancer was higher among non-
white coke-oven workers (173 deaths; relative risk, 2.22; 95% CI, 1.70-2.84) than among
white coke-oven workers (82 deaths; relative risk, 1.62; 95% CI, 1.20-2.17). Further
analysis of risk for prostatic cancer was reported only for all coke oven workers by
weighted exposure index and indicated no clear exposure-response pattern (p for trend,
0.11).

An analysis of exposure-response within this cohort was published by Mazumdar et
al. (1975), using follow-up data up to 1966. Data on hygiene measurements were used to
classify jobs with regard to exposure to CTPV, and a personal cumulative exposure of
CTPV—years was calculated based on work histories. A positive association between
cumulative exposure to CTPV and risk for lung cancer was found for non-white, but not
for white, coke-oven workers. Similar findings were made when exposure—response was
further investigated by Moolgavkar et al. (1998) using follow-up data until 1982 and
based on more detailed work histories. There was a positive association between
cumulative exposure to CTPV and risk for lung cancer among non-whites, both in the
Allegheny and non-Allegheny part of the cohort, while no evident exposure-response
relationship was found among the whites. However, the risk for lung cancer was clearly
elevated amongst both white and non-white coke-oven workers in general in comparison
with the steelworker reference cohort. The life-time unit risk associated with an exposure
to 1 pg/m’ CTPV was estimated to be 1.5 x 107 (95 % CI, 1.2 x 10*-1.8 x 10°™%).

Bye et al. (1998) followed mortality and cancer incidence among 888 male workers
employed for >1 year in a Norwegian coke plant in 1962—88 until 1993. Exposure to
polycyclic aromatic hydrocarbons (PAHs) was assessed based on individual job histories
and time-weighted average exposures using personal measurements. Vital status, causes
of death and cancer diagnoses were obtained from national registries and expected
numbers were computed based on national statistics. During follow-up, 122 deaths
occurred (SMR, 0.87; 95% CI, 0.72—1.04); overall, an excess risk for stomach cancer was
observed (nine cases; SIR, 2.22; 95% CI, 1.01-4.21), but not for lung cancer (seven cases;
SIR, 0.82; 95% CI, 0.33—1.70). In dose—response analyses, the highest SIRs for cancers of
the lung and stomach were observed in categories of high cumulative exposure, and the
test for trend was statistically significant for stomach cancer after taking into account a
latency period of 20 years.
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2.1.3  Coal-tar distillation (Table 2.3)

Relatively few studies distinguish tar distillation workers in particular.

An early study by Henry ef al. (1931) examined 11 429 male deaths from cancer of
the urinary bladder and prostate in relation to last recorded occupation (as given on the
death certificate) of 13 965 cases that occurred in England and Wales from 1921 to 1928.
Expected numbers of deaths were calculated from death rates for cancers of the urinary
bladder and prostate in 5-year age groups and were applied to the population of workers
in each 5-year age group according to census occupation tables. Among 2665 tar-
distillery workers, four deaths from urinary bladder cancer were observed with
1.2 expected, and one death from prostatic cancer with 1.2 expected. [Different sources
were used to obtain occupational titles for the numerator and denominator of the
occupational death rates, which may have caused bias in the estimated risks.]

Henry (1946) described a large series of epitheliomatous ulcerations or cancers of the
skin that were notified as occupational diseases during 1920-43 in England and Wales.
The second largest occupational category cited was tar distillers that comprised 767 cases
among a total of 3333 notifications. Of these, 451 were on the head and neck, 195 on the
hands and arms and 152 on the scrotum. Mortality rates for scrotal cancer were estimated
using deaths over the period 1911-38 and the total working population in the relevant job
categories taken from the 1921 and 1931 censuses. Tar-distillery workers showed one of
the higher rates, with a mortality rate of 213 per million based on 31 cases, compared with
a rate in the general population of 4.2 per million. [The Working Group noted that these
rates were not age-adjusted, that there may be better case identification and diagnosis in
jobs with known tar exposure and that job classification data differed for the numerator
and denominator. However, in view of the 50-fold difference in rates, many of these cases
can reasonably be attributed to exposure to coal-tar pitch. ]

Schunk (1979) reported on the mortality of 76 male blue-collar tar-distillation
workers in Gotha, German Democratic Republic. Between 1962 and 1972, on average 38
were employed on an annual basis and, by 1972, a total of 38 had retired. Eight deaths,
including seven deaths from cancer (four from lung cancer and two from stomach
cancer), were observed. The duration of employment of the deceased workers varied
between 7.9 and 15.5 years. In comparison with workers at a local rubber manufacturing
plant or with the national reference population, the mortality from cancer and lung cancer
was increased approximately threefold. [The Working Group noted that only crude
mortality rates were reported.]

Maclaren and Hurley (1987) followed 259 British tar-distillery workers, who
represented all those employed at four tar distillation plants on 1 January 1967, until 1983.
Occupational histories were extracted from employment records from date of hire to
1975. All but four were successfully traced through the national health service central
register, which left 255 for analysis. Comparisons were made with appropriate regional
mortality rates to compute SMRs. Twelve lung cancers were observed (7.5 expected;
SMR, 1.60 [95% CI, 0.83-2.79]) and three urinary bladder cancers (0.7 expected; SMR,



Table 2.3. Cohort and record linkage studies of coal-tar distillation workers

Reference, Cobhort description Exposure Organ site  Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Henry et al. 11 429 male deaths Lastrecorded  Urinary Tar-distillery 4 [3.33 (0.91-8.53)] Occupational titles for the numerator
(1931), from cancer of the occupation as  bladder workers and denominator came from different
England and urinary bladder and given by the Prostate 1 [0.83 (0.02—4.64)] sources.
Wales prostate that occurred in  death
1921-28, among whom  certificate
2665 had been tar
distillery workers
Henry (1946), 1638 male deaths from  Last recorded  Scrotal Crude mortality ~ Crude mortality rates for the period
England and scrotal cancer that occupation as  cancer rates 1911-38
Wales occurred in 1911-38 given by the General 1638 4.2/million
death population
certificate Tar-distillery 31 213/million
workers
Maclaren & 259 British tar-distillery Lung Tar-distillery 12 1.60 [0.83-2.79]
Hurley (1987), workers employed at Bladder  workers 3 4.29[0.88-12.5]
England 4 tar distillation plants

on 1 January 1967,
followed from 1967 to
1983; 4 lost to follow-

up
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Table 2.3 (contd)

Reference, Cohort description Exposure Organ site  Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Moulin ef al. 963 men employed on or Lung Tar-distillery 5 0.70 (0.23-1.64)  Causes of death were not similarly
(1988), France  after 1 January 1970 in a Larynx workers 0 (2.4-3.5 expected) retrieved for people included in the
tar distillery and who Buccal 10 2.94 (1.41-541)  cohort (contact with treating physicians)
had worked >1 year cavity and and for referent rates (death certificates).
followed up to 1984; pharynx
follow-up 100%
complete
Swaen et al. 5659 male workers Job department Lung Tar-distillery NA 1.54
(1991), The employed for at least (coke plant or workers (not significant)
Netherlands 6 months at any of three  by-product
plants in 1945-69 plant)
followed for mortality
up to 1984
Swaen & 907 male tar-distillery Job histories Lung Tar-distillery 48 1.18 (0.87-1.57)  No exposure data were reported.
Slangen (1997), workers employed Urinary workers 2 0.55 (0.06-2.01)
The >6 months between bladder
Netherlands January 1947 and Kidney 0 (2.4 expected)

January 1980, identified
from pension records;
followed up to 1988;
4.2% lost to follow-up
for roofers and tar
distillers together

CI, confidence interval; NA, not available; SMR, standardized mortality ratio
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4.29 [95% CI, 0.88-12.5]). The SMRs for lung cancer increased with increasing time
since hire (p for trend = 0.25). Nested case—control studies were carried out to investigate
associations with specific job categories, but these were reported to be non-significant.
[The Working Group noted that numbers were small and that the power to subdivide
these small case groups was low.]

Moulin ef al. (1988) studied the mortality of a cohort of 963 men who had worked for
at least 1 year in a tar distillery and who had been employed on or after 1 January 1970.
The population was followed up to 1984 by contacting the company, physicians, family
and registers from the place of birth. Follow-up was 100% successful. Information was
sought from next of kin so that treating physicians could be contacted to establish the
cause of death. Proportionate mortality ratios (PMRs) and SMRs were computed using
national reference rates; SMRs were also computed using local (‘département’) rates; and
a nested case—control study was carried out. Five deaths from lung cancer occurred and
expected rates varied from 10.7 in the PMR analysis to 7.1 and 9.4 in the SMR analyses
(SMR relative to national rates, 0.70; 95% CI, 0.23-1.64). There were no cases of
laryngeal cancer (2.4-3.5 expected in the various analyses), but a significant excess of
cancer of the buccal cavity and pharynx was observed (10 deaths; SMR relative to
national rates, 2.94; 95% CI, 1.41-5.41). [The Working Group noted that the method of
retrieving cause of death for the cohort may have led to some misclassification of deaths
relative to the assignment of cause by death certificate for cause-specific reference rates.]

In a study of the mortality of coke plant workers (described in detail in Section 2.1.2),
Swaen ef al. (1991) reported results for a group of tar-distillery workers. An SMR of 154
was reported for lung cancer among the tar-distillery workers; however, this was stated to
be non-significant [no observed or expected numbers were given; p-value not stated].

Swaen and Slangen (1997) reported on a cohort 907 tar-distillery workers who were
identified from pension records and met the criterion that they had been employed for at
least 6 months between January 1947 and January 1980. Women and workers with
foreign nationality were excluded. Subjects were traced through municipal registers, with
a no-trace rate of 4.2% (for roofers and tar distillers combined). Follow-up was carried
out through to 1988. Expected deaths were calculated using Dutch national death rates.
Job histories were available for all tar-distillery workers. Forty-eight deaths from lung
cancer occurred (SMR, 1.18; 95% CI, 87-157), two deaths from urinary bladder cancer
(3.6 expected; SMR, 0.55; 95% CI, 0.06-2.01) and no death from kidney cancer
(2.4 expected).

Letzel and Drexler (1998) described an extended case series of skin tumours among
German tar-refinery workers. The occupational health records of 606 workers who had
been recorded as having had tar dermatitis between 1946 and 1996 were searched for a
mention of tumours; 4754 skin tumours had been identified and surgically removed up to
the end of 1996, of which 90% (4280) had histological diagnoses. Most (2456) were
keratoses that were classified as precancerous lesions. Among the various histologies,
380 squamous-cell carcinomas, 218 basal-cell carcinomas and 182 keratoacanthomas
were reported. Some cases had multiple tumours, and one individual was reported to have
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had 88 squamous-cell carcinomas over the period of observation. The 598 squamous-cell
and basal-cell carcinomas occurred in 207 persons (34.2% of the total). The authors noted
that the ratio of squamous- to basal-cell carcinomas was 1.7:1 in contrast to a ratio of 1:10
in the German population. Most of the tumours occurred in areas that had been in contact
with the tar or tar fumes, notably the facial area, forearms and hands. In addition,
20 squamous-cell carcinomas of the scrotum were reported. Latency from first exposure
to diagnosis ranged up to 69 years with a median latency of 28 years for squamous-cell
carcinoma and 35 years for basal-cell carcinoma. [ The size of the population within which
these 606 individuals with dermatitis were reported was not given. However, the large
proportion of subjects with at least one malignant tumour, the high proportion of
squamous-cell carcinomas and the occurrence on exposed areas suggest that occupational
exposures at this tar refinery represented a risk factor for these tumours. ]

2.1.4  Roofing and paving (Table 2.4)

Roofing and flooring, and paving of roads have involved the use of bitumen and coal-
tar pitch. Coal-tar pitch has been phased out in most countries and, in some areas, bitumen
has been used exclusively because of local availability. Some studies of road pavers and
roofers include workers who have been only exposed to coal-tar pitch only or to both
bitumen and coal-tar pitch and both are considered here. Other studies which are largely
or completely restricted to bitumen exposure are not reviewed here and they will be
addressed in a later monograph on bitumen (Maizlish et al., 1988; Bender et al., 1989;
Hansen, 1989a,b, 1991; Watkins et al., 2002).

Kennaway and Kennaway (1947) analysed mortality from lung and laryngeal cancer
in 1921-38 in England and Wales using the occupation recorded on the death certificate
and occupational data from the census to calculate expected deaths by occupation. In the
category ‘paviours, street masons, concretors, asphalters’, 26 deaths from lung cancer
occurred (SMR, 1.64; [95% CI, 1.07-2.40]) and 13 deaths from laryngeal cancer occurred
(SMR, 1.40; [95% CI, 0.75-2.39]). [The Working Group noted that this SMR is
vulnerable to some numerator/denominator bias. While the proportion of asphalters in this
group was unknown, it was believed that, during those years, coal tar would have been
used in asphalting tasks.

A 12-year mortality study was carried out on 5939 members of a roofers’ union in the
USA who were alive in 1960 and who had had at least 9 years of union membership;
5788 were traced through to 1971 (Hammond et al., 1976). Employment as a roofer in the
USA entails the application of hot pitch or hot bitumen. Coal-tar pitch was used more
frequently than bitumen in the past but bitumens are now more commonly used. Most of
the men were reported to have worked with both substances. Expected numbers of deaths
were computed on the basis of US life-tables specific for age and single calendar year.
The SMR for all deaths was 1.03 in the first 6 years of the study and 1.10 in the
second 6 years. The SMRs for lung cancer generally increased with increasing time since



Table 2.4. Cohort studies of asphalting and roofing workers

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Kennaway & Register-based Occupational Lung Paviours, street 26 1.64 [1.07-2.40]
Kennaway national mortality titles from masons
(1947), United analysis of all deaths  death Larynx Concretors, 13 1.40 [0.75-2.39]
Kingdom in England and certificates asphalters
Wales, 1921-38
Hammond et 5939 members of a Lung Years since No data on tobacco smoking
al. (1976), roofer’s union alive Jjoining the union
USA in 1960 with 9-19 22 0.92 [0.58-1.39]
>9 years of union 20-29 66 1.52 [1.17-1.93]
membership, among 30-39 21 1.50[0.93-2.29]
whom 5788 were 240 12 2.47[1.28-4.32]
followed up to 1971 Oral cavity, 220 years since 31 1.95[1.32-2.76]
larynx and  joining the union
oesophagus
Stomach >20 years since 24 1.67 (1.07-2.49)
joining the union
Leukemia >20 years since 13 1.68 (0.89-2.87)
joining the union
Urinary >20 years since 13 1.68 (0.90-28.8)
bladder joining the union
Non- Entire cohort 5 [4.24] [1.38-9.89]
melanoma

skin cancer
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Table 2.4 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths

Menck & 3938 white men who  Last recorded Lung Roofers 6 4.96 [1.82-10.80]  No data on tobacco smoking
Henderson had died from or occupation and
(1976), Los were carrying a lung  industry of
Angeles cancer selected from  employment
County, USA  the county cancer from death

registry for the certificates for

periods 1968-70 for ~ mortality data

mortality and 1972—  and hospital

73 for morbidity data records for

incident cases

Milham Proportionate Bronchus PMR No data on tobacco smoking. It is
(1982), mortality analysis of and lung Roofers and 53 1.61 [1.21-2.11] not known if workers in
Washington, deaths among white Larynx slaters 4 2.70 [0.74-6.91] Washington State were likely to
USA male residents in the use coal tar in these jobs

State of Washington

during 1950-79
Engholm et al. 704 male roofers Job titles Lung SIR
(1991), employed in 1971— obtained from Roofers 4 3.62 [0.99-9.27]
Sweden 79, followed for the registries of Road paving 8 1.24 [0.54-2.44]

mortality until 1985  Bygghélsan asphalt workers

and cancer incidence
until 1984
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Table 2.4 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths

Hrubec et al. Cohort assembled Mailed Respiratory ~ Roofers and 4 3.00 [1.16-7.73] Relative risk was adjusted for age,
(1991), USA from a roster of questionnaire system slaters calendar time, smoking group and

approximately that inquired amount of smoking

300 000 veterans about

who served in the occupation,

US Armed Forces industry of

some time between employment

1917 and 1940 and and tobacco use

who held active

government life

insurance policies
Pukkala Finnish 1970 Job histories Lung SIR Social class; crude SIR was not
(1995), Population Census Asphalt roofers 18 3.25(1.92-5.13) modified significantly after
Finland file (which consisted adjustment for social class

of 98% of the
inhabitants as of 31
December 1970 who
completed a
questionnaire on
occupation, family
structure, living
conditions) was
linked to the Finnish
Cancer Registry and
followed for cancer
incidence in 1971—
85
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Table 2.4 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Swaen & 866 male roofers Job histories Lung Roofers 39 1.31 (0.93-1.80) No exposure data reported
Slangen employed >6 months Urinary 3 1.15 (0.23-3.37)
(1997), between January bladder
Netherlands 1947 and January Larynx 1 1.36 (0.02-7.95)
1980, followed up to
1988 (4.2% lost to
follow-up for roofers
and tar distillers
combined)
Stern et al. Proportionate Lung PMR
(2000), USA mortality analysis of Entire cohort 1071 1.39 (1.31-1.48)
11 370 male deaths Decade of first
identified among membership in the
unionized roofers union:
and waterproofers; <1935 1.41 (1.08-1.80)
224 were excluded 1935-44 1.70 (1.49-1.93)
because of missing 1945-54 1.39 (1.26-1.53)
death certificate or 1955-64 1.42 (1.24-1.62)
missing date of entry 1965-74 1.53 (1.26-1.85)
>1975 1.69 (1.16-2.39)
Larynx Entire cohort 46 1.45 (1.06-1.93)
Urinary Entire cohort 89 1.38 (1.11-1.70)
bladder
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Table 2.4 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths

Boffetta etal.  Cohorts from road Information on  Lung Coal tar 308 1.05 (0.93-1.17) Information on workers’” smoking
(2003a,b), paving companies exposure to habits was not systematically
European were assembled in coal tar was Head and 104 1.11 (0.91-1.34) collected
study Denmark, Finland, assembled from neck

France, Germany, the published

Israel, the literature,

Netherlands and unpublished

Norway. In addition, industrial

a Swedish cohort hygiene

drawn from a measurements

national surveillance  and from

programme for the questionnaires

building industry sent to the

was included, which  participating

was used as a plants used to

referent population reconstruct

in internal exposure

comparisons. histories

Overall, 79 822
workers were
included

(1 287 209 person—
years)

CI, confidence interval; PMR, proportionate mortality ratio; SIR, standardized incidence ratio; SMR, standardized mortality ratio
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joining the union: 9-19 years: 22 deaths observed; SMR, 0.92; [95% CI, 0.58-1.39]; 20—
29 years: 66 deaths observed; SMR, 1.52; [95% CI, 1.17-1.93]; 30-39 years: 21 deaths
observed; SMR, 1.50; [95% CI, 0.93-2.29]; and >40 years: 12 deaths observed; SMR,
2.47; [95% CI, 1.28-4.32]. In the group with 20 or more years of membership in the
union, increases in SMRs were reported for cancer of the oral cavity, pharynx, larynx and
oesophagus (31 deaths observed; SMR, 1.95; [95% CI, 1.32-2.76]), cancer of the
stomach (24 deaths observed; SMR, 1.67; [95% CI, 1.07-2.49]), leukaemia (13 deaths
observed; SMR, 1.68; [95% CI, 0.89-2.87]) and cancer of the urinary bladder (13 deaths
observed; SMR, 1.68; [95% CI, 0.90-28.8]). In the total cohort, five deaths from skin
cancer other than melanoma occurred (1.18 expected [SMR, 4.24; 95% CI, 1.38-9.89]).
[No data on tobacco smoking were available.]

In a study by Menck and Henderson (1976) of occupational differences in lung cancer
rates among white men in Los Angeles County, USA, mortality data for 1968—70 and
morbidity data from the county cancer registry for 1972—73 were pooled. The 3938 men
under study were classified by their last recorded occupation and the industry in which
they were employed. This information was obtained from death certificates for mortality
and from hospital records for incident cases. Age-adjusted expected numbers of deaths
and incident cases were calculated on the basis of a 2% sample of 1970 census records for
Los Angeles County classified by occupation and industry. Among roofers, a significantly
increased risk for lung cancer was observed (six deaths observed; SMR, 4.96; [95% CI,
1.82-10.80]). [No data on tobacco smoking were available.]

Milham (1982) conducted a proportionate mortality analysis of deaths among white
male residents in the State of Washington during 1950-79. Among roofers and slaters,
four deaths from laryngeal cancer (PMR, 2.70; [95% CI, 0.74-6.91]) and 53 deaths from
cancer of the bronchus and lung (PMR, 1.61; [95% CI, 1.21-2.11]) occurred. [No data on
tobacco smoking were available. It is not known whether workers in Washington State
were likely to use coal tar in these jobs.]

Engholm et al. (1991) followed 704 roofers and 2572 road-paving asphalt workers
who were part of the larger Swedish Bygghélsan cohort (the Swedish Construction
Industry’s Organization for Working Environment, Safety and Health). These men had
had at least one annual medical examination during 1971-79 and were followed for
mortality and cancer incidence for an average of 11.5 years. The SIR for lung cancer
among roofers and asphalt workers was 3.62 ([95% CI, 0.99-9.27]; four cases) and 1.24
([95% CI, 0.54-2.44]; eight cases), respectively.

Hrubec ef al. (1992) reported a smoking-adjusted relative risk of 3.00 ([95% CI,
1.16-7.73]; four cases) for respiratory cancer in a cohort of US veterans who had an
occupation as ‘roofer and slater’. Follow-up for mortality was conducted from 1954 to
1980.

Pukkala (1995) reported a cancer incidence follow-up study from the Finnish 1970
census (which consisted of 98% of inhabitants as at 31 December 1970 who completed a
questionnaire on occupation, family structure, living conditions, etc.). Eighteen lung
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cancers occurred among asphalt roofers (unadjusted SIR, 3.50; 95% CI, 2.07-5.53; SIR
adjusted for social class, 3.25; 95% CI, 1.92-5.13).

Swaen and Slangen (1997) reported a cohort of 866 roofers who had been employed
for at least 6 months between 1947 and 1980 in The Netherlands and who were followed
up until 1988. They were identified from pension records and traced through municipal
registers; the no-trace rate was 4.2% (for roofers and tar distillers combined). Women and
workers of foreign nationality were excluded, and no exposure data were reported. During
follow-up, 39 deaths from cancer of the lung (SMR, 1.31; 95% CI, 0.93-1.80), three
deaths from urinary bladder cancer (SMR, 1.15; 95% CI, 0.23-3.37) and one death from
laryngeal cancer (SMR, 1.36; 95% CI, 0.02—7.95) were observed.

Stern et al. (2000) carried out a proportionate mortality analysis of unionized roofers
and waterproofers in the USA. A total of 11 370 male deaths were identified. Death
certificates could not be retrieved for 72 (0.6%) and date of entry into the union was
missing for a further 152; consequently, 11 144 men were available for analysis. PMRs
were calculated using race-, age- and calendar year (5-year groups)-specific data for US
men. The PMR for lung cancer was 1.39 (95% CI, 1.31-1.48; based on 1071 deaths).
PMRs for other sites were: laryngeal cancer, 1.45 (95% CI, 1.06-1.93; based on
46 deaths); and urinary bladder cancer, 1.38 (95% CI, 1.11-1.70; based on 89 deaths).
Results were subdivided by decade of first membership in the union (up to 1935, 1935—
44, 1945-54, 1955-64, 1965—74 and in 1975 and thereafter). The PMRs for lung cancer
were 1.41, 1.70, 1.39, 1.42, 1.53 and 1.69, respectively. [The Working Group noted the
absence of a reduction in trend over a time when exposure to coal tar relative to that to
bitumen was believed to have a downward trend. ]

The largest study of exposure to asphalt/bitumen is a European multicentre cohort
study of workers engaged in road paving, asphalt mixing and roofing (Boffetta et al.,
2003a,b). Cohorts were assembled in Denmark, Finland, France, Germany, Israel, the
Netherlands and Norway from road paving and asphalt mixing companies; a further
cohort in Sweden was drawn from a national surveillance programme for the building
industry. The study was designed to include workers exposed to bitumen and to minimize
the inclusion of those with exposure to coal-tar pitch, although some longer-term workers
were exposed to both. The cohort included 29 820 workers employed in paving, roofing,
waterproofing and asphalt mixing, 32 245 workers employed in building or ground
construction work only and other bitumen-exposed jobs, and 17 757 workers who were
not classifiable as bitumen workers. The mean follow-up was for 16.7 years which
yielded a total of 1 287 209 person—years of observation. The cohort was also analysed in
relation to bitumen, coal tar and other exposures. Exposure histories were developed by
assembling information from the literature, unpublished industrial hygiene reports and
from questionnaires sent to the participating plants. Exposure to the various agents was
classified as ever/never. The expected numbers of deaths used to calculate SMR were
computed based on national rates for each country and by Poisson regression for internal
comparisons. Of the population, 27.5% was classified as having had some exposure to
coal tar (334 509 person—years among those exposed and 861 102 person—years among
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those not exposed). Exposure to coal tar was assessed from information on the use of coal
tar collected from company questionnaires and from expert judgement. The SMR for
head and neck cancer (oral cavity, pharynx and larynx) was 1.11 (95% CI, 0.91-1.34), the
SMR for lung cancer for those exposed to coal tar was 1.05 (95% CI, 0.93—1.17; based on
308 cases), while the SMR for those who were not exposed to coal tar was 1.08 (95% CI,
0.98-1.19; based on 431 cases).

2.1.5  Creosote (Table 2.5)

O’Donovan (1920) reported three cases of skin cancer in men exposed occupationally
to creosote. One of them had been applying creosote to timber for 40 years, and warts had
appeared on his hands, legs and behind his ears for 7 years. Additional reports of indi-
vidual cases have also been published (Cookson, 1924; Shimauchi et al., 2000; Carlsten
et al., 2005).

Henry (1946) also calculated crude mortality rates for scrotal cancer for some groups
that were considered to be occupationally exposed to creosote. The crude mortality rate
for scrotal cancer during 1911-38 for brickmakers exposed to ‘creosote oil” was 29 per
million men, based on nine verified cases compared with a rate of 4.2 per million for the
national average in the United Kingdom and rates of one per million or less for groups not
exposed to suspected skin carcinogens. In addition, there were several other creosote-
exposed groups who had increased rates based on fewer cases.

Henry (1947) reviewed 3753 (3921 sites) cases of cutaneous epitheliomata reported to
the British Medical Inspector of Factories from 1920 to 1945 and reported that 35 cases
(39 sites), 12 of which were of the scrotum, had been exposed to creosote. Of these
35 cases, 14 (15 sites) occurred among workers who had treated timber with creosote,
nine (11 sites) among people who had handled creosote in storage and 10 (11 sites)
among people who had used creosote as a releasing agent for brick moulds.

Axelson and Kling (1983) reported a cohort study of 123 Swedish workers who
applied creosote to wood between 1950 and 1980. Fifty of these men were exposed to
arsenic in addition to creosote. Among the entire cohort, eight workers died from
tumours, whereas 6.0 deaths from tumours were expected from national statistics [SMR,
1.33; 95% CI, 0.58-2.63]. In a subgroup of 21 workers who had been exposed to creosote
only for 5 years or longer, three deaths from cancer (leukaemia, pancreas and stomach)
were observed compared with 0.8 expected deaths [SMR, 3.75; 95% CI, 0.77-10.96].
[Levels of exposure were not reported. |

Tornqvist et al. (1986) conducted a cohort study of 3358 power linesmen and
6703 power station operators in Sweden who were identified in the 1960 census and
followed up for cancer incidence between 1961 and 1979. SIRs were calculated in
relation to the expected number of cancers for all blue-collar workers in the census. The
SIRs for power linesmen showed a deficit for lung cancer (SIR, 0.7; 95% CI, 0.4-1.0;
based on 17 cases). Some cancer sites showed non-significant excesses: urinary organs



Table 2.5. Cohort and record linkage studies of creosote workers

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Henry Brickmakers in the Job histories Scrotum Crude mortality Crude mortality rates, calculated
(1946), period 1911-38, rate from 1911-38, are approximate as
United considered to be Brickmakers 9 29/10° there was no adjustment for age
Kingdom exposed to ‘creosote General 1631 4.2/10° distribution or other confounders
oil” occupationally population
Workers not Varies by <1/10°
exposed to job title
suspected skin
carcinogens
Axelson & 123 workers who Job histories Any cancer  Entire cohort 8 [1.33][0.58-2.63]  Levels of exposure not reported. No
Kling applied creosote to Workers exposed 3 [3.75]1[0.77-10.96]  adjustment for tobacco smoking
(1983), wood followed for only to creosote
Sweden mortality between >5 years
1950 and 1980
Tornqvistet 3358 power Job histories SIR (90% CI) Stratification for age (5-year groups)
al. (1986), linesmen and 6703 Lung Power linesmen 17 0.7 (0.4-1.0) and county; findings could be due to
Sweden power station Urinary 18 1.2 (0.8-1.8) chance and there may be other
operators identified organs, relevant exposures. No adjustment
in the 1960 Swedish excl. kidney for tobacco smoking. The study
census and followed Kidney 15 1.3 (0.8-2.0) population overlaps substantially
up for cancer Non- 8 1.5 (0.7-2.6) with that included in Steineck et al.
incidence between melanoma (1989)

1961 and 1979
through linkage to
the national cancer
registry

skin cancers

(49!
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Table 2.5 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths

Steineck et Swedish 1960 Job—exposure RR Age, socioeconomic group, degree

al. (1989), census population matrix Urinary Line workers 48 1.35(1.10-1.79) of urbanization; non-differential

Sweden was linked to bladder exposure misclassification was
national cancer Renal pelvis 6 2.13(0.94-4.80) probable therefore may have
registry and underestimated the magnitude of
followed up for association. The authors adjusted for
cancer incidence socioeconomic group and degree of
between 1961 and urbanization as a proxy for smoking.
1979 The study population overlaps

substantially with that included in
Tornqvist et al. (1986)

Karlehagen  All impregnators SIR Authors discussed that a joint effect

etal. (1992), exposed to creosote Lung Entire cohort 13 0.79 (0.42-1.35) of sunlight and creosote may be

Norway and  employed >1 year in Urinary 10 1.11 (0.53-2.04) relevant to the excess for non-

Sweden 1950-75 at 13 plants bladder melanoma skin cancer. Information
known to have used Non- 9 2.37 (1.08-4.50) on individual smoking habits could
creosote regularly melanoma not be obtained

followed from 1958
to 1985 in Sweden
and from 1953 to
1987 in Norway; 992
workers included in
analysis

skin cancer
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Table 2.5 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Pukkala Finnish 1970 Job histories SIR Social class; crude SIR was not
(1995), Population Census Non- Timber workers 5 4.64 (1.51-10.8) modified significantly after
Finland file (which consisted melanoma adjustment for social class
of 98% of skin cancer

inhabitants as of 31
December, 1970
who completed a
questionnaire on
occupation, family
structure, living
conditions) was
linked to the Finnish
Cancer Registry and
followed for cancer
incidence in 1971—
85

123!
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Table 2.5 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments

deaths
Martin et al.  Case—control study ~ An industry- OR Socioeconomic status and asbestos
(2000), nested in a cohort of  specific job— Lung Exposed to 114 1.56 (1.08-2.27) exposure; socioeconomic status was
France male workers exposure matrix creosote used as a proxy for tobacco

employed >1 year at
a gas and electricity
company; 310 lung
cancer cases
occurring between
1978 and 1989
included, 1225
referents selected
from the cohort

was used. An
index of
cumulative
exposure was
developed and
used to
categorize study
subjects in
quartiles

consumption
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Table 2.5 (contd)

Reference, Cobhort description Exposure Organ site Exposure No. of SMR (95% CI) Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Wong & 2179 individuals Detailed Pancreas Hourly-paid 4 1.18 (0.32-3.02)
Harris employed at some employment Lung employees 34 1.34 (0.93-1.87)
(2005), USA  point between 1 histories Larynx 2 1.83 (0.22-6.62)
January 1979 and abstracted from  Kidney 3 1.88 (0.39-5.49)
31 December 1999 employment Multiple 6 4.0 (1.47-8.73)
in 11 plants in the records; tobacco myeloma
USA that used use ascertained OR Results from the nested case—control
creosote to treat from fellow Lung Routine exposure 38 1.45 (0.28-7.51) studies for the different exposure

wood, followed up
to December 2001
for mortality
(follow-up 100%
complete)

Two nested case—
control studies of
cohort members who
died of lung cancer
and multiple
myeloma. Controls
were cohort
members who died
of other causes and
matched to cases by
age, plant and
gender

workers in the
case—control
studies

to creosote-treated
products

variables were not significant with
wide confidence intervals

CI, confidence interval; excl., excluding; OR, odds ratio; RR, relative risk; SIR, standardized incidence ratio; SMR, standardized mortality ratio

961
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excluding kidney (SIR, 1.2; 95% CI; 0.8-1.8; based on 18 cases), kidney (SIR, 1.3; 95%
CI, 0.8-2.0; based on 15 cases) and non-melanoma skin cancer (SIR, 1.5; 95% CI, 0.7—
2.6, based on eight cases). As power linesmen are exposed to creosote and other
chemicals in addition to electrical and magnetic fields, the authors discussed the possible
role of exposure to creosote. [The Working Group noted that the findings could be due to
chance and that there may be other relevant exposures. ]

Steineck et al. (1989) applied a job—exposure matrix to the Swedish 1960 census
population, which was linked to the national Swedish Cancer Registry to identify incident
cases of urothelial cancer during 1961-79. When subjects classified as having been
exposed to creosote were compared with men who had no exposure to any industry-
related urothelial carcinogen, there was an increased risk for renal pelvic cancer (relative
risk, 2.13; 95% CI; 0.94-4.80, based on six cases) and urinary bladder cancer (relative
risk, 1.35; 95% CI, 1.10-1.79, based on 48 cases;). Non-differential exposure
misclassification was probable and therefore may have underestimated the magnitude of
association. [It should be noted that there is substantial overlap in the study populations of
Steineck et al. (1989) and Tornqvist et al. (1986).]

Karlehagen et al. (1992) reported on a follow-up of impregnators exposed to creosote
at 13 plants in Norway and Sweden that were known to have used creosote regularly. All
those who had been employed for at least 1 year between 1950 and 1975 were included;
34 were excluded because of missing information (mainly loss to follow-up) which left
992 eligible subjects. Cancers were identified through linkage to national cancer
registries, with follow-up covering 195885 in Sweden and 1953—87 in Norway. In the
cohort, 129 cancers occurred (SIR, 0.94; 95% CI, 0.78-1.10), of which 13 were lung
cancers (SIR, 0.79; 95% CI, 0.42—1.35), 10 were bladder cancers (SIR, 1.11; 95% CI,
0.53-2.04) and nine were non-melanoma skin cancers (SIR, 2.37; 95% CI, 1.08-4.50).
The authors discussed the possibility that a joint effect of sunlight and creosote may be
relevant to the excess mortality from non-melanoma skin cancer.

Pukkala (1995) analysed the Finnish cancer registry data during 1971-85 in relation
to occupational categories in the 1970 census and found a significant excess of non-
melanoma skin cancer among timber workers (SIR, 4.64; 95% CI, 1.51-10.8; based on
five cases; adjusted for social class). Heikkild (2001) commented that these job categories
include workers exposed to creosote.

Martin et al. (2000) (described in detail in Section 2.1.1) estimated the risk for lung
cancer for exposures assessed by a job—exposure matrix in a case—control study nested in
the French cohort of gas and electricity workers. For creosotes, the odds ratio was 1.56
(95% CI, 1.08-2.27; based on 50 cases; adjusted for socioeconomic status and exposure
to asbestos). [The Working Group noted that the published values of case and control
numbers have been transposed in the published paper.]

Wong and Harris (2005) reported a cohort study and nested case—control studies of
workers in 11 plants in the USA that used creosote to treat wood, particularly railway ties
and utility poles. Individuals employed at some point between 1 January 1979 and
31 December 1999 were included and vital status up to December 2001 was established



158 IARC MONOGRAPHS VOLUME 92

from company records and linkage to national death indices. Vital status was established
for 100% of the cohort and SMRs were computed on the basis of national rates. In the
cohort of 2179 individuals, most (92.2%) were male and most were hourly paid
employees (87.2%), whose potential exposure to creosote was much higher than that of
salaried employees. For hourly paid employees, the SMR for all causes of death was 0.90
(95% CI, 0.80-1.02) based on 260 deaths; 34 deaths were from lung cancer (SMR, 1.34;
95% CI, 0.93-1.87), two deaths were from laryngeal cancer (SMR, 1.83; 95% CI, 0.22—
6.62), three deaths were from kidney cancer (SMR, 1.88; 95% ClI, 0.39-5.49), four deaths
were from pancreatic cancer (SMR, 1.18; 95% CI, 0.32-3.02) and no deaths from urinary
bladder cancer occurred. Furthermore, the SMR for lung cancer did not show a trend with
latency. There was a non-significant excess of ‘cancer of other lymphopoeitic tissue’
(primarily non-Hodgkin lymphoma and multiple myeloma) among hourly paid
employees (SMR, 1.79; 95% CI, 0.66-3.90; based on six cases); however, all six cases
were multiple myeloma, for which the SMR was somewhat higher (SMR, 4.01; 95% CI,
1.47-8.73).

Two case—control studies nested within this cohort were carried out on lung cancer
and multiple myeloma. Up to five deceased controls were selected for each case and
matched on plant, 5-year age group and gender. Detailed employment histories were
abstracted from employment records and tobacco use was ascertained from fellow
workers. Exposure to creosote was investigated by classifying jobs in terms of degree and
intermittency of routine exposure to creosote directly or indirectly through handling
creosote-treated wood. Results from conditional logistic regression in the nested case—
control study of lung cancer found no significant results for variables of exposure to
creosote, with non-significant and wide confidence intervals for all odds ratios. Routine
exposure to creosote preservatives had an odds ratio of 0.58 (95% CI, 0.11-3.03) for lung
cancer cancer while routine exposure to creosote-treated products had an odds ratio of
1.45 (95% CI, 0.28-7.51). The nested case—control study of multiple myeloma involved
too few numbers to be informative.

2.1.6  Aluminium production (Table 2.6)

Konstantinov and Kuz’minykh (1971) compared cancer mortality rates in two
aluminium production plants in the former USSR, one of which used the Soéderberg
process and the other pre-bake anodes. Expected figures were computed from regional
rates. Excesses of all cancers and of lung cancer were reported for the Soderberg-process
workers over the 10-year period 1956—66; an increase in the incidence of skin cancer was
also reported, particularly in young workers. [No detailed figures were given.]

Konstantinov et al. (1974) reported an investigation of mortality from cancer among
pot-room workers in three aluminium plants in the former USSR, two of which used the
Soderberg process and the other pre-bake anodes. Mortality from cancer in the plants was
compared with that of the general population of the cities and provinces in which the
aluminium plants were located. Elevated ratios were reported for lung cancer in the two



Table 2.6. Epidemiological studies of aluminium production workers

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths

Wigle (1977), 163 350 people from the Aluminium Urinary 81 1.59 (1.26-1.97)  Hypothesis that this finding
Québec, 1971 Chicoutimi census production in the bladder was related to the presence
Canada division of Québec area of the aluminium

followed for mortality production industry that

during 1969-73 mainly used the Sdderberg

process in this area

Thériault ef al. Case—control study; OR Tumours classified on the
(1981), 81 cases identified in Urinary Aluminium production 25 2.83 (1.06-7.54)  basis of provincial and
Québec, 1970-75 in Chicoutimi bladder workers hospital records
Canada district; 81 controls Non-smoking NA 1.9 (0.51-7.00)

identified in case aluminium

neighbourhood, Production workers NA 5.7 (2.00-12.30)

matched by age and sex

Smoking aluminium
Production workers
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Gibbs (1985), 5406 men employed on  Expert assessment
Canada 1 January 1950 in of exposure to Lung Ever exposed 101 1.43 [1.16-1.74]
2 aluminium production condensed pitch Years
plants that used the volatiles (‘tar’) by 0 30 1.01 [0.68—1.45]
Soderberg process occupation 1-10 42 0.97 [0.70-1.31]
followed for mortality 11-20 27 1.72 [1.13-2.50]
from 1950 to 1977 >21 32 2.71[1.85-3.82]
Urinary Ever exposed 12 1.60 [0.83-2.79]
bladder Years
0 1 0.28 [0.01-1.55]
1-10 3 0.61[0.13-1.79]
1120 3 1.88 [0.39-5.48]
>21 6 6.67 [2.45-14.51]
Oesophagus  Ever exposed 50 1.52[1.13-2.01]
and stomach  Years
0 17 1.11 [0.65-1.78]
1-10 31 1.42[0.96-2.01]
1120 10 1.43 [0.69-2.63]
>21 9 2.37[1.08-4.50]

091
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Thériault et al. Case—control study in Urinary OR Similar results after
(1984); different regions of bladder Séderberg reactor 45 2.70 (1.64-4.43)  adjustment for smoking
Armstrong et Province of Québec room workers (21
al. (1986), where 5 aluminium year)
Québec, plants were operating Duration (vears)
Canada using the Soderberg <1 40 1.0
process; 488 cases 1-9 12 1.86
identified through the 10-19 12 3.00
tumour registry and 20-29 18 3.29
local hospitals during >30 3 4.5
1970-79, 85 of whom p for trend <0.05
had been employed in Benzene-soluble
the aluminium industry material
>12 months; three (mg/m’® x years)
controls matched on 0-9 39 1.0
age, year of hire in same 10-19 14 2.75(1.3-5.7)
plant and length of 20-29 15 4.81(2.2-10.6)
employment 230 17 6.30 (2.8-14.1)
Benzo[alpyrene
(ug/m’ x years)
0-99 45 1.0
100-199 17 5.86 (2.4-14.3)
200-299 13 3.78 (1.7-8.4)
>300 10 5.89 (2.2-15.9)
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Tremblay et Case—control study in Job—exposure Urinary Benzene-soluble matter Smoking
al. (1995), aluminium plant using  matrix based on bladder (mg/m’years) OR
Québec, the Soderberg process;  estimated exposure 0-0.9 22 1.0
Canada 138 incident cases to benzene-soluble 1.0-9.9 32 1.67 (0.89-3.16)
identified from Québec  matter and 10.0-19.9 23 3.93 (1.85-8.49)
tumour registry and benzo[a]pyrene 20.0-29.9 35 7.31 (3.56-14.99)
records of one regional >30.0 26 5.18 (2.47-10.89)
hospital; 3 controls Benzofa]pyrene
matched to each case on (ug/m’—years)
age, year of hire at plant 0-9.9 35 1.0
and duration of 10.0-99.9 29 1.97 (1.10-3.51)
employment 100.0-199.9 26 6.24 (3.00-12.97)
200.0-299.9 30 6.66 (3.42-12.99)
>300 18 436 (2.10-9.17)

91
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Armstrong et Case—cohort study of Job—exposure Lung Benzene-soluble matter
al. (1994), workers employed >1 matrix based on (mg/m*—years)
Québec, year in one plant in estimated exposure <l 82 1.00
Canada 1950-79, followed up to benzene-soluble 1-9 123 1.15 (0.84-1.59)
195098, ~98% matter and 10-19 54 2.25(1.50-3.38)
complete; benzo[a]pyrene 20-29 42 1.90 (1.22-2.97)
1138 controls selected 230 37 2.08 (1.30-3.33)
from the 16 297 Benzo[a[pyrene
aluminium workers (ug/m’—years)
eligible for inclusion <10 138 1.00
10-99 94 1.48 (1.09-2.00)
100-199 41 2.23(1.46-3.39)
200-299 46 2.10 (1.40-3.15)
>300 19 1.87 (1.05-3.33)
Giovanazzi & 494 workers in an Lung Pot-room workers 4 1.74 [0.47-4.46]

D’Andrea
(1981), Italy

aluminium production
plant using the
Soderberg process,
during 1965-79
followed up to 1979
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Rockette & 21 829 workers with >5  Job histories and Lung Entire cohort 272 0.96 [0.85-1.06] Milham (1979) study
Arena (1983), years employment in 14  process; pre-bake Pre-bake process 161 1.00 [0.82—-1.13]  included; separate analysis
USA plants between 1946 and process (2 plants) Soderberg process 64 0.87[0.67-1.11]  of plant 3 which used the
1977 followed up for and Soderberg Plant 3 — carbon 6 3.66 [1.34-7.96]  pre-bake and the Soderberg
mortality to 1977 process (6 plants) department >25years of process, but job titles did
employment not allow to distinguish
Carbon departments of between the different
other pre-bake plants processes; plant 11
Urinary Entire cohort 19 0.83[0.50-1.30]  excluded from analyses by
bladder Pre-bake process 19 0.78 [0.46—-1.18]  duration of employment
Soderberg process 11 0.73 [0.35-1.26]  because 16% missing data.
>5 years of 8 1.62 [0.69-3.15]
employment
All workers 6 2.36 (0.46-2.73)
White workers 6 4.08 [1.50-8.88]
Lymphatic Entire cohort 94 1.09 [0.86—-1.30]
and haemato-
poietic
system
Lympho- Entire cohort 22 1.11 [0.68-1.65]
sarcoma and 1 plant with NA 3.40 (p <0.05)
reticulo- employment
sarcoma in potroom or carbon
department
Pancreas Entire cohort 63 1.25 [0.96-1.60]
Men employed >15
years
Pre-bake process 12 2.22 [1.15-3.88]

Soderberg process 17 2.30[0.92-4.73]
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Mur et al. 6455 workers who Lung Entire cohort 37 1.14 (0.85-1.48)  Tobacco smoking for
(1987), France worked >1 year in one Soderberg process 4 1.36 (0.39-3.46)* workers still employed in
of 11 plants between Pre-bake process 0 0 (0-5.27)* 1976 similar between work
1950 and 1976 followed Urinary Entire cohort 7 2.09 (0.96-3.68)  areas and length of
up for mortality to 1976; bladder employment
follow-up 95% *Process-specific data
complete, cause of available for only 31% of
deaths known for 71.3% pot-room workers
Moulin et al. 2133 men employed >1  Ever employment  Lung Entire cohort 19 0.63 (0.38-0.98)  Extended follow-up of one
(2000), France year in 1950-94 in pot-room and Workers with probable 15 0.69 (0.39-1.15)  of the 11 plants studied by
followed for mortality ~ other departments PAH exposure Mur et al. (1987).
1968-94. The plant used with PAH exposure Urinary Entire cohort 7 1.77 (0.71-3.64)  Analyses by time since first
both Séderberg and pre- bladder Workers with probable 6 2.15(0.79-4.68)  or duration of employment
bake processes, but only PAH exposure did not indicate any trend.

pre-bake process since
1982
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Spinelli et al. 4213 men who worked ~ Expert assessment SIR
(1991), British >5 years at a Soderberg  of cumulative Lung Entire cohort 37 0.97 [0.69—-1.34]
Columbia, plant between 1954 and  exposure to CTPV CTPV (Benzene-
Canada 1985 followed up from  based on benzene- soluble matter xyears)
1959 to 1985 soluble material <1 11 0.72 [0.36-1.29]
149 9 1.02 [0.47-1.94]
5-9.9 7 1.14 [0.45-2.33]
10-19.9 7 1.24 [0.50-2.58]
>20 3 1.43[0.29-4.17]
p for trend >0.05
Urinary Entire cohort 16 1.69 [0.97-2.74]
bladder CTPYV (Benzene-
soluble matter xyears)
<1 4 1.03 [0.28-2.62]
149 1 0.44 [0.01-2.42]
5-9.9 2 1.31[0.16-4.82]
>10 9 5.0 [2.29-9.49]

p for trend <0.01
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Table 2.6 (contd)

Reference, Study description Exposure Organ site Exposure categories No. of SMR (95% CI) Adjustment for potential
location assessment cases/ confounders/Comments
deaths
Romunstad ez 11 103 men employed  Job—exposure SIR/rate ratio*  Adjustment for tobacco
al. (2000a), >3 years between 1953  matrix to estimate ~ Lung Entire cohort 189 1.0 (0.9-1.2) smoking in 5107 workers (3
Norway and 1996 in 6 cumulative Cumulative exposure to of 6 plants) produced
aluminium plants in exposure to PAH PAHs (ug/m’—years) similar results.
Norway followed up and fluorides 0 93 1.0 N .
1953-96 0-499 38 1.4 (0.9-2.0) Lagged 20 years; “weak
500-1999 30 0.9 (0.6-1.3) association with exposure
>2000 28 1.0 (0.6-1.5) to fluorides and bladder
p for trend >0.5 cancer, possibly due to
some correlation with PAH
Urinary Entire cohort 130 1.3 (1.1-1.5) exposures
bladder Cumulative exposure to
PAHs (ug/m’—years)
0 52 1.0
0-499 20 1.3 (0.8-2.1)
500-1999 27 1.3 (0.8-1.9)
>2000 31 1.8 (1.1-2.8)
p for trend = 0.02
Carta et al. 1152 men employed for Job history and Lung 11 0.70 (0.39-1.26)  Increased smoking-adjusted
(2004), Italy ~ >1 year between 1972 ~ PAH measurements Urinary 3 0.79 (0.26-2.44)  risk for pancreatic cancer
and 1980 in a pre-bake by task and bladder and employment in anodes
aluminium smelter and  department Pancreas 6 241 (1.11-5.23)  factory (4 exposed deaths)
followed up to 2001 Lymphomas 8 2.03 (1.03-4.00)
and
leukaemias

CI, confidence interval; CTPV, coal-tar pitch volatiles; OR, odds ratio; PAHs, polycyclic aromatic hydrocarbons; PMR, proportionate mortality ratio; SIR, standardized
incidence ratio; SMR, standardized mortality ratio
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plants that used the Soderberg process and for skin cancer in one of the two. [The absence
of information on both the study population and the reference population precludes
evaluation of these results. It was not possible to establish whether any of the factories
included in the study had already been surveyed in the earlier report by the same authors. ]

A series of overlapping studies assessed cancer risk related to aluminium production
in Québec, Canada. In a letter, Wigle (1977) reported a high incidence of bladder cancer
in the Chicoutimi census division of Québec, where aluminium is produced. During the
S-year period 1969-73, in a population of 163 350 (1971), 81 newly diagnosed cases of
urinary bladder cancer were recorded; 51 were expected on the basis of incidence rates for
the Province of Québec [SMR, 1.59; 95% CI, 1.26-1.97]. The hypothesis that this finding
was related to the presence in that area of an aluminium production industry which is
mainly based on the Soderberg process was tested in a case—control study (Thériault et
al., 1981). In the Chicoutimi census division, 96 cases of urinary bladder cancer were
diagnosed between 1970 and 1975 and were identified from records of the Province
Tumor Registry and the Regional Hospital. The case—control study was carried out on the
81 men in the group, who were matched by age and sex with neighbours as controls.
There was no difference between cases and controls with regard to previous urinary tract
disease (22:19), alcohol intake (45:46) or coffee drinking (61:60). The tobacco smoking-
adjusted odds ratio for urinary bladder cancer for men who worked in the aluminium
production plant was 2.83 (25 exposed cases; 95% CI, 1.06-7.54).

The mortality of 5881 men employed in three Canadian aluminium production plants
in Québec that used the Soderberg process was examined between 1950 and 1977 and
compared with the pertinent rates for the Province of Québec (Gibbs & Horowitz 1979;
Simonato, 1981; Gibbs, 1983, 1985). Cohort 1 consisted of all 5406 workers employed on
1 January 1950 at plant A or C, and cohort 2 included all 485 men employed on 1 January
1951 at plant B. In cohort 1, workers ever exposed to condensed pitch volatiles (‘tar’)
exhibited significantly increased mortality from all cancers (SMR, 1.23; [95% CI, 110~
138]; 304 observed) and from oesophageal and stomach cancer (SMR, 1.52; [95% CIL,
1.13-2.01]; 50 observed), lung cancer (SMR, 1.43; [95% CI, 1.16-1.74]; 101 observed)
and other malignancies (60 observed, 45.3 expected). Analysis of mortality from lung
cancer by increasing years of exposure, tar—years of exposure and years since first
exposure to tar revealed a statistically significant, increasing trend. Deaths from cancer of
the urinary organs (20 observed; SMR, 1.46; [95% CI, 0.89-2.25]) and urinary bladder
(12 observed, 7.5 expected; SMR, 1.60; [95% CI, 0.83—2.79]) were more numerous than
expected. When mortality from cancer at each of these sites was analysed according to
tar—years of exposure, significantly increasing trends were noted. For cancers of the
oesophagus or stomach; SMRs increased with increasing tar—years of exposure. Among
workers classified as never exposed to tar, mortality was not elevated above that expected
for any cancer site.

The risk for urinary bladder cancer was further investigated in a population-based
case—control study based on 488 male cases of bladder cancer that occurred in 1970-79 in
different regions of the Province of Québec where five aluminium plants were operating
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using the Soderberg production process (Thériault et al, 1984). The aluminium
companies identified 96 of these men as being current or former employees. After
exclusion of 11 cases who were employed for less than 12 months; 85 remained. For each
case, three controls were selected matched on age, year of hire in the same company and
length of work. Of the 85 cases, 73 came from one plant in Arvida. A statistically
significant odds ratio of 2.70 (95% CI, 1.64-4.43; 45 exposed cases) was found for
employment in Séderberg reactor rooms. The risk increased steadily with length of time
worked in this department; odds ratios ranged from 1.86 for those who had worked for 1—
9 years up to 4.50 for those who had worked in the department for over 30 years, a trend
that was statistically significant. The risk also increased steadily with increasing estimated
exposure to ‘tar’ and PAHs and remained almost unchanged after adjustment for cigarette
smoking and length of employment. This set of data was later re-analysed in an attempt to
quantify better the noted exposure—response relationship (Armstrong ef al., 1986). More
refined quantitative estimates of historical workplace exposure and more complete
information on tobacco smoking habits were used. Estimates of risk for urinary bladder
cancer were statistically significantly related to three exposure indices: years spent in the
Soderberg pot-room, cumulative exposure to benzene-soluble material, an indicator of
overall exposure to tar volatiles, and cumulative exposure to benzo[a]pyrene, an indicator
of exposure to PAHs. It was estimated that an aluminium smelter worker who had been
exposed to 0.2 mg/m’ benzene-soluble material for 40 years had a likelihood of
developing urinary bladder cancer that was approximately 2.5-fold that of an unexposed
person. Workers who had been exposed to 5 pg/m’ benzo[a]pyrene for 40 years had a
likelihood of developing urinary bladder cancer that was approximately fivefold that of an
unexposed person. Tobacco smoking did not confound the relationship. Tremblay et al.
(1995) expanded the previous study and included 138 cases of bladder cancer, 66 cases of
the previous study, 69 cases diagnosed between 1980 to 1988 and three additional cases
diagnosed before 1980. Three matched controls were taken from the previous studies or
selected from a subcohort of 1138 men enumerated by Armstrong et al. (1994, see below)
drawn mainly from the same subcohort. The smoking adjusted odds ratios increased with
years of employment in Sddberg rooms and with estimated exposure to benzo[a]pyrene
and benzene-soluble matter.

Mortality from lung cancer up to 1988 was analysed for exposure—response
relationships using a case—cohort design (Armstrong et al., 1994) in a population of men
who had worked for at least 1 year between 1950 and 1979 at one plant in Québec,
Canada. Cases were identified from the Québec tumour registry, from records of the
single local hospital and from the study by Gibbs (1985). A total of 338 deaths from lung
cancer (including 131 from the previous study) were observed and were compared with a
random sample (subcohort) of 1138 men drawn from the 16 297 aluminium workers
eligible for inclusion. Exposure to benzo[a]pyrene and total PAHs measured as benzene-
soluble material was estimated and relative risks by cumulative exposure were computed.
The smoking-adjusted relative risks for lung cancer rose with increasing duration of
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employment in Soderberg rooms: rate ratios were 1.0, 1.32, 1.37 and 2.00 for <1, 1-9,
10-19 and 2041 years of employment, respectively.

Giovanazzi and D’ Andrea (1981) examined the mortality of 494 workers in a primary
aluminium production plant in Trentino, Italy, that mainly used the Soderberg process
during the period 1965-79. Among 212 pot-room workers, 40 deaths (2115 person—
years) occurred and, among 282 workers in other departments, 13 deaths (3191 person—
years) occurred. Expected figures were computed on the basis of national mortality data
and municipal data. In pot-room workers, more deaths than expected were observed for
all tumours (14 deaths; SMR, 1.75; [95% CI, 0.96-2.94]) and for liver cirrhosis (seven
deaths; SMR, 3.89; [95% CI, 1.56-8.01]); a statistically non-significant excess of lung
cancer (four deaths; SMR, 1.74; [95% ClI, 0.47—4.46]) was also observed.

Milham (1976) noted an elevated PMR in aluminium workers in Washington State,
USA, during the period 1950-71 for all neoplasms and for cancer of the pancreas (PMR,
204) and lymphoma (PMR, 250) among pot-room workers. Mortality was subsequently
investigated in a cohort of 2103 men who had worked for at least 3 years, and at least for
1 year between 1946 and 1962, at a pre-bake aluminium plant in Washington State
(Milham, 1979). The cohort was followed up for 30 years from 1946 to 1976. Expected
figures were computed on the basis of national rates. The SMR for respiratory cancer was
1.17 ( [95% CI, 0.82—1.63]; 35 cases). An excess was noted for lymphosarcoma and
reticulosarcoma (SMR, 3.16; [95% CI, 1.27-6.51]; 17 cases) and for pancreatic cancer
(SMR, 1.80; [95% CI, 82—342]; nine cases). The cohort was divided into exposed and
unexposed workers: exposure was defined as those incurred in carbon plants, rodding,
pot-lining, pot-rooms and quality control; ‘“unexposed’ workers were defined as
mechanics, maintenance workers, electrical workers, yard workers, metal product
workers, guards, janitors, storeroom workers, south plant workers, exempt workers,
welders, carpenters, pipe-shop workers and masons. The SMR for respiratory cancer was
1.29 ([95% CI, 0.74-2.10]; 16 cases) for exposed and 1.09 ([95% CI, 0.66-1.71];
19 cases) for non-exposed workers. No cases of urinary bladder cancer were observed
(1.0 expected in exposed, 1.5 expected in unexposed). The SMR for lymphosarcoma/
reticulosarcoma was 6.43 ([95% CI, 2.36-14.0]; six cases) among ‘exposed’ workers.
[There were no data on tobacco smoking. |

Rockette and Arena (1983) reported a cohort of 21 829 workers who had had 5 or
more years of employment in 14 aluminium production plants in the USA between 1946
and 1977, and who were followed up to 1977. The plant studied by Milham (1979) was
included (plant 11). The earliest date when production started was 1903. Three types of
process were used in the plants: pre-bake (seven plants), vertical-stud Soderberg (one
plant) and horizontal-stud Séderberg (five plants). In addition to studying overall patterns
of mortality for selected causes of death, a more detailed analysis was made for individual
processes in relation to years of cumulative employment. SMRs were used to compare
cause-specific mortality of the workers with that of the US male population. Data from
plant 3 were analysed separately, since all three processes were used in this plant but, in
most cases, no indication was given in the job history of the process in which an
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employee worked. Overall, the SMR for lung cancer was 0.96 ([95% CI, 0.83-1.06];
272 deaths;); among workers in plants using the Soderberg process, 64 deaths from lung
cancer occurred (SMR, 0.87; [95% CI, 0.67-1.11]); among workers in plants using the
pre-bake process, 161 deaths from lung cancer occurred (SMR, 1.0; [95% CI, 0.82—
1.13]); and among the remainder, 47 deaths from lung cancer occurred (SMR, 0.99;
[95% CI, 0.72-1.30]). Analyses by plant, work area and cumulative duration of
employment were carried out and the authors noted that the only significant excess of
lung cancer was for plant 3 in the carbon department for workers with >25 years of
employment (1.64 expected; SMR, 3.66; [95% CI, 1.34-7.96]; six deaths). The excess
was concentrated in the pre-bake process which is reported to have one of the highest
exposures to CTPV. However, the SMR for lung cancer for the same area in the
remainder of the plants was 0.83 [95% CI, 0.50-1.30], based on 19 observed deaths. For
men employed in the pot-room or carbon department of the Soderberg plants for 5 or
more years, the SMR for urinary bladder cancer was found to be 2.36 (95% CI, 0.46—
2.73; six deaths). This excess occurred in whites, for whom the SMR was 4.08 ([95% CI,
1.50-8.88]; six deaths). Among the 94 deaths from haematolymphopoietic cancers, 22
were from lymphosarcoma and reticulosarcoma; 13 of these occurred in plants 1 and 11
(pre-bake) for which the SMRs were 1.77 and 2.82, respectively, but were not statistically
significant. For men in plant 11 who had been employed in the pot-room or carbon
department, the SMR was 3.40 (p <0.05). The largest SMR in the haematolymphopoietic
category was for leukaemia and aleukaemia (1.28 [95% CI, 0.90-1.68]; 43 deaths). For
men who had less than 15 years of cumulative employment in the pot-room or carbon
department in plants using the Soderberg process, there was a statistically significant
excess (SMR, 2.75; [95% CI, 1.32-5.05]; 10 deaths). Although it was not statistically
significant, there was a more than 20% excess of stomach cancer in white workers in both
the pre-bake and Soderberg processes. Of the 55 deaths observed in the cohort, 22
occurred in plant 1 (pre-bake) (SMR, 1.74; p <0.05). This excess occurred in men with
exposure in the pot-room and time since first employment of at least 30 years (SMR,
2.96; p <0.01). Examination of the work histories revealed no common factor that might
explain the excess. Men employed for 15 or more years in the pre-bake and horizontal-
stud Soéderberg process and in plant 3 had an increased risk for pancreatic cancer (SMR,
2.22; p<0.05; 2.71; p <0.05; and 1.68, respectively). Because an estimated 16% of the
cohort from plant 11 (pre-bake) was lost to follow-up, it was not included in the analysis
that was based on duration of employment. However, an excess of pancreatic cancer was
also seen in the pot-rooms in this plant (SMR, 1.97), as noted by Milham (1979) in a
different cohort from the same plant.

Mur et al. (1987) reported mortality in a cohort of 6455 aluminium smelter workers
who had worked for at least 1 year in one of 11 plants in France between 1950 and 1976,
during which time they were also followed up for mortality, giving a total of 113 671
person—years. The earliest date of exposure was 1907, and several of the plants used both
pre-bake and Soderberg processes. The majority of workers (about two-thirds) had been
employed for more than 10 years and one-third for over 20 years. Vital status was
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established for about 95% of the cohort by consulting registry offices at cohort members’
birthplaces (for French-born workers) and consulates for foreign workers. Cause of death
was ascertained by contacting attending physicians or consulting hospital records. Cause
was established for only 71.3% of deaths. Cause-specific deaths were ‘corrected’ by the
ratio of the total number to deaths with a known cause. Expected deaths were based on
national rates. Confidence intervals were calculated on the basis of these corrected
observed deaths, rounded to nearest integer. [The Working Group noted that the use of
different sources of cause of death other than death certificates may lead to mis-
classification. This may be compounded by the method of compensating for missing
information on cause of death.] Tobacco smoking habits were surveyed in workers who
were still employed in 1976. The overall SMR for all causes was 0.85, based on
996 deaths, with 37 deaths from lung cancer (SMR, 1.14; 95% CI, 0.85-1.48) and seven
from urinary bladder cancer (SMR, 2.09; 95% CI, 0.96-3.68).

In one of the French plants, Moulin et al. (2000) updated the study of Mur et al.
(1987) to cover mortality among 2133 male workers who had been employed in the plant
for at least 1 year between 1950 and 1994. The cohort was followed up for mortality for
an average of 16.5 years from 1968 to 1994, giving a total of 35 145 person—years. Cause
of death was obtained by matching with the national file of all causes of death given on
French death certificates. Risks for lung and urinary bladder cancer were reported by time
since first employment and duration of exposure and were based on comparison with
regional rates. Both pre-bake and Soderberg anodes were used in this plant, although only
pre-bake had been used since 1982. Overall, 335 deaths occurred (SMR, 0.81), with
19 deaths from lung cancer (SMR, 0.63; 95% CI, 0.38-0.98) and seven from urinary
bladder cancer (SMR, 1.77; 95% CI, 0.71-3.64). Among a subset of workers in
workshops where exposure to PAHs was judged to be probable, six urinary bladder
cancers occurred (SMR, 2.15; 95% CI, 0.79—4.68). Analyses by time since first
employment and duration of employment did not indicate any trend.

Spinelli et al. (1991) reported morbidity risks for both lung and urinary bladder
cancer by cumulative exposure to CTPV (measured as benzene-soluble material) in a
cohort of 4213 men who had worked for at least 5 years at a Soderberg aluminium plant
in British Columbia, Canada, between 1954 and 1985. A total of 60 590 person—years
were observed, with 2.9% accounted for by 204 men with more than 20 benzene-soluble
material-years of exposure. Risks were compared with regional rates, with a 3-year lag
period and follow-up from 1959 to 1985 for mortality and from 1970 to 1985 for cancer
incidence. Overall, the SMR for all causes was 0.77 (based on 337 deaths), with 32 deaths
from lung cancer (SMR, 0.93; [95% CI, 0.64-1.31]) and 37 incident cases (SIR, 0.97;
[95% CI, 0.69—-1.34]). For bladder cancer, three deaths (SMR, 1.37; [95% CI, 0.28-4.00])
and 16 incident cases (SIR, 1.69; [95% CI, 0.97-2.74]) occurred. There was a significant
increasing trend in the incidence of urinary bladder cancer with cumulative exposure to
CTPV (p <0.01), and the SIR rose to 5.0 based on nine cases with >10 benzene-soluble
material—years of exposure. No significant trend was observed for lung cancer, although
there was some suggestion of an increase with increasing cumulative exposure; the
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highest SMRs of 1.24 (seven cases) and 1.43 (three cases) were found for the highest
categories of 10-19.9 and > 20 benzene-soluble material-years. When a lag of 10 years
was applied, the corresponding SIRs were 1.53 (seven cases) and 2.23 (two cases). This
study was updated and results were available as an abstract (Friesen ef al., 2005). Among
6444 men employed at least 3 years between 1954 and 2000, patterns of the incidence of
lung cancer and urinary bladder cancer were reported to be more consistently,
monotonically increased with cumulative exposure than in the earlier reports, with a
significant trend for both cancer outcomes with or without a 20-year lag. There was a
twofold risk for lung and bladder in the highest versus lowest category of exposure
expressed as CTPV or benzo[a]pyrene.

Romundstad et al. (2000a) updated the results from previous cohort studies of
workers in six aluminium plants in Norway (Andersen et al, 1982; Renneberg &
Andersen, 1995; Renneberg et al., 1999; Romundstad et al., 2000b,¢). Cancer incidence
was investigated among 11 103 men who had been employed for more than 3 years
between 1953 and 1996, during which time they were also followed up to provide
272 554 person—years. The earliest date at which the plants started production was 1914.
A job—exposure matrix was constructed to estimate cumulative exposure to PAHs and
fluorides. Information on smoking habits was available for 5107 workers from three of
the six plants. No increase in the risk for lung cancer was observed (SIR, 1.0; 95% CI,
0.9-1.2; 189 cases) though an increased risk for bladder cancer was observed (SIR, 1.3;
95% CI, 1.1-1.5; 130 cases). Poisson regression analysis in relation to estimated
cumulative exposure to PAHs showed evidence of an increasing trend for cancer of the
urinary bladder but not of the lung. The rate ratio for bladder cancer increased with
increasing dose (1.0, 1.3, 1.3 and 1.6; p for trend = 0.05) and with 30 years of latency
(1.0, 1.0, 1.3 and 2.0; p for trend = 0.03). Results were similar after adjustment for
smoking. Further analyses were conducted using a cumulative fluoride measurement and
only a ‘weak association’ with urinary bladder cancer was reported for lag times of
<20 years, possibly due to some correlation with exposures to PAHs. [Fluoride has been
shown to be associated with urinary bladder cancer in a Danish cryolite mill (Grandjean
& Olsen, 2004); however, the evidence for a higher risk in pot-room areas where
exposure to PAHs but not necessarily to fluoride is higher points to PAHs as the causal
factor rather than fluoride.] Positive exposure—response associations were also reported
for cumulative exposure to PAHs and pancreatic and kidney cancer.

Carta et al. (2004) followed mortality from cancer up to 2001 in a population of
1152 men who had been employed at a pre-bake aluminium smelter in Sardinia, Italy, for
at least 1 year between 1972 and 1980. Results were presented for various sites including
the lung (SMR, 0.70; 95% CI, 0.39—1.26; 11 deaths), urinary bladder (SMR, 0.79; 95%
Cl, 0.26-2.44; three deaths), lymphoma and leukaemia (SMR, 2.03; 95% CI, 1.03—4.00;
eight deaths) and pancreas (SMR, 2.41; 95% CI, 1.11-5.23; six deaths). Analyses by
increasing rank of exposure to PAHs showed an increasing trend only for pancreatic
cancer among these four sites. In a small nested case—control study, employment in the
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anodes factory was associated with an increased risk for pancreatic cancer (four exposed
cases) after adjustment for smoking.

2.1.7  Carbon electrode manufacture (Table 2.7)

Teta et al. (1987) reported the findings of a mortality surveillance system at the
carbon product department of the Union Carbide Corporation; 2219 white men who were
employed at the beginning of 1974 and who had a prior service of >10 years were
followed for mortality from 1974 to 1983; six of these men were lost to follow up. To
assess the potential impact of differences in socioeconomic status and job exposures on
the healthy worker effect, three exposure groups were formed based on job tasks:
supervisory, office and research (A), crafts (B) and operations, labour and service (C).
Vital status was ascertained annually from payroll registers, the company’s benefits
department and from the Social Security Administration. Underlying causes of deaths
were obtained from death certificates. SMRs were calculated according to the person—
year method, using death rates among US white men to calculate the expected numbers.
In all, 223 of the cohort members had died at the end of follow-up (SMR, 0.67; 95% CI,
0.55-0.72). The number of deaths was small for all types of cancer (SMR, 0.93; 95% CI,
0.74-1.17; 78 deaths) and for respiratory cancer (SMR, 0.85; 95% CI, 0.57-1.21;
29 deaths). An internal analysis of mortality by job category showed that mortality from
respiratory cancer was lowest among the low-exposed workers (group A; three deaths;
40% of the average risk in the cohort), highest among the craftsmen (group B; six deaths;
1.3 times the average risk in the entire group) and intermediate among labourers (group
C; 20 deaths, 1.2 times the average risk); SMRs were not calculated. There was a non-
significant trend of increasing mortality with increasing time since entry into
employment. High mortality from respiratory cancer was noted in a particular location
(SMR, 3.36; significant at the 5% level; five deaths) where asbestos had been used and
where use of coal-tar pitch had been abandoned in 1928. [The Working Group noted a
strong healthy worker effect in the cohort.] These five men who had died from respiratory
cancers had smoked cigarettes, had been hired after 1934 and had worked at that location
for at least 25 years; however, these data are insufficient to confirm that exposure to
asbestos and tobacco were involved in the etiology of their death.

Moulin et al. (1989) reported the findings of an epidemiological study of two carbon
electrode manufacturing plants in France. In plant A (which produced graphite
electrodes), all male workers employed at the beginning of 1975 were followed for cancer
incidence in 1975-85. In plant B, all workers employed at the beginning of 1957 were
followed for mortality in 1957-84. Cohort definitions and outcome (mortality or
incidence) were chosen depending on the availability of data. Causes of death were
obtained from attending physicians. SIRs for plant A were computed by the person—year
method. Local cancer rates were not available, and cancer rates for the population from an
adjacent district were used, after verification that cancer mortality did not differ
substantially between the two districts. SMRs for plant B were computed using national



Table 2.7.

Cohort studies of carbon electrode manufacturing workers

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI)  Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Teta et al. 2213 white men Job task (three ~ Respiratory  Entire cohort 29 0.85(0.57-1.21)  Strong healthy worker effect
(1987), USA  employed at a carbon  groups) and job  system expected with current study design;
product department in  location no data on tobacco smoking
1974 and who had a (11 locations)
prior service of at
least 10 years
followed for mortality
from 1974 to 1983
Moulin et al.  Two carbon electrode  Contact with SIR Stratification by job type and age at
(1989), plants: plant A: 1302  PAH (yes/no) Lung Plant A 7 0.79 (0.32-1.63)  hire; an internal analysis taking
France male workers in based on job Urinary 0 0(0-1.92) exposure status and tobacco
employment on tasks bladder smoking into account gave low
1 January 1975 Kidney Plant B 2 1.71 (0.21-6.17)  numbers, wide CI and was
followed for cancer Lung 13 1.18 (0.63-2.01)  uninformative
incidence 1975-85; Urinary 3 1.94 (0.40-5.66)
plant B: 1115 bladder
workers in Kidney 0 Not calculated

employment on
1 January 1957

followed for mortality

1957-84
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Table 2.7 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI)  Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Gustavsson ez 901 blue- and white-  Cumulative Lung Entire cohort 2 deaths 1.68 (0.20-6.07)  Local death and cancer rates were
al. (1995), collar workers froma  exposure to BaP SIR used. Survey of smoking habits
Sweden graphite electrode (ug/m’® BaP x Larynx 2 cases 1.80(0.22-6.51)  indicated lower level of smoking
manufacturing plant  years) calculated 2 cases 10 (0.25-55.64)  than in the general population in
employed >3 months  from job the area
from 1968 to 1988 histories and
followed for mortality hygiene
1969-89 and for investigations;
cancer incidence tobacco
1969-88 smoking habits
investigated by
means of a
questionnaire
given to workers
employed in
1990
Liu et al. 6635 male carbon Degree of Lung Entire cohort 50 2.16[1.61-2.85]  This study included some
(1997), China electrode workers contact with Contact with aluminium reduction plant workers
from six carbon carbon carbon in addition to carbon electrode
electrode compounds was compounds manufacturing workers
manufacturing coded from None 13 1.49[0.79-2.54]
companies and one occupational Low 6 1.20[0.44-2.60]
aluminum smelter histories and Moderate 5 1.52 [0.49-3.54]
employed for more smoking habits High 26 4.30[2.81-6.30]

than 15 years since
January 1971
followed for mortality
up to 1985

were obtained
from a
questionnaire
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Table 2.7 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI)  Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Donato et al. 1006 male graphite Duration of Lung 34 0.77 (0.53-1.08)  Local death rates showed slightly
(2000), electrode employment Larynx 4 0.79 (0.21-2.02)  higher SMRs. Detailed data on job
Umbria, Italy  manufacturing was used as a Urinary 7 2.29 (0.47-6.69) ftitles and smoking habits were not
workers employed proxy for bladder available. Smoking survey in
>1 year in 1945-71 cumulative PAH  Skin 3 1.04 (0.42-2.14)  subgroup indicated a somewhat
followed for mortality exposure lower proportion of smokers in the
in 1955-96 cohort than in the population in
central Italy.
Mori (2002), 332 male blue-collar ~ Department and Lung Entire cohort 9 2.62(1.20-4.98)  Analysis by time period,
Japan workers employed for duration of Multiple 2 13.4 (1.62-48.3)  department, time since first
>5 years in 1951-74  employment myeloma exposure or duration of
at a Japanese graphite employment gave no further
electrode information.

manufacturing plant
were followed for
mortality in 1951-88.
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Table 2.7 (contd)

Reference, Cohort description Exposure Organ site Exposure No. of SMR (95% CI)  Adjustment for potential
location assessment categories cases/ confounders/Comments
deaths
Merlo et al. 1291 male blue-collar  Duration of Lung 32 0.97 (0.67-1.37)  Very large number of deaths from
(2004), workers employed 21  employment Urinary 5 1.08 (0.35-2.53) silicosis was found (79 observed
Brescia, Italy  year at a graphite bladder versus 1.19 expected). Information
electrode plant in Larynx 5 1.32(0.43-3.07)  on smoking and drinking habits
1950-89 and Lip, mouth, 8 2.10(0.91-4.14)  was not available
followed for mortality pharynx
in 1950-97 Oesophagus 5 2.19 (0.80-4.77)
Liver 24 4.19 (2.68-6.23)
Lung 1-10 years 2 2.37(0.29-8.57)
10-19 years 5 1.35(0.44-3.14)
>19 years 25 0.88 (0.57-1.3)

BaP, benzo[a]pyrene; CI, confidence interval; PAH, polycyclic aromatic hydrocarbon; SIR, standardized incidence ratio; SMR, standardized mortality ratio
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mortality rates, stratified by cause, sex, 5-year groups and calender year. In plant A,
1302 workers were identified and 11.8% were lost to follow-up. In plant, B 1115 workers
were identified and 13.5% were lost to follow-up. Those lost to follow-up were assumed
to be alive. [The Working Group noted that this procedure would lead to an under-
estimation of the risk.] Tobacco smoking habits for plant A were obtained from the
personnel office. In plant A, 38 cases of cancer were observed during follow-up (SIR,
0.87; 95% CI, 0.61-1.19), seven cases of lung cancer (SIR, 0.79; 95% ClI, 0.32-1.63), no
case of urinary bladder cancer and two cases of kidney cancer occurred (ICD-8 189; SIR,
1.71; 95% CI, 0.21-6.17). In plant B, 164 deaths were observed (SMR, 0.82; 95% CI,
0.70-0.96); 13 deaths from lung cancer (SMR, 1.18; 95% CI, 0.63-2.01) and three deaths
from urinary bladder cancer (SMR, 1.94; 95% CI, 0.40-5.66) occurred, but none from
kidney cancer. Nested case—control studies of lung cancer and cancer of the pharynx,
larynx and buccal cavity were performed for both plants in relation to occupational
exposure to PAHs; however, the numbers of cases were too small and the confidence
intervals were too wide to allow for meaningful interpretation.

Gustavsson et al. (1995) reported the mortality from and incidence of cancer among
901 employees at a Swedish graphite electrode manufacturing company. The plant started
operations in 1968 and was closed down in 1990. All employees who had been employed
for at least 3 months between 1968 and 1988 were included in the study, regardless of
age, gender or work task; 914 individuals were identified, but 13 could not be traced so
the analysis was based on the remaining 901. Follow-up was carried out via national
population registers: underlying causes of death were obtained from death certificates and
cancer incidence was obtained from the national cancer registry. The cohort was followed
from 1969 to 1989 for mortality and from 1969 to 1988 for cancer incidence. SMRs and
SIRs were calculated by the person—year method, using national death and cancer
incidence rates (standardized for age, gender, calendar time and county) to calculate the
expected numbers. Aggregate personal historical exposure to benzo[a]pyrene was
calculated from assessments of job-specific exposure, based on current and previous
hygiene measurements and personal work histories obtained from company records. The
number of benzo[a]pyrene—years (ug/m’ benzo[a]pyrene x years) was computed by
multiplying the task-specific level of benzo[a]pyrene and the duration of exposure,
aggregated over the entire work history. At the end of follow-up, 15% of the cohort
members had no exposure to benzo|[a]pyrene, 48% had >0-5 benzo[a]pyrene—years, 15%
had 5-10 benzo[a]pyrene—years and 22% had >10 benzo[a]pyrene—years of exposure.
Tobacco smoking habits were investigated by means of a questionnaire given to workers
who were employed in 1990. Forty-two deaths occurred in the cohort (SMR, 1.30; 95%
Cl, 0.94-1.76), and 14 incident cases of cancer were observed (SIR, 1.13; 95% CI, 0.62—
1.90). Two cases of lung cancer (SIR, 1.80; 95% CI, 0.22—6.51) and one case of laryngeal
cancer (SIR, 10; 95% CI, 25-55.64) were observed. The investigation of tobacco
smoking habits among those in employment in 1990 showed that graphite electrode
manufacturing workers smoked slightly less than the general population in the same
region.
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Liu et al. (1997) reported the mortality among 6635 male workers from various
carbon plants in the People’s Republic of China. The cohort included workers from six
carbon plants that mainly manufactured carbon electrodes and a carbon department and
pot-room in an aluminium reduction plant. All workers who had been employed for more
than 15 years since January 1971 were followed for mortality up to 1985. Information on
occupational history and tobacco smoking habits were obtained from a questionnaire that
was completed by the individuals themselves or by next-of-kin for deceased subjects.
SMRs were calculated by the person—year method, using the mortality in a cohort of
11 470 Chinese steel workers to calculate the expected numbers of deaths. The level of
exposure to ‘carbon compounds’ was coded from the occupational title of the job in
which the employees had worked the longest. In the cohort, 390 deaths occurred (SMR,
1.10; [95% CI, 1.00-1.22]) and 50 persons had died from lung cancer (SMR, 2.16;
[95% CI, 1.61-2.85]). There was a positive trend in SMR with increasing contact with
carbon compounds (see Table 2.7). An elevated risk for lung cancer remained in the
exposed and highly exposed workers when the study was limited to nonsmokers. [The
Working Group noted that this study included an unspecified number of aluminum
reduction plant workers in addition to carbon electrode manufacturing workers. ]

Donato et al. (2000) studied the mortality of workers at a plant manufacturing carbon
(graphite) electrodes in Umbria, Italy, that had started to operate in 1901. A cohort of
1006 male workers who had been employed for > 1 year in 1945-71 was identified from
company registers and followed up for mortality in 1955-96. Vital status was assessed
from municipal registers, and 44 (4.4%) of the cohort members were lost to follow-up.
SMRs were calculated by the person—year method, using both national and local death
rates to compute expected numbers. Poisson regression was used to study the effect of
duration of employment and time since first exposure. During follow-up, 424 deaths
occurred, giving an SMR of 0.85 (95% CI, 0.77-0.93), and 125 deaths from cancer gave
an SMR of 0.84 (95% CI, 0.70-1.00). Thirty-four deaths were from lung cancer
(SMR, 0.77; 95% CI, 0.53-1.08), four deaths were from laryngeal cancer (SMR, 0.79;
95% CI, 0.21-2.02), three deaths were from skin cancer (including melanoma)
(SMR, 2.29; 95% CI, 0.47-6.69) and seven deaths were from urinary bladder cancer
(SMR, 1.04; 95% CI, 0.42-2.14); SMRs were based on national death rates because the
Umbria region has slightly lower death rates than Italy as a whole. However, use of the
regional reference rates did not change the results substantially. Analysis by duration of
employment showed no trend for lung cancer or urinary bladder cancer, but an increased
risk for gastric cancer was observed among those who had been employed for >20 years
compared with those who had been employed for 1-9 years (based on seven deaths;
relative risk, 7.06; 95% CI, 1.27-39.3; p value for trend, 0.03). Analysis by time since
first exposure showed a positive trend for mortality from all causes and cancer of the lung
(10-19 years since first employment: relative risk, 1.38; 95% CI, 0.39—4.80; >20 years
since first employment: relative risk, 2.06; 95% CI, 0.49-8.72).

Mori (2002) reported the findings of a cohort mortality study at a graphite electrode
manufacturing plant in Japan, which had started to operate in 1934 and was relocated in
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1974. All male workers who had been employed for >5 years from 1951 to 1974 in the
manufacturing, transportation and maintenance divisions of the plant were identified from
its labour union registers; 336 workers were identified and four were excluded due to
incomplete identification data; 21 of the remaining 332 were lost to follow-up but were
assumed to be alive at the end follow-up. The cohort was followed for mortality from
1951 to 1988 via population registers. Underlying causes of death were obtained from
death certificates, the attending physician, the families of the deceased or from the
municipal cancer register. SMRs were calculated by the person—year method, using
Japanese national death rates as well as approximate local rates to compute expected
numbers. During follow-up, 52 deaths occurred in the cohort (SMR, 0.68; 95% CI, 0.51—
0.89), 22 of which were from cancer (SMR, 1.01; 95% CI, 0.63—1.53) and nine from lung
cancer (SMR, 2.62; 95% CI, 1.20-4.98). Analyses by department, time period, time since
first exposure and duration of employment gave little additional information due to the
small number of workers in these subgroups. A survey of smoking habits in a subset of
the cohort, based on 65 skilled workers, was reported. [However, the Working Group
questioned the representativity of this survey and noted the possibility that incomplete
ascertainment of individuals in the cohort for the early years may have contributed to the
low overall SMR.]

Merlo et al. (2004) investigated mortality among 1291 male workers at a graphite
electrode manufacturing plant in Brescia, Italy, which had started to operate in 1929 and
was closed down in 1994. All male blue-collar workers who had been employed for
>1 year from 1950 to 1989 were identified from company registers and followed up for
mortality in the period 1950-97 through municipal and local health unit registers. SMRs
were calculated by the person—year method. Expected numbers were calculated from
national death rates, supplemented by analyses based on local death rates for selected
causes which were only available for 1970-97. At the end of follow-up, 747 (57.9%)
members of the cohort were still alive, 541 (41.9%) had died and three (0.2%) people
were lost to follow-up. The 541 deaths gave an SMR for all causes of 1.44 (95% CI,
1.32-1.56); 141 of the deaths were from cancer (SMR, 1.27; 95% CI, 1.07-1.50). There
was a marked excess of cancers of the liver (24 deaths; SMR, 4.19; 95% CI, 2.68-6.23).
It was noted that numbers of observed deaths were greater than those expected for cancers
of the lip, mouth and pharynx as well as oesophagus, but SMRs for these sites were not
significantly increased. Thirty-two deaths from lung cancer gave an SMR of 0.97
(95% CI, 0.67-1.37). Five deaths were from urinary bladder cancer (SMR, 1.08; 95% CI,
0.35-2.53) and five were from laryngeal cancer (SMR, 1.32; 95% CI, 0.43-3.07). A very
large number of deaths from silicosis occurred (79 observed versus 1.19 expected;
SMR, 66.39; 95% ClI, 52.56-82.74). Silicosis was mentioned as a contributing cause of
death on another 21 death certificates. The use of local death rates to calculate expected
numbers generally produced lower SMRs, but these were still significantly elevated for
mortality from all causes and from liver cancer. No clear exposure-response pattern was
observed for lung cancer. [The Working Group noted that several potential causes of liver
cancer, including viral infections (the rates of which are known to be high in the area),
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alcohol consumption and other occupational exposures may have contributed to the
excess mortality from liver cancer.]

2.1.8  Calcium carbide production

Kjuus et al. (1986) reported on the incidence of cancer in a cohort of 790 male
Norwegian calcium carbide production workers. All workers who had been employed for
at least 18 months between 1953 and 1970 were followed for cancer incidence and
mortality until 1983. SMRs and SIRs were calculated by the person—year method and
expected numbers were calculated from national statistics. Soderberg electrodes were
used in the plant, but PAHs were not considered to be a main occupational hazard by the
authors. The workers were exposed to calcium carbide and asbestos among other
substances. In the cohort, 234 deaths occurred (SMR, 0.93; 95% CI, 0.81-1.06). Excesses
of prostatic cancer (25 cases; SIR, 1.78; 95% CI, 1.16-2.63) and colon cancer (12 cases;
SIR, 2.09; 95% CI, 1.08-3.66) were observed and 10 lung cancers occurred (SIR, 1.15;
95% CI, 0.55-2.11). No significant excesses were noted at other sites. A subdivision by
department showed that the excess of prostatic cancer was mostly found among furnace
workers. A subdivision by duration of employment showed that the excess of prostatic
and colonic cancer occurred in workers who had been employed for >25 years. [The
Working Group noted that there were few cases of either tumour who had less than
25 years of employment. ]

2.1.9  Chimney sweeps and other exposures to soot (Table 2.8)

As early as 1775, Sir Percival Pott documented the occurrence of scrotal cancer
among chimney sweeps in London (Pott, 1775). Several subsequent cases of skin or
scrotal cancer among chimney sweeps have been reported (e.g. Earle, 1808; Butlin, 1892;
Henry & Irvine, 1936). A report to the Registrar General for England and Wales (Henry,
1937) indicated a clear excess of skin cancer among chimney sweeps.

Kennaway and Kennaway (1947) reported mortality among chimney sweeps in
England and Wales; 21 deaths from lung cancer occurred compared with 17.6 expected
(SMR, 1.19; [95% CI, 0.74—1.82]). [Different sources were used to obtain occupational
titles for the numerator and denominator of the occupational death rates, which may have
caused bias in the estimated risks.] (see IARC (1985) for further details)

Kupetz (1966) reported analyses of mortality and morbidity among chimney sweeps
in Berlin, Germany. Age-adjusted expected numbers of deaths were calculated using
5-year age groups and the male population of Berlin as the reference. Among an average
of 255 chimney sweeps, 31 died (33.8 expected) between 1954 and 1963. Among the
nine deaths from cancer, seven were histologically confirmed Iung cancers (2.0 expected,
[SMR, 3.50; 95% CI, 1.41-7.21]); the average duration of exposure was 49 years. The
incidence rate for respiratory cancer among chimney sweeps in former East Germany
between 1956 and 1958 was 13.7/10 000 (eight observed, 6.7/10 000 expected).



Table 2.8. Cohort studies of chimney sweeps and other exposures to soot

Reference, Cohort description Exposure Organ site Exposure categories No.of  SMR (95% CI) Adjustment for
location assessment cases/ potential
deaths confounders/Comments
Hansen et al. 106 chimney sweeps — Cancer 11 1.77 [0.88-3.16] No
(1982), active any time
Copenhagen,  between 1958 and
Denmark 1977 followed for
mortality up to 1977
Hansen 713 chimney sweeps — Cancer 12 [2.27 (1.17-3.97)] No
(1983), active in 1970
Denmark followed for
mortality 1970-75
Evanoffetal. 5313 chimney Employment  Incidence SIR An analysis of asbestos
(1993), sweeps active any duration Lung All 50 2.09 (1.55-2.76) exposure levels and
Sweden time between 1917 1-9 years of employment 4 0.89 [0.24-2.28] dose-response
and 1980 followed 10-19 years of 16 2.16 [1.24-3.51] calculations showed
for mortality up to employment that asbestos could
1990 and cancer 20-29 years of 15 2.68 [1.50-4.42] contribute to only a
incidence up to 1987 employment minor part of the lung
>30 years of employment 15 2.34[1.31-3.87] cancer excess. A
Oesophagus All 11 3.87 (1.93-6.93) survey of tobacco
Urinary bladder ~ All 37 2.53 (1.78-3.49) smoking habits in 1972
Skin (non- All 4 0.61 (0.17-1.57) was used to calculate
melanoma) adjusted SIRs. SIRs for
Haemato- All 36 1.51 (1.06-2.09) lung and urinary
lymphatic bladder cancer were

still significantly
elevated after adjusting
for smoking.
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Table 2.8 (contd)

Reference, Cohort description Exposure Organ site Exposure categories No. of SIR (95% CI) Adjustment for
location assessment cases/ potential
deaths confounders/Comments

Pukkala The Finnish 1970 Occupational ~ Lung 23 1.35 (0.86-2.03) Age, time period, social
(19995), Census file was titles class
Finland linked to the

national cancer

registry to follow

men for cancer

incidence in 1971—

85
Haldorsen et All men aged 25-64  Occupational ~ Lung Chimney sweeps 14 1.19 (0.7-2.0) Adjusted for tobacco
al. (2004), years in the titles smoking habits at the
Norway Norwegian census group level by indirect

1970 followed for
cancer incidence
1971-91

method

CI, confidence interval; SIR, standardized incidence ratio; SMR, standardized mortality ratio
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Hansen et al. (1982) investigated mortality from cancer and non-cancerous diseases
among all male chimney sweeps in Copenhagen, Denmark, who were also members of
the Copenhagen Chimney Sweeps’ Pension Fund from 1958 to 1977. Membership in the
pension fund was mandatory both for employed and self-employed chimney sweeps. A
total of 106 chimney sweeps were identified and followed for mortality until 1977.
Follow-up was complete and underlying causes of death were obtained from death
certificates. A life-table survival analysis was performed, which compared mortality from
cancer and non-cancerous diseases among chimney sweeps with that of the male
population of Copenhagen, adjusted for age and calendar period. The ratio of observed to
expected number of deaths was calculated; 33 deaths occurred in the cohort (SMR, 1.32;
[95% CI, 0.91-1.86]), of which 11 were from cancer (SMR, 1.77; [95% CI, 0.88-3.16]).
Of these, four deaths were from lung cancer but the expected number was not given.

Cadez (1983) reported a study on all chimney sweeps in Slovenia. Tar concentrations
were reported to exceed the maximum accepted concentration (0.2 mg/m’) by 30-96-fold.
Of 479 chimney sweeps employed in 1969, 54 died between 1969 and 1981, 23% of
whom died from cancer — 11 from lung cancer, eight from laryngeal cancer and four
from stomach cancer but none from cancer of the scrotum. [The Working Group noted
that only crude numbers of deaths were reported.]

Hansen (1983) investigated mortality among all male Danish chimney sweeps
identified from the national census in 1970, and 713 were followed for mortality in 1970—
75 by linkage with national population registries. Expected numbers of deaths were
calculated by the person—year method, based on the death rates among all employed
Danish men. The study group partly overlapped with a previous study (Hansen et al.,
1982). During follow-up, 38 deaths were observed [SMR, 2.08; 95% CI, 1.47-2.85],
12 of which were from cancer [SMR, 2.27; 95% CI, 1.17-3.97].

Evanoft et al. (1993) investigated mortality and cancer incidence among a cohort of
5313 Swedish chimney sweeps from previous studies (Hogstedt et al., 1982; Gustavsson
et al., 1988). All male members of the Swedish chimney sweeps’ trade union from 1918
to 1980 and who were still alive in the beginning of 1951 were included. This trade union
represented approximately 95% of all Swedish chimney sweeps. The cohort was followed
for mortality from 1951 to 1990 (restricted to persons aged <80 years at death) and for
cancer incidence from 1958 to 1987. Underlying causes of death were obtained from
death certificates and cancer diagnoses from the national cancer register. SMRs were
calculated by the person—year method, using national mortality and cancer rates to
calculate expected numbers of deaths. Tobacco smoking habits were available for
1040 chimney sweeps employed in 1972 and were used to additionally calculate
smoking-adjusted SIRs and SMRs. Of the cohort members, 919 had died at the end of
follow-up, which was complete for 98.2%. The SMR for all causes of death was 1.35
(95% CI, 1.27-1.44) and was 1.46 for all cancers (95% CI, 1.27-1.67). Three hundred
and thirty-five incident cases of cancer were observed (SIR, 1.43; 95% CI, 1.28-1.59).
Significant excess risks were noted for lung cancer (SIR, 2.09; 95% CI, 1.55-2.76; based
on 50 cases), urinary bladder cancer (SIR, 2.53; 95% CI, 1.78-3.49; based on 37 cases),
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oesophageal cancer (SIR, 3.87; 95% CI, 1.93-6.93; based on 11 cases) and
haematolymphatic malignancies (SIR, 1.51; 95% CI, 1.06-2.09; based on 36 cases).
Three pleural mesotheliomas were observed versus 0.6 expected (SIR, 4.69; 95% CI,
0.94-13.70). No excess incidence of skin cancer was noted. Analysis of cancer incidence
by duration of employment (categories 1-9, 10-19, 20-29 and > 30 years) showed
statistically significant positive trends for all cancer and for lung cancer. The recalculated
effect estimates adjusted for smoking habits in 1972 showed somewhat higher expected
numbers of lung (SMR) and urinary bladder (SIR) cancers, but the SMRs and SIRs still
remained significantly elevated. Three cases of pleural mesothelioma indicated that the
cohort had been exposed to asbestos. [The ratio of the excess number of lung cancers to
the number of mesotheliomas (27:3) does not suggest that asbestos was an important
confounder for lung cancer.]

A study in Finland (Pukkala, 1995) linked the occupations of individuals in the 1970
census with cancer incidence during 1971-85, as ascertained through the Finnish Cancer
Registry. SIRs were calculated and adjusted for age, time period and social class. The
entire national economically active population was used as the reference population. The
SIR for lung cancer was 1.35 (95% CI, 0.86-2.03; based on 23 incident cases) for male
chimney sweeps.

Haldorsen et al. (2004) investigated the incidence of lung cancer among all
Norwegian men aged 25-64 years included in the census of 1970, who were followed
from 1971 to 1991 and for whom occupational titles were obtained from censuses. Deaths
and cancer cases were identified from national registers. Adjustment was made for
tobacco smoking habits at the group level by an indirect method. Fourteen lung cancers
occurred among chimney sweeps (SIR, 1.19; 95% CI, 0.7-2.0; adjusted for smoking).

2.2 Case—control studies by cancer site

2.2.1  Lung cancer (Table 2.9)

Blot et al. (1983) conducted a case—control study in Pennsylvania, USA, of all deaths
from primary lung cancer among white men aged 30-79 years resident in Lehigh and
Northampton counties during 1976-77 and in Carbon county during 1974-77. These
counties had a substantial population that was employed in the steel industry. A total of
360 cases were identified at the files of the Pennsylvania Division of Vital Statistics.
Three hundred and sixty deceased controls matched to cases on sex, race, age, county of
residence and year of death were selected at random from among deaths from causes
other than respiratory cancer, chronic respiratory disease or suicide: the majority of the
controls had acute heart conditions or non-respiratory cancer as the cause of death.
Personal interviews were conducted by trained interviewers, blinded to case/control
status, to obtain information from the next of kin on residential, occupational and smoking
histories and demographic data. Usual industry, adapted partly from the Standard
Industrial Classification system, and usual job title were defined as those in which largest



Table 2.9. Case—control and case—cohort studies of lung cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of subjects ~ Job/exposure category ~ Lung cancer subtype No. of Odds ratio Comments
location exposed (95% CI)
cases
Blot et al. 335 white male cases Coke worker in the Any 2 1.2 (0.2-6.9) Odds ratios adjusted for sex,
(1983), (deceased), 332 matched  steel industry as longest race, age, county and year of
Pennsylvania, white male population- held job death, relative to men never
USA based controls (deceased) employed in the steel industry,
based on two cases among coke-
oven workers. Odds ratios were
not adjusted for tobacco smoking
Schoenberg et 763 white male cases Roofer or slater Any 13 1.7 (0.68-4.40) Adjusted for tobacco smoking
al. (1987), New  identified in 198081,
Jersey, USA 900 population-based
controls
Zahm et al. 4431 white male cases Roofer Any 6 2.1 (0.6-8.2) Adjusted for tobacco smoking
(1989), 1980-85, 11 326 white Adenocarcinoma 1 1.5 (0.1-13.3) and age; latest job available for
Missouri, USA  male cancer controls Squamous-cell 3 2.6 (0.5-12.7) 52% of cases and 45% of
Other/mixed 2 2.9 (0.4-18.0) controls
Morabia et al. 1793 male cases and Roofer and slater Any 7 2.1(0.7-6.2) Adjusted for race, age,

(1992), USA

3228 male cancer and
non-cancer hospital-
based controls identified
from 24 US hospitals in
198089

geographical location, version of
questionnaire and tobacco
smoking
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Table 2.9 (contd)

Reference, Effective no. of subjects  Job/exposure category ~ Lung cancer subtype No. of Odds ratio Comments
location exposed (95% CI)
cases

Partanen & Meta-analysis of Roofer and slater Any 26 1.88 (1.23-2.76)  Adjustments as in the original
Boffetta (1994)  Schoenberg et al. (1987), studies: age, gender,

Zahm et al. (1989), geographical area, questionnaire

Morabia et al. (1992) version and cigarette/tobacco

smoking

Bovenzi et al. 756 male cases Gas workers Any 7 1.43 (0.45-4.47)  Adjusted for tobacco smoking
(1993), Trieste,  (deceased), 756 male Asphalt workers Any 7 2.27 (0.50-10.3)
Italy matched population-

based controls (deceased)

identified from local

registries
Wu-Williams e 965 female incident cases Coke-oven emissions  Any 51 1.5 (0.9-2.5) Adjusted for tobacco smoking,
al. (1993), identified from local Years of exposure study area, age and education
People’s cancer registries between  1-10 years 1.2
Republic of 1985-87; 959 randomly ~ 11-20 years 1.4
China selected age-matched, >21 years 3.0

female population-based  p trend 0.04

controls
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Table 2.9 (contd)

Reference, Effective no. of subjects ~ Job/exposure category ~ Lung cancer subtype No. of Odds ratio Comments
location exposed (95% CI)
cases
Nadon et al. 857 male cases rapidly Total PAHs Any All analyses adjusted for age,
(1995), ascertained from all Low 418 1.0 (0.8-1.3) ethnic group, family income,
Montréal, major Montréal hospitals, High 209 1.0 (0.8-1.3) cumulative tobacco smoking
Canada 2056 male population BaP index and exposure to asbestos,
controls (identified from  Low 160 0.9 (0.7-1.2) silica and chromium, nickel and
electoral lists and RDD)  High 75 1.0 (0.7-1.4) arsenic compounds
and cancer controls Total PAHs Small-cell (oat-cell)
identified from the same  Low 78 1.0 (0.6-1.5)
hospitals as cases High 40 1.0 (0.6-1.7)
BaP
Low 28 0.8 (0.5-1.3)
High 14 0.6 (0.3-1.3)
Total PAHs Squamous-cell
Low 184 1.2 (0.9-1.7)
High 93 1.2 (0.8-1.7)
BaP
Low 75 1.0 (0.8-1.5)
High 33 1.0 (0.7-1.7)
Total PAHs Adenocarcinoma
Low 85 1.1 (0.7-1.7)
High 37 1.0 (0.6-1.7)
BaP
Low 29 0.9 (0.6-1.4)
High 10 0.5(0.3-1.2)
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Table 2.9 (contd)

Reference, Effective no. of subjects ~ Job/exposure category ~ Lung cancer subtype  No. of Odds ratio Comments
location exposed (95% CI)
cases
Nadon et al. <800 cigarettes—years  All For all analyses stratified by
(1995) (contd) Total PAHs smoking status, the reference
Unexposed 41 1.0 (ref) category was the unexposed
Low 80 1.4 (0.9-2.1) among light smokers.
High 31 1.8 (1.1-3.0)
BaP
Unexposed 112 1.0 (ref)
Low 24 1.1 (0.7-1.7)
High 16 2.4(1.34.4)
>800 cigarettes—years  All
Total PAHs
Unexposed 189 6.7 (4.6-9.8)
Low 341 6.1 (4.2-8.7)
High 175 6.0 (4.1-8.9)
BaP
Unexposed 510 5.2 (4.1-6.6)
Low 142 533.9-72)
High 53 3.9 (2.6-5.8)
van Loon et al. 524 male cases identified Cumulative All Adjusted for age, other
(1997), through national occupational exposure occupational exposures, tobacco
Netherlands registries; cohort to PAHs Rate ratio smoking, dietary intake of
subsample of 1688 men Ever versus never 34 0.53(0.26-1.07)  vitamin C, B-carotene and
used to calculate person— I tertile 10 0.53(0.13-2.14)  retinol; response rate to baseline
years at risk 1I tertile 12 0.83(0.32-2.20)  questionnaire was low (36%).
111 tertile 12 0.28 (0.09-0.89)

p for trend <0.01

06l
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Table 2.9 (contd)

Reference, Effective no. of subjects  Job/exposure category ~ Lung cancer subtype No. of Odds ratio Comments
location exposed (95% CI)
cases

Grimsrud et al. 86 male cases identified =~ Exposed to PAHs at All 13 1.9 (0.8-4.6) Adjusted for tobacco smoking
(1998), Rana, from the national cancer  steel, iron and coke
Norway registry, 196 male plant only

population controls Any occupational 18 2.9 (1.2-6.7) Adjusted for tobacco smoking

matched by year of birth  exposure to PAHs (see

and selected from the text for details)

national registry
Droste et al. 478 male cases and 536 Self-reported exposure  All 71 1.1 (0.7-1.7) A lag time of 10 years was
(1999), male hospital controls to PAHs applied to all exposure variables
Belgium identified during 1995— Matrix-based exposure 235 1.2 (0.9-1.6) to allow for an induction latency

97 from hospitals that
served the entire
Antwerp area

to PAHs

period before diagnosis of
disease. [The job—exposure for
PAHs included several
occupations in which exposure to
PAHs is questionable]. All odds
ratios were adjusted for age,
smoking history, marital and
socioeconomic status
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Table 2.9 (contd)

Reference, Effective no. of subjects  Job/exposure category ~ Lung cancer subtype No. of Odds ratio Comments
location exposed (95% CI)
cases
Briiske-Hohlfeld 2 pooled case—control Occupational PAH All Adjusted for smoking and
et al. (2000), studies; 4184 male cases, exposure exposure to asbestos
Germany 4253 male controls Ever versus never 181 1.53 (1.14-2.04)
Up to 20 BaP—years 80 1.15 (0.77-1.71)
>20 BaP—years 101 2.09 (1.36-3.22)
Gustavsson et 1042 male cases, Combustion products  All 824 1.00 (ref) All odds ratios adjusted for age,
al. (2000), 2364 male population Unexposed year of inclusion, tobacco
Sweden controls matched by 5- ug/m’ BaP smoking, residential radon level
year age group and year 0.05-0.4 (>1 year) 46 1.07 (0.72-1.60)  and environmental exposure to
of inclusion (1985-90) 0.5-4.9 (>1 year) 48 1.33 (0.89-2.00)  nitrogen dioxide
>5 (>1 year) 35 2.10(1.25-3.53)
pg/m’~years of BaP
>0-2.9 47 1.20 (0.80-1.80)
3.0-6.6 51 1.05 (0.71-1.57)
6.7-23.8 47 1.05 (0.69-1.59)  Additionally adjusted for diesel
>23.9 73 1.60 (1.09-2.34)  exhaust and exposure to asbestos
Duration (years)
>0-9 Not stated  1.42 (0.96-2.10)
10-29 1.37 (1.01-1.85)
>30 1.37 (0.98-1.91)

BaP, benzo[a]pyrene; CI, confidence interval; RDD, random digit dialling
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number of years were spent. After exclusions, most of whom were non-respondents
(response rate, 96% in cases and 94% in controls), the effective numbers of cases and
controls were 335 and 332, respectively. The odds ratio (adjusted for the matching
variables) for coke-oven worker in the steel industry as the longest job held was 1.2 (95%
CI, 0.2-6.9; based on two cases and two controls in that job).

Schoenberg et al. (1987) conducted a case—control study among 763 white male cases
of lung cancer who were identified in 1980-81 in New Jersey (USA) municipalities that
have high mortality from lung cancer and 900 population controls matched to cases by
race, age, area of residence and closest date of death (for deceased persons). Occupational
histories were obtained from the subjects or their next of kin. The odds ratio for roofers
and slaters, adjusted for tobacco smoking, was 1.7 (95% CI, 0.68-4.40; based on
13 exposed cases).

Zahm et al. (1989) conducted a case—control study of 4431 male residents in Missouri
(USA) who were identified as lung cancer cases in 1980-85 at the Missouri Cancer
Registry. Controls were selected from this Registry during the same period and comprised
11 326 white male Missouri residents who did not have cancer of the lip, oral cavity,
oesophagus, lung, urinary bladder, ill-defined sites or unknown sites. Occupation at the
time of cancer diagnosis was abstracted and coded from the Cancer Registry records; this
information was available for only 52% of the cases of 45% of the controls. Data on
tobacco smoking were coded into seven categories, including ‘unknown smoking
history’. The odds ratio for roofers, adjusted for age and tobacco smoking, was 2.1 (95%
CI, 0.6-8.2; based on six exposed cases).

Morabia et al. (1992) conducted a case—control study of 1793 male cases of lung
cancer who were identified in 24 hospitals in the USA and 3228 cancer and non-cancer
hospital controls matched to cases on race, age, hospital and cigarette smoking history.
All subjects were identified between 1980 and 1989. Data on usual occupation, tobacco
smoking and other potential confounders were obtained by interviews of the subjects. Job
titles were coded according to the standard of the United States Bureau of Census codes.
The odds ratio for roofers and slaters, adjusted for race, age, geographical location,
version of the questionnaire (I and II) and tobacco smoking, was 2.1 (95% CI, 0.7-6.2;
based on seven exposed cases). [The Working Group noted that the control group
included some cancer sites that are possibly related to exposure to PAHs, and thereby the
odds ratio is potentially understimated. ]

Partanen and Boffetta (1994) conducted a meta-analysis of the results of Schoenberg
et al. (1987), Zahm et al. (1989) and Morabia et al. (1992) for roofers and slaters. The
overall relative risk was 1.88 (95% CI, 1.23-2.76; based on 26 exposed cases).

Bovenzi et al. (1993) conducted a case—control study of 756 cases among 938 male
deaths from primary lung cancer who were identified at the records of the cancer registry
of the province of Trieste, Italy, during 1979-81 and 1985-86, and for whom next of kin
could be located and interviewed. For each case, one male control of similar age, who had
died within the same 6-month period, was randomly selected at the registry of the
Department of Pathology that holds the autopsy records of 70% of all deaths of the
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province. The controls represented causes of death other than chronic lung diseases or
cancers of the upper aerodigestive tract, urinary tract, pancreas, liver or gastrointestinal
system; the majority died from circulatory or gastrointestinal disease. Telephone
interviews were conducted with the next of kin of the subjects at least 1 year after their
death to obtain information on residential, occupational (jobs, industries, places of work,
employers and durations of employment in each job) and tobacco smoking histories and
demographic data. The principal source of occupational histories was the subjects’
employment cards which were carefully kept by the families for social security purposes.
No next of kin refused the interview. The industries/occupations were classified into two
lists by an occupational physician: those that were considered to be causally associated
with lung cancer and those suspected of being related to an increased risk for lung cancer.
Of the single occupational titles, gas workers had a smoking-adjusted odds ratio of 1.43
(95% CI, 0.45-4.47; seven cases) for risk for lung cancer and asphalt workers had an
odds ratio of 2.27 (95% CI, 0.50-10.3; based on seven cases) compared with subjects
who had presumably not been exposed to occupational lung carcinogens. [It was unclear
whether ‘gas workers’ referred to coal gasification and whether coal tar was used in the
asphalt mix of asphalt workers.].

In a case—control study in the People’s Republic of China (Wu-Williams ef al., 1993),
965 confirmed cases of primary incident lung cancer among women aged 29—70 years in
the general population of Shenyang and Harbin (the major industrial cities of northern
China) were identified, located and interviewed during 1985-87 through the cancer
registries of the two cities. The refusal rate among cases was 0.3%. The 959 control
women were randomly selected from the general populations of the two cities, frequency
matched to the cases by 5-year age group and interviewed. Subjects were interviewed at
the hospital, at home or at work with a structured questionnaire that addressed
occupational histories and exposures, tobacco smoking histories, indoor and outdoor
sources of pollution, medical and dietary histories and demographic data. The odds ratio
for self-reported exposure to coke-oven emissions, adjusted by unconditional logistic
regression for tobacco smoking, study area, age and education, was 1.5 (95% CI, 0.9-2.5;
based on 51 exposed cases). An increase in trend for mortality from lung cancer (p=0.04)
was found for increasing years of exposure to coke-oven emissions (odds ratios, 1.2, 1.4
and 3.0 for 1-10, 11-20 and >20 years of exposure, respectively). The point estimates of
the odds ratios were similar when analyses were restricted to nonsmokers only.

A population-based case—control study of occupational cancer in Montréal, Canada
(Nadon et al. 1995), included 857 histologically confirmed male cases of lung cancer,
aged 35-70 years, who were newly diagnosed between 1979 and 1986 and ascertained in
all large hospitals that serve Montréal, as well as 533 population controls and 1523 non-
lung cancer controls. The two control series were pooled for the analyses because parallel
analyses showed little difference between results based on each control group used
separately as the referent. The cases included 159 small-cell (oat-cell) cancers,
359 squamous-cell cancers and 162 adenocarcinomas. Cases were rapidly ascertained and
personally interviewed to obtain information on each job held during their lifetime and on
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potential confounders. The interviewers were trained to probe for as much information as
the subjects could supply on the employer’s or company’s activities, the raw materials
used, the type of room or building in which he had worked, the activities of workmates,
the presence of gases, fumes or dusts and other pertinent data. The exposure of each
subject to approximately 300 occupational agents was assessed by a group of hygienists
and chemists on the basis of job descriptions and lung cancer cases were compared with
the rest of the study population, after adjustment for age, ethnic group, family income,
cumulative tobacco smoking index and exposure to asbestos, silica and chromium, nickel
and arsenic compounds. Occupational exposure was defined as levels that exceeded
general environmental levels; 68% of all subjects were classified as ever having been
exposed to PAHs from any source, 24% were thought to have been exposed to
benzo[a]pyrene and 9% had been exposed to PAHs from coal. Cumulative exposures at
low, medium or high levels were also computed, based on the sum product of duration,
frequency and concentration of exposure. Table 2.9 summarizes the odds ratios and
confidence intervals for exposure to total PAHs, benzo[a]pyrene and coal-derived PAHs
for all lung cancers and small-cell (oat-cell) and squamous-cell lung cancers and lung
adenocarcinomas. None of the associations with type of PAH were significant and the
odds ratios were generally close to unity. However, effect modification was observed
between tobacco smoking and exposure to PAHs. Among heavy smokers (800 cigarette—
years or more), there was no effect on the risk for lung cancer with different levels of
exposure to PAHs. However, among ‘light smokers and nonsmokers’ (<800 cigarette—
years), there was evidence of an increasing risk for lung cancer with increasing exposure
to total PAHs and benzo[a]pyrene. The odds ratio for exposure to high levels of total
PAH was 1.8 (95% CI, 1.1-3.0; based on 31 exposed cases) for ‘light smokers and
nonsmokers’ and 6.0 (95% CI, 4.1-8.9; based on 175 exposed cases) for heavy smokers
compared with those not exposed to total PAHs. For high-level exposure to
benzo[a]pyrene, the odds ratio was 2.4 (95% CI, 1.3—4.4; based on 16 exposed cases) for
‘light smokers and nonsmokers’ and 3.9 (95% CI, 2.6-5.8; based on 53 exposed cases)
for heavy smokers compared with those not exposed to benzo[a]pyrene.

In 1986, the Netherlands Cohort Study was initiated as a prospective follow-up for
cancer incidence in relation to lifestyle factors within a cohort of 340439 men and
women aged 55-69 years selected from the general population of the Netherlands (van
Loon et al., 1997). Prevalent cases of cancer were excluded. A self-administered
questionnaire was sent to all cohort members regarding job history, diet, lifestyle and
other sociodemographic factors. Only 36% of the cohort responded and after comparing
several variables between the cohort and Dutch population, it was considered that the
remaining members of the cohort were still representative of the Dutch population. A
case—cohort study of lung cancer was designed in the remaining cohort of 58 279 men,
and 677 cases of incident lung cancer were determined between September 1986 and
December 1990 through the national pathology register and the regional cancer registers.
Person—years at risk were estimated from a subsample of 1630 men who were followed
up biennially for vital status. A self-administered baseline questionnaire enquired about
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lifetime job history with job titles, type of company, periods and duration of employment
as well as the company’s products up to September 1986. Exposure assessment was
conducted with no knowledge of health outcomes. Experts classified the job histories for
probabilities of exposure to asbestos, paint dust, PAHs and welding fumes into four
categories: no exposure, possible exposure (probability of exposure <30%), probable
exposure (30-90% probability) and nearly certain exposure (>90% probability).
Cumulative exposure to each agent was calculated as the product of the midpoint of the
probability in each of the four exposure categories (scored as 0, 0.15, 0.6 and 0.95,
respectively) and the duration of exposure. Distributions of cumulative probability were
then compared between the cases and the subcohort. Case—cohort analyses were
completed by calculating rate ratios for each occupational cumulative probability,
adjusted for age, other occupational exposures, tobacco smoking and dietary intake of
vitamin C, B-carotene and retinol. The adjusted rate ratio for ever versus never exposure
to PAHs was 0.53 (95% CI, 0.26-1.07; based on 34 exposed cases); thus, exposure to
PAHs was inversely associated with the risk for lung cancer. The adjusted rate ratios for
the non-zero tertiles of cumulative probability of exposure to PAHs were all below unity:
the highest tertile was associated with a risk ratio of 0.28 (95% CI, 0.09-0.89; based on
12 cases) and the p value associated with this negative trend was <0.01. The odds ratios
were considerably higher (but not significantly so) when adjusted for age and other
occupational exposures or age only.

Another population-based case—control study was conducted in Norway (Grimsrud et
al., 1998); the national cancer registry was used for the ascertainment of 88 incident cases
of lung cancer registered among male residents of the municipality of Rana during 1980~
92. Rana is located in northern Norway and had had an iron and steel plant (since 1955)
and a separate coke plant (since 1964) that were in operation until the late 1980s. Three
male population controls were selected for each case, were matched on year of birth, were
free of lung cancer and lived in the municipality at the time of diagnosis of the case.
Occupational histories (period of employment, department, details on section and job)
were gathered from personnel files of the iron, steel and coke plants and by personal
interviews with subjects or their next of kin. All interviews were performed by one
interviewer who addressed occupational and tobacco smoking histories, dietary habits,
education and residential history. After refusals, exclusions because of insufficient data
and replacement of controls, 86 cases and 196 controls remained for data analysis.
Subjects exposed to PAHs only at the iron, steel and coke plants had a smoking-adjusted
odds ratio of 1.9 (95% CI, 0.8-4.6; 13 exposed cases).

Droste ef al. (1999) conducted a hospital-based case—control study of lung cancer and
exposure to occupational carcinogens in the Antwerp region of Belgium. A total of
478 histologically confirmed male cases and 536 male controls without cancer or primary
lung disease (mainly admitted from cardiovascular surgery wards) were identified and
interviewed personally in 10 hospitals during 1995-97. The catchment area of the
participating hospitals had to include the total Antwerp area so that there would be no
selection bias for socioeconomic status, occupational conditions or potential exposures.
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The interviews covered information on occupation (job tasks, industries and duration of
employment), exposure to 16 potential carcinogens, hobbies and tobacco smoking
histories. Job titles were coded into a standard classification, and exposures were assessed
by self-reporting and through an exposure matrix that converted data on jobs and tasks
into selected exposures. Exposure data were reviewed by occupational hygienists. Odds
ratios were calculated with logistic regression models, adjusting for age, tobacco smoking
history, marital status and socioeconomic status. The time lag between the onset of
exposure and diagnosis of disease was set at 10 years; the same time lag was also used for
other covariates that may have acted as confounders. Relative to no exposure, the odds
ratio for self-reported exposure to PAHs was 1.1 (95% CI, 0.7-1.7; 77 exposed cases).
For exposure matrix-based exposure to PAHs, the odds ratio was 1.2 (95% CI, 0.9-1.6;
235 exposed cases). [The Working Group noted that the job—exposure matrix for PAHs
included several occupations in which exposure to PAHs is questionable. ]

Data from two German case—control studies of lung cancer were pooled for joint
analysis (Briiske-Hohlfeld et al., 2000). One study was carried out by the Bremen
Institute for Prevention Research and Social Medicine in Bremen, the area surrounding
Bremen and the Frankfurt/Main area to determine the association between lung cancer
and occupational risk factors among 1004 cases and 1004 population controls randomly
selected from mandatory community registries and matched on age, sex and region of
residence in 1988-93. The other study was carried out to determine the risk for lung
cancer from exposure to indoor radon in West and East Germany (covering the regions of
Nordrhein-Westfalen, Rheinland-Pfalz, Bayern, Saarland, Thiiringen and Sachsen)
among 3180 cases and 3249 controls matched by sex, age and region in 1990-94. A
standardized questionnaire was administered by trained interviewers in both studies to
collect data on occupational exposure, residential history, tobacco smoking and other risk
factors. The response rates were 69% for cases and 68% for controls (in the Bremen BIPS
study) and 77% for cases and 41% for controls (in the ‘indoor radon study’). The final
pooled analyses were restricted to 3541 male controls and 3498 male cases that were
cytologically and/or histologically verified, excluding metastases secondary to other
primary tumours. Using ‘never exposed’ as the reference category, odds ratios were
calculated for workers who had been ‘ever exposed’, for duration of exposure and for
cumulative exposures through a job—exposure matrix. The ‘ever’ category of exposure to
PAHs was associated with an odds ratio of 1.53 (95% CI, 1.04-3.95), adjusted for
tobacco smoking and exposure to asbestos. Duration of exposure to PAHs did not show a
clear trend, while job—exposure matrix-based cumulative exposure to benzo[a]pyrene did,
yielding risk ratios of 1.15 (95% CI, 0.77-1.71) for 0-20 benzo[a]pyrene—years and
2.09 (95% Cl, 1.36-3.22) for 20 or more benzo[a|pyrene—years. The risk was highest for
workers in coking plants; no increased risk was seen for chimney sweeps or those
working in smelters, after adjustment for tobacco smoking and exposure to asbestos.
[TheWorking Group noted the low response rate among controls of the indoor radon
study.]
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Gustavsson et al. (2000) conducted a study among male residents of Stockholm
County, Sweden, aged 4075 years: 1042 lung cancer cases and 2364 population controls,
matched on age and year of inclusion (1985-90). Questionnaires were mailed to the
subjects or their next of kin on detailed lifetime occupational history, residential history,
tobacco smoking habits and other potential risk factors for lung cancer. Response rates
were 87% in cases and 85% in controls. Intensity, probability and duration of exposure
were assessed for seven specific occupational exposures for each work period by an
occupational hygienist who was blinded to case/control status. For combustion products,
odds ratios were elevated for the highest categories of exposure intensity, assessed as
>5 ug/m’ benzo[alpyrene (odds ratio, 2.10; 95% CI, 1.25-3.53; based on 35 exposed
cases), cumulative exposure of >23.9 ug/m’—years benzo[a]pyrene (odds ratio, 1.60;
95% CI, 1.09-2.34; based on 73 exposed cases; adjusted additionally for exposure to
diesel exhaust and asbestos) and duration of exposure of 10-29 years (odds ratio, 1.37;
95% CI, 1.01-1.85) and >30 years (odds ratio, 1.37; 95% CI, 0.98-1.91). The odds ratios
were adjusted for age, year of inclusion, tobacco smoking, residential radon level and
environmental exposure to nitrogen oxide.

2.2.2  Cancer at sites other than the lung
(a)  Renal-cell carcinoma (Table 2.10)

A population-based case—control study was conducted in the seven-county
Minneapolis—St Paul Standard Metropolitan Statistical Area (USA): eligible cases were
white residents of the area who were diagnosed with renal-cell carcinoma (International
Classification of Diseases (ICD) 8, 189.00) in 1974-79 (McLaughlin et al., 1984). A total
of 506 cases, aged 3085 years, were ascertained; 495 interviews were conducted, more
than half of which were with the next of kin because 237 (47%) cases were deceased and
14 were too ill to be interviewed. A group of 714 population controls was identified, who
were an age- and sex-stratified random sample of white residents of the area. Those who
were 30-64 years of age were chosen at random from a complete listing of telephone
subscribers that included 98% of the households in this area; those over 65 years of age
were chosen at random from a health care financial administrative list that included 95%
of US residents in this age group. A total of 697 controls were interviewed. To account
for the possible influence of interviews with next of kin, a second control group of 495 of
subjects who had died from causes other than urinary tract cancer during the period 1974—
79 was constituted from death certificates and were frequency-matched to deceased cases
on the age and year of death and gender. For this group, 493 next of kin answered the
questionnaire, which included a category on occupation, although occupational exposures
were not reported in detail and exposure to specific PAHs was not described. A very high
response rate was observed (approximately 95% in the different groups of cases and
controls). Statistical models were systematically adjusted for age, and separate odds ratios
were estimated to take into account the type of respondent (index subject or next of kin).
A final model included all different exposures studied in the analysis to adjust simultaneously



Table 2.10. Case—control studies of kidney cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of subjects  Job/exposure category Kidney cancer  No. of Odds ratio Comments
location subtype exposed (95% CI)
cases
McLaughlin et 495 cases (1974-79), Petroleum, tar, pitch Renal-cell 36 1.7 (1.0-2.9) Occupational history was not
al. (1984), 1190 population controls ~ Exposure >20 years carcinoma Not given 2.6 (1.2-5.7) described in detail; the number of
Minneapolis, (697 alive and directly controls used in odds ratio
USA interviewed, 493 estimations was not clear (total 1190
deceased) matched by controls or 697 alive controls); the
age and sex results were adjusted for tobacco
smoking
Sharpe et al. 164 cases (1982-87), Coke Renal-cell 6 2.00 (0.49-8.14)  Detailed occupational history not
(1989), Canada 161 hospital controls Tar or pitch carcinoma 9 9.29 (1.16-74.20)  described; no description of the
matched by age, sex and exposure evaluation: the exposures
urologist studied were derived from job titles;
adjusted for matching variables but
not for smoking; a statistically
significant trend (p <0.025) of
increasing odds ratios was seen with
increasing intensity of exposure to
burning coal
Partanen et al. 408 cases (1977-78), PAH (men and women) Renal-cell 7 1.1 (0.4-3.1) Whole occupational history for the
(1991), Finland 819 population controls PAH (men only) carcinoma 1.2 (0.4-3.4) period 1920-68; adjusted for
matched by year of birth, Blue-collar NA 4.4 (0.4-43.1) smoking, coffee consumption and
sex and vital status workers (men and obesity; the number of women was
women) not given, therefore could not
Male blue-collar workers NA 5.5(0.5-58.9) evaluated the number of male

exposed cases. Increase in association
after exclusion of white-collar
workers
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Table 2.10 (contd)

Reference, Effective no. of subjects  Job/exposure category Kidney cancer  No. of Odds ratio Comments
location subtype exposed (95% CI)
cases
Mandel et al. 1732 cases (1989-91), Blast furnace/coke-oven  Renal-cell 57 1.7 (1.1-2.7) Information on specific occupations
(1995), 2309 population controls  industries carcinoma and industries of interest and whole
Australia, occupational history reported in
Denmark, Germany; these results were for men
Germany, only.
Sweden and
USA
Nadon et al. 181 male cases (1979— PAHs derived from coal ~ Renal-cell Lifetime occupational history
(1995), Canada  85), 2196 male Low carcinoma 11 1.0 (0.5-1.9) evaluated on a case-by-case basis;
population and cancer High 4 0.9 (0.3-2.6) adjusted for smoking, age,
controls socioeconomic status and ethnic
group; diagnoses of lung and urinary
bladder cancers were excluded from
the control group.
Pesch et al. 935 cases (1991-95), Tar, pitch, mineral oil Renal-cell Whole occupational history using
(2000), 4298 population controls ~ Men carcinoma English job—exposure matrix;
Germany Medium 86 1.1 (0.9-1.5) adjusted for tobacco smoking;
High 96 1.2 (0.9-1.6) exposure categories were defined by
Substantial 34 1.4 (0.9-2.1) the 30th, 60th and 90th percentiles of
Women the distribution of the exposure
Medium 15 1.0 (0.6-1.7) among controls; adjusted for age,
High 16 1.2 (0.7-2.0) centre and smoking.
Substantial 10 2.1 (1.04.5)
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Table 2.10 (contd)

Reference, Effective no. of subjects ~ Job/exposure category Kidney cancer No. of Odds ratio Comments
location subtype exposed (95% CI)
cases
Pesch et al. PAH
(2000) (contd) Men
Medium 71 0.9 (0.7-1.2)
High 96 1.3 (1.0-1.6)
Substantial 32 1.2 (0.8-1.9)
Women
Medium 17 1.1 (0.6-1.8)
High 21 1.5 (0.9-2.4)
Substantial 6 1.3 (0.5-3.3)
Men Job-task—exposure matrix
Medium 80 0.9 (0.7-1.2)
High 67 0.8 (0.6-1.0)
Substantial 26 0.9 (0.6-1.4)

CI, confidence interval; NA, not applied
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for age, tobacco smoking, body mass index, use of phenacetin, kidney infection, kidney
stones, nationality of the parents, consumption of tea, beer and meat and exposure to
petroleum, tar and pitch. Few results concerned occupational exposure to PAHs. The
results were presented according to the industry in which the index subject worked the
greatest number of years but did not include sectors that are of interest to this monograph.
The authors studied some occupational exposures that included the group petroleum, tar
and pitch and found a significant relationship with renal-cell carcinoma (odds ratio, 1.7;
95% CI, 1.0-2.9; based on 36 exposed cases). This relationship was reinforced when
persons who had been exposed for 20 years or more (odds ratio, 2.6; 95% CI, 1.2-5.7)
were compared with those who had been exposed for less than 20 years (odds ratio, 1.1;
95% CI, 0.5-2.5). No other estimation was made (i.e. level or latency). In the final model
that included all items studied, the odds ratio for renal-cell carcinoma in relation to
petroleum, tar and pitch was 1.6 (95% CI, 0.9-2.7) for men and 4.6 (95% CI, 0.4-51) for
women.

In a hospital-based case—control study in Canada, cases who were diagnosed between
1982 and 1987 were determined retrospectively from the medical records of nine
hospitals in the Montréal area (Sharpe ef al., 1989). Eligible cases were alive at the time
of the review and had a histologically confirmed diagnosis (ICD-8, 189.00). Of the
403 cases identified, only 168 were able to participate; 163 had died, 43 could not be
traced, the physician refused to participate for 25 and four were too ill to participate.
Controls were patients who attended the same hospital departments for haematuria during
the same 5-year interval as the cases, and for whom a non-neoplastic diagnosis had been
given. One control per case was selected and matched for sex, 5-year age group and
urologist. A total of 164 cases and 161 controls completed a mailed questionnaire (97%
overall response rate); a telephone interview was conducted to clarify and complete
missing information. No information was given on the content of the questionnaire,
particularly on the occupational section. The authors highlighted that information on
exposure to hydrocarbons was requested for regular and repeated exposure (at least once a
week). Statistical analysis was carried out using unconditional logistic regression. All
models were adjusted for the matching variables and the other exposures studied;
however, it is unclear which variables were included in the final models. Although
tobacco smoking was studied, the authors did not consider it to be a significant
confounder and therefore excluded it from the final models. Exposure to coke was
associated with a non-significant increase in risk for renal-cell carcinoma (odds ratio,
2.00; 95% CI, 0.49-8.14; based on six exposed cases and three exposed controls). Those
considered to be occupationally exposed to coke were persons who had been exposed to
burning fuels (e.g. janitors, foundry workers, locomotive engineers, forced labourers,
sailors and those involved in heating buildings). Exposure to tar or pitch was related to a
large increase in risk for renal-cell carcinoma (odds ratio, 9.29; 95% CI, 1.16-74.20;
based on nine exposed cases (three in roofing, three in the construction industry, one
laboratory worker, one petrochemical salesman and one prisoner of war) and one control
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exposed through road paving). A statistically significant trend (p <0.025) of increasing
odds ratios was seen with increasing intensity of exposure to burning coal.

A population-based case—control study carried out in Finland included men and
women aged 20 years or above who were diagnosed in 1977-78 as having renal
adenocarcinoma (ICD-7, 189.0) registered with the Finnish Cancer Registry (Partanen
etal., 1991). Two controls per case were identified at random from the Population
Register Centre, and matched by year of birth, gender and vital status. A total of 672 cases
and 1344 controls were thus identified. Information was collected by questionnaire sent to
the index person for live subjects or to a next of kin for deceased subjects. Response rates
were almost identical between cases and controls, and were slightly higher for subjects
who were alive (78%) than for those who were deceased (66%). After exclusion of
subjects without employment, the study included 408 cases (98 alive and 310 deceased)
and 819 controls (195 alive and 624 deceased). Information included in the questionnaire
concerned the whole occupational history (jobs, time period, employers) as well as
information on tobacco smoking history, coffee consumption and obesity. Occupational
histories from the period 1920-68 were reconstructed on an annual basis to examine
occupational exposure to PAHs and eight other agents. An industrial hygienist scored
each annual exposure into three classes: background (<0.01 pg/m’ benzo[a]pyrene), low
level (0.01-1 pg/m’ benzo[a]pyrene if exposed for more than 30% of the normal annual
worktime) and high level (>1 pg/m’ benzo[a]pyrene if exposed for more than 30% of the
normal annual worktime). Statistical analysis was carried out using a dichotomous
exposure indicator: 0 (background exposure) and 1 (=5 years at a low or high level or
>1 year at a high level). Odds ratios were estimated by conditional logistic regression,
adjusted for tobacco smoking (never/ever), coffee consumption (no/medium/heavy) and
obesity (five classes) as potential confounders. Odds ratios were estimated for selected
industries, job titles and the nine occupational exposures. Very few subjects were
classified as having been exposed to PAHs (seven cases). The estimated odds ratio for the
whole population was 1.10 (95% CI, 0.39-3.09). Exclusion of women did not modify the
result (odds ratio, 1.21; 95% CI, 0.43-3.45; based on seven exposed cases). Restriction to
blue-collar workers increased the association (for men and women combined: odds ratio,
4.4; 95% CI, 0.4-43; for men only: odds ratio, 5.5; 95% CI, 0.5-58.9).

An international population-based case—control study was carried out in Australia,
Denmark, Germany, Sweden and the USA using a similar protocol in the participating
centres (Mandel et al., 1995). Cases were patients with incident renal-cell carcinoma
[ICD-9, 189.0], histologically confirmed and diagnosed between 1989 and 1991. Cancer
registries were the main source of ascertainment of cases, except in Germany, where
cases were identified through active surveillance. Controls were chosen at random from
different population sources (registries, electoral rolls, residential lists) and frequency-
matched to cases on sex and age. Personal interviews were conducted at home for most
centres except Germany, where subjects were interviewed at the hospital. Most centres
requested information on selected occupations or industries of interest to the study
(German centres collected complete occupational histories) in addition to information on
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demographics, personal and family medical history, lifestyle factors, and use of tobacco,
alcohol and medication. All centres coded occupations and industries according to
standard occupational and industrial classification codes. The response rates were 72% for
cases and 75% for controls, resulting in 1732 cases and 2309 controls available for
analysis. Statistical analysis was carried out using logistic regression separately for men
and women, adjusted for age, smoking status, body mass index, education and study
centre. A minimum of 1 year in a specific job or exposure was considered as being
exposed. Working at least 1 year in the ‘blast furnace and coke ovens’ industry was
associated with an increased risk for renal-cell carcinoma (odds ratio, 1.7; 95% CI, 1.1-
2.7; based on 57 exposed male cases). The exposures incurred in other industries were not
relevant to the topic of this monograph. Duration of exposure in the blast furnace industry
was studied, but no dose-response was seen (odds ratio for 1-2 years of exposure: 1.9;
95% CI, 0.9-4.0; 21 exposed cases; 3—7 years: 1.6; 95% CI, 0.7-3.3; 18 exposed cases;
841 years: 1.6; 95% CI, 0.7-3.4); 14 exposed cases.

A large population-based case—control study was carried out in Canada (Nadon et al.,
1995) as part of a larger study (described in detail in Section 2.2.1). A total of 181 male
renal-cell carcinoma patients [ICD, 189.0] were selected from the database of all cancer
patients registered during 1979-85. and 2196 male population and cancer controls were
selected after exclusion of those with lung and urinary bladder cancer. Odds ratios derived
from unconditional logistic regression were adjusted for age, family income, ethnicity and
cumulative tobacco smoking index. Results related to PAHs derived from coal did not
show any association with renal-cell carcinoma.

A population-based case—control study was carried out in five regions of Germany
(two in East Germany and three in West Germany) (Pesch et al., 2000). Cases were male
and female patients at large German hospitals and of German nationality, with no
restriction on age, who had had histologically confirmed renal-cell carcinoma diagnosed
between 1991 and 1995. Local residency registries provided controls, who were
frequency-matched by region, sex and age. A total of 935 incident cases of renal-cell
carcinoma (570 men and 365 women) and 4298 controls (2650 men and 1648 women)
were included in the study. The response rate was 88% for cases and 71% for controls.
Cases and controls were interviewed personally using a questionnaire to obtain full
occupational histories, as well as supplemental information on job tasks with suspected
exposure to different agents. Job titles were coded according to the International Standard
Classification of Occupations (ISCO) code. Retrospective evaluation of exposure was
made using a job—exposure matrix (English or German). In addition, German experts
created a job—task—exposure matrix that accounted for the probability and intensity of
exposure to a specific agent. To assess the effect of occupational exposures, the ISCO
code (three-digit) of the longest job held was used for statistical analysis. The total
number of years worked in a job title represented a subject’s lifetime exposure, whereas
the quantification of exposures in job tasks involved summing of the number of years
worked, weighted by the percentage of time spent at the specific task (‘duration’). The
results according to duration were given for job groups that represented an aggregate of
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job titles or job tasks with similar exposure circumstances. The job groups constituted
were not relevant to the topic of this monograph. The job—exposure matrix (English or
German) or the job—task—exposure matrix allowed the construction of an index that
corresponded to the product of the duration x intensity x probability of exposure. This
exposure index was divided into four categories according to the 30th, 60th and 90th
percentiles. All odds ratios were adjusted for age, region and sex. Results given for the job
title (three-digit ISCO code) included only those with a significant odds ratio. The English
job—exposure matrix included a category entitled ‘tar, pitch and mineral oil’ that showed a
non-significant association that increased with the level of the exposure index (odds ratio:
medium, 1.1; 95% CI, 0.9-1.5; based on 86 exposed cases; high, 1.2; 95% CI, 0.9-1.6;
based on 96 exposed cases; substantial, 1.4; 95% CI, 0.9-2.1; based on 34 exposed cases).
The same trend was observed for women and was of borderline significance with
‘substantial’ exposure (odds ratio: medium, 1.0; 95% CI, 0.6—1.7; based on 15 exposed
cases; high, 1.2; 95% CI, 0.7-2.0; based on 16 exposed cases; substantial, 2.1; 95% CI,
1.0-4.5; based on 10 exposed cases). Similar estimates could not be made with the
German job—exposure matrix. The English job—exposure matrix also considered exposure
to PAHs. The results were similar to those for ‘tar, pitch and mineral oil’. Results for
PAHs using the German job—task matrix were available only for men and did not show
any increased risk (odds ratio, 0.9; 95% CI, 0.7-1.2; 0.8; 95% CI, 0.6-1.0; 0.9; 95% CI,
0.6-1.4 for medium, high and substantial exposure; based on 80, 67 and 26 exposed
cases, respectively).

(b)  Urinary bladder cancer (Table 2.11)

Baxter and McDowall (1986) conducted a case—control study in London, United
Kingdom, based on death certificates. Cases were all deaths from urinary bladder cancer
(ICD-8, 188) from 1968 to 1978 among male residents of six London boroughs. Two
controls per case were selected, one from among male deaths from all other cancers and
one from among all deaths including cancer, and matched on borough, age and year of
death. A total of 1080 cases were included [the number of controls was not given but was
assumed to be 2160, given two per case]. Occupational information was abstracted from
death certificates by one of the authors. The occupation of ‘gas worker’ had odds ratios of
0.8 and 1.4 using the control groups of deaths from all other cancers and deaths from all
other causes including cancer, respectively [confidence intervals were not given and the
results were not statistically significant].

A hospital-based case—control study was carried out in 27 hospitals in the
Copenhagen area, Denmark (Jensen et al., 1988). Cases were 97 incident cancers of the
renal pelvis and ureter diagnosed between 1979 and 1982. The authors estimated that
their case population represented approximately 80% of all Danish incident cases. Three
hospital controls per case were matched for hospital, sex and age. Patients with urinary
tract or tobacco smoking-related diseases were excluded from the controls, leaving
288 controls enrolled. Trained interviewers used a detailed questionnaire to obtain infor-
mation on tobacco smoking, consumption of beverages, use of analgesics and occupational



Table 2.11. Case—control studies of urinary tract cancers and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of Job/exposure category  Urinary cancer No. of Odds ratio Comments
location subjects subtype exposed (95% CI)
cases
Baxter & 1080 deceased male Gas workers Bladder 11 0.8 [not given] Controls: deaths from all other
McDowall cases (1968-78), 2160 cancers
(1986), United deceased male 1.4 [not given] Controls: included deaths from all
Kingdom population controls other causes, including cancer
Job category extracted from death
certificates; data of too poor
quality to be considered; number
of exposed deaths (cases +
controls)
Jensen et al. 97 cases (1979-82), Coke, coal Renal pelvis, 8 4.0 (1.2-13.6) Only men were employed in these
(1988), 288 hospital controls Asphalt, tar ureter 9 5.5 (1.6-19.6) occupations and occupational
Denmark history was not described in detail;
adjusted for tobacco smoking
Risch et al. 835 cases (1979-82), Aluminium smelting Bladder, 14 1.91 (0.64-6.43) From a list of
(1988), Canada 792 population controls Ever/never including 2.61(0.70-12.5) industries/occupations and specific
8-28 years before tumours of agents; only men were exposed to
diagnosis borderline these occupations/agents; adjusted
Tar, asphalt malignancy 46 1.44 (0.78-2.74) for smoking
Ever/never 3.11(1.19-9.68)
8-28 years before
diagnosis
Bonassi et al. 144 male cases (1972—  Road menders Bladder, 2 1.40 (0.27-7.28) Job—exposure matrix for >1 year of
(1989), Italy 82), 405 male Definite exposure to including 25 2.14 (0.82-5.60) exposure developed; adjusted for
population controls PAHs papillomas tobacco smoking and aromatic
Possible exposure to 74 1.05 (0.45-2.44) amines

PAHs
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Table 2.11 (contd)

Reference, Effective no. of Job/exposure category  Urinary cancer No. of Odds ratio Comments
location subjects subtype exposed (95% CI)
cases
Schumacher et 417 cases (1977-83), Coal tar, pitch Bladder A job—exposure matrix was
al. (1989), Utah, 877 population controls Men 92 applied to code the complete
USA Ever/never 1.08 (0.78-1.49) lifetime occupational history
<10 years/never 1.10 (0.76-1.60) collected; adjusted for tobacco
210 years/never 1.04 (0.64-1.68) smoking, age, religion, and
Women education
Ever/never 3 2.30(0.30-17.5)
Clavel et al. 658 male cases (1984—  Exposure to PAHs Bladder Exposure assessed on case-by-case
(1994), France 87), 658 male hospital ~ Ever/never 231 1.3 (1.0-1.7) basis; adjusted for matching
controls Maximum intensity of variables, tobacco smoking and
exposure to PAHs coffee consumption; excluding
Low 1.2 (0.9-1.7) subjects possibly exposed to
Medium 1.3 (0.9-2.1) aromatic amines; results
High 1.8 (0.8-3.3) unchanged after inclusion of
p for trend <0.05 subjects with possible exposure to
aromatic amines
Nadon et al. 486 male cases, PAHs derived from Bladder Case-by-case evaluation of lifelong
(1995), Canada 2196 male population coal occupational history; adjusted for
and cancer controls Low 154 0.8 (0.6-1.3) tobacco smoking, age,
High 67 0.6 (0.3-1.2) socioeconomic status, ethnic

group, proxy respondent and
aromatic amines
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Table 2.11 (contd)

Reference, Effective no. of Job/exposure category  Urinary cancer No. of Odds ratio Comments
location subjects subtype exposed (95% CI)
cases
Grimsrud ez al. 52 male cases (1980- ISCP >1 year and Bladder 3 0.5 (0.1-1.9) Exposure was obtained from
(1998), Norway  92), 156 male exposed to PAHs personnel files at the ISCP; no
population controls ISCP >1 year without 20 1.4 (0.7-2.9) interview of the subjects, no data

exposure to PAHs

available for work outside these
plants or for tobacco smoking;
considered exposed to PAHs if
worked in pig iron smelter
department or >1 year in coke
plant, according to an industrial
hygienist

CI, confidence interval; ISCP, iron, steel and coke plants

80¢
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and related exposures; 99% of cases and 100% of controls were enrolled and most (94%)
of these subjects were interviewed at the hospital. Results were listed by occupation;
however, no details were given on which jobs were concerned [i.e. the longest job held,
the job held at the time of diagnosis]. Significant associations were obtained for
occupational exposure to: coke and coal (odds ratio, 4.0; 95% CI, 1.2-13.6; based on
eight exposed cases and seven exposed controls) and asphalt and tar (odds ratio, 5.5; 95%
CI, 1.6-19.6; based on nine exposed cases and six exposed controls); only male subjects
worked in these industries. All of the results were adjusted for lifetime tobacco
consumption. [This study is qualified by the authors as an “explorative study with regard
to occupational exposure”. Neither temporal associations (duration, latency) nor the effect
of the level of exposure was tested.]

Risch et al. (1988) conducted a population-based case—control study in Canada.
Incident cases of urinary bladder cancer, diagnosed between 1979 and 1982 and aged 35—
79 years, were included. Identification of the cases differed according to their residential
region (registry, active review of medical records in main hospitals). A total of 1251 cases
were identified, and a response rate of 67% resulted in a group of 835 cases. Controls
were randomly selected through population listings, matched for year of birth, sex and
area of residence; 1483 controls were selected and 792 accepted to participate (53%
response rate). Questionnaires were completed at the subjects’ home by trained
interviewers. The occupational component included a list of 26 specific industries/
occupations selected a priori by the authors, and subjects were asked whether they had
ever worked in such industries. In the case of a positive answer, duration of employment
was also requested. In addition, a list of substances was proposed to the subjects. Data
were analysed in terms of ever versus never and duration of exposure, for which the
authors defined a window of exposure from 8 to 28 years [the Working Group queried the
choice of the time window] before case diagnosis in which they investigated an
association with industries/occupations and with occupational exposure to agents.
Statistical analysis was performed using conditional logistic regression models that
systematically included tobacco smoking history. Among the industries/occupations
studied, the odds ratio for ever working in aluminium smelting was 1.91 (95% CI, 0.64—
6.43; based on 14 exposed cases). Interestingly, this association was reinforced when
exposure occurring between 8 and 28 years before diagnosis was considered (odds ratio,
2.61; 95% CI, 0.70-12.50) as well as the trend with duration of exposure (odds ratio,
5.92; 95% CI, 1.07-3.20; for a unit of 10 years of duration). With regard to occupational
exposure to substances, the odds ratio for urinary bladder cancer for the group ‘tar
asphalt” was 1.44 (95% CI, 0.78-2.74; based on 46 exposed cases) for subjects ever
exposed versus never exposed, 3.11 (95% CI, 1.19-9.68) for subjects exposed 8 to
28 years before diagnosis and 2.02 (95% CI, 1.08-4.97) for a trend with a 10-year
duration of exposure. [Some (n = 64) of the total (n = 826) cases that were included in the
analysis were of borderline malignancy. However, exclusion of these cases and their
matched controls did not modify the results.]
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Bonassi et al. (1989) carried out a population-based case—control study in the
Bormida valley (Italy) that focused on urinary bladder cancer and occupational exposure
to PAHs. Cases were 150 histologically confirmed bladder cancers that were identified
through hospital admission discharges and diagnosed between 1972 and 1982; 52% of
cases were deceased at the time of interview. Population controls were randomly selected
from the demographic registries of the region at the time of the diagnosis of the case, and
were matched to cases on sex and age; 5% of the controls were deceased. The response
rate among subjects (or the next of kin for the deceased) was 96% among cases and 90%
among controls. A questionnaire was administered in 1983. Women were finally
excluded from the analysis because of their small number and absence of exposure to
PAHSs, which left 144 male cases and 405 matched controls for the analysis. An a-priori
list of 11 occupational categories of interest for bladder cancer was devised based on
previous literature. A subject was classified as exposed if he had worked for more than
1 year in one of these categories (none of the subjects had worked in more than one
category). In addition, a job—exposure matrix was constructed specifically for this study.
According to the literature, some occupations were classified as having definite exposure
to PAHs: coke worker, mechanic, railroad worker, glass worker, road mender, stoker (in a
distillery), welder, coalman and mason (in a kiln). Imprecise occupational exposure to
PAHs was classified as possible exposure. Odds ratios were adjusted for tobacco smoking
using unconditional logistic regression. Among the list of the nine occupational
categories, the odds ratio for road menders was 1.40 (95% CI, 0.27-7.28; based on two
exposed cases and six exposed controls). Analysis for definite exposure to PAHs showed
a non-significant increase in the risk for bladder cancer (odds ratio, 2.14; 95% CI, 0.82—
5.60; based on 25 exposed cases and 48 exposed controls; also adjusted for exposure to
aromatic amines). This increase in risk was not observed for subjects with possible
exposure to PAHs (odds ratio, 1.05; 95% CI, 0.45-2.44; based on 74 exposed cases and
199 exposed controls; also adjusted for exposure to aromatic amines). In addition, an
analysis stratified for exposure to aromatic amines showed that the odds ratio related to
definite exposure to PAHs among subjects not exposed to aromatic amines was
2.53 (95% CI, 0.56—-11.50; based on three exposed cases and five exposed controls). [The
‘possible’ category included jobs with imprecise occupational histories that are very
heterogeneous with regard to exposure to PAHs (craftsman, carpenter, blacksmith) and
therefore suffered from non-differential exposure misclassification, biasing the odds ratios
towards the null value.]

A population-based case—control study was conducted in Utah, USA (Schumacher et
al., 1989). Eligible cases were Utah residents, aged 21-84 years, who had had a urinary
bladder cancer diagnosed between 1977 and 1983, and were identified through the Utah
Cancer Registry. Controls, matched to cases by sex and age, were identified through
random-digit dialling (for those aged 21-64 years) or through the Health Care Financial
Administrative list (for those aged 65-84 years). The response rate was 76% for cases and
79% for controls, leading to a final sample of 417 cases and 877 controls after exclusion
of subjects who did not have any occupation listed. Interviews were conducted at home
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and provided information on several items including tobacco smoking, coffee
consumption and complete lifetime occupational history (with the time period worked for
each job). Occupations were coded using the 1970 US Bureau of Census Alphabetic
Index of Industries and Occupations and a job—exposure matrix was applied (Hoar et al,
1980). Duration of exposure was classified as ever/never exposed or less than 10 or more
than 10 years. Odds ratios and confidence intervals were generated using logistic
regression models that were stratified by sex, smoking status and/or age. Men that had
been ever exposed to coal tar and pitch did not have a significantly increased risk for
bladder cancer (odds ratio, 1.08; 95% CI, 0.78-1.49; based on 92 exposed cases and
160 exposed controls). Taking duration of exposure into account did not modify the
results (odds ratio, 1.10; 95% CI, 0.78-1.49; and 1.04; 95% CI, 0.64—1.68, respectively,
for the categories <10 years and >10 years). These associations were adjusted for age,
tobacco smoking, religion and education. Very few women were assessed as ever having
been exposed to coal tar and pitch (odds ratio, 2.30; 95% CI, 0.30—17.5; based on three
exposed cases and three exposed controls).

Clavel et al. (1994) conducted a multicentre, hospital-based case—control study in
France to investigate occupational risk factors and urinary bladder cancer. A total of
765 histologically confirmed bladder cancers, diagnosed between 1984-1987 and aged
<80 years, were identified as well as 765 controls who had been admitted to the same
hospitals for different diseases, excluding cancer, haematuria and work accidents. The
controls were matched to cases on sex, age, hospital, place of residence and ethnicity.
Analysis was restricted to men (658 cases and 658 controls), since few women had been
exposed to PAHs. A questionnaire was developed specifically for occupational history in
which each job held by the subject was described. Job titles were further coded with the
International Labour Office code and the French code of industrial sectors. Occupational
exposure was assessed on a case-by-case basis by a hygienist team following the
procedure developed by Gérin et al. (1985). Exposure to PAHs was considered in three
categories (<10 ng/m’, 10-999 ng/m® and >1000 ng/m’), in terms of maximum dose,
average or cumulative exposure to PAHs and according to time-related variables (total
duration, age at start, time since starting, time since cessation of exposure). Statistical
analysis was performed using unconditional logistic regression models adjusted for the
matching variables, tobacco smoking and/or coffee consumption. Associations were also
re-estimated after exclusion of subjects who had possibly been exposed to aromatic
amines. When all job titles with exposure to PAHs were considered, regardless of the
level, an odds ratio of 1.3 (95% CI, 1.0-1.7; adjusted for the matching variables,
cumulative smoking and coffee consumption; excluding subjects possibly exposed to
aromatic amines) was observed. A more restrictive definition of exposure to PAHs (>30%
of workers exposed to the medium or high level) resulted in an association of 1.6 (95%
CI, 1.0-2.5; based on 64 exposed cases; adjusted for matching variables and smoking
status). Significant dose—response relationships (p-value for trend <0.05) were observed
with average and maximum exposure to PAHs (odds ratio for categories of maximum
exposure to PAHs compared to unexposed: low exposure, 1.2; 95% CI, 0.9-1.7; medium
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exposure, 1.3; 95% CI, 0.9-2.1; high exposure, 1.8; 95% CI, 0.9-3.6). The dose-response
relationship with cumulative exposure was more heterogeneous and therefore the test for
trend was not significant (odds ratio: <100 ng/m’, 1.7; 95% CI, 1.2-2.4; 100-499 ng/m’,
0.8; 95% CI, 0.5-1.3; 50014 999 ng/m’, 1.3; 95% CI, 0.8-2.0; > 15 000 ng/m’, 1.8; 95%
Cl, 0.8-3.9; adjusted for matching variables, cumulative smoking, coffee consumption;
excluding subjects possibly exposed to aromatic amines). No significant trend was seen
with total duration of exposure or time since start or cessation of the exposure. Taking
latency into account, the highest association was observed for the category 2029 years
since start of exposure (odds ratio, 1.8; 95% CI, 0.9-3.5; adjusted for matching variables,
cumulative smoking, coffee consumption; excluding subjects possibly exposed to
aromatic amines).

The study by Nadon et al. (1995) (described in detail in Section 2.2.2(a)) also
reported results for urinary bladder cancer among 486 male cases and 2196 male
population and cancer controls (excluding cancers of the lung and kidney). Overall, there
were no significant associations between bladder cancer and exposure to different types of
PAHs; however, high exposure to benzo(a)pyrene was associated with a significantly
reduced risk for bladder cancer (odds ratio, 0.5; 95% CI, 0.3-0.8; based on 176 exposed
cases). The odds ratios for low and high exposure to coal were 0.8 (95% CI, 0.6-1.3;
based on 154 cases) and 0.6 (95% CI, 0.3—1.2; based on 67 exposed cases), respectively.
There was no interaction between exposure to PAHs and smoking status in the risk for
bladder cancer.

A population-based case—control study was carried out in the municipality of Rana, a
town in Norway where iron, steel and coke plants are located (Grimsrud et al., 1998), and
was aimed at determining why the incidences of lung and urinary bladder cancer in this
area increased steadily during 1980-92 whereas the national incidence rates stabilized
during the late 1980s. Lung cancer was the main end-point studied, although bladder
cancer was included in the protocol. Fifty-two incident cases of bladder cancer diagnosed
among male residents of Rana in 1980-92 and registered at the cancer registry constituted
the case group. A group of 156 controls (three per case), matched to cases on sex and year
of birth, was identified from the national registrar and selected from among residents
living in Rana on January 1993 and deceased persons who had Rana as their last place of
residence. Information on job titles and work area were taken from personnel files of the
plants studied. Evaluation of exposure to PAHs was based on measurements in the job—
exposure matrix used for lung cancer. Positive exposure was assigned for those who had
worked for more than 1 year in the pig iron department of the iron or steel plants or those
who had worked at the coke plants and had been exposed to PAHs according to
environmental measurements made previously by industrial hygienists. Odds ratios and
confidence intervals for urinary bladder cancer were derived from unadjusted conditional
logistic regression models. Information on smoking habits and occupations outside the
industry was not available. There was no increased risk for bladder cancer related to
employment in the iron, steel and coke plants: the odds ratio for exposure to PAHs was
0.5 (95% CI, 0.1-1.9; based on three exposed cases and 19 exposed controls), and was
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1.4 (95% CI, 0.7-2.9; based on 20 exposed cases and 45 exposed controls) for non-
exposed workers at the same plants. The authors mentioned that the highest level of
exposure to PAHs for top-side coke-oven workers was <300 pg/m’ in the late 1970s,
which was less than reported levels from American coke plants. The PAH level in the pig
iron department of the iron and steel foundries was 25 pug/m’, which was less than the
national occupational exposure limit.

(c)  Skin cancer (Table 2.12)

Kubasiewicz et al. (1989, 1991) conducted a population-based case—control study
among men in Poland which also included a hospital-based control group. A total of
534 incident cases of skin cancer were identified from a hospital registry during 1983—88
and 376 of these were enrolled. Two age-matched (2:1) control groups comprised
752 subjects each, one from the general population and one from hospital clinics in the
same area, which included dermatological outpatients who were treated for conditions
other than skin cancer. A personal interview was conducted in the subjects’ homes, in
which detailed lifetime occupational history was collected using a questionnaire.
Substances that contain PAHs were extracted from the occupational history (grease, tar,
pitch, soot, mineral oil, creosote oil, anthracene oil, coke, petrol, paraffin, gasoline,
paraffine oil, soft asphalt, mazout, bituminous mass, petroleum and asphalt). Only
significant confidence intervals were reported. The frequency of exposure among cases,
population controls and hospital controls was 57%, 54% and 57%, respectively. The
association between exposure to PAHs and skin cancer was non-significant, regardless of
the control group used (odds ratios, 1.15 and 1.14 for population and hospital controls,
respectively; based on 216 exposed cases). There was also no significant association with
duration of exposure. The study of each PAH considered separately, ignoring potential
concomitant exposure to other PAHs, showed a statistically significant relation only for
mineral oils (odds ratio, 1.46; 95% CI, 1.06-2.05; based on 99 exposed cases). This
association was significant with the population control group but not with the hospital
controls and was confirmed when a latency of 30 years or more was considered (1.60;
95% CI, 0.98-2.63; based on 36 exposed cases; odds ratio). [The Working Group noted
that the description of the population was poor for both the cases and the controls. The
histology of the skin cancer was not described and was not confirmed (except for the fact
that they were selected from the registry). The assessment of exposure was not well
described, and statistical analysis was also poor. Confounding factors were not taken into
account, and confidence intervals were not given, except when significant. Therefore, the
results of this study should be considered with caution. ]

Gallagher et al. (1996) conducted a population-based case—control study among men
in Canada. Eligible cases were men aged 20-79 years who had been diagnosed with a
first primary basal-cell carcinoma (#=314) or a first primary squamous-cell carcinoma
(n=225) and who were selected through the cancer registry. The group with basal-cell
cancer included every fourth man registered with a head and neck basal-cell cancer and
all men with a basal-cell cancer at any other anatomical site. Response rates were slightly



Table 2.12. Case—control studies of skin cancers and exposure to polycylic aromatic hydrocarbons (PAHs)
Reference, Effective no. of Job/exposure Skin cancer No. of Odds ratio Comments
location subjects category subtype exposed  (95% CI)
cases

Kubasiewicz =~ 374 cases (1983-88), Exposure to PAHs Any 216 1.15 [NA, p >0.05] Lifetime occupational history.
etal (1991), 752 population and Tar 28 1.09 [NA, p >0.05] [poor description of study
Poland 752 hospital controls  Pitch 15 0.93 [NA, p >0.05] population; the results should be

Soot 29 1.22 [NA, p >0.05] interpreted with caution].

Coke 32 1.29 [NA, p >0.05]
Gallagher ez 226 BCC cases and Pitch tar and tar BCC 32 1.2 (0.7-2.1) Lifetime occupational history;
al. (1996), 180 SCC cases (1983— products SCC 27 0.9 (0.5-1.7) adjusted for skin and hair colour
Canada 84), 406 population Coal dust BCC 67 1.4 (0.9-2.1) and mother’s ethnicity

controls SCC 69 1.6 (1.0-2.4)

BCC, basal-cell carcinoma; CI, confidence interval; NA, not applied; SCC, squamous-cell carcinoma
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higher for the group with squamous-cell carcinoma (80%) than for the basal-cell cancer
patients (72%). A total of 226 basal-cell and 180 squamous-cell carcinomas were finally
included. Eligible controls were 573 age-matched subjects randomly selected from the
files of Alberta Health care insurance plan subscribers, who had had no prior basal-cell
cancer or squamous-cell carcinoma. A 71% response rate resulted in 406 enrolled
subjects. Subjects were interviewed at home by trained interviewers who were unaware of
the objectives of the study and were blinded to case—control status. The questionnaire
included questions on phenotype and pigmentation factors, factors related to the medical
history, smoking history and detailed lifetime occupational history (job titles, periods).
Detailed information on exposure assessment was not given. A list of specific substances
to which subjects might have been exposed was created that included ‘coal dust’ and
‘pitch tar and tar products’. To test for a dose—response effect, a ‘duration’ variable was
constructed from the duration of the jobs held weighted with the source of exposure
(direct job, job environment, hobby, home) and intensity of exposure (<1 h/week, 1—
4 h/week, 5-19 h/week, >20 h/week). Subjects were dichotomized to compare exposed
with unexposed subjects. The same control group was used for comparisons between the
two case groups (basal-cell cancer and squamous-cell carcinoma). Statistical analysis was
carried out using conditional logistic regression models adjusted for age, skin and hair
colour, mother’s ethnic origin and exposure to sunlight as potential confounding factors.
No association was noted with pitch tar and tar products (odds ratio, 1.2; 95% CI, 0.7-2.1;
32 exposed cases of basal-cell cancer; odds ratio, 0.9; 95% CI, 0.5-1.7; 27 exposed cases
of squamous-cell carcinoma), but an association of borderline significance was noted with
exposure to coal dust (odds ratio, 1.4; 95% CI, 0.9-2.1; 67 exposed basal-cell cancer
cases; odds ratio, 1.6; 95% CI, 1.0-2.4; 69 exposed squamous-cell carcinoma cases). All
the results were adjusted for age, mother’s ethnicity, and skin and hair colour. [The
frequency of exposure was 16% for pitch tar and 43% for coal dust. Job titles that were
considered to entail exposure to these substances were not specified. The duration—effect
relationship with squamous-cell carcinoma, observed for exposure to petroleum products
and coal dust, increased the credibility of the association.]

(d)  Laryngeal cancer (Table 2.13)

Ahrens et al. (1991) conducted a hospital-based case—control study in a main general
hospital of the Bremen region, Germany. Cases included in the study were 55 incident
male patients who were diagnosed with histologically confirmed laryngeal cancer in 1986
and 30 prevalent male cases diagnosed during 1984-85. Age, localization of the tumours
and region of last residence were distributed equally between the two groups of cases, and
all but one were squamous-cell carcinomas. Controls were selected from among the
admission list of the same hospital, excluding neoplastic diseases and tobacco smoking-
related diseases. Patients were interviewed with a standardized questionnaire that included
questions on smoking and drinking habits as well as lifetime occupational history
(industry, job titles, period). Industries and job titles were coded blinded to case—control
status using standard German codes. Analysis was performed by grouping industries and



Table 2.13. Case—control studies of laryngeal cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of Job/exposure Head and neck No. of Odds ratio Comments
location subjects category cancer subtype exposed  (95% CI)
cases
Gustavsson et 157 cases (1988-91), Exposure to PAHs Larynx Lifetime occupational history;
al. (1998), 641 population Low 26 0.77 (0.46-1.28)  adjusted for region, age group
Sweden controls High 53 1.47 (0.96-2.24)  and tobacco and alcohol
consumption
Elci et al. 940 cases (1979-84), Exposure to PAHs All larynx 376 1.3 (1.1-1.6) Lifetime occupational history;
(2003), Turkey (227 glottic cancer, Supraglottis 174 1.3(1.1-1.7) adjusted for age, tobacco
438 supraglottic Glottis 94 1.4 (1.0-1.9) smoking and alcohol
cancer, 275 subglottic Other sites 108 1.3 (0.9-1.7) consumption; no participation
or unspecified rates given
cancer), Intensity of exposure ~ All larynx
1519 hospital to PAHs
controls Low 189 1.4 (1.1-1.7)
Medium 138 1.3 (1.0-1.6)
High 49 1.5 (1.0-2.2)
Becher et al. 257 cases (1998— Road construction  Larynx 22 6.4 (2.4-17.3) Lifetime occupational history;
(2005), 2000), 769 worker adjusted for cigarette smoking
Germany population controls  Exposure to PAHs and alcohol consumption
Based on 19 2.3(1.15-5.2)
supplementary job
questionnaire
Based on exposure 25 1.6 (0.9-3.1)
checklist

CI, confidence interval
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job titles into 31 occupations and 21 branches of industry. In addition, the subjects
declared at the end of the occupational history if they had been exposed to any substance
on a list of 19 occupational exposures. Statistical analysis was performed using
unconditional logistic regression, adjusting for age, tobacco smoking and alcohol drinking
as potential confounders. With regard to self-reported occupational exposures, there was
no association with coal tar/bitumen (odds ratio, 0.6; 95% CI, 0.2-1.9 [the number of
exposed subjects was not given]). The coal tar/bitumen group included subjects who had
been employed in the following industries: manufacture of machinery and transport
equipment, general construction and interior construction; and for the following
occupations: bricklayers and reinforced concreters, stone masons, road and other
construction workers, stationery engine, crane and hoist operators, earth-moving machine
operators, managers and accountants. [The Working Group considered that the category
coal tar/bitumen was too wide to be considered in the scope of this monograph.]
Gustavsson et al. (1998) conducted a population-based case—control study of oral
cancer in Sweden. Incident male cases of oral cancer (oral cavity, oropharynx,
hypopharynx, oesophagus and larynx; ICD-9: 141, 143, 144, 145, 146, 148, 150 and 161),
aged 4079 years, who were registered in the cancer registry as being from Stockholm or
living in the southern health care region and who were diagnosed between 1988 and 1991
were included. Controls were selected from population registers, and were frequency-
matched to cases for region and age group. The response rates were 90% in cases and
85% in controls. A total of 157 cases of laryngeal cancer and 641 controls were included
in the analysis. A standardized questionnaire included questions on lifestyle, tobacco and
alcohol consumption as well as lifetime occupational history. Occupational history was
reviewed blinded to the case—control status by an occupational hygienist who coded job
titles according to a standard Swedish classification as well as the intensity and
probability of exposure to 17 specific occupational exposure factors, including PAHs.
Intensity of exposure to PAHs was assessed on a four-level scale, using benzo[a]pyrene
as an indicator of exposure; level 3 represented exposures that were greater than one-fifth
of the threshold limit value (TLV) for benzo[a]pyrene. The ratio between levels 1, 2 and 3
was 1, 10 and 100 for PAHs. Probability of exposure was also assessed on three levels:
>70%, 33-70% and <33%. Cumulative exposure was calculated as the product of
intensity, probability and duration of exposure; the contribution over the entire work
history was also added. Statistical analysis was performed using unconditional logistic
regression, adjusted for region, age group, tobacco smoking (current/former/never) and
alcohol consumption (average level of alcohol intake in the past 5 years in grams of
ethanol per week). Exposure to PAHs was first dichotomized in two classes (low, high),
using the median of the cumulative index for the exposed controls as the cut-off point.
Low exposure was not significantly related to laryngeal cancer (odds ratio, 0.77; 95% CI,
0.46-1.28; 26 exposed cases). For high exposure to PAHs, the odds ratio increased to
1.47 (95% CI, 0.96-2.24; 53 exposed cases). Among controls, the authors assessed the
level of exposure to PAHs to be high for 1 year of employment as a coke or gas worker or
10 years as a steel or foundry worker and to be low for car repairers, garage workers and
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iron miners because they would never accumulate enough exposure to be included in the
high-exposure group.

Elci et al. (2003) carried out a hospital-based case—control study among men in
Turkey. A total of 940 laryngeal cancer patients (ICD 161.0, 161.1, 161.2 and 161.9),
diagnosed between 1979 and 1984 in the oncology treatment centre, and a control group
of 1308 other cancer patients and 211 non-cancer subjects were analysed. During a
personal interview, subjects were asked about tobacco smoking, alcohol drinking and
lifetime occupational history. Each job held was coded for industry and occupation
according to standard US codes by an industrial hygienist who created a job—exposure
matrix that allowed assessment of exposure to several agents including PAHs and diesel
exhaust. Exposure was assessed in terms of probability (lower than 25%, 25-75% and
>75%) and intensity (<TLV, between TLV and 2 TLV and >2 TLV). Probability and
intensity were then combined to achieve a final score that was categorized into
unexposed, and low, medium and high exposure. Statistical analysis was performed using
unconditional logistic regression, adjusted for age, tobacco smoking and alcohol drinking,
Data on tobacco smoking and alcohol drinking were included in the models as ever/never
exposure. Results were given only according to the occupational exposure assigned by the
job—exposure matrix. The most prevalent exposure among cases was to PAHs (40%)
followed by diesel exhaust (32%). The association between exposure to PAHs and all
laryngeal cancers was significant (odds ratio, 1.3; 95% CI, 1.1-1.6; 376 exposed cases
and 486 exposed controls), and was similar for the individual subsites (supraglottic,
glottic and others). However, these results were mainly influenced by exposure to diesel
exhaust since all subjects exposed to diesel exhaust were also exposed to PAHs. After
exclusion of the subjects exposed to diesel exhaust, the association with PAHs was no
longer significant (odds ratio, 0.8; 95% CI, 0.6—1.1). The association was further explored
by intensity and probability of exposure. For intensity, no dose-response relationship was
observed with exposure to PAHs in general (odds ratio: low, 1.4; 95% CI, 1.1-1.7;
medium, 1.3; 95% CI, 1.0-1.6; high, 1.5; 95% CI, 1.0-2.2), although a dose-response
was observed for supraglottic cancers only (odds ratio: low, 1.2; 95% CI, 0.9-1.6;
medium, 1.4; 95% CI, 1.0-1.9; high, 1.7; 95% CI, 1.1-2.8). [The Working Group noted
the poor adjustment for tobacco smoking and alcohol consumption, which are strong risk
factors for laryngeal cancer. In addition, consideration of exposure to these factors with a
covariable ‘ever use’ may lead to an underadjustment. The analysis clearly shows that the
association with PAHs is actually governed by exposure to diesel exhaust, which is
outside of the scope of this monograph.]

Becher et al. (2005) conducted a population-based case—control study in Germany
among citizens aged up to 80 years. Cases were selected from the clinics of the different
cities, and had been diagnosed with a histologically confirmed laryngeal tumour during
1998-2000. Local practitioners were also contacted to verify complete case
ascertainment. Controls were randomly selected from population registries, and were
frequency matched to cases (1:3) on age and gender. Personal interviews were carried out
on 257 cases (89% response rate) and 769 controls (62% response rate). Occupational
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exposure was assigned using three sources of the questionnaire: a detailed lifetime
occupational history, an exposure checklist and supplementary job questionnaires.
Industries and occupations were coded using standard German and International Labour
Organization codes. Job titles were grouped into broader categories, which were analysed
for their association with laryngeal cancer. Exposure to PAHs was assessed from selected
jobs known to entail such exposures: roofer and installer of house siding, insulation
installer, and workers in road construction, civil engineering, building construction,
agriculture and forestry. In addition, the following substances were also listed in the
questionnaire: coal tar, pitch, carbolineum and coal or graphite electrodes. Odds ratios
were obtained using conditional logistic regression, adjusting for tobacco smoking and
alcohol consumption and stratifying by age and gender. The category of road construction
worker (on an ‘ever held job’ basis) was strongly associated with laryngeal cancer (odds
ratio, 6.4; 95% CI, 2.4-17.3; based on 22 exposed cases and nine exposed controls). [It
was not clear to the Working Group the type of exposures that were covered by the
definition of road construction.] Exposure to PAHs assessed by the supplementary job
questionnaire was statistically related to laryngeal cancer (odds ratio, 2.3; 95% CI, 1.1-
5.2; based on 19 exposed cases and 15 exposed controls), although the relation
diminished when assessment was based on the checklist of the questionnaire (odds ratio,
1.6; 95% CI, 0.9-3.1; based on 25 exposed cases and 29 exposed controls). Duration of
exposure was explored in three categories, and the relation was significant only for the
highest class (odds ratio, 3.8; 95% CI, 1.3—11.1; corresponding to >1300 h of exposure;
15 exposed cases and seven exposed controls). The odds ratio for the intermediate class
(>0-1300 h) was 1.06 (95% CI, 0.3—4.0; four exposed cases and eight exposed controls).

(e)  Pancreatic cancer (Table 2.14)

Kauppinen et al. (1995) conducted a population-based case—control study in Finland,
on 1419 deceased cases of pancreatic cancer (ICD-9, 157), aged 40—74 years, who were
identified from the Finnish Cancer Register files during 1984-87. Controls comprised
3150 subjects who had died from cancer at other sites (stomach, colon, rectum), at the
same age and time period as the cases. Lifetime occupational histories were collected by a
postal questionnaire sent to the next of kin, for which the response rates were 47% and
50% for cases and controls, respectively. After exclusions, mainly non-respondents
(n=2497), the study included 595 cases and 1622 controls. Occupational histories were
reviewed by industrial hygienists. Statistical analysis was performed using unconditional
logistic regression models, adjusted for age, gender, history of diabetes mellitus, and
smoking and alcohol use in the 1960s. The odds ratio for exposure to PAHs, based on
industrial hygienist expertise of work histories, was 1.33 (95% CI, 0.69-2.57; based on
14 exposed cases).

Alguacil et al. (2000) conducted a hospital-based case—control study in Spain. Cases
were incident pancreatic cancer patients who were diagnosed in one of the five hospitals
included in the study. A total of 185 cases were identified, and 164 (96 men and
68 women) were included in the analysis (participation rate, 89%). Hospital controls were



Table 2.14. Case—control studies of pancreatic cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of subjects Job/exposure category Pancreatic No.of  Odds ratio Comments
location cancer exposed (95% CI)
subtype cases
Kauppinen et 595 deceased cases (1984— PAH exposure as Any 14 1.33 (0.69-2.57)  Adjusted for age, gender, history
al. (1995), 87), 1622 hospital controls assessed by an of diabetes, smoking and alcohol
Finland industrial hygienist use
Alguacil eral. 164 cases (1992-95), Exposure to PAHs Any 13 0.81 (0.37-1.76)  List of 10 activities, and jobs
(2000), 238 hospital controls Intensity (for duration held for more than 6 years;
Spain >10 years, lag of lifetime occupational history
10 years before obtained; Finnish job—exposure
diagnosis) matrix used
Low 8 1.08 (0.39-3.00)
High 2 1.73 (0.22-13.8)
>35ug/m® PAH 2 0.78 (0.12-5.18)
Nadon ef al. 117 cases, 2741 population PAHs derived from Any Other cancers among controls
(1995), Canada  and hospital controls coal were lymphoma, periampullary
Low 7 1.1(0.5-1.5) cancer, and cancers of the lung,
High 5 2.1(0.8-5.4) stomach, colon, liver, small

intestine and oesophagus

CI, confidence interval
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selected from the same hospital as the case, and were free of pancreatic cancer, but an
initial diagnosis was suspicious of pancreatic cancer, biliary cancer or chronic
pancreatitis. Controls were diagnosed with acute or chronic pancreatitis, benign biliary
pathology as well as lymphoma, periampullary neoplasms, abdominal digestive
neoplasms of unspecified origin, metastasis and cancers of the colon, lung, liver, small
intestine and oesophagus. Of the 264 eligible controls, 238 patients (167 men and
71 women) accepted to participate (90%). A panel of experts reviewed the diagnoses of
all patients. Interviews took place during hospitalization by trained monitors who
recorded occupation and lifestyle histories. A list of 10 work-related activities, defined
a priori as being potentially related to pancreatic cancer, was proposed to the subjects.
Subjects were also asked to describe jobs held for more than 6 years. Two industrial
hygienists assessed exposure to 22 substances and classified them by level of exposure
(exposed, unexposed or unknown) as well as by intensity of exposure (low, medium, high
or unknown). In addition, the Finnish job—exposure matrix was used to assess exposure to
21 substances (unexposed, low, substantial). The cut-off point between low and
substantial was at the 75th percentile of the distribution of the product of probability x
intensity. Statistical analysis was performed by unconditional logistic regression, adjusted
for age, gender, tobacco smoking and alcohol use. An assessment of exposure to PAHs by
industrial hygienists was associated with an odds ratio of 0.81 (95% CI, 0.37-1.76;
13 exposed cases (8%) and 34 exposed controls (13%)). Although the results were non-
significant, the relation increased when intensity, duration and latency were accounted
for: low exposure for at least 10 years, 10 years before diagnosis (odds ratio, 1.08; 95%
Cl, 0.39-3.00; eight cases (5%) and 17 controls (7%)) and high exposure for at least
10 years, 10 years before diagnosis (odds ratio, 1.73; 95% CI, 0.22-13.8; two cases (1%)
and two controls (<1%)). The association between exposure to PAHs (>0.35 pg/m®) and
pancreatic tumours using the Finnish job—exposure matrix as a method of assessment was
not significant (odds ratio, 0.78; 95% CI, 0.12-5.18; two cases (1%) and three controls
(2%) exposed for at least 10 years, 10 years before the diagnosis).

In the case—control study conducted by Nadon et al. (1995) in Canada (described
indetail in Section 2.2.2(a)), 117 pancreatic cancer patients were included, and
2741 population and cancer controls were enrolled after exclusion of lung cancers. No
significant association was observed between pancreatic cancer and exposure to PAHs.

A meta-analysis on occupational exposures and pancreatic cancer (Ojajérvi et al.,
2000) identified four informative studies of occupational exposures to PAH compounds
(Cammarano et al., 1986; Moulin et al., 1989; Siemiatycki, 1991; Kauppinen et al.,
1995). The meta-risk ratio for pancreatic cancer associated with exposure to PAHs was
1.5 (95% CI, 0.9-2.5).

(f)  Stomach cancer (Table 2.15)

In the case—control study conducted by Nadon et al. (1995) in Canada (described in
detail in Section 2.2.2(a)), 250 stomach cancers were included, together with a total of



Table 2.15. Case—control studies of stomach cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference, Effective no. of subjects Job/exposure Stomach  No. of Odds ratio Comments
location category cancer exposed (95% CI)
subtype cases
Nadon et al. 250 male cases (1979-86), PAHs derived from  Any Lifetime occupational history;
(1995), Canada 2514 male population and  coal case-by-case evaluation;
cancer controls Low 17 1.1(0.7-1.9) adjusted for tobacco smoking,
High 9 1.5 (0.8-3.1) age, socioeconomic status and
ethnicity; cancers of the lung
and oesophagus were excluded
from the control group
Cocco et al. 41 957 cases (1984-94), Intensity of exposure  Any Study subjects were obtained
(2005), 83 914 population controls to PAHs (white men) from death certificates.
USA Low 4047 1.00 (0.95-1.04)  Occupation and industry
Medium 1983 1.08 (1.02-1.15) reported on the death certificate;
High 616 1.00 (0.90-1.10)  crude occupational data; results
Probability of are given in terms of number of
exposure to PAHs exposed subjects.
(white men)
Low 1356 1.04 (0.97-1.12)
Medium 1896 1.06 (1.00-1.13)
High 3394 0.99 (0.95-1.05)

CI, confidence interval
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2514 population and cancer control patients (excluding cancers of the lung and
oesophagus). Results are presented in Table 2.15 but no significant results were observed.

Cocco et al. (2005) carried out a case—control study in 24 states of the USA based
on death certificates. The authors obtained deaths from stomach cancer for the period
1984-96 among persons aged >25 years for 20 878 white men, 14 125 white women,
4215 African—American men and 2739 African-American women. Controls were deaths
from non-malignant disease, matched (2:1) on region, gender, age and race. Occupation
and industry, coded routinely since 1984 according to the 1980 US census occupation and
industry codes, were extracted from the certificates. A job—exposure matrix was
developed by two of the authors, which assessed a probability of exposure and an
intensity level for each three-digit occupation and industry code. A probability and
intensity score was then built. This score was based on the product of the subject’s
probability (and intensity) score attributed to the occupation with that of industry, if
industry was the main contributor to exposure assessment. If the information on exposure
came from occupation irrespective of the industry (i.e. plumber, welder), the score was
based on the square of the occupational score. Odds ratios derived from logistic
regression models included the following covariables: age, ethnic origin, marital status,
urban/non-urban residence and socioeconomic status (based on Green’s standardized
score for specific occupation). Among white men, there was no association with exposure
to PAHs, regardless of the intensity of exposure: low (odds ratio, 1.0; 95% CI, 0.95-1.04;
4047 exposed cases), medium (odds ratio, 1.08; 95% CI, 1.02—1.15; 1983 exposed cases)
or high (odds ratio, 1.0; 95% CI, 0.90-1.10; 616 exposed cases). A weak association
among white women was found at the low (odds ratio, 1.29; 95% CI, 1.06-1.59;
159 exposed cases) and medium levels of intensity (odds ratio, 1.39; 95% CI, 1.13-1.70;
158 exposed cases) but not at the high intensity level of exposure (odds ratio, 0.89;
95% CI, 0.67-1.18; 72 exposed cases). There were no significant associations with
different exposure intensities observed among the African—American men and women.
Probability of exposure gave similar results in white men for low (odds ratio, 1.04;
95% CI, 0.97-1.12; 1356 exposed cases), medium (odds ratio, 1.06; 95% CI, 1.00-1.13;
1896 exposed cases) and high probability (odds ratio, 0.99; 95% CI, 0.95-1.05;
3394 exposed cases).

(g)  Oesophageal cancer (Table 2.16)

Gustavsson ef al. (1998) (described in detail in Section 2.2.2(d)), included 122 cases
of oesophageal cancer and 641 age- and region-matched population controls. Results for
exposure to PAHs showed a significant relation at both low levels (odds ratio, 2.01; 95%
Cl, 1.16-3.48; based on 32 exposed cases) and high levels (odds ratio, 1.87; 95% CI,
1.11-3.16; based on 37 exposed cases) of exposure. However, no increase in the effect
was observed with increasing exposure.

Parent et al. (2000) studied male oesophageal cancer patients (63 squamous-cell,
23 adenocarcinoma and 13 of uncertain morphology) aged 35-70 years, selected from a
database of all cancer patients registered during 1979-85, who were included in a large



Table 2.16. Case—control studies of oesophageal cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference and  Effective no. of Job/exposure Oesophageal No. of Odds ratio Comments
country subjects category cancer exposed  (95% CI)
subtype cases
Gustavsson e 122 cases (1988-91), Exposure to PAHs Any Lifetime occupational history
al. (1998), 641 controls Low 32 2.01 (1.16-3.48)
Sweden High 37 1.87 (1.11-3.16)
Parent et al. 99 cases (1979-85)  PAHs from coal Any Lifetime occupational history; case-
(2000), Canada (63 squamous-cell, Ever/never 10 1.2 (0.6-2.5) by-case exposure assessment
23 adenocarcinoma, Non-substantial 4 0.7 (0.2-2.1)
13 uncertain origin), Substantial 6 2.0 (0.8-5.3)
1066 population and  Benzo/a]pyrene
cancer controls Ever/never 24 1.1 (0.7-1.9)
Non-substantial 19 1.0 (0.5-1.7)
Substantial 5 2.3(0.8-6.5)

CI, confidence interval
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Canadian case—control study. Controls were selected from electoral lists by random digit
dialling. The response rates were 82% for cases and 75% for controls, which resulted in a
final sample size of 99 cases and 1066 age-matched controls (533 population controls and
533 cancer controls) for analysis. Odds ratios were estimated by unconditional logistic
regression, adjusted for age, birthplace, education, respondent (self or proxy), tobacco
smoking, alcohol consumption and [(-carotene intake. Branches of occupation and
industry were coded using standard classification systems and were analysed by duration
of employment, excluding the 5 years preceding diagnosis or enrolment into the study.
The odds ratio for exposure to PAHs from coal in the ever-exposed category for all
histological types was 1.2 (95% CI, 0.6-2.5; 10 exposed cases) and that for a substantial
level of exposure was 2.0 (95% CI, 0.8-5.3; six exposed cases). Results were also non-
significant for exposure to benzo[a]pyrene. When squamous-cell carcinoma was
considered separately, the results were not significantly modified. When other potential
exposures to carcinogens (sulfuric acid, toluene, chrysotyle asbestos, other paints and
varnishes, iron compounds) were taken into account, the results remained similar for
exposure to carbon black (odds ratio, 2.1; 95% CI, 0.8-5.3; nine exposed cases). [No
industrial branches or occupations for which odds ratios were estimated were within the
scope of this monograph.]

(h)  Prostatic cancer (Table 2.17)

Aronson et al. (1996) studied occupational risk factors for prostatic cancer within a
large Canadian case—control study (Gérin et al/, 1985). Male patients with histologically
confirmed prostatic cancer were selected from a database of all cancer patients registered
in Montréal during 1979-85 (557 eligible patients) and 449 were interviewed (response
rate, 81%). The statistical analysis was carried out with a pooled control group of
533 population-based (response rate, 72%) and 1550 other cancer controls for
17 occupations, 11 industries and 27 substances using unconditional logistic regression,
adjusted for age, family income, ethnicity, Quetelet (body mass) index and respondent
status. Each occupation, industry or substance was included in separate models. Exposure
to the substances was assessed as non-substantial/substantial according to an index that
combined confidence of assessment, latency, duration and the product of the
concentration of and frequency of exposure to the substance (both scored as low, medium
and high). Results by industry or occupation were reported according to duration
(dichotomized into greater or less than 10 years of employment). Results for the
assessment of exposure to PAHs from any sources showed no relation with either non-
substantial or substantial exposure (odds ratio for non-substantial, 0.84; 95% CI, 0.63—
1.12; odds ratio for substantial, 1.21; 95% CI, 0.68-2.17). With regard to exposure to
PAHs from coal, a significant relation was observed at the non-substantial level
(odds ratio, 1.99; 95% CI, 1.24-3.20) which was not confirmed at the substantial level
(odds ratio, 1.08; 95% CI, 0.40-2.95). The relationship between prostatic cancer and
exposure to PAHs from coal was further explored according to confidence of assessment,



Table 2.17. Case—control studies of prostatic cancer and exposure to polycyclic aromatic hydrocarbons (PAHs)

Reference,
location

Effective no. of subjects

Job/exposure category

subtype

Prostatic cancer No. of

Odds ratio

exposed cases  (95% CI)

Comments

Aronson et al. 449 cases (1979-85),
(1996), Canada 2083 population and

hospital controls

Krstev ef al.

controls

981 incident cases (1986—
(1998), USA 89), 1315 population

PAH from any source Any
By level of exposure
Non-substantial
Substantial

PAH from coal

By level of exposure
Non-substantial
Substantial

By confidence
Probable

Definite

By concentration
Low

Medium-high

By frequency
Low-medium

High

By duration

<10 years

>10 years

Power plant operators Any
By ethnicity

African—-American

White

By duration of

employment

<5 years

5-19 years

>20 years

p for trend

238
62

40

20

13
47

21
39

35
25

31
29

(o)}

0.84 (0.63-1.12)
1.21 (0.68-2.17)

1.99 (1.24-3.20)
1.08 (0.40-2.95)

1.3(0.7-2.5)
1.6 (1.1-2.3)

2.0 (1.2-3.5)
1.3 (0.9-2.0)

1.4 (0.9-2.1)
1.7 (1.0-2.7)

1.6 (1.0-2.4)
1.4 (0.9-2.3)

3.96 (1.05-14.90)

1.68 (0.55-5.08)

1.51 (0.50-4.55)

3.68 (0.74-18.40)

4.04 (0.41-39.8)
0.03

Lifetime occupational history;
case-by-case expertise; categories
were based on an index of
cumulative exposure.

Lifetime occupational history

CI, confidence interval
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concentration of exposure and duration. Results are included in Table 2.17 and are of
moderate magnitude (range, 1.3-2.0) and mostly of borderline significance.

Krstev et al. (1998) conducted a population-based case—control study in the USA that
included 981 incident cases of prostatic cancer (479 African—-American and 502 white
men) diagnosed between 1986-89 and 1315 controls (594 African—American and
721 white men category matched by age and race), aged 40—79 years, who resided in
Atlanta, Detroit and 10 counties in New Jersey that were covered by population-based
cancer registries. Lifetime occupational history was obtained from the subjects and job
titles were coded according to standard occupational codes. The odds ratio for power
plant operators adjusted for age, study site and race was 2.28 (95% CI, 1.00-5.21; based
on 16 exposed cases). When stratified by race, the odds ratio was 3.96 (95% CI, 1.05—
14.90; based on nine exposed cases) among African—Americans and 1.68 (95% CI, 0.55—
5.08) among whites. A trend (p = 0.03) was observed for duration of exposure
(odds ratios, 1.51, 3.68 and 4.04 for <5, 5-19 and >20 years of exposure, respectively).

2.3 Meta-analyses of studies of workers exposed to PAHs

Partanen and Boffetta (1994) reviewed 20 studies of asphalt workers and roofers that
included 11 cohort and nine case—control studies of exposure to asphalt/bitumen or coal
tar. All of the cohort studies addressed lung cancer and some provided data on additional
sites. The case—control studies addressed cancers of the lung, urinary bladder and
stomach, leukaemia and non-melanoma skin cancer. The meta-analysis excluded some
studies that specified occupational categories poorly. Pooled relative risks were presented
for the cohort and case—control studies separately, as well as for all cohort and case—
control studies combined; the results were presented together with a test for heterogeneity
between individual studies. Results were presented for the whole population and
separately for three categories of occupational exposure: pavers and highway
maintenance workers, roofers and miscellaneous or unspecified workers. For roofers, the
overall pooled relative risk was 1.76 (95% CI, 1.46-2.11; based on 118 cases) for lung
cancer in four cohort studies and 1.88 (95% CI, 1.23-2.76; based on 26 cases) in three
case—control studies. The pooled relative risk across both designs was 1.78 (95% CI,
1.50-2.10; based on 144 cases; p-value for heterogeneity, 0.03). For pavers and highway
maintenance workers, the overall pooled relative risk for lung cancer in three cohort
studies was 0.87 (95% CI, 0.74-1.01; based on 167 cases). For stomach cancer, the
pooled relative risks in three cohort studies were 1.33 (95% CI, 1.05-1.66; based on
77 cases) for all asphalt workers, 1.71 (95% CI, 1.12-2.51; based on 26 cases) for roofers
and 1.14 (95% CI, 0.83—1.53; based on 44 cases) for pavers and highway maintenance
workers. [The potential separate contributions of exposure to coal tar and bitumen to the
observed excess risks could not be distinguished. The potential for exposure to coal tar
was probably higher for roofers than for pavers.] For urinary bladder cancer, the pooled
relative risks in cohort studies were 1.38 (95% CIL, 1.06-1.78; based on 60 cases) for all
asphalt workers, 1.68 (95% CI, 0.90-2.88; based on 13 cases in one study) for roofers and
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1.20 (95% CI, 0.74-1.83; based on 21 cases in two studies) for pavers and highway
maintenance workers. Only cohort studies investigated non-melanoma skin cancer and
the pooled relative risks were 1.74 (95% CI, 1.07-2.65; based on 21 cases in four studies)
for all asphalt workers, 4.0 (95% CI, 0.83—11.7; based on three cases in one study) for
roofers and 1.20 (95% CI, 1.19-3.66; based on 14 cases in one study) for pavers and
highway maintenance workers. Only cohort studies investigated leukaemia and the
pooled relative risks were 1.41 (95% CI, 1.05-1.85; based on 51 cases in six studies) for
all asphalt workers, 1.73 (95% CI, 0.94-2.90; based on 14 cases in two studies) for
roofers and 1.31 (95% CI, 0.92—1.81; based on 36 cases in three studies) for pavers and
highway maintenance workers.

Armstrong et al. (2002, 2004) performed a meta-analysis of published cohort studies
in which PAHs were judged to be the predominant carcinogens implicated in lung
(Armstrong et al., 2004) or urinary bladder (Armstrong et al., 2002) cancer; 39 cohorts
met these criteria. For each study, a unit relative risk for lung cancer was calculated in
relation to cumulative exposure to benzo[a]pyrene. Eleven studies provided measure-
ments of exposure to PAHs indexed as benzo[a]pyrene, five provided measurements of
exposure to PAHs that were converted to benzo[a]pyrene from benzene-soluble matter,
total PAHs or carbon black and, in 20 studies, benzo[a]pyrene was estimated by industrial
hygienists from published measurements in comparable workplaces (Armstrong et al.,
2002). These latter estimations were carried out blind to the relative risks in the studies
to which they were applied. To calculate cumulative exposure (as benzo[a]pyrene
concentration—years), duration of employment was taken from the studies or, for those
studies that did not provide duration of employment, a default value of 20 years was
chosen, which was close to the average duration reported in other studies. Unit relative
risks for each study were calculated by Poisson regression, assuming a log-linear relative
risk model, and these were presented with 95% confidence intervals for the risk per
100 pg/m’ benzo[a]pyrene—years of cumulative exposure. In studies that provided more
than one contrast, internal comparisons were used rather than external comparisons, and
higher contrasts in estimated exposure were used rather than lower ones. For all the
studies combined and for groupings of results by industrial sector, heterogeneity of unit
relative risk was estimated, and pooled unit relative risk values were estimated by meta-
regression, using a log-linear random effects model with restricted maximum likelihood.
Twenty-eight (72%) of the unit relative risks were >1, with the lower confidence limit
>1 (p <0.05) in 14 of these. The pooled unit relative risk estimates were 1.17 (95% CI,
1.12-1.22; based on 10 studies) for coke ovens, 1.15 (95% CI, 1.11-1.20; based on four
studies) for gas distillation and 1.16 (95% CI, 1.05-1.28; based on eight studies) for
aluminium reduction. The test for heterogeneity between the three latter estimates was not
significant (p >0.2). Higher values were found for other sectors: the pooled unit relative
risk was 17.50 (95% CI, 4.21-72.78; based on three studies) for asphalt workers, 12.28
(95% CI, 0.48-314.4; based on three studies) for tar distillers, 16.24 (95% CI, 1.64-160.7;
based on two studies) for chimney sweeps and 4.30 (95% CI, 0.81-22.79; based on four
studies) for carbon electrode manufacturers. In addition, estimates were made for workers



POLYCYCLIC AROMATIC HYDROCARBONS 229

in thermoelectric power plants that resulted in a very high but unstable unit relative risk
(>1000; lower CI, 0; based on three studies) and in carbon black plants that gave a unit
relative risk of 0 (upper CI, >1000; based on two studies). [The latter two industries had
very low estimated levels of of benzo[a]pyrene and, as they do not use or process coal-tar
derivatives, were not considered to be directly relevant to this monograph. Two of the
three studies of thermoelectric power plants used fuel oil or both coal and fuel oil
combustion. The one study of coal-fired plants (Petrelli et al, 1989) was of limited
power; six lung cancer deaths were observed whereas 4.39 were expected (SMR, 1.36;
95% CI, 0.50-2.97).]

In the meta-analysis of urinary bladder cancer (Armstrong et al., 2002), 27 eligible
cohorts were identified and meta-regression results were more heterogeneous between
industries than those for lung. Only the overall result for the aluminium industry was
statistically significant, with a unit relative risk of 1.42 (95% CI, 1.23-1.65; based on six
studies) at 100 pg/m’—years of benzo[a]pyrene. Other unit relative risks were 1.04
(95% CI, 0.79-1.37; based on six studies) for coke ovens, 8.80 (95% CI, 0.08-967.8;
based on two studies) for gas works, 4.40 (95% CI, 0.27-70.67; based on three studies)
for asphalt and >1000 (95% CI, 0.04—1000; based on three studies) for tar distillery.

[The studies included in the meta-analyses have been summarized separately in this
monograph. The Working Group noted that a number of exposures had to be imputed by
the authors. However, it was considered that these meta-analyses added to the information
available by providing a comparable exposure metric and unit relative risks across these
studies and industrial sectors. Those derived for gasworks, aluminium works and coke
ovens were very similar and each was statistically significant in the analysis of lung
cancer. |

Ojajarvi et al. (2000) conducted a meta-analysis of pancreatic cancer and
environmental or occupational exposures. The meta-risk ratio for occupational exposure
to PAHs was 1.50 (95% CI, 0.90-2.50) based on the results of two cohort studies
(Cammarano ef al., 1986; Moulin ef al., 1989) and two case—control studies (Siemiatycki,
1991; Kauppinen et al., 1995).

24 Dietary exposure to PAHs and cancer

PAHs are formed during the grilling, barbecueing, curing or smoking of meats and
other foods (Kazerouni et al., 2001). Few epidemiological studies have investigated
directly the association between dietary intake of PAHs and cancer at different sites;
however, with the development of targeted meat-cooking questionnaires and PAH
databases (CHARRED http://charred.cancer.gov/), results from epidemiological studies
are becoming increasingly available (Kazerouni et al., 2001; Sinha et al., 2005a).

Three studies of colorectal adenoma and one of colonic cancer have investigated the
association between PAH and colonic tumours. A hospital-based case—control study in
Maryland, USA, that included 146 cases and 228 negative screening (by sigmoidoscopy
or colonoscopy) controls was specifically designed to address the hypothesis that dietary
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intake of PAHs is associated with risk for colorectal adenoma (Sinha et al., 2005b). The
study used a food-frequency questionnaire with a module that contained detailed
questions on method and degree of cooking of meat in conjunction with the benzo[a]-
pyrene database (as a surrogate for total and carcinogenic PAHs) that was derived from
the collection and analysis of a wide range of food samples and referred to the time period
1 year before the interview (Sinha et al., 2005a). Odds ratios were adjusted for age,
gender, total caloric intake, reason for screening (routine or other), level of physical
activity, pack—years of cigarette smoking and use of non-steroidal anti-inflammatory
drugs. Additional adjustment for consumption of total fat, saturated fat, fruit, vegetables,
fibre or alcohol, education, race, body mass index, frequency of bowel movements and
family history of colorectal cancer did not alter the findings substantially. The estimated
median, 10th and 90th percentiles of benzo[a]pyrene intake in controls were 5, 0.2 and
66 ng/day, respectively, from meat and 73, 35 and 140 ng/day, respectively, from all
foods. The estimated median, 10th and 90th percentiles of benzo[a]pyrene intake in cases
were 17, 0.5 and 101 ng/day, respectively, from meat and 76, 44 and 163 ng/day,
respectively from all foods. The odds ratios for exposure to dietary benzo[a]pyrene from
meat with the 1st quintile of intake as the referent group were: 1.19 (95% CI, 0.51-2.80)
for the 2nd quintile, 1.71 (95% CI, 0.76-3.83) for the 3rd quintile, 2.16 (95% CI, 0.96—
4.86) for the 4th quintile and 2.82 (95% CI, 1.24-6.43) for the 5th quintile (p for trend,
0.01). The increased risk for colorectal adenomas was more strongly associated with
benzo[a]pyrene intake estimated from all foods (odds ratio, 2.61; 95% CI, 1.08-6.29 for
the 2nd quintile; odds ratio, 4.21; 95% CI, 1.79-9.91 for the 3rd quintile; odds ratio, 2.45;
95% CI, 0.98-6.12 for the 4th quintile; and odds ratio, 5.60; 95% CI, 2.20-14.20 for the
5th quintile; p for trend = 0.002).

[The Working Group noted that one of the strengths of this study was that the
questionnaire was designed to investigate the role of carcinogens found in cooked meats.
Other strengths were that the cases had adenomas rather than cancer and were thus less
likely to have changed their current dietary habits following diagnosis. Furthermore, their
responses to questions about usual dietary habits were less likely to be influenced by
medical treatment. Finally, cases and controls were recruited from a well-defined base of
individuals and the study had high participation rates. One of the limitations for this and
other case—control studies is the potential for recall bias because the subjects were
interviewed after diagnostic and treatment procedures; this is probably less of a problem
when studying pre-malignant tumours compared with malignant lesions. Cases had a
colonoscopy while the controls had only a sigmoidoscopy; as a consequence, some
controls might have had undetected adenomas in the right-side of the colon. However,
when analysis was restricted to cases with left-sided colonic adenomas that were
detectable by sigmoidoscopy, the results were essentially unchanged. ]

A second study investigated whether the intake of benzo[a]pyrene was associated
with colorectal adenoma in the context of a polyp-screening study conducted in southern
California, USA (Gunter et al., 2005). Benzo[a]pyrene intake was estimated using a
meat-cooking module and CHARRED database. Covariates included were study centre,
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age, gender, ethnicity, total calorific intake, consumption of fruit, vegetables, saturated fat
and alcoholic beverages, physical activity, past and current tobacco smoking (using
separate indicators), use of non-steroidal anti-inflammatory drugs, body mass index and
family history of colorectal cancer. There was a 6% increase in risk for large (>1 cm)
adenoma per 10 ng benzo[a]pyrene consumed per day (odds ratio, 1.06; 95% CI, 1.00—
1.12; p for trend = 0.04). Consistent with this finding, an incremental increase of
10 g barbecued red meat per day was associated with a 29% increase in risk for large
adenoma (odds ratio, 1.29; 95% CI, 1.02—-1.63; p for trend = 0.04). Individuals in the top
quintile of barbecued red meat intake were at increased risk for large colorectal adenoma
(odds ratio, 1.90; 95% CI, 1.04-3.45) compared with those who never consumed
barbecued red meat.

[The Working Group noted that one of the strengths of this investigation was that the
study population had participated in a polyp-screening trial; hence, the control group was
free of neoplastic lesions in the left-side of the colon. However, the possibility that polyps
in the right-side of the colon were undetected cannot be excluded, thus attenuating the
results through the assumption that benzo[a]pyrene is a risk factor for both left- and right-
sided adenomas. Another potential concern is that, although detailed information on meat-
cooking practices was given, responses were provided retrospectively, which introduces
the potential for recall bias; however, there was no change in the risk estimates when
analyses were restricted to those who reported no dietary change. One further limitation
of the questionnaire is that participants reported only habitual diet from the past year. This
fails to account for dietary patterns in the past, which may be more relevant for the
initiating stages of carcinogenesis. Although detailed data on cooking practices were
available, the participation rate was low (56% for the cases and 59% for the controls)
which raises the possibility of selection bias.]

A large case—control study within the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial in the USA investigated the role of benzo[a]pyrene in colorectal adenoma
in 3696 cases of left-sided (descending and sigmoid colon and rectum) adenoma and
34 817 endoscopy-negative controls (Sinha et al., 2005¢c). Dietary intake was assessed
using a 137-item food-frequency questionnaire with additional questions on meats and
meat-cooking practices which was linked to CHARRED to estimate benzo[a]pyrene
intake. The analyses controlled for ethnicity (American Indian/Alaskan Native, Asian,
Hispanic, non-Hispanic black, non-Hispanic white or Pacific Islander), educational
attainment (<8 years at school, 8—11 years at school, 12 years at school/high school
equivalent, post-high school other than college, some college, college graduate or post-
graduate), tobacco use (never, smoked cigar or pipe, quit smoking >20 years and smoked
<1 pack/day, quit >20 years and smoked >1 pack/day, quit <20 years and smoked
<1 pack/day, quit <20 years and smoked >1 pack/day or unknown), alcohol use (<1, >1—
15, >15-30 or >30 g/day), use of aspirin and ibuprofen separately (no regular use, <2, 2—
3, 4, 8, 12-16, 30 or 60 per month), vigorous physical activity (none, <1, 1, 2, 3 or
>4 h/week), body mass index (calculated as kilograms per square metre), total folate
intake (micrograms per day), calcium intake (milligrams per day) and dietary fibre intake
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(grams per day). When the 5th quintile was compared with the Ist quintile,
benzo[a]pyrene resulted in a marginally elevated risk for colorectal adenoma (odds ratio,
1.15; 95% CI, 1.02—1.29). In investigating the subtypes, an increase in risk for adenomas
in the descending colon and sigmoid colon were observed for benzo[a]pyrene (odds ratio,
1.18; 95% CI, 1.02-1.35) but not in the rectum. In addition, benzo[a]pyrene was
associated with an increased risk for non-advanced colorectal adenoma (odds ratio, 1.18;
95% CI, 1.02—1.37) and for single adenomas (odds ratio, 1.17; 95% CI, 1.03—1.34).

[The Working Group noted that the Prostate, Lung, Colorectal, and Ovarian Cancer
Trial contained a very large number of well-characterized cases of colorectal adenoma,
which provided good power to investigate the role of meat and meat-related mutagens as
risk factors for colorectal adenoma in relation to various end-points, including location
and number of adenomas. This study included detailed questions on meat and meat-
cooking methods in the dietary questionnaire which were linked to a database of meat-
related mutagens. Although these methods of dietary assessment are the most com-
prehensive available, they are still probably associated with a degree of measurement
error. Random measurement error can lead to attenuated risk estimates and, therefore, the
actual risks may be higher. This cross-sectional study may be subject to dietary recall
bias, although most participants (89%) completed the questionnaire before or on the same
day as sigmoidoscopy screening, and hence before diagnosis. This potential bias was
investigated and no appreciable differences were noted in risk estimates for meat intake
among participants who completed the dietary questionnaire before, on the day of, or
subsequent to the day of the sigmoidoscopy screening, which suggests that the time when
the questionnaire was completed did not affect the associations between meat intake and
adenoma.]

A population-based case—control study of colon cancer that included 701 African—
Americans (274 cases, 427 controls) and 957 whites (346 cases, 611 controls) in North
Carolina, USA. This study also used the meat-cooking module and CHARRED database.
Covariates included consumption of fruit, vegetables, dietary fibre, total fat and dietary
folate, total energy intake, physical activity, height, weight and body mass index
(kilograms per square metre); fat intake was adjusted for total caloric intake using the
residual method. No overall relationship was observed between benzo[a]pyrene intake
and colon cancer; however, when stratified by race, an association was seen among
African—Americans (odds ratio, 1.7; 95% CI, 0.9-3.2) but not among whites (odds ratio,
0.9; 95% CI, 0.6-1.5) (Butler et al., 2003).

[The Working Group noted that the strength of this study was the inclusion of an
ethnically diverse population. In this population, African—Americans tended to consume
higher levels of total and white meat. However, most notably, no differences in the
association were observed between categories of meat intake and colonic cancer by race.
Rapid ascertainment was used in an attempt to reduce recall difficulties, and cases were
identified within 3 months of diagnosis. Selection bias represents another potential source
of error, as indicated by an overall response rate of 61%, with a 10% greater response
among cases than among controls.]
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A population-based case—control study in Minnesota (USA) of 192 cases of exocrine
pancreatic cancer and 670 controls collected information using the meat-cooking module;
intake of benzo[a]pyrene was estimated using the CHARRED database (Anderson et al.,
2002, 2005). The median intake of benzo[a]pyrene for each quintile was 0.3, 0.8, 1.8,
10.4 and 53.7 ng/day for the 1st, 2nd, 3rd, 4th and 5th quintiles, respectively. The
corresponding odds ratios for benzo[a]pyrene intake were: 1.6 (95% CI, 0.9-2.8), 1.4
(95% CI, 0.8-2.6); 2.0 (1.1-3.7) and 2.2 (1.2-4.0) with a p-value for trend of 0.05. These
estimates were adjusted for age, sex, tobacco smoking, education, race and diabetes.
Grilled/barbecued red meat as a proxy for PAH intake was also a statistically significant
predictor of risk for pancreatic cancer (Anderson et al., 2002).

[The Working Group noted that this study was designed to address the hypothesis that
dietary benzo[a]pyrene intake is associated with risk for pancreatic cancer. Detailed
information on cooking practices and degree of cooking for specific types of commonly
consumed meats was collected from direct interviews. This is essential to estimate most
accurately the carcinogen intake and mutagenicity index associated with meat con-
sumption. However, similarly to estimates of dietary nutrient intakes, estimates of dietary
carcinogen intakes are imperfect and may lead to misclassification of exposure. Because
approximately half of all pancreatic cancer cases die within 3 months of diagnosis, case—
control studies of this disease are particularly challenging. The proportion of all eligible
cases enrolled was low (approximately 30%), thus creating the potential for selection bias.
In addition, pancreatic cancer cases who do enroll are usually quite ill and as a result may
report their food intake history differently from controls.]

Other studies have investigated the relationship between benzo[a]pyrene and prostatic
cancer and non-Hodgkin lymphoma but have found no association. In a prospective
analysis of prostatic cancer in the Prostate, Lung, Colorectal and Ovarian Cancer
Screening Trial, benzo[a]pyrene intake was estimated for 29 361 men. During follow-up,
1338 cases of prostatic cancer were ascertained but no association between prostatic
cancer and benzo[a]pyrene intake was observed (Cross ef al., 2005). No association
between benzo[a]pyrene intake and non-Hodgkin lymphoma was seen in a population-
based case—control study in lowa, Detroit, Seattle and Los Angeles (USA) that included
458 cases and 383 controls (Cross ef al., 2006).
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3. Studies of Cancer in Experimental Animals

Acenaphthene
Dermal application (see also Table 3.1)

Mouse

A solution of acenaphthene in 90% benzene was tested in a group of 100 mice [strain,
sex and age unspecified] by dermal application for a period of 9 months. No tumours
were observed (Kennaway, 1924a,b). [The Working Group noted that no controls were
available.]

Dermal initiation-promotion (see also Table 3.2)

Mouse

A group of 85 male white mice was treated weekly for 1 year with three drops of a
5% croton oil solution that contained approximately 3% ‘pure’ acenaphthene. A group of
160 control mice received croton oil solution only. After 12 months, 5/85 acenaphthene-
treated mice were still alive, two of which had skin tumours, and 13/160 croton oil control
mice were still alive, one of which had a skin tumour (Graffi et al., 1953). [The Working
Group noted the poor survival.]

Acepyrene
Dermal application (see also Table 3.1)

Mouse

Groups of 30 female Swiss mice, 9 weeks of age, received twice weekly applications
of the same doses of acepyrene for 30 weeks. Repeated applications resulted in tumour
incidences of 0/30 (0%), 0/28 (0%), 1/30 (3%) and 1/30 in the control, low-, mid- and

high-dose groups, respectively (Cavalieri et al., 1981).

Dermal initiation—promotion (see also Table 3.2)

Mouse

In a mouse skin initiation—promotion study, groups of 30 female CD-1 mice, 9 weeks of
age, received dermal applications of a total dose of 0.02, 0.06 or 0.18 pmol acepyrene in
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16.7 uL acetone as 10 single subdoses administered on alternate days. The control group
received acetone alone. One week later, all mice received dermal applications of
0.017 umol 12-O-tetradecanoylphorbol-13-acetate (TPA) in 33.3 pL acetone twice a
week for 40 weeks. After 40 weeks of promotion, the incidences of skin papillomas were
3/29 (10%), 0/30 (0%), 1/30 (3%) and 4/30 (13%) in the acetone controls, low-, mid- and
high-dose groups, respectively, with an average number of skin tumours/mouse of 0.14,
0.0, 0.03 and 0.13, respectively (Cavalieri et al., 1981).

Anthanthrene
Previous evaluation

Anthanthrene was considered in February 1983 (IARC, 1983) by a Working Group
that evaluated four bioassays in which anthanthrene was administered dermally to mice,
one of which produce skin tumours. Three initiation—promotion studies in mice were also
evaluated, one of which gave positive results. A study in mice by subcutaneous
administration was judged to be inadequate, whereas intrapulmonary administration to
rats was considered to give positive results. These studies are summarized in Tables 3.1—
3.4. On the basis of the available data, the Working Group concluded that there was
limited evidence that anthanthrene was carcinogenic to experimental animals. Additional
studies that have been published since that time are summarized below.

Dermal initiation—promotion (see also Table 3.2)
Mouse

A group of 27 female SENCAR mice [weight unspecified], 8 weeks of age, received
a single dermal application of 800 nmol [221 ug] anthanthrene (purity >99% by high-
performance liquid chromatography (HPLC)) in 100 pL dioxane:dimethylsulfoxide
(DMSO) (75:25). A vehicle-control group of 23 mice was treated with 100 pL
dioxane:DMSO alone. Starting 1 week later, all mice were treated topically with
4.26 nmol (2.6 pg) TPA in 100 pL acetone twice weekly for 25 weeks. The mice were
killed after the 25th week of promotion and complete necropsies were performed. At the
end of the experiment, 3/27 mice in the anthanthrene-treated group and 2/23 mice in the
control group had developed skin papillomas. The first skin papillomas appeared after
15 weeks in the anthanthrene-treated group compared with 20 weeks in the control group
(Cavalieri et al., 1989).



Table 3.1. Carcinogenicity studies of dermal application of various PAHs in experimental animals

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result’  Comments Reference
species and strain at start (vehicle) of exposure of study
Acenaphthene
Mouse, NS NS 100 NS (benzene) NS 9 mo 0/100 - No control or Kennaway
histopathology ~ (1924a,b)
Acepyrene
Mouse, Swiss F 30 >99% 0,0.2,0.6, 30 wk Skin: 0/30, 0/30, - Cavalieri et al.
(acetone) 1.8 umol 2x/wk, 1 SGA/30 (3%) and (1981)
30 wk 1 SCC/30 (3%)
Anthanthrene
Mouse, NS NS 30 NS (benzene)  0.3% solution; Life; last  1/30 (3%) (lung A);no  — No control Badger et al.
1x/wk every 3—5 mouse statistics (1940)
wk died on
day 712
Mouse, Swiss albino  F 20 Recrystallized  0.05 or 0.1% 15 mo 0/20 (0.05%), 0.20 - Hoffmann &
Ha/ICR/Mil (dioxane) solution, 3x/wk, (0.1%) vs 0/20 solvent Wynder (1966);
12 mo controls LaVoie et al.
(1979)
Mouse, Swiss F 30 Recrystallized 43 pgin 20 pL, Up to 1/30 (3%) skin C vs - No statistics Lijinsky &
(toluene) 2x/wk, 75 wk (72 100 wk  2/30 skin P and C Garcia (1972)
wk in the vehicle- toluene controls, 0/30
control groups) acetone controls
Mouse, Swiss F 40 98.65% 119 pgin 16.7 pL, 70 wk Skin: 18/38 (47%) (7P, + Purity Cavalieri et al.
(acetone) 2x/wk, 30 wk 2K, 14 C,1SGA) vs questionable; (1977)

0/29 solvent controls

no statistics

e
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result’  Comments Reference
species and strain at start (vehicle) of exposure of study
Anthracene
Mouse, MS NS 100 NS (lanolin or  40% suspension 5 mo Skin P: lanolin - No control; Kennaway
ether or solution, NS suspension, 0/100; ether limited (1924a,b)
solution) solution, 1/100 reporting
Mouse, albino NS 41 NS (wateror 5 mgin 5 ml, 10 mo 0/41 - No control Pollia (1939)
sesame oil) 1x/wk
Mouse, Swiss F 5 NS (acetone) 10% solution, 20 mo 0/5 - Small numbers; Wynder &
3x/wk, 20 mo no control Hoffmann
(1959)
Mouse, C3H/Hej M 20; 50 99.5% 50 pgin 50 pL, 104 wk  0/14 vs 0/39 solvent — Warshawsky et
controls (toluene) 2x/wk, 104 wk controls al. (1993)
Benz[a]anthracene
Mouse, NS NS 50 NS (benzene) NS NS 1/50 (2%) (skin P, - No control Kennaway
regressed) (1930)
Mouse, NS NS 30 Purified 200 pgin 100 pL, >1year  1/30 (3%) (skin E) - No control Barry et al.
(benzene) NS (1935)
Mouse, CAF1 M, 20 NS (mineral 0.4%, 1 drop 68 wk 1/20 (5%) (skin P) - No control Hill et al.
F oil) 2x/wk, 68 wk (1951)
Mouse, C3H NS 20 NS (acetone)  0.5%, 2x/wk 638 days 0% vs 0% in solvent- - Stevenson &
treated controls von Haam
(1965)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, C3H/He NS 3040 Pure (toluene  0.002%, 0.02%, Upto 88 Toluene: 0/32, 1/18 + No control Bingham &
or 0.2%, 1% in wk (6%), 3/32 (9%), 5/29 Falk (1969)
n-dodecane) toluene or (17%) (malignant skin
0.0002%, 0.002%, T); 0/32, 0/18, 0/32,
0.02%, 0.2%, 1% 3/29 (10%) (benign skin
in n-dodecane, T) with increasing dose
3x/wk; total dose, level
150 mg n-Dodecane: 2/31 (6%),
4/21 (19%), 4/20 (20%),
7/21 (33%), 16/22
(73%) (malignant skin
T); 2/31 (6%), 4/21
(19%), 0/20, 4/21
(19%), 1/22 (5%)
(benign skin T)
Mouse, Swiss F 40 Recrystallized  0.396 pmol 70 wk 1/39 (3%) (skin P) vs — Cavalieri et al.
(acetone) [90.4 ng] in 0/29 solvent-treated (1977)
16. uL, 2x/wk, controls; no statistics
30 wk
Rat, Donryu M 25 NS (acetone)  Saturated solution, 18 mo 0/9 - No control Tawfic (1965)
Ixdaily, 5 mo
Hamster, Syrian M, 10 NS (mineral 0.5%, 2x/wk, 85 wk 0/10 - No control Shubik et al.
golden F oil) 10 wk (1960)
Benzo[a]pyrene
Mouse, Swiss F 50 NS (acetone) 0 (untreated), 0 52 wk Skin T: 0/50, 0/50, + Van Duuren et
ICR/Ha (vehicle control), 23/50 (46%; 13 P; 10 C) al. (1973)

5 pg/animal,
3x/wk, 52 wk

8¥¢
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, Swiss F 40 99% 0, 0.396 pmol 38-65 Skin T: 0% [0/29], + Cavalieri ef al.
(acetone) [0.1 mg]/animal, wk 78.9% [30/38] (7 P, (1977)
2x/wk, 30 wk 7K, 36 C, 1 malignant
Schwannoma)
Mouse, C57BL/6J F 30 NS (DMSO/  Experiment 1 and 60 wk Skin T (mainly SCC + Effective no. of Levin et al.
acetone (1:3)  2: 0 (DMSO/ based on past animals not (1977)
or acetone/ acetone), 0.02 experience)*: clearly
NH,OH [5.28 pg],0.1 Experiment 1: 0%, 0%, specified
(1000:1)) [26.43 pg], 0.4 38% (13 T), 100% *At most, 7
[105.75 pg] pmol/ 44T animals/group
animal, 1x/2 wk, Experiment 2: 0%, 4% died prema-
60 wk (high dose (1T),50% (15 T), turely without a
given in two 100% (40 T) skin tumour.
paintings, 30 min. Experiment 3 : 0%, 7%
apart) 27T),59% (20 T), 91%
Experiment 3: 247T)
0 (acetone/NH,OH),
0.025 [6.6 pgl,
0.05[13.21 ng],
0.1[26.43 ng]
pumol/animal, 1x/
2 wk, 60 wk
Mouse, NMRI F 40 >96% 0,1.7,2.8, ~88— Local T: 0/35, 8/34 + Type of local Habs et al.
(acetone) 4.6 ng/animal, ~130 wk  (23.5%; age- tumours NS (1980)
2x/wk for life standardized, 24.8%),

24/35 (68.6%; age-
standardized, 89.3%),
22/36 (61.1%; age-
standardized, 91.7%)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, NMRI F 20 >96% 0,2, 4 pg/animal,  63-109 Skin T: 0/20, 9/20 + Habs et al.
(acetone) 2x/wk for life wk (45%;2 P, 7 C); 17/20 (1984)
(85%; 17 C)
Mouse C3H/HeJ M 50 99.5% 0 (untreated), 99 wk Skin T: 0/50, 0/50, + Warshawsky &
(acetone) 0 (vehicle control) 48/50 (96%; 47 C, 1 P) Barkley (1987)
or 12.5 pg/animal,
2x/wk, 99 wk
Mouse, Swiss F 30 Purified [NS] 0, 0.1 [26.4 pg], 42 wk Skin T incidence: 0/30, + Cavalieri et al.
(acetone) 0.4 [105.7 pg] 26/29 (90%; SGA, 3 P, (1988b)
pmol/animal, 23 SCC), 26/30 (90%;
2x/wk, 20 wk 2 P, 26 SCC)

Multiplicity: low dose,
SGA 1/1 [1], P 9/3 [3],
SCC 111/23 [4.8]; high
dose, P 3/2 [1.5], SCC

153/26 [5.9]

Mouse, ICR/Harlan ~ F 43-50 NS (acetone) 0 (untreated), 34 wk No skin T reported in + Limited Albert et al.
0 (vehicle control), 86 untreated and vehicle reporting of (1991)
16, 32, 64 ng/ controls combined; tumour data
animal, 1x/wk, 127 skin T in the high-
29 wk dose group (mainly P)
[type of skin T and

incidences in the mid-
and low-dose groups
NS].

Skin tumours/animal: 0,
~1.1,~1.4,~8.0
[derived from dose—
response curves]
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, BALB/c M 6 NS (acetone) 0 (untreated), 3wk—6  No skin T reported in + Small no. of Andrews et al.
0 (vehicle mo the control groups; animals; limited (1991)
control), 100 pg/ mean time (wk) to skin data on tumours
animal, 2x/wk for T onset, 19.8 (range 15—
life (3 wk—6 mo) 27); mean skin T
weight, 0.57 £0.17 g;
type of skin T, mainly
SCC, 1 pleiomorphic
SCC, 1K
Mouse, SENCAR F 24 >99% 0, 100 nmol 27 wk 0/24, 1/24 4%) (1 skinP; — Cavalieri et al.
(acetone) [26.4 pg]/animal, multiplicity, 1/1) (1991)
1x
Mouse, Swiss F 23-27 >99% 0,1,4, 8 nmol [0, 48 wk No skin T found - Low doses Higginbotham
(acetone) 0.264,1.057, (effective no. of etal. (1993)
2.11 pgl/animal, animals, 23-27);
2x/wk, 40 wk tumours at other sites:

1/27 (1 lung A), 3/24
(4%; 2 lung A, 1 splenic
malignant lymphoma),
3/23 (13%; 1 lung A,

1 splenic malignant
lymphoma, 1 liver
haemangioma),

3/23 (13%; 1 lung A,

1 splenic malignant
lymphoma, 1 malignant
lymphoma in multiple
organs)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, C3H/Hel M Experiment  99.5% Experiment 1: Experi-  Experiment 1: Experi- Site and type of Warshawsky et
1, 20; (toluene) 0,0.2% ment 1:  0/20, 20/20 (100%) ment 1: TNS al. (1993)
experiment [presumably 6 mo (1 benign and +
2,20 or 50; 100 pg/animal], 19 malignant T)
experiment 2x/wk, 6 mo
3,24-100 . . . .
Experiment 2: Experi-  Experiment 2: Experi-
0 (untreated), ment2:  0/32,0/39, 0/14 ment 2
0 (toluene control), 104 wk and 3: —
0.001%
[0.5 pg/animal],
2x/wk, 104 wk
[not clearly
specified]
Experiment 3: Experi-  Experiment 3:
0, 0.0006% ment 3:  0/23, 0/66
[0.3 pgl/animal, 66 wk
2x/wk, 66 wk
Mouse, C3H/Hej M 20, 95% (toluene) 50 pg/in 50 pl 104 wk  1/15 vs 0/39 solvent - Warshawsky et
50 controls 2x/wk, 104 wk controls al 1993
Mouse, AhR™", F NS NS (acetone) 200 pg/animal, 28 wk Skin T: AhR™, 0/10 + Shimizu et al.
AhR"", AhR™* 1x/wk, 25 wk (0%); AhR™", 13/14 (2000)

(92.4%;4.6 £2.4
T/animal; 12 SCC, 1 P;
p <0.01); AhR™", 15/16
(93.8%;42+1.9
T/animal; 13 SCC, 1 P,
1 K; p<0.01)

(454
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration ~ Duration Incidence of tumours Result®  Comments Reference

species and strain at start (vehicle) of exposure of study

Cyclopenta|cd]|pyrene

Mouse, Swiss F 30 >99% 0,22.2, 66.6, 48 wk Skin SCC, SGA, P: + Cavalieri et al.

(acetone) 200 nmol, 2x/wk, (0/29; 0%), (2/29; 7%), (1983)
48 wk (2/29; 7%), (24/29;
83%)
5,6-Cyclopenteno-1,2-benzanthracene
Mouse, NS NS 10 Pure 0.1%, 0.3% Up to 0.1% (mp): 0/10 (skin P), + No control; Cook (1932)
(melting-point  [volume, no. and 339 days  4/10 (40%; skin E); limited
[mp] or frequency of 0.3% (mp): 2/10 (20%), reporting
picrate) treatment NS] 1/10 (10%) (group 1),
(benzene) 1/10 (10%), 4/10 (40%)
(group 2); 0.3%
(picrate): 0/10, 8/10
(80%)

Mouse, NS NS 10-40 NS (benzene) 0.03,0.1,0.3% Up to 0.03%: 1/20 (5%; skin + No control; Barry et al.
[volume, no. and 795 days P), 1/20 (5%; skin E); limited (1935)
frequency of (low- 0.1%: 0/10, 5/10 (50%); reporting
treatments NS] dose); 0.3%: 5/40 (12%),

358 days 14/40 (35%)
(high-
dose)
Dibenz[a,c]anthracene
Mouse, Swiss F 30, 20 >99% 85 ugin 16— Lifetime  9/16 (56%; 1/16 skin P,  + No statistics Lijinsky et al.
controls (acetone) 20 pL, 2x/wk, (>100 8/16 skin C) vs 0/14 (1970)
65 wk wk) acetone controls.
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Dibenz[a,h]anthracene
Mouse, Swiss F 20 NS (acetone)  0.001,0.01,0.1% <6, 13 0.001%: 6/20 (30%) + No control; no ~ Wynder &
(Millerton) [volume NS], or21 mo skin P, 6/20 (30%) skin statistics Hoffmann
3x/wk, life C; 0.01%: 19/20 (95%) (1959)
skin P, 18/20 (90%)
skin C; 0.1%: 18/20
(90%) skin P, 15/20
(75%) skin C
Mouse, C3H (Jax), F 9-11 NS (benzene) 0.25% solution NS C3H: 10/11 (91%) + for Small numbers; Ranadive &
DBA [volume NS]J, mammary T vs 5/10 DBA no statistics Karande (1963)
2x/wk (50%) controls; DBA:
9/10 (90%) mammary T
vs 0/9 controls
Mouse, Swiss F 20, 50 Purified 38 ug, 2x/wk, <60 wk  Skin P: 16/20 (80%) vs ~ + No statistics Lijinsky et al.
controls (acetone: 44 wk 2/50 (4%) solvent (1965)
benzene controls
9:1))
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, Swiss F 30-50 NS (acetone 1, 10, 100 pg in 374-663 1 g (in acetone): 1/30 No statistics Van Duuren et
(ICR/Ha) or DMSO) 100 pL, 3x/wk days (3%) skin P, 1/30 (3%) al. (1967)
skin C vs 0/30 acetone
controls; 1 pg (in
DMSO): 1/30 (3%) skin
P vs 0/30 DMSO
controls; 10 pg (in
acetone): 43/50 (86%)
skin P, 39/50 (78%)
skin C vs 0/50 acetone
controls; 100 pg (in
acetone): 39/40 (97%)
skin P, 32/40 (80%)
skin C vs 0/40 acetone
controls
Mouse, IF/Bcer M 48, 30 NS (acetone) 1.5 mg, Ix/wk, <29 wk  Thymectomized, 10/10 No control Johnson (1968)
18 wk (100%) skin P; intact,
27/27 (100%) skin P
Mouse, NMRI F 50 >99% 0.1,04,1.1 pgin 112wk 0.1 pg, 3/50 (6%); No histology; Platt et al.
(acetone) 17 pL, 3x/wk, 0.4 ng, 4/50 (8%); 1.1 no statistics (1990)
112 wk; total ng, 16/50 (32%) skin P
doses, 37.8, 125, vs 2/48 (4%) solvent
378 ug controls
Hamster, Syrian M, 5 NS (mineral ~320 pg in <75wk  0/5Mand 0/5F No control; Shubik et al.
golden F oil) ~160 pL, 2x/wk, small numbers;  (1960)
10 wk only 1 M and
1 F survived
75 wk; no
statistics
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Dibenz[a,jlanthracene
Mouse, Swiss F 30,20 >99% 39,78 ugin 16— Lifetime Skin T: 39 pg, 2/9 + No statistics Lijinsky et al.
controls (acetone) 20 uL, 2x/wk, (>100 (22%; P), 2/9 (22%; C); (1970)
81 wk (39 pg) or wk) 78 ug, 2/20 (10%; P),
60 wk (78 pg) 6/20 (30%; C) vs 0/14
acetone controls
Dibenzo|a,g]fluorene
Mouse, CF1 M, 20 NS (acetone)  One drop 48 wk Skin T: experiment 1, + No control, Riegel et al.
F (0.02 mL) of 0.3% 6/20 (30%; 6 SCC, 1 S); limited (1951)
in acetone experiment 2, 9/20 histology
(~60 pg)/animal, (45%; 9 SCC, 2 S)
2x/wk, 31 wk
Dibenzo|a,e]pyrene
Mouse, Swiss albino  F 40 or 20,20 Recrystallized 0.05,0.1% 15 mo Skin T: 0.05%, 16/40 + Hoffmann &
Ha/ICR/Mil controls (dioxane) solution (volume (40%; P), 9/40 (22%; Wynder

NS), 3x/wk, 12
mo

E); 0.1%, 9/20 (45%;
P), 6/20 (30%; E) vs
0/20 solvent controls

(1966); LaVoie
etal. (1979)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Dibenzo|a,h]pyrene
Mouse, NS M, 74 NS (benzene) 50 M:1dropofa 4.5mo 86x%, 32/49 (65%; skin + No control; no  Kleinenberg
F 0.15-0.18% E); 55x, 11/23 (48%; statistics (1939)
solution, every skin E)
other day, 86x;
14 M, 10 F: 1 drop
ofa 0.15-0.18%
solution, every 3rd
day, 55x
Mouse, NS NS 30 NS (benzene)  0.3% solution 350 days  10/30 (33%; skin E) + No control; no ~ Badger et al.
(volume NS), statistics (1940)
2x/wk
Mouse, Swiss albino  F 20 Recrystallized  0.05, 0.1% 11 Skin: 0.05%, 16/20 + Hoffmann &
Ha/ICR/Mil (dioxane) solution (volume (0.05%), (80%; P), 13/20 (65%; Wynder
NS), 3x/wk, 15 E); 0.1%, 15/20 (75%; (1966); LaVoie
12 mo (0.1%) P), 15/20 (75%; E) vs etal. (1979)
mo 0/20 solvent controls
(p <0.01)
Mouse, Swiss F 40 99.6% 119 pgin 16.7 uL, 45 wk; 35/39 (88%; skin Pand  + No statistics Cavalieri et al.
(acetone) 2x/wk, 30 wk control,  C) vs 0/29 solvent (1977)
70 wk controls
Dibenzo[a,i]pyrene
Mouse, XVII M 23, NS NS (ortho- 1 drop of saturated 14 mo 21/23 (91%; skin P, + Control group Lacassagne et
dichloro- solution 8 skin E) vs 0 solvent not treated al. (1958)
benzene) (concentration, control simultaneously;
volume NS), no statistics
2x/wk
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result” Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, albino M 12 Recrystallized  Saturated solution  >8 mo 0/12 after solution, 3/12 =+ No control; Schoental
(benzene or (~0.04% in (25%; skin P) after limited (1959)
DMEF) benzene; application as a solid duration; no
concentration in statistics
DMF, volume
NS), 2x/wk,
3.5 mo (no. of
applications NS),
followed by a
single application
as a solid (dose
NS) covered with
resin
Mouse, Swiss F 10 NS (acetone)  0.01, 0.1% Life up  0.01%, 1/10 (10%; skin ~ + No control; no ~ Wynder &
(Millerton) solution (volume  to 17 P), 0/10 (skin C); 0.1%, statistics Hoffmann
NS), 3x/wk wk) 5/10 (50%; skin P), 1/10 (1959)
(10%,; skin C)
Mouse, Swiss F 12 NS (benzene) 25 pgin 25 pL, Upto22 4/12 epidermoid C + No control; no  Pai & Ranadive
3x/wk, 18-22mo  mo statistics (1965)
Mouse, Swiss albino  F 20 Recrystallized 0.05, 0.1% 15 mo 0.05%, 16/20 (80%; + No statistics Hoffmann &
Ha/ICR/Mil (dioxane) solution (volume skin P), 13/20 (65%; Wiynder (1966);
NS); 3x/wk, 12 skin E); 0.1%, 16/20 LaVoie et al.
mo (80%; skin P), 15/20 (1979)
(75%; skin E) vs 0/20
solvent controls
Rabbit NS 3 Recrystallized ~0.04% (volume 6 mo 0/3 - No control; Schoental
(benzene) NS), 2x/wk, 6 mo small number (1959)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Dibenzo[a,/|pyrene
Mouse, ICR Swiss F 19-21 Pure (NS) 1 pg [55%], 5 pg 7 mo Skin T: 1 ng, 20/20 + No control; no  Masuda &
albino [40x], 10 pg (100%); 5 pg, 19/19 histology; Kagawa (1972)
[24x], 50 ug [7x], (100%); 10 pg, 21/21 limited
100 pg [7x] in 100 (100%); 50 pg, 19/20 reporting; no
uL, 3x/wk (95%); 100 ug, 16/20 statistics
(80%)
Mouse, SENCAR F 22-24, >99% 03,12,24pgin 48wk 0.3 pg, 1/24 (4%) skin + Higginbotham
27 controls  (acetone) 100 pL, 2x/wk, squamous P (3 T/TBA), et al. (1993)
40 wk 524 (21%) lung A;

1.2 pg, 16/23 (70%)
skin C (1.8 T/TBA),
9/23 (39%) skin
squamous P (1.9 T/
TBA), 2/23 (9%) SGA
(1.5 T/TBA), 9/23
(39%) T at other sites;
2.4 pg, 20/22 (91%)
skin C (2.6 T/TBA),
16/22 (73%) skin
squamous P (1.9 T/
TBA), 3/22 (14%) SGA
(1.7 T/TBA), 14/22
(64%) T at other sites vs
0/27 skin T, 1/27 (4%)
lung A solvent controls
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration ~ Duration Incidence of tumours Result” Comments Reference
species and strain at start (vehicle) of exposure of study
Mouse, C57BL/6J, NS  AhR™,17; NS (NS) 30 pug (volume Upto2  ARR™, 17/17 (76% skin + No control; Nakatsuru et al.
ARR™, ARR ™" AR, 15 NS), followed years P, 24% skin C; 2.7 + 1.4 limited (2004)
(elapsed time NS) T/mouse); AhR™", 5/15 reporting
by 6 ng (volume (100% skin P; 0.46 +
NS), 1x/wk, 0.83 T/mouse)
20 wk
Dibenzole,/|pyrene
Mouse, Swiss albino F 20 Recrystallized  0.05, 0.07% 15 mo Skin T: 0.05%, 0/20; - Hoffmann &
Ha/ICR/Mil (dioxane) solution (volume 0.07%, 0/20 vs 0/20 Wiynder (1966)
NS), 3x/wk, 12 solvent controls
mo
Fluoranthene
Mouse C3H/HeJ M 20 NS (toluene)  0.1% 104 wk 1/12 skin (8%) vs 0% + Warshawsky et
fluoranthene, fluoranthene alone, al. (1993)
0.001% benzo[a]pyrene alone or
benzo[a]pyrene solvent controls
2x/wk
1-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0,0.1 mg, 3x/wk, 17 mo No skin T observed; - Hecht et al.
Ha/ICR/Mil (acetone) 17 mo 7 animals survived (1974); LaVoie
etal (1979)
2-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0,0.1 mg, 3x/wk, 17 mo Skin T: 0/20 (0%), + Hecht et al.
Ha/ICR/Mil (acetone) 17 mo 11/11 (100%; 7 C; 1.0 (1974); LaVoie

T/mouse); 10/20 (50%)
treated animals survived
to study termination

et al. (1979)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
3-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0,0.1 mg, 3x/wk, 17 mo Skin T: 0/20 (0%), 5/8 + Hecht et al.
Ha/ICR/Mil (acetone) 17 mo (63%; 4 C in 4 animals; (1974); LaVoie
0.8 T/mouse); 8/20 etal (1979)
treated animals survived
to study termination
4-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0,0.1 mg, 3x/wk, 17 mo Skin T: 0/20 (0%), 3/10  + Hecht et al.
Ha/ICR/Mil (acetone) 17 mo (30%; 2 C in 2 animals; (1974); LaVoie
0.5 T/mouse); 10/20 etal. (1979)
treated animals survived
to study termination
5-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0, 0.1 mg, 3x/wk, 17 mo Skin T: 0/20 (0%), + Hecht et al.
Ha/ICR/Mil (acetone) 17 mo 20/20 (100%) (37 C; in (1974); LaVoie
12 animals; 5 T/mouse); etal. (1979)
no animals alive when
the study was
terminated at 35 wk
6-Methylchrysene
Mouse, Swiss albino  F 20 >99.9% 0,0.1 mg, 3x/wk, 17 mo Skin T: 0/20 (0%), 3/12 - Hecht et al.
Ha/ICR/Mil (acetone) 17 mo (25%; 1 Cin 1 animal, (1974); LaVoie
1 T/mouse) etal. (1979)
2-Methylfluoranthene
Mouse, Swiss albino  F 30 Pure 0.2% solution, 15 mo Skin C: 4/10 (40%; + No control Hoffman et al.
Ha/ICR/Mil (acetone) 3x/wk, 12 mo 2 T/mouse) (1972)
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result’  Comments Reference
species and strain at start (vehicle) of exposure of study
Naphtho[2,3-e]pyrene
Mouse, Swiss albino F 20 NS (dioxane) 100 pg of 0.1% 15 mo Skin P: 0/20 (0.05%); - Hoffmann &
Ha/ICR solution, 3x/wk 1/20 (0.1%) vs 0/20 Wynder
solvent controls (1966); LaVoie
etal. (1979)
Perylene
Mouse, Swiss M 20 NS (benzene) 2 drops ofa 0.3% 22 wk 0% - No control Finzi et al.
solution every 4th (1968)
day, 22 wk
Mouse, Swiss albino F 20 ‘Rigorously 0, 800 pug in 58-60 0/20 skin P vs 0/20 - No statistics Van Duuren et
Ha/ICR purified’ 200 pL, 1x, alone  wk solvent controls; 3/20 al. (1970)
(benzene) or followed by (15%) skin P vs 1/20
(2.5 ng TPA in TPA controls
100 pL), 3x/wk,
58-60 wk
Mouse, C3H M 20 Pure (decalin 0,50 mgin 60 pL, 82 wk 50 mg (decalin), 0/16 - Small number;  Horton &
or decalin + 2x/wk, 82 wk skin P, 0/16 skin C; no control in Christian
n-dodecane 50 mg (decalin + decalin (1974)
(1:1)) n-dodecane), 1/15 (7%) experiment; no
skin P, regressed, 0/15 statistics

skin C vs 2/13 (15%)
skin P, 0/13 skin C
decalin + n-dodecane
controls
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration  Duration Incidence of tumours Result®  Comments Reference
species and strain at start (vehicle) of exposure of study
Phenanthrene
Mouse, NS NS 100 NS (90% NS 9 mo 0/100 skin - Limited Kennaway
benzene) reporting; no (1924a,b)
control
Mouse, white NS 100 ‘Pure’ (5% 3 drops of a 3% 1 year 1/6 (17%) + Low survival; Graffi et al.
croton oil) solution, 1xwk no statistics (1953)
Mouse, C3H/Hel M 20, 50 >99% 0,50 pgin 50 uL, 104 wk 1/12 (8%) benign skin T — No statistics Warshawsky et
controls (toluene) 2x/wk, 104 wk vs 0/39 benign or al. (1993)
malignant skin T
solvent controls
Picene
Mouse, NMRI F 50 >99% 0,0.1,04, 1.1 pg 112wk  Skin T: 0.1 pg, 3/49 + No histology; Platt ez al.
(acetone) in 17 pL, 3x/wk, (6%); 0.4 ng, 11/48 no statistics (1990)

112 wk (total
doses, 38, 125,

378 ng)

(23%); 1.1 pg, 11/50
(22%) vs 2/48 (4%)
solvent controls
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Table 3.1 (contd)

Chemical, Sex  No./group Purity Dose and duration ~ Duration Incidence of tumours Result’  Comments Reference
species and strain at start (vehicle) of exposure of study
Triphenylene
Mouse NS 10 NS (benzene)  0.3% solution in 548 days 0/10 skin T - Small number;  Barry et al.
100 pL, 2x/wk, no control (1935)
548 days
Mouse, C3H M 15 or 20 Pure (decalin 0, 300 pg in 82 wk 300 pg (decalin), 0/14 + Small number;  Horton &
or decalin + 60 uL, 2x/wk, 82 skin P, 0/14 skin C; no control for Christian
n-dodecane wk 300 pg (decalin + decalin alone; (1974)
(1:1)) n-dodecane): 4/11 no statistics

(36%) skin P, 1/11 (9%)
skin C vs 2/13 (15%)
skin P, 0/13 skin C
decalin-n-dodecane
controls

A, adenoma; C, carcinoma; DMF, N,N- dimethylformamide; DMSO, dimethylsulfoxide; E, epithelioma; F, female; K, keratocanthoma; M, male; mo, month; NH,OH,

ammonium hydroxide; NS, not specified; P, papilloma; PAH, polycyclic aromatic hydrocarbon; S, sarcoma; SCC, squamous-cell carcinoma; SGA, sebaceous gland
adenoma; T, tumour; TBA, tumour-bearing animal; TPA, 12-O-tetradecanoyl-13-acetate; vs, versus; wk, week

* —, negative; +, positive; *, equivocal
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Table 3.2. Dermal initiation—promotion studies of various PAHs in experimental animals

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Acenaphthene
Mouse, NS M 85; 160 ‘Pure’ (acetone) 3 drops of a ~3% 1 year Skin: 2/5 (40%) vs + Low Graffi et al.
controls solution, 1x/wk, co- 1/13 (8%) croton oil survival (1953)
administered with 1 drop controls
of 5% croton oil; 1 year
Acepyrene
Mouse, CD-1 F 30 >99% (acetone) 0, 0.02, 0.06, 0.18 umol, 44 wk Skin P: 3/29 (10%), - Cavalieri et
x10, followed by 2x/wk 0/30 (0%), 1/30 (3%), al. (1981)
0.017 umol TPA, 40 wk 4/30 (13%); 0.14, 0.03,
0.31, 0.31 T/mouse
Anthanthrene
Mouse, Swiss NS 30 Recrystallized 25 pgin 25 pL, 6 mo Skin P: 2/25 (8%) vs - Short Hoffmann &
albino (dioxane) 10x/20 days, followed 2/26 (8%) promoter duration of Wynder
Ha/ICR/Mil 1 wk later by 2.5% controls study (1966);
(2.3 mg) croton oil in LaVoie et al.
acetone (1979)
Mouse, Swiss F 13 Pure (benzene) 4 x 250 pg in 0.1 mL, 54-66 wk  Skin P: 2/13 (15%) vs  — No Van Duuren
ICR/Ha followed 2 wk later by 0/13 non-promoted statistics et al. (1968)

25 pg croton oil in

0.1 mL acetone (3x/wk)

group, 0/20 untreated
controls, 0/20 vehicle
controls, 6/40 (15%)
promoter controls
Skin C: 1/40 (2%)
promoter controls
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 30 Pure (benzene) 690 pg 1x, followed 35 wk Skin P: 5/28 (18%) vs ~ + No Scribner
1 wk later by 5 umol 0/30 promoter controls statistics (1973)
(3.1 mg) TPA 2x/wk
(10 umol TPA in
promoter controls),
34 wk
Mouse, SENCAR F 27,23 >99% (dioxane: 221 pgin 100 pL, 1x, 26 wk Skin P: 3/27 (11%) vs ~ — Cavalieri et
controls DMSO (75:25))  followed 1 wk later by 2/23 (9%) promoter al. (1989)
2.6 ng TPA in 100 pL controls
acetone, 2x/wk, 25 wk
Anthracene
Mouse, NS NS 44;44; 100 NS (petroleum 5% solution on ears, 11 mo; 0/44 (only 1 alive); - No Miescher
jelly—olive oil) 3x/wk; 5% solution, 9 mo; 0/44 (none alive after controls (1942)
3x/wk, then 40 or 60 min 9 mo 9 mo); 0/100 (none
UV; 5% solution, 3x/wk, alive after 9 mo)
then 90 min UV
Mouse, ‘S’ NS 20; 20 NS (acetone) 1.5 mg in 300 pL, 21 wk Skin P: 3/17 (18%) vs ~ — No Salaman &
controls 2x/day, 3 days/wk, 20x; 4/19 (21%) acetone, statistics Roe (1956)
followed by 300 uL croton oil control
0.17% croton oil 1x/wk,
16 wk; 300 pL 0.085%
1x/wk, 2 wk
Mouse, CD-1 F 30; 30 Purified 1.78 mg 1x; followed by 35 wk Skin P: 4/28 (14%) vs - No histo- Scribner
controls (acetone) 5 ng TPA, 2x/wk, 34 wk 1/30 (3%) acetone, pathology;  (1973)
TPA control no

statistics
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study

Mouse, Swiss F 20; 20 >99% (acetone) 100 pgin 100 pL every 24 wk Skin P: 3/20 (15%) vs =~ — LaVoie et al.
albino Crl:CD/1 controls other day, 10x; followed 2/20 (10%) acetone, (1983, 1985)
(ICR)BR by 2.5 ug TPA in TPA control

11H-Benz|b,c]aceanthrylene

Mouse, CD-1 F

Benz[jlaceanthrylene

Mouse, SENCAR F

20

20

>99% (acetone)

NS (acetone)

100 pL, 3x/wk, 20 wk

0.05,0.2,0.4 umol [12, 24 wk
48,96 pg] in 100 pL;

10x on alternate days;

followed 10 days later by

2.5 ng TPA in 100 pL

acetone, 3x/wk, 20 wk

40, 200, 400 pg in 22 wk
200 uL, 1x; followed by
2 ug TPA, 2x/wk, 21 wk

0.05 pmol, 15/20
(75%); [type NSJ;

0.2 umol, 18/20 (90%);
0.4 pumol, (90%) 18/20
vs 1/20 (5%) solvent-
treated controls

(p <0.005 at all doses);
1.60, 4.90, 7.60 T/
mouse vs 0.05 solvent
controls

Skin P: 40 pg, 20/20
(100%) (8.7 P/mouse);
200 pg, 20/20 (100%)
(10.8 P/mouse);

400 pg, 20/20 (100%)
(7.7 P/mouse) vs ~1/20
(5%) acetone, TPA
controls

+

Rice et al.
(1988)
Limited Nesnow et al.
histo- (1993)
pathology;
no
statistics
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Table 3.2 (contd)

Chemical, Sex
species and strain

No./group
at start

Purity (vehicle)

Dose and duration of
exposure

Duration
of study

Incidence of tumours

Result*

Comments

Reference

Benz[/]aceanthrylene

Mouse, SENCAR M, F 20-22

Benz[a]anthracene

Mouse, NS NS

75

NS (acetone)

NS (acetone)

12.6,25.2, 63.1, 126,
252 pgin 200 pL, 1x;
followed by 2 pg TPA in
200 pL acetone, 2x/wk,
30 wk

0.05%, alternating
applications (1x/wk)
with 5% croton oil in
mineral oil; NS

31 wk

12 mo

Skin P: males —

12.6 pg, 12/20 (60%;
1.4 P/mouse); 25.2 ug,
16/17 (94%; 2.3 P/
mouse); 63.1 pg, 21/21
(100%; 8.4 P/mouse);
126 pg, 16/16 (100%;
10.8 P/mouse); 252 ng,
19/20 (95%; 8.7 P/
mouse) vs 0/20
acetone, TPA-treated
controls; females —
12.6 pg, 13/20 (65%;
1.1 P/mouse); 25.2 ug,
18/19 (95%; 3.1 P/
mouse); 63.1 pg, 19/21
(90%; 4.7 P/mouse);
126 pg, 20/21 (95%;
6.6 P/mouse); 252 ng,
20/20 (100%; 10.8 P/
mouse) vs 1/19 (5%;
0.05 P/mouse) acetone,
TPA-treated controls

Skin P: 9/18 (50%) vs
1/13 (8%) croton oil
controls

No histo-
pathology;
no
statistics

Nesnow et al.
(1984a)

Graffi et al.
(1953)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, albino S M 20 NS (acetone) 1% solution (300 pL), 21 wk Skin: 7/18 (39%; + Roe &
2x/wk (total dose, 6 mg), 1.17 T/mouse) vs 0/8 Salaman
followed 3 wk later by without promotion, (1955)
300 pL of 0.5% solution 1/20 (5%) croton oil
of croton oil in acetone, controls
1x/wk
Mouse, Swiss F 20 ‘Purified’ 0.9 pg in 50 pL, 1x; 61 wk 8/20 (40%; mostly skin + No control ~ Hadler et al.
(acetone) followed by 0.5% croton P) vs 0/20 without (1959)
oil in 200 pL acetone, promotion
2x/wk, 60 wk
Mouse, Swiss F 20 ‘Rigorously 1.0 mg in 100 pL, 1x; 58-60 wk  Skin P: 1.0 mg, 0/20 vs  + No Van Duuren
(ICR/Ha) purified’ 1.0 mg in 100 pL, 1x; 0/20 solvent controls; statistics etal. (1970)
(benzene) followed by 2.5 ug TPA 1.0 mg + TPA, 10/20
in 100 pL acetone, (50%) vs 1/20 (5%)
3x/wk, 56-58 wk TPA controls
Mouse, CD-1 F 30 Pure (acetone) 2.2 umol [502 pg], 1x, 35 wk 18/29 (62%; skin P) vs ~ + TPA dose  Scribner
followed 1 wk later by 0/30 TPA controls probably (1973)
10 umol (6.2 mg) TPA, 10 pg; no
2x/wk, 34 wk statistics
Mouse, CD-1 F 30 >99% (acetone) 2 umol [457 pg], 1x, 27 wk 17/30 (57%; skin P; + No Slaga et al.
followed 1 wk later by 1.2 P/mouse) vs 2/29 statistics (1978)

10 pg TPA, 2x/wk,
26 wk

(6%) in TPA controls
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference

species and strain at start exposure of study

Mouse, CD-1 F 30 NS (acetone) 1.0, 2.5 pumol [2.28, 27 wk Skin: 1.0 umol, 5/30 + No Wood et al.
571 pg] in 200 pL, 1x, (17%;0.17 £ statistics (1980)
followed 1 wk later by 0.07 T/mouse);

16 nmol (9.9 pg) TPA in 2.5 pmol, 11/29 (38%;
200 pL acetone, 2x/wk, 0.67+0.17) vs 1/25
26 wk (4%; 0.04 £0.04)

(p <0.05 at 2.5 pumol)

Mouse, CD-1 F 30 >99% (acetone) 0.4, 2.5 umol [91, 27 wk Skin: 0.4 umol, 4/28 + Levin et al.
571 pg] in 200 pL, 1x, (14%:0.14 £ (1984)
followed 2 wk later by 0.07 T/mouse);

16 nmol [9.9 ng] TPA in 2.5 umol, 10/27 (36%;
200 pL acetone, 2x/wk, 0.64 + 0.20) vs 2/29
25 wk (7%; 0.07 £ 0.05) in
solvent controls
(p <0.05 for T inci-
dence and T/mouse at
2.5 umol)

Benzo[b]chrysene

Mouse, CD-1 F 30 Pure (benzene) 2.5 mmol [695 pg], 1x, 35 wk 14/29 (48%) (skin P) + No Scribner
followed 1 wk later by vs 0/30 in promoter statistics (1973)

5 umol (3.1 mg) TPA controls

2x/wk (10 pmol TPA in
promoter controls),
34 wk

0LT
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Benzo[a]fluoranthene
Mouse, CD-1 F 20 NS (acetone) 0, 1.0, 4.0 umol; 24 wk Skin P: 2/20 (10%), + Weyand et al.
10 subdoses, 1x every 19/20 (95%; p <0.001), (1990)
other day followed by 18/20 (90%; p <0.001);
2.5 ng TPA in 100 pL 0, 1, 3.3, 4.3 T/animal
acetone, 3x/wk, 20 wk in TPA control, low-
and high-dose groups
Benzo[b]fluoranthene
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 10, 30, 100 pg; 24 wk Skin P: 0%, 45%, 60%, + LaVoie et al.
(ICR)BR 10 subdoses, 1x every 80%; 0, 0.9,2.3, (1982a)
other day followed by 7.1 T/animal
TPA, 3x/wk, 20 wk
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 40, 100 nmol; 34 wk Skin P: 10%, 45%, + Amin et al.
(ICR) BR 10 subdoses, 1x every 95%; 0.2, 0.9, (1985a)
(outbred albino) other day followed by 3.3 T/animal
2.5 ng TPA in 100 pL
acetone, 3x/wk
F 20 >99% (acetone) 0, 40, 100 nmol; 34 wk Skin P: 5%, 42%, 53%; +
10 subdoses, 1x every 0.1, 0.5, 0.9 T/animal
other day followed by
2.5 pg TPA in 100 pL
acetone, 3x/wk
Mouse, Crl:CD-1 F 25 >99% (acetone) 400 nmol; 10 subdoses, 24 wk Skin P: 92%; + Geddie et al.
(ICR) BR 1x every other day 6.0 T/animal (1987)
(outbred albino) followed by 2.5 ug TPA,

3x/wk, 20 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
F 20 >99% (acetone) 100 nmol; 10 subdoses, 24 wk Skin P: 75%; + Geddie et al.
1x every other day 2.8 T/animal (1987) (contd)
followed by 2.5 pg TPA,
3x/wk, 20 wk
F 20 >99% (acetone) 100 nmol; 10 subdoses, 24 wk Skin P: 70%; +
1x every other day 1.8 T/animal
followed by 2.5 ng TPA,
3x/wk, 20 wk
F 20 >99% (acetone) 100 nmol; 10 subdoses, 34 wk Skin P: 53%; +
1x every other day 0.9 T/animal
followed by 2.5 ug TPA,
3x/wk, 20 wk
Mouse, CD-1 F 20 NS (acetone) 0, 30, 100 pg; 24 wk Skin P: 15%, 65%, + Weyand et al.
10 subdoses, 1x every 100%; 0.1, 1.4, (1989)
other day followed by 5.4 T/animal

2.5 ug TPA in 100 L
acetone, 3x/wk, 20 wk

Mouse, CD-1 F 20 NS (acetone) 0, 1.0, 4.0 umol; 24 wk Skin P: 10%, 100% + Weyand et al.
10 subdoses, 1x every (p <0.001), 100% (1990)
other day followed by (» <0.001), 0.1, 8.5,
2.5 ug TPA, 3x/wk, 11.0 T/animal
20 wk
Mouse, Crl:CD-1 F 20 NS (acetone) 0, 30, 100 pg; 34 wk Skin P: 15%, 65%, + Amin ef al.
(ICR) BR outbred 10 subdoses, 1x every 100%; 0.1, 1.4, (1991)
albino other day followed by 5.4 T/animal

2.5 ug TPA in 100 uL
acetone, 3x/wk, 30 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result* Reference
species and strain at start exposure of study
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 120, 400 nmol,; 24 wk Skin P: 15%, 70% + LaVoie et al.
outbred albino 10 subdoses, 1x every (p <0.001), 95%; 0.15, (1993)
other day followed by 1.40, 7.15 T/animal
2.5 ng TPA, 3x/wk,
20 wk
F 20 >99% (acetone) 0, 40, 120, 400 nmol; 24 wk Skin P: 5%, 35% +
10 subdoses, 1x every (p <0.05), 90%
other day followed by (p <0.001), 95%
2.5 ug TPA, 3x/wk, (p <0.001); 0.05, 0.45,
20 wk 3.70, 8.65 T/animal
Benzo[j]fluoranthene
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 30, 100, 1000 pg; 24 wk Skin P: 0%, 30%, 55%, + LaVoie et al.
(ICR)BR 10 subdoses, 1x every 95%,; 0, 0.6, 1.9, (1982a)
other day followed by 7.2 T/animal
2.5 ng TPA, 3x/wk, 20
wk
Mouse, CD-1 F 20 NS (acetone) 0, 1, 3 umol; 24 wk Skin P: 10% + Rice et al.
10 subdoses, 1x every (p <0.005), 70% (1987)
other day followed by (p <0.005), 90%
2.5 ng TPA, 3x/wk, (p <0.005); 0.1, 3.4,
20 wk 7.8 T/animal
Mouse, Crl:CD-1 F 2024 >99% (acetone) 0, 0.3, 1.0, 2.0 umol; 24 wk Skin P: 5% (p <0.01), + Weyand et al.
outbred albino 10 subdoses, 1x every 55% (p <0.01), 88% (1992)

other day followed by
2.5 ng TPA, 3x/wk,
20 wk

(p <0.01), 100%
(p <0.01); 0.05, 1.75,
4.08, 7.17 T/animal
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 20 NS (acetone) 0, 25, 50, 100, 24 wk Skin P: 0%, 5% + LaVoie et al.
1000 nmol; 10 subdoses, (p <0.05), 10% (1993)
1x every other day (p <0.05), 45%
followed by 2.5 pug TPA. (p <0.001), 95%
3x/wk, 20 wk (p <0.001); 0, 0.05,
0.40, 0.65,
8.75 T/animal
Benzo[k|fluoranthene
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 30, 100, 1000 ng; 24 wk Skin P: 0%, 5%, 25%, + LaVoie et al.
(ICR)BR 10 subdoses, 1x every 75%; 0, 0.1, 0.4, (1982a)
other day followed by 2.8 T/animal
2.5 ug TPA, 3x/wk,
20 wk
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 4 pmol; 10 subdoses, 30 wk Skin P: 0%, 37%; + Amin et al.
(ICR) BR 1x every other day 0.7 T/animal (1985b)
(outbred albino) followed by 2.5 ng TPA,
3x/wk, 30 wk
Benzo[a]|pyrene
Mouse, SENCAR F Experi- 98.5% (acetone  Experiment 1: 28/50 wk  Experiment 1: + No control  DiGiovanni
ment 1, 30; or acetone + 50, 100, 200 nmol Skin P (after 28 wk): in experi- et al. (1980)
experiment DMSO) [13.21,26.43, 52.87 pg]/ 19/30 (63%; 1.7 P/ ment 1
2,60 animal, 1x followed after animal), 27/30 (89%;

1 wk by 8.5 nmol TPA,
2x/wk, 19-28 wk

3.8 P/animal), 29/30
(97%; 7.8 P/animal)
Skin C (after 50 wk):
5/30 (18%), 9/30
(30%), 17/30 (55%)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Experiment 2: 25 wk Experiment 2: DiGiovanni
0, 10, 50, 100, 200 nmol Skin P: 6/60 (10 %; et al. (1980)
[0,2.64,13.21, 26.43, 0.1 P/animal), 25/60 (contd)
52.87 pg]/animal, 1x (42%; 0.9 P/animal),
followed after 1 wk by 36/60 (60%;
8.5 nmol TPA, 2x/wk, 1.6 P/animal), 48/60
25 wk (80%; 3.8 P/animal),
60/60 (100%;
8.2 P/animal)
Mouse, CD-1 F 30 98.5% (acetone 0, 10, 50, 100,200 nmol 25 wk Skin P: 6/60 (10%; + DiGiovanni
or acetone + [0,2.64, 13.21, 26.43, 0.1 P/animal), 6/60 et al. (1980)
DMSO) 52.87 pgl/animal, 1x (10%; 0.1 P/animal),
followed after 1 wk by 24/60 (40%; 0.7 P/
8.5 nmol croton oil, animal), 35/60 (58%;
2x/wk, 25 wk 1.8 P/animal), 43/60
(72%; 3.8 P/animal)
Mouse, Crl/CD- F 20 >99% (acetone) 0, 5 pg animal, 1x/2 25 wk Skin T (predominantly — + El-Bayoumy

1(ICR)BR

days, 20 days (total dose,
50 pg/animal) followed
after 10 days by 2.5 pg
TPA/animal, 3x/wk,

25 wk

P): 1/20 (5%; 0.1 T/
animal), 18/20 (90%;
7.1 T/animal) (p <0.01)

et al. (1982)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, SENCAR F 30 NS (acetone) 0, 10, 25, 50, 100, 25 wk Skin P: 3/29 (10%; + Raveh et al.
200 pg/animal, 1x 0.2 T/animal), 17/29 (1982)
followed 1 wk later by (58%; 1.3 T/animal),
2 ng TPA/animal, 21/28 (76%; 3.8 T/
2x/wk, 25 wk animal), 24/28 (87%;
6.2 T/animal), 27/27
(100%; 8.8 T/animal),
26/26 (100%; 9.0 T/
animal)
Mouse, SENCAR M, F 22-40 NS (acetone or Experiment 1: 0, 51 pg/ 30 wk Skin P + Nesnow et al.
acetone/DMSO  animal in acetone, 1x Experiment 1: M: (1984b)
mixture (1:1)) followed after 1 wk by 37/37 (100%; 7.2 P/
2.0 ng TPA/animal, animal), 39/40 (97%;
2x/wk, 30 wk 5.3 P/animal)
F:35/35 (100%;
7.7 P/animal), 36/40
(90%; 4.5 P/animal)
Experiment 2: 0 Experiment 2:M:
(acetone/DMSO (0/21; 0%), 11/18
mixture), 51 pg/animal (61%; 1.5 P/animal); F:
(in acetone) followed (0/20; 0%), 9/19 (47%;
after 1 wk by 0.8 P/animal)
2.0 pg TPA/animal,
2x/wk, 30 wk
Mouse, SENCAR F 20 NS (acetone) 0, 396 nmol 11 wk Skin P: 0/20, 20/20 + Mukhtar et al.
[0.1mg]/animal, 1x (100%; 6.6 P/animal) (1986)
followed after 7 days by

3.24 nmol TPA, 2x/wk,
11 wk

9LT
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference

species and strain at start exposure of study

Mouse, SENCAR F 24,29 NS (acetone) 0, 0.8 umol [0, 0.2 mg]/ 23 wk Skin P: 1/29 (3%; + Cavalieri et

controls animal, 1x followed after multiplicity, 2), 22/24 al. (1988b)
1 wk by 4.26 nmol TPA, (92%; multiplicity, 6.6;
2x/wk, 23 wk p <0.001)

Mouse, CD-1 F 20 >99% (acetone) 0, 0.01 umol 20 wk Skin T: 1/20 (5% + Type of Rice et al.
[2.64 ng]/animal, 0.05 T/animal), 17/19 skin TNS  (1988)
1x/2 days, 20 days, (89%j 5.53 T/animal;
followed 10 days after (p <0.005)
the final dose by 2.5 pg
TPA, 3x/wk, 20 wk

Mouse, CD-1 F 30 >99% (acetone) 0, 10 nmol 20 wk Skin P: 24/25 (0, 96%; + Rice et al.
[2.64 pg]/animal, 3.4 T/animal, (1990)
1x/2 days, 20 days, p <0.005)
followed 10 days after
the last dose by
2.5 ng TPA, 3x/wk,

20 wk

Mouse, SENCAR F 24 >99% (acetone) 0, 33.3, 100, 300 nmol 150r16 Skin T (predominantly — + Cavalieri et

[0, 8.8,26.4, 79 pgl/ wk P): 0/24, 10/23 (43%; al. (1991)

animal, 1x followed by
3.24 nmol TPA, 2x/wk,
1 wk, then stopped for
2 wk then resumed and
continued with 2 x/wk
for 11 wk

15T, 0.65 T/animal),
17/24 (711%; 66 T, 2.75
T/animal), 21/23 (91%;
120 T, 5.22 T/animal)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference

species and strain at start exposure of study

Mouse, SENCAR F 24 >99% (acetone) 0,4, 20, 100 nmol [0, 1, 27 wk Skin T (predominantly — + Cavalieri et
5.3,26.4 pgl/animal, 1x, P): 0/24, 1/24, (4%; al. (1991)
followed after 1 wk with 1 T, 0.04 T/animal),

3.24 nmol TPA, 2x/wk, 10/24 (42%; 18 T,

24 wk 0.75 T/animal), 22/24
(92%; 82T, 3,42 T/
animal)

Mouse, SENCAR F 24 >99% (acetone) 0, 1 nmol 27 wk No skin T found - Verylow  Higginbotham
[0.26 pg]/animal, 1x dose etal (1993)
followed after 1 wk by
2.16 nmol TPA, 2x/wk,

27 wk

Mouse, CD-1 F 20 NS (acetone) 0,4,10,25nmol [1, 2.5, 25wk Skin T: 3/20 (15%,; - Type of LaVoie et al.
6.6 ngl/animal, 10]x, 0.15 T/animal), 3/20 skin TNS  (1993)
1x/2 days, 20 days (15%; 0.15 T/animal),
followed after 10 days by 2/20 (10%; 0.10 T/

2.5 ng TPA/animal, animal), 5/20 (25%;
3x/wk, 20 wk 0.4 T/animal; p >0.05)
Benzo[e]pyrene
Mouse, CD-1 F 30 >99% 0, 1.0, 2.5, 6.0 umol, 1x; 36 wk Skin P: 7% 15%, 11%, + Buening et al.
(acetone/DMSO) followed by TPA 14%; (1980)
(16 nmol/200 pL 0.07,0.15, 0.11,

acetone), 2x/wk, 25 wk

0.14 T/animal
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Chrysene
Mouse CD-1 F 30 NS 0, 0.4, 1.2 umol, 1x, 26 wk Skin P: 10%, 43% + Chang et al.
(acetone/DMSO) followed by 16 nmol (p <0.05), 43% (1983)
TPA, 2x/wk, 25 wk (p <0.05); 0.10 + 0.06,
0.77+£0.25,1.07 £
0.34 P/animal
0, 1.2 pmol, 1x, followed 26 wk Skin P: 0%, 30% +
by 16nmol TPA, 2x/wk, (p <0.05);0,0.93 £
25 wk 0.27 P/animal
Mouse, CD-1 F 25 >99% (acetone)  0,1.0 mg, 10 subdoses, 24 wk Skin P: 2/25 (8%), + Rice et al.
1x every other day 23/25 (92%) (1985)
followed by 2.5 ug TPA,
3x/wk, 20 wk
Mouse, CD-1 F 20 >99% (acetone) 0, 0.15, 0.5, 1.5 pmol, 20 wk Skin P: 20%, 25% + Rice et al.
10 subdoses, 1x every (p <0.05), 90% (1988)
other day followed by (p <0.005), 95%
2.5 ng TPA, 3x/wk, (p <0.005); 0.05, 0.45,
20 wk 2.95, 4.45 P/animal
Mouse, CD-1 F 20 >99% (acetone) 0, 33 nmol, 1x, followed 24 wk Skin P: 10%, 10%; 0.6, — Amin et al.
by 2.5 ng TPA, 3x/wk, 0.1 T/animal (1990)
20 wk
Mouse, SENCAR M, F 16 NS (toluene) 0, 1600 nmol, 1x, 101 wk No skin T in treated or  — Bhatt &
followed by croton control mice Coombs
oil/toluene (1:99, v/v), (1990)

2x/wk, 100 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
4H-Cyclopenta|def]chrysene
Mouse, CD-1 F 25 >99% (acetone) 0, 0.1 mg, 10 subdoses, 24 wk Skin P: 2/25 (8%), + Rice et al.
1x every other day, 25/25 (100%) (1985)
followed by 2.5 ug TPA,
3x/wk, 20 wk
Mouse, CD-1 F 20 >99% (acetone) 0, 0.15,0.5, 1.5 umol, 1x 24 wk Skin P (T/mouse): 1/20 + Rice et al.
every other day, (5%; 0.05), 13/20 (1988)
followed by 2.5 ug TPA, (65%; 1.0), 19/19
3x/wk, 20 wk (100%; 6.85), 19/19
(100%; 8.47) (p <0.05)
Dibenz[a,c]anthracene
Mouse, Swiss F 20, 40 Purified 1 mgin 100 pL, 1x; 54-66 wk 1.0 mg, 0/20 vs 0/20 + No Van Duuren
(ICR/Ha) controls (benzene) 1 mgin 100 pL, 1x, solvent controls; 1.0 statistics et al. (1968)

followed 2 wk later by
25 pg croton oil in
100 pL acetone, 3x/wk

mg + croton oil, 5/20
(25%) skin P, 2/20
(10%) skin C vs 6/40
(15%) skin P, 1/40
(2%) skin C in croton
oil controls
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, Swiss F 20 or 50, ‘Rigorously 1.0 mg in 100 pL, 1x; 58-60 wk 1.0 mg, 0/50 vs 0/20 + No Van Duuren
(ICR/Ha) 20 controls  purified’ 1.0 mg in 100 pL, 1x, solvent controls; statistics etal. (1970)
(benzene) followed 2 wk later by 1.0 mg + TPA, 19/20
2.5 ug TPA in 100 pL (95%; skin P), 4/20
acetone, 3x/wk (20%; skin C) vs 1/20
(5%, skin P) TPA
controls
Mouse, CD-1 F 30 Pure (benzene) 696 g, 1x, followed 35 wk 63% skin P vs 0% in + No Scribner
1 wk later by TPA TPA controls statistics; (1973)
[5 pmol (3.1 mg); incidence
solvent and volume NS], NS
2x/wk (10 umol TPA in
promoter controls),
34 wk
Mouse, SENCAR F 30 >5% (acetone) 2 umol [557 pg], 1x; At least 27% skinPvs 10%in  + Limited Slaga et al.
followed 1 wk later by 15 wk TPA controls reporting (1980)
TPA [2 pg, solvent and and histo-
volume NS]J, 2x/wk pathology;
[duration NS] no statis-
tics
Mouse, CD-1 F 39-40 Pure (acetone) 25,50 pgin 100 pL, 68 wk 25 ng, 5/39 (13%; skin ~ + Chourou-
followed 1 wk later by P); 50 pg, 8/40 (20%) linkov ef al.
0.64 pg TPA in 100 pL vs 3/40 (8%) TPA (1983)
acetone, 2x/wk; 29 wk, controls

then 1 pg, 38 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study

Dibenz|a,h]anthracene

Mouse, Swiss M 97 NS (acetone) 20, 160 ng in 200 pL, 210-218 20 ng, 10/30 (33%) + Klein (1960)
albino 1x, followed by croton days skin T (0.5 T/mouse;
oil [1%, volume NS], p <0.05); 160 ng, 14/37
1x/wk, 25 wk (38%; 0.9 T/mouse;
p <0.05) vs 4/32 (13%;
0.1 T/mouse) acetone
controls
Mouse, Swiss F 20, 50 NS (benzene) 0, 150 pg, 1x, followed 331 days 18/20 (90%; skin P), + No Van Duuren
(ICR/Ha) controls by croton oil [100 pL, 10/20 (50%; skin C) vs statistics etal. (1967)
0.025%], 3x/wk, 45 wk 8/50 (16%; skin P),
0/50 (skin C) croton oil
controls
Mouse, NMRI F 16, 30 >99% (acetone 0, 83.5 pgin 100 pL 24 wk 83.5 ug, 6/16 (38%:; + No Platt et al.
controls or THF) acetone, 167 pg in skin P); 167 pg, 15/16 histology;  (1990)
100 pL tetrahydrofuran, (93%; skin P) vs 0/30 no
100 pL acetone, 1x, acetone controls statistics
followed by 10 nmol
TPA, 2x/wk, 23 wk
Dibenz[a,j]lanthracene
Mouse, SENCAR F 30 NS (acetone) 0, 111, 223 pg [400, 22 wk Skin P: 111 pg, 70% + No Sawyer et al.
800 nmol] in 200 pL, 1x, (1.3 P/mouse); 223 pg, histology (1987, 1988)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study

Mouse, SENCAR F 24

Mouse, SENCAR F

Dibenzo|a,e]pyrene

Mouse, Swiss
albino
Ha/ICR/Mil

Mouse, SENCAR F

Dibenzo|a,h]pyrene

Mouse, Swiss
albino
Ha/ICR/Mil

24

30

21,23
controls

30

NS (peroxide-
free THF)

NS (peroxide-
free THF)

Recrystallized
(dioxane)

>99% (dioxane:
DMSO (75:25))

Recrystallized
(dioxane)

0,111 pg (400 nmol) in 16 wk

200 pL, 1x, followed by
2.1 pg TPA, 2x/wk,
14 wk

0, 111, 223 ng [400,

800 nmol] in 200 pL, 1x;
followed by 2.1 pug TPA,
2x/wk, 20 wk

0,25 pgin 25 pL,
10x/20 days, followed
1 wk later by 2.5%
(2.3 mg) croton oil in
acetone (frequency,
duration NS)

0, 242 ng [800 nmol] in
100 pL, 1x, followed

1 wk later by 2.6 g
TPA/100 pL acetone,
2x/wk, 25 wk

0, 25 pg, 10x/20 days,
followed by 2.5%

[2.3 mg] croton oil
(volume NS), 3x/wk)

Skin P: 111 pg, 29% + Limited Harvey et al.

(0.58 P/mouse) vs 5%
(0.05 P/mouse) THF
controls (p <0.05)

Skin P: 111 pg, 39%
(0.86 P/mouse);

223 ng, 65% (1.83 P/
mouse) vs 5% (0.05 P/
mouse) THF controls

10/28 (36%; skin P) vs
2/30 (7%) croton oil
controls

5/21 (24%; skin P) vs
2/23 (9%) TPA
controls

21/29 (74%; skin P) vs
2/30 (7%; skin P)
croton oil control

(p <0.01)

(1988)

Sawyer et al.
(1988)

Hoffmann &
Wynder
(1966);
LaVoie et al.
(1979)

Cavalieri et
al. (1989)

Hoffmann &
Wynder
(1966);
LaVoie et al.
(1979)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 31,32 NS (acetone) 0,200 pg, 1x, followed 27 wk 26/28 (93%; skin T) vs ~ + No Sardella et al.
controls by 10 pug TPA, 2x/wk, 2/32 (6%) TPA statistics (1981)
26 wk controls
Mouse, CD-1 F 30 ‘Essentially 0, 15, 60, 180 pg in 15 pg, Skin P: 15 pg, 72% + No Chang et al.
pure’ (10% 200 pL, 1x, followed by 25 wk; 60  (3.97 P/mouse) vs 0% histology ~ (1982)
DMSO in THF) 16 nmol TPA, 2x/wk, 16  and in TPA control; 60 ug,
or 24 wk 180 pg, 79% (4.72 P/mouse);

17 wk 180 pg, 72% (5.52 P/
mouse) vs 10% (0.10
P/mouse) in TPA

control
Mouse, SENCAR F 24,23 >99% (dioxane: 0,240 pg [800 nmol] in 26 wk 18/24 (75%) skin Pvs ~ + Cavalieri et
controls DMSO (75:25)) 100 pL, 1x, followed by 2/23 (9%) TPA control al. (1989)
4.26 nmol TPA, 2x/wk,
25 wk
Dibenzo[a,i]pyrene
Mouse, Swiss NS 30 Recrystallized 0,25 pgin 25 pL, 6 mo 12/30 (40%; skin P) vs ~ + Hoffmann &
albino (dioxane) 10x/20 days, followed 2/30 (7%; skin P) Wynder
Ha/ICR/Mil 1 wk later by 2.5% croton oil controls (1966);
(2.3 mg) croton oil in LaVoie et al.
acetone (frequency, (1979)
duration NS)
Mouse, 20Ha/ICR  F 20 95% (acetone) 0, 10, 50 pg in 100 uL NS Skin T: 100 ng, 40% + Hecht et al.
Swiss (total dose, 100, 500 pg), (0.5 T/mouse, type (1981)

10x/20 days, followed NS); 500 pg, 85%

¥8¢C
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10 days later by 2.5 pg
TPA in 100 pL acetone
3x/wk, 20 wk

(5.8 T/mouse, type NS)
vs 0% solvent controls



Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 30 ‘Essentially 0, 15, 60, 180 pg in NS Skin P: 15 pug (16 wk), + No Chang et al.
pure’ (10% 200 pL, 1x, followed 28% (0.52 P/mouse) vs histology  (1982)
DMSO in THF) 1 wk later by 10 pg TPA 0% in TPA controls;
in 200 pL, 2x/wk, 16 wk 60 g, 67%
(all dose groups) and (5.33 P/mouse);
24 wk (15 pg group) 180 pg, 79%
(5.25 P/mouse) vs 10%
(0.10 P/mouse) in TPA
controls; 15 pg
(24 wk), 69% (2.07 £
0.44 (mean £ SE)
P/mouse) vs 0% in
TPA controls
Mouse, SENCAR F 24,23 >99% (dioxane: 0,242 pg (800 nmol)in 26 wk 15/24 (62%; skin P) vs  + Cavalieri et
controls DMSO (75:25)) 100 pL, 1x, followed 2/23 (9%) TPA al. (1989)
1 wk later by 2.6 ug TPA controls
in 100 pL acetone,
2x/wk, 25 wk
Dibenzo[a,/|pyrene
Mouse, SENCAR F 24,23 >99% (dioxane: 0,242 pg (800 nmol) in 26 wk 22/24 (92%; skin P) vs ~ + Cavalieri et
controls DMSO (75:25)) 100 pL, 1x, followed 2/23 (9%) TPA al. (1989)

3 wk later by 2.6 ug TPA
in 100 pL acetone,
2x/wk, 22 wk

controls
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Mouse, SENCAR F 24 >99% (acetone) 0, 10.1,30.2,90.7 ugin 15wk Skin P: 10.1 pg, 23/24  + Cavalieri et
100 pL, 1x, followed (96%; 6.75 T/mouse); al. (1991)
1 wk later by 2.0 ug TPA 30.2 pg, 22/24 (92%;
in 100 pL acetone; 7.92 T/mouse);
promotion suspended 90.7 pg, 24/24 (100%;
after first treatment and 8.50 T/mouse) vs 0/24
resumed by 4 wk, 2x/wk, TPA controls
12 wk
Mouse, SENCAR F 24 >99% (acetone)  1.2,6.0,30.2 pgin 27 wk Skin P: 1.2 ng, 22/24 + Cavalieri et
100 pL, 1x, followed (92%; 6.96 T/mouse); al. (1991)
2 wk later by 2.0 pg TPA 6.0 pg, 20/24 (83%;
in 100 pL acetone, 5.29 T/mouse);
2x/wk, 24 wk 30.2 pg, 20/24 (83%;
3.29 T/mouse) vs 0/24
TPA controls
Mouse, SENCAR F 24 >99% (acetone)  75.5,302 ngin 100 pL, 27 wk Skin P: 75.5 ng, ~30%; + Higginbotham
1x, followed 1 wk later 302 ng, ~80% vs 0% in etal. (1993)
by 1.3 ug TPA in 100 pL TPA controls

acetone, 2x/wk, 27 wk

98¢
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 20 NS (acetone) 0.3,1.2,3.0, 7.6 pug (total  >22 wk Unspecified skin T: + No LaVoie et al.
doses); 10 subdoses in 0.3 ng, 18/19 (95%; histology (1993)
100 pL, every other day, 5.0 T/mouse); 1.2 g,
followed 10 days later by 20/20 (100%; 17.8 T/
2.5 ng TPA in 100 pL, mouse); 3.0 pg, 18/20
3x/wk, 20 wk (90%; 11.3 T/mouse);
7.6 ng, 20/20 (100%;
15.0 T/mouse) vs 3/20
(15%; 0.15 T/mouse)
solvent controls
(p <0.001 for all dose
groups)
Mouse, SENCAR F 23-25 Pure (acetone) 04,1.2,3.6 ugin 29-30 wk  Skin T: 0.4 ng, 16/23 + No control ~ Gill et al.
100 pL, 1x, followed (70%; 5.22 T/mouse; (1994)
1 wk later by 1 ug TPA 2 SCC in 2 mice);
in 100 pL, 2x/wk, 28 wk 1.2 ng, 19/23 (83%;
7.09 T/mouse); 3.6 ng,
23/25 (92%; 9.28 T/
mouse; 7 SCC in
5 mice)
Mouse, NMRI F 16 >99.7% 0, 12 pgin 100 pL, 1x, 31 wk 15/16 (94%; skin T; + No Luch et al.
(acetone) followed 1 wk later by 6.5 T/mouse) vs 0/16 histology (1999)
TPA (6.2 pg in 100 pL acetone controls
acetone, 2 x/wk, 30 wk)
Mouse, SENCAR F 35,10 NS ( toluene) 0, 0.6 pgin 200 pL, 1x, 26 wk 30/30 (100%; skin P; + Marston et al.
controls followed 2 wk later by 7.97 T/mouse) vs 1/9 (2001)

1 pg TPA in 200 pL
acetone, 2x/wk, 25 wk

(11%; 0.25 T/mouse)
TPA controls
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Dibenzo[e,/|pyrene
Mouse, Swiss NS 30 Recrystallized 0,25 pgin 25 pL, 6 mo 0/30 skin P vs 2/30 - Hoffmann &
albino (dioxane) 10x/20 days, followed (7%) promoter controls Wynder
Ha/ICR/Mil 1 wk later by 2.5% (1966)

(2.3 mg) croton oil in

acetone (frequency,

duration NS)
1,4-Dimethylphenanthrene
Mouse, Swiss F 20 >99.5% 0, 100 pg in 100 pL, 24 wk 95% skin P (8.2 T/ + No LaVoie et al.
albino (Ha/ICR) (acetone) 10x, every other day, mouse) vs 0% in TPA histology;  (1981)

followed by 2.5 ug TPA controls no

in 100 pL acetone, statistics

3x/wk, 20 wk
Mouse, outbred F 20 >99.5% 0,30, 100 pgin 100 L, 24 wk 30 ng, 80% skin T + LaVoie et al.
albino Crl:CD-1 (acetone) 10x, every other day, (3.25 T/mouse); (1982b)
(ICR) BR followed by 2.5 ng TPA 100 pg, 100%

in 100 pL acetone, (5.30 T/mouse) vs 0%

3x/wk, 20 wk in TPA control;

(p <0.01)

Indeno[1,2,3-cd]pyrene
Mouse, Crl:CD-1 F 25 NS (acetone) 0, 1.0 mg, 10 subdoses, 24 wk Skin P: 90% + Rice et al.
(ICR) BR 1x every other day (2.83 T/mouse) vs 5% (1986)
(outbred albino) followed by 2.5 pug TPA, in controls

3x/wk, 20 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 25 >99% (acetone) 0, 4.0 umol [1105 pg], 24 wk Skin P: 0%, 72% + Rice et al.
10 subdoses, 1x every (2.1 T/mouse) (1990)
other day, followed by (p <0.005)
2.5 ng TPA, 3x/wk,
20 wk
1-Methylchrysene
Mouse, Swiss F >99.9% 0, 1.0 mg, 10 subdoses, Skin T: 0/20 (0%), Hecht et al.
albino (acetone) 1x every other day, 6/19 (32%; (1974);
Ha/ICR/Mil followed by 2.5 pg TPA, 0.32 T/mouse) LaVoie et al.
3x/wk, 20 wk (1979)
2-Methylchrysene
Mouse, Swiss F >99.9% 0, 1.0 mg, 10 subdoses, Skin T: 0/20 (0%), Hecht et al.
albino (acetone) 1x every other day, 8/19 (42%; (1974);
Ha/ICR/Mil followed by 2.5 ug TPA, 0.68 T/mouse) LaVoie et al.
3x/wk, 20 wk (1979)
3-Methylchrysene
Mouse, Swiss F >99.9% 0,0.1, 0.3 mg, Skin T (T/mouse): Hecht et al.
albino (acetone) 10 subdoses, 1x every 0/20, 3/17 (18%; 0.18), (1974)
Ha/ICR/Mil other day, followed by 4/16 (25%; 0.50)
2.5 ng TPA, 3x/wk,
20 wk
Mouse, Swiss F >99.9% 0, 1.0 mg, 10 subdoses, Skin T: 0/20 (0%), Hecht et al.
albino (acetone) 1x every other day 14/20 (70%; 1.3 (1974);
Ha/ICR/Mil followed by 2.5 ug TPA, T/mouse) LaVoie et al.
3x/wk, 20 wk (1979)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
4-Methylchrysene
Mouse, Swiss F 20 >99.9% 0, 1.0 mg, 10 subdoses, 24 wk Skin T: 0/20 (0%), + Hecht et al.
albino (acetone) 1x every other day, 7/20 (35%; (1974),
Ha/ICR/Mil followed by 2.5 pg TPA, 0.45 T/mouse) LaVoie et al.
3x/wk, 20 wk (1979)
5-Methylchrysene
Mouse, Swiss F 20 >99.9% 0.1, 0.3 mg, 10 subdoses, 24 wk Skin T: 20/20 (100%; + Hecht et al.
albino (acetone) 1x every other day, 5.5 T/mouse), 20/20 (1974)
Ha/ICR/Mil followed by 2.5 ng TPA, (100%; 8.0 T/mouse)
3x/wk, 20 wk
Mouse, Swiss F 20 >99.9% 0, 1.0 mg, 10 subdoses, 24 wk Skin T: 0/20 (0%), + Hecht et al.
albino (acetone) 1x every other day, 17/18 (94%; (1974),
Ha/ICR/Mil followed by 2.5 ug TPA, 5.3 T/mouse) LaVoie et al.
3x/wk, 20 wk (1979)
Mouse, CD-1 F 20 >99.9% 0, 33 nmol, 1x, followed 22 wk Skin P (T/mouse): 5%  + Amin et al.
(acetone) by 2.5 ug TPA, 3x/wk, (0.05), 65% (1.7, (1985c¢)
20 wk p <0.01)
Mouse, CD-1 F 20 100% (NS) 0, 33, 100 nmol, 1x, 26 wk Skin P (T/mouse): 10% + Hecht et al.
followed by 2.5 ug TPA, (0.1), 80% (3.9), 90% (1985)
3x/wk, 25 wk (5.2)
Mouse, CD-1 F 20 >99.9% 0, 100 nmol, 1x, 25 wk Skin P (T/mouse): 10% + El-Bayoumy
(acetone) followed by 2.5 ng TPA, (0.1),90% (5.2) etal. (1986)
3x/wk, 25 wk
Mouse, CD-1 F 20 >99% (acetone) 0, 33 nmol, 1x, followed 22 wk Skin P: 0%, 84% + Hecht et al.
by 2.5 pg TPA, 3x/wk, (4.8 T/mouse) (1987)

20 wk
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, CD-1 F 20 >99% (acetone) 0, 0.15, 0.5, 1.5 pmol, 22 wk Skin P (T/mouse): 20% + Rice et al.
10 subdoses, 1x every (0.3), 100% (9.2; (1988)
other day, followed by p <0.005), 100%
2.5 ug TPA, 3x/wk, (10.68; p <0.005),
20 wk 100% (9.42; p <0.005)
Mouse, CD-1 F 22 NS (acetone) 0, 33 nmol, 1x, followed 22 wk Skin P (T/mouse): 10% + Amin et al.
by 2.5 ng TPA, 3x/wk, (0.6), 85% (4.3; (1990)
20 wk p <0.05)
Mouse, CD-1 F 20 NS (acetone) 0, 33 nmol, 1x, followed 25 wk Skin P (T/mouse): 10% + Amin et al.
by 2.5 ng TPA, 3x/wk, (0.01), 65% (2.80; (1992)
25 wk p <0.01)
6-Methylchrysene
Mouse, Swiss F 20 >99.9% 0, 1.0, 10 subdoses, 1x 24 wk Skin T: 0/20 (0%), + Hecht et al.
albino (acetone) every other day followed 7119 37%; 1.5 (1974);
Ha/ICR/Mil by 2.5 ng TPA, 3x/wk, T/mouse) LaVoie et al.

20 wk

(1979)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
2-Methylfluoranthene
Mouse, Swiss F 30 Pure (acetone) 0, 1.0 mg (2 studies), 4 mo Skin T (T/mouse): + Hoffman et
albino 10 subdoses in 50 pL, 1x Study 1: 1/30 (3%; al. (1972);
Ha/ICR/Mil every other day, 0.03), 9/30 (30%; 0.47) LaVoie et al.
followed by 2.5% croton Study 2: 1/30 (3%; (1979)
oil, 3x/wk, 20 wk 0.03), 10/29 (34%;
0.55; p <0.01)
3-Methylfluoranthene
Mouse, Swiss F 30 Pure (acetone) 0, 1.0 mg (2 studies), 4 mo Skin T (T/mouse): 1/30  + Hoffman et
albino 10 subdoses of 50 pL, 1x (3%; 0.03), 9/28 (32%; al. (1972);
Ha/ICR/Mil every other day, 0.5; p<0.01) LaVoie et al.
followed by 2.5% croton (1979)
oil, 3x/wk, 20 wk
1-Methylphenanthrene
Mouse, Swiss F 20 >99.5% 0, 100 pg in 100 pL, 10x 24 wk 0% skin P vs 0% in - No LaVoie et al.
albino (acetone) every other day, TPA control histology (1981)
Ha/ICR/Mil followed by 2.5 ng TPA
in 100 pL, 3x/wk,
20 wk)
Naphtho[1,2-b]fluoranthene
Mouse, CD-1 F 20 NS (acetone) 0, 1.0, 4.0 umol, 24 wk Skin P (T/mouse): 10% + Weyand et al.
10 subdoses, 1x every (0.1), 65% (2.5), 100% (1990)

other day, followed by
2.5 ng TPA, 3x/wk,
20 wk

(6.6; p <0.001)
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Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Naphtho[2,1-a]fluoranthene
Mouse, CD-1 F 20 NS (acetone) 0, 1.0, 4.0 umol, 24 wk Skin P (T/mouse): 10% + Weyand et al.
10 subdoses, 1x every (0.1), 90% (5.9), 100% (1990)
other day, followed by (7.3; p <0.001)
2.5 ng TPA, 3x/wk,
20 wk
Naphtho|[2,3-e]pyrene
Mouse, Swiss F 30 NS (dioxane) 0,250 pg, 10 subdoses, 24 wk Skin P (T/mouse): + Hoffmann &
albino Ha/ICR 1x every other day 7.6% (0.1), 33% (0.5; Wynder
followed by 2.5% croton p<0.01) (1966);
oil, 3x/wk, 20 wk LaVoie et al.
(1979)
Perylene
Mouse, Swiss F 20 ‘Rigorously 0, 800 pug in 200 pL, I1x,  58-60 wk  0/20 skin P vs 0/20 + No Van Duuren
albino Ha/ICR purified’ alone or followed by solvent controls; 3/20 statistics etal. (1970)
(benzene) 2.5 ng TPA in 100 pL (15%) skin P vs 1/20

acetone, 3x/wk, 56—
58 wk

TPA controls
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Table 3.2 (contd)
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Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result® Comments Reference
species and strain at start exposure of study
Mouse, Crl:CD-1 F 20 >99% (acetone) 0, 100 pg in 100 pL, 10x 29 wk 5% skin T vs 5% in - El-Bayoumy
(ICR)Br every other day followed TPA controls et al. (1982)
by 2.5 ug TPA in
100 pL, 3x/wk, 25 wk
—
Phenanthrene ’;:;
Mouse, ‘S’ NS 20 NS (acetone) 0, 54 mg, 10x, 3x/wk, 24 wk 5/20 (25%) skin P + Salaman & a
followed by (0.17%) (12 T) vs 4/19 (21%) Roe (1956) %
croton oil, 300 pL, skin P (4 T) croton oil Z
1x/wk, 16 wk; 300 pL controls (@)
(0.085%) 1x/wk, 2 wk Q
Mouse, ‘stock M, F 10 ‘High purity’ 0,300 g on days 0,2, 6, 24 wk 4/19 (21%) skin P vs + Roe (1962) E
albino’ (acetone) 8, followed by 250 ul 2/20 (10%) skin P an)
(0.1%) croton oil, 1x/wk, croton oil controls v
20 wk é
—
G
Mouse, CD-1 F 30 Purified 0, 1.78 mg, 1x, followed 35 wk 12/30 (40%) skinPvs  + No Scribner <
(acetone) by 5 umol TPA, 2x/wk, 1/30 (3%) skin P TPA histology;  (1973) o
34 wk controls no N
statistics
Mouse, CD-1 F 30 >98% (acetone: 0, 1.78 mg, 1x, followed 36 wk 4/30 (13%) skin P vs + No Wood et al.
ammonium by 16 nmol TPA, 2x/wk, 2/30 (7%) skin P TPA histology (1979)
hydroxide 35 wk controls
(1000:1))
Mouse, Swiss F 20 >99.5% 0, 100 pg in 100 puL, 10x 24 wk 0/20 skin P vs 0/20 - No LaVoie et al.
albino Ha/ICR (acetone) every other day, skin P TPA controls histology (1981)

followed by 2.5 ug TPA,
3x/wk, 20 wk



Table 3.2 (contd)

Chemical, Sex  No./group  Purity (vehicle)  Dose and duration of Duration  Incidence of tumours Result” Comments Reference
species and strain at start exposure of study
Picene
Mouse, CD-1 F 30 Purified 0, 2.8 mg (volume NS), 35 wk 8/30 (27%) skin P vs + No Scribner
(benzene) 1x, followed 1 wk later 0/30 TPA controls histology;  (1973)
by 10 pmol TPA, 2x/wk, the TPA
34 wk dose was
probably
10 pg; no
statistics
Mouse, NMRI F 16 or 30 >99% (acetone,  83.5 pugin 100 uL 24 wk 83.5 pg in acetone, 0%  + No Platt et al.
THE, or acetone, 167 pg in skin T; 167 pg in THF, histology;  (1990)
benzene) 100 pL tetrahydrofuran, 0% 2800 pg in no
2800 pg in 100 pL benzene, 19% vs 0% in statistics

benzene, 1x, followed by
6.2 ug TPA in 100 pL,
2x/wk, 23 wk

acetone controls

C, carcinoma; DMSO, dimethylsulfoxide; F, female; M, male; mo, month; NS, not specified; P, papilloma; PAH, polycyclic aromatic hydrocarbon; SCC, squamous-cell

carcinoma; SE, standard error; SGA, sebaceous gland adenoma; T, tumour; THF, tetrahydrofuran, TPA, 12-O-tetradecanoylphorbol-19-acetate; UV, ultraviolet; vs,

versus; wk, week
—, negative; +, positive; £, equivocal
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Table 3.3. Carcinogenicity studies of subcutaneous administration of various PAHs in experimental animals

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Anthanthrene
Mouse, XVII M, 7TM,7F NS (olive oil) 600 pgin 200 L, NS M: 0/7; F: 0/7 - No control; Lacassagne
F Ix/mo, 3 mo small no. of et al (1958)
animals;
short duration
of treatment;
no statistics
Anthracene
Mouse, C57BL M,  40-50 NS (tricaprylin) 5 mg 1x 22-28 mo  0/26 mice surviving >4 mo — No control Steiner
F (1955)
Mouse, NMRI M,  40;40 99.9% (aqueous  71.3 pgin 50 uL 40 wk Pulmonary T: F, 1/12 (8%) — No statistics  Platt ez al.
F controls solution (1% (400 nmol), 1x on vs 1/19 (5%) solvent (1990)
gelatin, 0.9% PND 2 control; M, 2/17 (12%) vs
saline, 0.4% 1/14 (7%) solvent control
Tween 20))
Rat, NS NS 10 NS; aqueous 1 mgin2 mL, 103 wk 0/10 (only 2 survived - Small no. of  Boyland &
suspension Ix/wk, 103 wk 18 mo) animals; Burrows
limited (1935)
reporting; no
control
Rat, Wistar NS 5 NS (sesame oil) 5 mg, 1x/wk, 10 mo 0/5 (only 4 survived - Small no. of  Pollia
67 wk 10 mo) animals; (1941)
short
duration; no
control; no

statistics
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Rat, BDI and NS 10 Pure (oil) 20 mg, 1x/wk, Lifetime 5/9 (55%) (1 myosarcoma, No control Druckrey &
BDIII 33 wk 4 fibroma, some of which Schméhl
had sarcomatous (1955);
proliferations) Schmihl
(1955)
11H-Benz|b,c]aceanthrylene
Mouse, C3H M 15 NS (tricaprylin) 1 mgin 500 puL, 1x >539 days  1/15(7%) (3 T/TBA, - Dunlap &
pulmonary A, hepatic A, Warren
benign haemangioma of (1946)
rump)
Benz|a]anthracene
Mouse, A M, 10; 20 NS (tricaprylin) 500 pg in 100 pL, 14 wk 0/10 vs 1/20 control - Andervont
F controls Ix & Shimkin
(1940)
Mouse, C57BL M, 50 NS (tricaprylin) 5.0 mgin 500 pL, 22 mo S: 8/50 (16%; S) vs 3/304  + Steiner &
F 1x (1%) tricaprylin controls Falk (1951)
Mouse, C57BL M, 16 (10 mg); Purified 0.05,0.2, 1,5, 22-28mo  S:0.05 mg, 5/44 (2%); + No control Steiner &
F 3645 (tricaprylin) 10 mg in 500 pL, 0.2 mg, 11/45 (24%); 1 mg, Edgcomb
(<5 mg) 1x 15/44 (34%); 5 mg, 20/36 (1952);
(56%); 10 mg, 5/16 (31%) Steiner
(1955)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration  Duration of Incidence of tumours Result® Comments Reference
species and strain at start of exposure study
Mouse, BALB/c M, 60 NS (1% 50 pugin20 puL, Ix 3643 wk  Pulmonary A + AdC: + Roe et al.
F aqueous on PNDI1, 2,4 or 8 PNDI, 24/52 (46%); (1963)
gelatine) PND2, 11/39 (28%);
PND4, 10/33 (30%);
PNDS, 10/41 (24%) vs
2/21 (10%) solvent
controls
Mouse, C3H NS 20 NS (tricaprylin) 5 mg, 1x 638 days 0% vs 0% in solvent - Stevenson
controls & von
Haam
(1965)
Mouse, C57BL M, 10 NS (arachis oil) 1 mgin 100 pL, 80 wk S: M, 8/10 (80%); F, 6/10 + Boyland &
F 1x/wk, 10 wk (60%) vs 0/10 solvent Sims (1967)
controls
Mouse, C57BL/6] M 40-50 NS (tricaprylin) 500 pgin 100 uL,  Up to 52 FibroS: no transplant, + Homburger
1x; 500 pg in wk 4.1%; transplant, 67% (8 & Treger
100 pL, 1x, wk), 80% (12 wk), 20% (1970)
followed by (16 wk), 44% (24 wk) vs
transplantation of 0% in transplanted vehicle
injection sites to controls
secondary hosts 8-
24 wk later
Rat, albino M 20 NS (tricapry 2 mgin 250 pL, Ix  14.5 mo 0/20 vs 0/19 solvent - Miller &
lin) controls Miller

(1963)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Benzo[a]pyrene
Mouse, NMRI F 60-90 NS (tricaprylin, Experiment 1: 0, 420-500 T (mainly fibroS but also + Pott et al.
0.9% saline 25,50, 100, 200, days myofibroS, carcinoS, SCC, (1973a)
solution or 400 pg/animal (in AdC and reticuloS) at
lutrol 9 tricaprylin), 1x injection site [incidence
(polyethylene- derived from dose—
oxide)) response curves]
Experiment 1: [0/90] (0%),
[24/90] (~ 27%), [49/90]
(~54%), [51/90] (~57%),
[66/90] (~73%), [56/90]
(~62%)
Experiment 2: 0, ~420 days  Experiment 2: [1/80]
25, 50, 100, (~1%), [40/80] (~50%),
200 pg/animal (in [50/80] (~62%), [60/80]
tricaprylin), 1x (~74%), [61/80] (~76%)
Experiment 3: 0, ~270 days  Experiment 3: [0/ 60]
200, 400, (0%), [2/60] (~3%),
800 pg/animal (in [18/60] (~30%), [26/60]
0.9% saline (~44%)
solution), 1x
Experiment 4: ~410 days  Experiment 4: [2/60]
100 pg/animal in (~3%), [30/60] (~50%)
lutrol or tricaprylin,
1x
Experiment 5: ~310days  Experiment 5: [11/60]

50 pgin 1 mL or
0.1 mL tricaprylin,
1x

(~18%), [37/60] (~62%)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Mouse, NMRI F 80 NS (tricaprylin,  Experiment 1: 0, 19 mo Subcutaneous T at + Pott et al.
0.9% saline 25, 50, 100, injection site (1973b)
solution, Tween 200 pg/animal in Experiment 1: 1/80 (1%),
60 or Lutrol 9 tricaprylin, 1x 44/80 (~55%), 52/80
(polyethylene (~65%), 60/80 (~75%),
oxide)) 66/80 (~83%)
60 Experiment 2: 0, 17 mo Experiment 2: 1/60 (2%),
100, 200, 400, 1/60 (2%), 5/60 (~8%),
800 pg /animal in 22/60 (~37%), 32/60
0.9% saline/Tween (~54%)
60 solution, 1x
120 Experiment 3: 14 mo Experiment 3: 2/97 (2%)

100 pg/animal in
Lutrol 9, 1x

00¢
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Mouse, M 20 or 40 Pure Experiment 1: 0 15 mo FibroS at injection site + Kouri et al.
C3H/fCum (trioctanoin, (trioctanoin Experiment 1: 0/16, 0/20, (1980)
DMSO) control), 0 (DMSO 15/18 (83%), 12/19 (63%)
control), 0.9 umol
[0.23 mg] in
trioctanoin or
DMSO, 1x
Experiment 2: 0 18 mo Experiment 2: 0/20, 0/18,
(trioctanoin 14/18 (78%), 7/19 (37%)
control), 0 (DMSO
control), 0.9 umol
[0.23 mg] in
trioctanoin or in
DMSO, 1x
Experiment 3: 0 18 mo Experiment 3: 0/20, 36/40
(trioctanoin/ (90%)
DMSO; 100:1),
0.9 pmol [0.23 mg]
in trioctanoin/
DMSO (100:1), 1x
Mouse, NS, M, NS NS saline 0, 10, 100 pg/ 30 wk Lung T: 5/38 (13%; 0.13 T/ + Type of lung  Rippe &
newborn F (solution + 1%  animal, 1x animal), 5/31 (16%; 0.23 tumours NS;  Pott (1989)
gelatine + 0.4% T/animal), 21/33 (64%; statistics NS
Tween 20) 2.52 T/animal)
Mouse, NS F NS NS (tricaprylin) 0, 10,100 pg/ 78 wk S at injection site: 1/30 + Rippe &
animal, 1x (3%), 13/30 (43%), 20/30 Pott (1989)
(67%)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration =~ Duration of Incidence of tumours Result” Comments Reference

species and strain at start of exposure study

Mouse, AhR™, M 17,16 NS (olive oil) 2 mg/animal, on 18 wk AR 0/16 (0%); AhR™:  + Shimizu et

AhR™", ARR™* controls day 1, day 8 17/17 (100%; 15 fibroS, al. (2000)

1 rhabdomyoS, 1 SCC;
p <0.01); AhR™: 17/17
(100%; 13 fibroS, 2
rhabdomyoS, 2 SCC;

p <0.01)

Rat, Wistar F 50 NS (tricaprylin) 0, 33, 100, 300, ~530days T (mainly fibroS) at + Pott et al.
900, 2700 pg/ injection site [incidence (1973a)
animal, 1x derived from dose—

response curves]: 2/50
(~4%), 4/50 (~8%), 7/50
(~14%), 23/50 (~46%),
35/50 (~70%), 38/50
(~76%)
Rat, NS F NS NS (tricaprylin) 0, 1 mg, 1x 132 wk S at injection site: 0/24 + Rippe &
(0%), 20/24 (83%) Pott (1989)
Rat, NS F NS NS (DMSO) 0, 15 mg, 1x 132 wk S at injection site: 1/24 + Rippe &
(4%), 19/24 (79%) Pott (1989)

¢
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Table 3.3 (contd)

Chemical Sex
species and strain

No./group
at start

Purity (vehicle)

Dose and duration
of exposure

Duration of Incidence of tumours

study

Comments

Reference

Hamster, Syrian, M
RB (randomly

bred), BIO inbred
strains designated

as: 1.5,4.22,4.24,
7.88,12.14, 15.16,
45.5,54.7, 82.73,

86.93, 87.20

Monkey, Old NS
World

25M,25F NS (tricaprylin)

17

NS (NS)

500 pg/animal, 1x

30-90 mg/kg;
multiple doses [no.
of injections and
duration of
treatment NS]

53 wk

Under
observation
upto 18
years

FibroS at injection site
RB: M, 4/25 (16%);
F, 6/23 (26%)

1.5: M, 5/25 (20%);
F, 4/23 (17%)

4.22: M, 3/25 (12%);
F, 8/25 (32%)

4.24: M, not tested,

F, 9/25 (36%)

7.88: M, 13/25 (52%);
F, 5/23 (23%)

12.14: M, 3/25 (12%);
F, 9/22 (41%)

15.16: M, 9/25 (36%);
F, 16/25 (64%)

45.5: M, 12/25 (48%);
F, 7/15 (47%)

54.7: M, 5/25 (20%);
F, 5/25 (20%)

82.73: M, 4/21 (19%);
F, 4/24 (17%)

86.93: M, 9/25 (36%);
F, 8/25 (32%)

87.20: M, 16/25 (64%);
F, 11/25 (42%)

No T found

No sub-
cutaneous T
observed in
historical
controls

Homburger
etal. (1972)

Adamson &
Sieber
(1983)
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Table 3.3 (contd)

Chemical Sex  No./group Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result® Comments Reference
species and strain at start of exposure study
Dibenz[a,c]anthracene
Mouse, C57BL6/] M, 30,10 NS (trioctanoin) 150, 300 pg in 12 mo 150 pg, 0/30; 300 pg, 1/30  — No incidence  Kouri et al.
F controls 50 uL, 1x (3%) (fibroS) reported for (1983)
the solvent
control
group; no
statistics
Mouse, DBA2/] M, 30,10 NS (trioctanoin) 150, 300 pg in 12 mo 150 pg, 0/30; 300 pg, 030 — No incidence  Kouri et al.
F controls 50 uL, 1x reported for (1983)
the solvent
control
group; no
statistics
Mouse, B6D2F,; M, 30, 10 NS (trioctanoin) 150, 300 pg in 12 mo 150 pg, 0/30; 300 pug, 1/30 - No incidence  Kouri et al.
F controls 50 uL, 1x (3%) (fibroS) reported for (1983)

the solvent
control
group; no
statistics
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Table 3.3 (contd)

Chemical Sex  No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result®  Comments Reference
species and strain at start of exposure study
Dibenz[a,h]anthracene
Mouse, CH3 M 19-79 Melting-point 1.95,7.8,15.6,31, NS S: 1.95 ng, 2/79 (3%); + No control Bryan &
(tricaprylin) 62, 125, 250, 7.8 pg, 6/40 (15%) 0; Shimkin
500 pg, 1, 2,4 mg 15.6 pg, 6/19 (31%); (1943)
in 250 puL, 8 mg in 31 pg, 16/21 (76%); 62 ng,
500 pL, 1x 20/20 (100%); 125 g,
21/23 (91%); 250 pg,
19/21 (90%); 500 pg,
20/21 (96%); 1 mg, 22/22
(100%); 2 mg, 19/19
(100%); 4 mg, 17/20
(85%); 8 mg, 16/21 (76%)
Mouse, C57BL M, 50,304 NS (tricaprylin) 20 pg, 1x <22 mo S:28/48 (58%) vs 3/280 + No statistics ~ Steiner &
F controls (1%) solvent-treated Falk (1951)
controls
Mouse, C57BL M,  40-50 NS (tricaprylin) 20, 40 pg in 22-28mo  S:20 g, 7/21 (33%); + No control; Steiner
F 500 pL, 1x 40 pg, 6/18 (33%) no statistics (1955)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result®  Comments Reference
species and strain at start of exposure study
Mouse, General M, 592,79 NS (olive oil) 0, 0.003, 0.01, M, 0.003 pg, 1/61 (2%; + No dose— O’Gara et
Purpose/NTH F controls 0.03,0.08,0.2,0.7, 54-55wk; fibroS), 23/60 (38%; response for  al. (1965)
2.2,6.7 ugin F, pulmonary T); 0.01 pg, pulmonary T;
50 uL, 1x as 78-79 wk 1/45 (2% fibroS), 10/45 no statistics
newborn (22%; pulmonary T);

0.03 pg, 0/54 fibroS, 15/53
(28%; pulmonary T);

0.08 pg, 5/42 (12%;
fibroS), 10/42 (24%;
pulmonary T); 0.2 pg, 5/48
(10%; fibroS), 18/48 (37%;
pulmonary T); 0.7 pg,
11/45 (24%; fibroS), 15/45
(33%; pulmonary T);

2.2 pg, 13/38 (34%;
fibroS), 14/38 (37%;
pulmonary T); 6.7 pg,
29/50 (58%; fibroS), 22/50
(44%; pulmonary T) vs
0/79 fibroS, 26/79 (33%;
pulmonary T) solvent
controls
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result®  Comments Reference
species and strain at start of exposure study
Mouse, C57BL M, 20 NS (arachis oil) 0, I mg, 1x/wk, 10  60-80 wk  S: M, 20/20 (100%); F, + No statistics ~ Boyland &
F wk 17/19 (90%) vs 0/40 Sims (1967)
solvent controls
Mouse, NMRI F 60 NS (tricaprylin) 10, 30, 90, 270, <16 mo Mainly fibroS: 10 pg, + No control; Pott et al.
810 pg, 1x 24/60 (40%); 30 pg, 21/60 no statistics (1973a)
(35%); 90 pg, 39/60
(65%); 270 pg, 45/60
(75%); 810 pg, 54/60
(90%)
Mouse, NMRI F 100 NS (tricaprylin) 0, 2.35,4.7,9.3, 114 wk S:2.35 pg, 37/100; 4.7 pg, + Control data  Pfeiffer
18.7,37.5,75.0 ug 39/100; 9.3 pg, 44/100; not reported;  (1977)
in 500 pL, 1x 18.7 pg, 56/100; 37.5 pg, no statistics
65/100; 75.0 ng, 69/100
Mouse, B6, D2, M 30 B6, 30 NS (tricaprylin) 0, 150, 300 pg in 12 mo FibroS: B6: 150 pg, 16/30  + No histology;  Kouri et al.
B6D2F, D2, 57 or 50 puL, 1x (53%); 300 pg, 14/30 control data (1983)
60 B6D2F;; (46%); D2: 150 pg, 1/30 not reported;
10 controls (3%); 300 pg, 0/30; no statistics
of each B6D2F,: 150 ug, 8/57
(14%); 300 pg, 33/60
(55%)
Mouse, C3H/HeJ, M 30, 10 NS (trioctanoin) 0, 150 pg in 50 uL, 9 mo FibroS: C3H/HeJ, 24/30 + No statistics ~ Lubet ef al.
C57BL/6], controls 1x (80%) vs 0/10 controls; (1983)
AKR/J, DBA/J2 C57BL/6J, 16/30 (53%) vs

0/10 controls; AKR/J, 0/30
vs 0/10 controls; DBA/J2,
1/30 (3%) vs 0/10 controls
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Mice, NMRI F 50 >99% 0, 10, 11, 30, 86, 112 wk FibroS: 10 pg, 25/48 + No histology;  Platt et al.
(tricaprylin) 112 pg in 500 pL, (52%); 11 pg, 16/47 no statistics (1990)
1x (34%); 30 pg, 25/50
(50%); 86 g, 31/49
(63%); 112 pg, 38/48
(79%) vs 3/49 (6%) and
1/50 (2%) solvent controls
Mouse, NMRI 40,44 and  >99% (aqueous 0, 11,111 pgin 40 wk Pulmonary T: F: 11 pg, + No statistics  Platt et al.
49 controls  solution [1% 50 uL, 1x on PND 6/13 (46%; 3.3 T/mouse); (1990)
gelatine, 0.9% 2 111 pg, 16/17 (94%;
saline, 0.4% 30.6 T/mouse) vs 1/19
Tween 20]) (5%; 1.0 T/mouse) solvent
controls; M: 11 pg, 6/22
(27%; 3.8 T/mouse);
111 pg, 19/21 (90%;
27.3 T/mouse) vs 1/14
(7%; 2.0 T/mouse) solvent
control
Rat, NS NS  2seriesof NS (lard) 2mgin 1 mL, 161-217 S: 1/10 (10%), 7/10 (70%) Limited Barry &
10, 20 Ix/wk, then 6 mg days vs 0/20 solvent controls survivaland ~ Cook
controls in 3 mL at reporting (1934)
unspecified
intervals
Rat, albino NS 40 Melting-point 8 mg, 1x/mo; 4x 1 year 11/18 (61%) (T) + No control or ~ Shear
(lard) histology (1936)
Rat, Wistar NS 5 NS (sesame oil) 5 mgin 500 pL, 10 mo 2/5 Small Pollia
1x/wk, 4, 5 or 8x numbers; no  (1941)

histology
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result®  Comments Reference
species and strain at start of exposure study
Rat, NS M, 10 NS (olive oil) 0.1, 1mgin I mL, 0.1 mg, S: 0.1 mg, 3/9 (33%); + No control Roussy &
F 1x 21 mo; 1 mg, 6/10 (60%) Guérin
1 mg, (1942)
15 mo
Rat, Sprague- F 12 Pure (sesame 300 pgin 100 pL, 37 wk S: 12/12 (100%) vs 0/12 + No statistics ~ Flesher et
Dawley 0il:DMSO 3x/wk, 20x solvent controls al. (2002)
9:1)
Dibenz[a,j]lanthracene
Mouse, Swiss F 25 >99% (olive 400 pgin 200 pL,  Life S:3/21 (14%); vs 0/16 + No statistics ~ Lijinsky et
oil) 1x al. (1970)
Dibenzo|A,rst]pentaphene
Mouse XVIl/nc/Z M, 8M,19F NS (olive oil) 600 pgin 200 uL, 320 days S: M, 3/8 (37%; S); F, 6/19 + No control; Lacassagne
F 1x/mo, 3 mo (32%) no statistics etal. (1964)
Dibenzo|a,e]pyrene
Mouse, XVII M, 12o0r21 M, NS (olive oil) 600 pgin 200 uL, NS 600 pg: M, 10/12 (83%; + No control; Lacassagne
F 150r 14 F 1x; or I1x/mo, 3 mo S); F, 10/15 (67%; S); no statistics et al. (1963)
1.8 mg: M, 18/21 (86%; S);
F, 14/14 (100%)
Dibenzo|a,h]pyrene
Mouse, white NS 20 NS (olive oil) 6 mg, 1x 9.5 mo 17/20 (85%) papillomas at No control; Kleinenberg
3.5 mo; none survived 9.5 no statistics (1938)
mo
Mouse, XVII M, 35M,10F NS (olive oil) 600 pgin 200 uL; NS M, 34/35 (97%; S); F, 1/10 No control; Lacassagne
F 1x/mo, 3 mo (10%; S) no statistics etal. (1958)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Dibenzo[a,i]pyrene
Mouse, XVII NS 11 NS (peanut oil) 600 pg (volume Up to 135 11/11 (100%; S); none + No control; Lacassagne
NS), 1x/mo,3 mo  days survived 135 days low survival; et al. (1957)
no statistics
Mouse, XVII M, 17M, 18 F NS (olive oil) 600 pg in 200 pL, NS M, 17/17 (100%; S); F, + No control; Lacassagne
F Ix/mo, 3 mo 16/18 (89%; S) limited etal. (1958)
duration; no
statistics
Mouse, hybrid M, 8M,8F NS (propylene 2mgin200 uL, Ix NS M, 8/8 (100%; S); F, 8/8 + No control; Waravdekar
XVII x C57BL F glycol) (100%; S) limited & Ranadive
duration; no (1958)
statistics
Mouse, albino M 12 Recrystallized 2mgin 100 pL, Up to 2 mg, 6/6 (100%; S); 4 mg, + No control; Schoental
(paraftin oil) 4 mgin200 pL, Ix 4.5 mo 6/6 (100%; S) limited (1959)
duration; no
statistics
Mouse, C57Br/ed M 10-12 NS (peanut oil,  0.01-600 pg 66 wk <1 pg, 0%; 1 pg, 9%;2 ng, + No control; T Homburger
tricaprylin or (volume NS), 1x 33%; 6.25 pg, 50%; were fibroS; & Tregier
tricaprylin/ 12.5 pg, 64%; 25 ng, 92%; leiyomioS; (1960)
cholesterol 250 pg, 100% no statistics
(% NS)
Mouse, C57Br/cd M 8850 NS (peanut oil) 500 pg >22 wk ‘Nearly’ 100% (fibroS or + No control; Homburger
(volume NS), 1x leiyomioS) no statistics & Tregier
(1960)
Mouse, C57BL/6 M 438 NS (peanut oil) 500 pg (volume >22 wk 100% fibroS + No control; Homburger

NS), 1x

no statistics

et al. (1962)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result®  Comments Reference
species and strain at start of exposure study
Mouse, BALB/c M, 8M,22 F NS (sesame oil) 50, 100 pg, 1x 8 mo M, 8/8 (100%; fibroS); F, + No control; Old et al.
F 22/22 (100%; fibroS) (both limited (1962)
doses combined) reporting; no
statistics
Mouse, C3H/An M, IM,22 F NS (sesame oil) 50, 100 pg, 1x 8 mo M, 9/9 (100%,; fibroS); F, + No control; Old et al.
F 20/22 (91%; fibroS) (both limited (1962)
doses combined) reporting; no
statistics
Mouse, I strain M, 10M,20F NS (sesame oil) 50, 100 pg, 1x 8 mo M, 5/10 (50%; fibroS); F, + No control; Old et al.
F 17/20 (85%,; fibroS) (both limited (1962)
doses combined) reporting; no
statistics
Mouse, (BALB/c M, 10M,25F NS (sesame oil) 50, 100 pg, 1x 8 mo M, 10/10 (100%; fibroS); + No control; Old et al.
x C3H)F, F F, 25/25 (100%; fibroS) limited (1962)
(both doses combined) reporting; no
statistics
Mouse, (C3H x M, IM, 18 F NS (sesame oil) 50, 100 pg, 1x 8 mo M, 6/9 (67%,; fibroS); F, + No control; Old et al.
DF, F 15/18 (83%; fibroS) (both limited (1962)
doses combined) reporting; no
statistics
Mouse, Swiss M, 8M,5F NS (tricaprylin) 2 mgin 200 pL, Ix 8 mo M, 8/8 (100%; fibroS); F, + No control; Pai &
F 5/5 (100%; fibroS) no statistics Ranadive
(1965)
Mouse, XVII x M, 8M,8F, NS (tricaprylin) 2 mgin 200 uL, Ix 10 mo M, 8/8 (100%; fibroS); F, + No control; Pai &
C57BL F 8/8 (100%; fibroS) no statistics Ranadive
(1965)
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Mouse, Swiss F 138 NS (tricaprylin) 100 mgin 200 pL, 38 wk 125/138 (91%; fibroS); + No control; Epstein et
ICR/Ha 1x 2/138 (1%; local C); 1/138 the dose was  al. (1967)
(1%; lymphoma); 6/138 probably
(4%; solitary pulmonary 100 pg; no
A); 2/138 (1%; multiple statistics
pulmonary A)
Mouse, C57BL/6 M 20-80 NS (peanut 0il) 500 pgin 100 pL, 26 wk No transplant: M, 95% + No control; Homburger
1%, followed by (fibroS); F, 90% (fibroS); no statistics & Treger
transplantation of with transplant: decreased (1967)
injection sites to latency times for the same
secondary hosts 1— incidences in both M and F
8 wk later
Mouse, C57BL/6] M 40 NS (tricaprylin) 25 pg (volume 30 wk No transplant, 90% fibroS; + No control, Homburger
NS), 1x, followed with transplant, 90% fibroS no statistics & Baker
by transplantation at 18 wk (1969)
of injection sites to
secondary hosts
7 wk later
Mouse, C57BL/6] M 40-50 NS (tricaprylin) 25 pgin 100 pL, 34 wk No transplant: 50% fibroS — + No statistics ~ Homburger
Ix; 25 pg in at 19.5 wk; 92% fibroS at & Treger
100 pL, 1x, 34 wk; with transplant: (1970)
followed by 50% fibroS at 14.5 wk;
transplantation of 100% fibroS at 31 wk vs
injection sites to 0% in transplanted vehicle
secondary hosts controls
6 wk later
Mouse, NS NS 50,25 NS (tricaprylin) 100 pg (volume 75 wk 40/50 (80%; local S) vs + No histology; ~ Sardella et
controls NS), 1x 0/25 solvent controls no statistics al. (1981)

(453
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference
species and strain at start of exposure study
Hamster, Syrian M 6-10 NS (tricaprylin)  250-2000 pg in >17 wk 250 pg, 5/9 (56%; fibroS);  + Limited Wodinsky
400 pL, 1x 500 pg, 9/10 (90%; reporting; no et al. (1964)
fibroS); 1000 pg, 10/10 statistics

(100%; fibro S); 2000 pg,
6/6 (100%; fibroS) vs 0
solvent controls

Hamster, Syrian F 8-20 NS (tricaprylin)  250-2000 pg in 40 wk 250 pg, 85% fibroS; + No control; Wodinsky
200 pL, 2500 pg in 500 pg, 87% fibroS; no statistics et al. (1965)
400 pL, 1x 1000 pg; 100% fibroS;

1500 pg, 100% fibroS;
2000 pg, 100% fibroS;
2500 pg, 95% fibroS

Rabbit, NS NS 3 Recrystallized 100-300 pg in 7 mo 1/3 (33%) C (developed + No control; Schoental
[arachis or 100-300 pL, 5x after biopsy) limited (1959)
paraftin oil] [periodicity NS], reporting;

3 mo small
number; no
statistics
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration  Duration of Incidence of tumours Comments Reference
species and strain at start of exposure study
Dibenzo[a,/]pyrene
Mouse, XVII M, 19M, 17F, NS (olive oil) 600 pg in 200 uL, M, 195 M, 12/12 (100%; S; av. No histology; Lacassagne
nc/ZE F 500 1x/mo, 2x; 1 days; F, latency, 130 days); F, no statistics et al. (1968)
controls additional 600 pg 217 days 12/12 (100%; S av. latency,
injection 2 mo later 113 days) vs ‘inactive’
[only to mice solvent
without strong
fibrous reaction at
injection site; sex,
no. NS]
1,2-Dihydroacenanthrylene
Mouse, NS F 9 Crystalline 5 mg (volume NS), 20 mo 0/9 No control; Shear
(NS) Ix limited (1938)
duration;
limited
reporting; no
statistics
Phenanthrene
Mouse, C57BL M, 40-50 NS (tricaprylin) 5 mg, 1x 22-28 mo  0/27 surviving >4 mo No control Steiner
F (1955)
Mouse, ‘stock M, 10 NS 3% 0, 300 pg on days 24 wk 3/17 (18%) skin P vs 2/20 Roe (1962)
albino’ F aqueous 0, 2, 6, 8, followed (10%) skin P croton oil
gelatine) by 250 uL croton control

oil, 1x/wk, 20 wk

17483
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Table 3.3 (contd)

Chemical Sex No./group  Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours Result’  Comments Reference
species and strain at start of exposure study
Mouse, ‘stock M, 57,45 ‘Highest purity’ 0,40 pgin20 ul, 62 wk 3/49 (6%) lung A vs 8/34 - No histology  Grant &
albino’ F controls (1% aqueous 1x neonatal (24%) lung A solvent Roe (1963);
gelatine) treatment control Roe &
Waters
(1967)
Picene
Mouse, NMRI F 50 >99% 10, 11, 30, 86, 112 wk 10 pg, 9/50 (18%) fibroS;  + No histology; Platt et al.
(tricaprylin) 111 pgin 500 pL, 11 pg, 12/46 (26%); 30 ng, no statistics (1990)
Ix 17/49 (35%); 86 pg, 31/49
(63%); 111 pg, 29/50
(58%) vs 3/49 (6%), 1/50
(2%) solvent control
Mouse, NMRI M, 45M,50F, >99% (aqueous 0, 11, 111 pg [40, 40 wk Pulmonary T (T/mouse):  + No statistics Platt et al.
F 49 controls  solution (1% 400 nmol] in F: 11 pg, 4/16 (25%; 2.8); (1990)
gelatine, 0.9% 50 uL, Ix on 111 pg, 8/23 (35%; 2.1) vs
saline, 0.4% PND 2 1/19 (5%; 1.0) solvent
Tween 20)) controls; M: 11 ug, 1/22
(5%; 1.0); 111 pg, 2/13
(15%; 1.5) vs 2/14 (14%;
2.0) solvent controls
Rat, Sprague- F 12 Pure (sesame 0,300 pg in 37 wk No skin T found - Flesher et
Dawley 0il:DMSO 100 pL, 3x/wk, al. (2002)
9:1)) 20 x

A, adenoma; AdC, adenocarcinoma; av., average; C, carcinoma; DMSO, dimethylsulfoxide; F, female; M, male; mo, months; NS, not specified; P, papilloma; PAH,
polycyclic aromatic hydrocarbon; PND, postnatal day; S, sarcoma; SCC, squamous-cell carcinoma; T, tumour; TBA, tumour-bearing animal; vs, versus; wk, week
—, negative; +, positive; £, equivocal
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Table 3.4. Carcinogenicity studies of intrapulmonary administration of various PAHs in experimental animals

Chemical, No./group Purity (vehicle) Dose and Duration of Incidence of tumours Result® Comments Reference
species and strain at start duration of study
exposure
Anthanthrene
Rat, Osborne-Mendel 35 99.4% 160 of 830 pg  Life; av. 8 wk ~ SCC: 1/35 (3%) low- + Deutsch-
(beeswax:tricaprylin = in 50 pL, 1x for high-dose dose, 19/35 (54%) Wenzel et
(1:1)) group, 118 wk high-dose vs 0/35 al. (1983)
for untreated untreated, 0/35
group vehicle controls
Anthracene
Rat, Osborne-Mendel 60, 108 ‘Recrystallized’ 500 pg in >2 years 0/60 (approx. 50% - No statistics Stanton et
controls (beeswax:tricaprylin 50 pL, Ix killed after 1 year) al. (1972)
(1:1)) vs 0/108 solvent
control
Benzo[b]fluoranthene
Rat, Osborne-Mendel 35 >99.5% 0,0.1,0.3, Lifetime Lung SCC/S: 0%, + Deutsch-
(beeswax/trioctanoin) 1.0 mg, 1x 2.9%, 8.6%, 37.1% Wenzel et
al. (1983)
Benzo[j]fluoranthene
Rat, Osborne-Mendel 35 >99.9% 0,0.2, 1.0, Lifetime Lung SCC: 0%, + Deutsch-
(beeswax/trioctanoin) 5.0 mg, 1x 2.9%, 8.6%, 51.4% Wenzel et
al. (1983)
Benzo[k]fluoranthene
Rat, Osborne-Mendel 35 >99.5% 0,0.16, 0.83, Lifetime Lung SCC: 0%, 0%, + Deutsch-
(beeswax/trioctanoin) 4.15 mg 9.7%, 44.4% Wenzel et

al. (1983)

91¢
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Table 3.4 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and Duration of Incidence of tumours  Result® Comments Reference
species and strain at start duration of study
exposure
Benzo[ghi]perylene
Rat, Osborne-Mendel F 35 >98.5% 0,0.16, 0.83, Lifetime Lung SCC/S: 0%, + Deutsch-
(beeswax/trioctanoin) 4.15 mg 0%, 2.9%, 11.8% Wenzel et
al. (1983)
Benzo[a]pyrene
Rat, OM F 35 99.1% (1:1 mixture 0 (untreated), 0 64 (high-dose Lung T: [0/35] (0%), + Deutsch-
of beeswax and (vehicle group)-133 wk  [0/35] (0%), [10/35] Wenzel et
trioctanoin) control), 0.1, (untreated (28.6%) (4 epi- al. (1983)
0.3,1.0 controls) dermoid C; 6
mg/animal, 1x pleomorphic S),
[23/35] (65.7%) (21
epidermoid C; 2
pleomorphic S),
[33/35] (94.3%) (33
epidermoid C)
Rats, F344/NSlc M NS NS (beeswax/tri- 0,0.03,0.1, 104 wk Lung T:0/40, 1/29 + Iwagawa
caprylin mixture 0.3, 1.0 mg/ (3%; 1 undifferen- etal
(1:1)) animal, 1x tiated T), 7/30 (23%; (1989)

6 SCC, 1 undifferen-
tiated T), 22/29
(76%; 20 SCC, 2
undifferentiated T),
9/13 (69%; 9 SCC)
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Table 3.4 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and Duration of Incidence of tumours  Result® Comments Reference
species and strain at start duration of study
exposure
Rat, Osborne-Mendel F 35 99.6% (beeswax/tri- 0 (untreated), 0 134 wk (low- Lung T: [0/35] (0%), + SCC Wenzel-
octanoin mixture of  (vehicle dose group)-140  [0/35] (0%), [3/35] predominantly Hartung
varying composition)  control), 30, wk (vehicle (8.6%; 3 SCQ), keratinized etal
100, 300 pg/ controls) [11/35] (31.4%; 11 (1990)
animal, 1x SCCQ), [77.1%;
27/35] (27 SCC).
Rat, F344/DuCrj M 9-10 NS (beeswax/trica- 0, 50, 100, 100 wk Lung T: 0/19, 0/10, + Horikawa
prylin mixture (1:1)) 200 pg/animal, 3/10 30%; 2 SCC, 1 etal.
1x AdSC), 4/9 (44.4%; (1991)
3 SCC, 1 undifferen-
tiated T)
Benzo[e]pyrene
Rat, Osborne-Mendel F 35 >99.7% 0,0.2, 1.0, Lifetime Lung SCCS: 0%, + Deutsch-
(beeswax/trioctanoin) 5.0 mg 0%, 3.3%, 2.9% Wenzel et
al. (1983)
Chrysene
Rat, Osborne-Mendel F 35 >99.6% 0,1,3 mg Lifetime Lung C: 0/35 (0%), + Wenzel-
(beeswax/trioctanoin) 5/35 (14.3%), 10/35 Hartung
(28.6%) etal
(1990)
Dibenz[a,h]anthracene
Mice, Street M, 80 NS (paraffin) 20 pgin 10 pL, <27 mo 4/16 (25%) + Controls not Rask-
F 1x pulmonary T vs 1/41 solvent- Nielsen
(2%) controls treated; no (1950)

statistics

8I¢
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Table 3.4 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and Duration of Incidence of tumours Result® Comments Reference
species and strain at start duration of study
exposure
Rat, Osborne/Mendel ~ F 35 99.3% (beeswax, 100 pg, 1x 123 wk 20/35(57%) vs 0/35  + No statistics Wenzel-
tricaprylin) solvent control Hartung
etal
(1990)
Indeno[1,2,3-cd]pyrene
Rat, Osborne-Mendel F 35 >99.4% 0, 0.16, 0.83, Lifetime Lung SCC S: 0%, + Deutsch-
(beeswax/trioctanoin) 4.15 mg 11.4% (4/35), 22.9% Wenzel et
(8/35), 60.0% al. (1983)
(21/35)
Phenanthrene
Rat, Osborne/Mendel F 35 99.9% 0,1,3,10 mg, 135 wk 1 mg,0/35ung C;3  — No statistics Wenzel-
(beeswax:tricaprylin)  1x mg, 0/35; 10 mg, Hartung
1/35(3%) vs 0/35 etal.
solvent control (1990)

AdSC, adenosquamous carcinoma; C, carcinoma; F, female; M, male; mo, month; NS, not specified; P, papilloma; PAH, polycylic aromatic hydrocarbon; S, sarcoma;
SCC, squamous-cell carcinoma; T, tumour; vs, versus; wk, week
—, negative; +, positive; £, equivocal
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Intramamillary administration (see also Table 3.5)

Rat

A group of 20 female Sprague-Dawley rats [weight unspecified], 8 weeks of age,
received a single intramamillary injection of 4 umol [1.1 mg]/gland anthanthrene (purity
>99% by HPLC; total dose, 32 umol [8.8 mg]) dissolved in 100 pL trioctanoin. One
control group of 21 rats was treated with 100 puL solvent and another control group of
20 rats remained untreated. The animals were monitored weekly by palpation for tumour
development and were killed when tumours were >2 c¢cm in diameter; all the remaining
animals were killed and necropsied at 40 weeks. Survival rates (mean + standard
deviation (SD)) were 38 + 0, 37 = 4 and 40 + 0 weeks in the anthanthrene-treated,
untreated and vehicle control groups, respectively. Tumour latencies were 36 = 0 and 25 +
13 weeks in the anthanthrene-treated and untreated groups, respectively. At the end of the
study, 1/20 rats in the anthanthrene-treated group and 2/20 rats in the untreated group had
developed mammary epithelial tumours (one adenofibroma in the anthanthrene-treated
rat; one adenofibroma and one adenocarcinoma in the untreated rats). No tumours were
observed in the vehicle control group (Cavalieri et al., 1989).

Anthracene
Previous evaluation

Anthracene was considered in February 1983 (IARC, 1983) by a Working Group that
evaluated bioassays in which anthracene was fed to rats, administered dermally to mice,
administered by subcutaneous, intraperitoneal or pulmonary injection to rats and implanted
into the brain or eyes of rabbits. These studies are summarized in Tables 3.1-3.4 and 3.6—
3.8. On the basis of the available data, the Working Group concluded that there was
inadequate evidence that anthracene was carcinogenic to experimental animals (IARC,
1987). Additional bioassays that have been published since that time are summarized below.

Dermal application (see also Table 3.1)

Mouse

A group of 20 male C3H/HeJ mice, 68 weeks of age, was treated twice weekly with
dermal applications of 50 uL. of a 0.1% toluene solution of anthracene (99.5% pure by
HPLC; 50 pg per treatment) for 104 weeks. A control group of 50 male mice was treated
with toluene alone. Lesions (=1 mm’) that persisted for at least 1 week were diagnosed as
papillomas. After 104 weeks, no benign or malignant skin tumours had developed in the
surviving 14 experimental or 39 control mice. Gross examination of internal organs
indicated no tumours in either the experimental or control groups (Warshawsky et al.,
1993).



Table 3.5. Carcinogenicity studies of intramammary or intramamillary administration of various PAHs in female experimental animals

Chemical, No./group  Purity Dose and duration of ~ Duration Incidence of tumours Result® Comments Reference
species and strain  at start (vehicle) exposure of study
Anthanthrene
Rat, Sprague- 20 >99% 1.1 mg/gland in 40 wk 1/20 (5%) mammary epithelial T Cavalieri
Dawley (trioctanoin) 100 pL, 1x; 8 glands (AdF) vs 0/21 vehicle controls, 2/20 et al.
total (10%) (1 AdC, 1 AdF) untreated (1989)
controls
Benz[a]anthracene
Rat, Sprague- 20 >99% (none) 4 [913 pg] or 16 umol 20 wk 0/20 at both doses Cavalieri
Dawley [3.65 mg] applied as et al.
powder to 1 gland, 1x; (1988a)
untreated contralateral
gland used as negative
control
Benzo[a]pyrene
Rat, Sprague- 20 >99% (no 0 (untreated 20 wk Mammary gland T: [0/20] (0%), Cavalieri
Dawley vehicle) contralateral mammary [10/20] (50%; 6 AdC, 4 fibroS; et al.
glands), 4 [1 mg], multiplicity: AdC, 6/6; fibroS 4/4), (1988a)

16 pmol [4.2 mg], 1x

[16/20] (80%; 8 AdC, 2 fibroA, 10
fibroS; multiplicity: AdC, 8/8; fibroA,
2/2; fibroS, 10/10)
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Table 3.5 (contd)
Chemical, No./group  Purity Dose and duration of Duration Incidence of tumours Result" Comments Reference
species and strain  at start (vehicle) exposure of study
Rat, Sprague- 20 >99% 0, 4 pmol 45 wk Epithelial mammary T: [3/20] (15%; + Cavalieri
Dawley (trioctanoin) [l mg]/mammary 3 fibroA), [14/20] (70%; 13 AdC, etal.
gland (2nd, 3rd, 4th 3 fibroA) (1988a,b)
and 5th mammary Multiplicity: controls, 3/3 [1]; dosed
gland on both sides rats: AdC, 18/13 [1.4]; fibroA, 4/3
injected), 1x [1.3]
Mesenchymal (mammary) T: [0/20]
(0%), [11/20] (55%; 11 fibroS;
multiplicity, 20/11 [1.8])
Skin T: [0/20] (0%), [9/20] (45%;
9 SCC; multiplicity, 11/9 [1.2])
Rat, Sprague- 20 >99% 0,0.25, 1 pmol 24 wk Epithelial mammary gland T: 1/18 + Statistics not ~ Cavalieri
Dawley (trioctanoin) [66, 264 pgl/mammary (6%; 1 fibroA; multiplicity, 1/1), 1/20 specified etal.
gland (the 2nd, 3rd, (5%; 1 AdC; multiplicity 1/1), 0/20 (1991)
4th and 5th on both (0%)
sides), 1x Mesenchymal (mammary) T: 0/18
(0%, 6/20 (30%; 6 fibroS;
multiplicity, 7/6 (1.2)), 8/20 (40%; 8
fibroS; multiplicity, 10/8 (1.3))
Skin T: [0/18] (0%), (0/20, 0%), (1/20,
5%); 1 SCC; multiplicity 1/1
Dibenz[a,h]anthracene
Rat, Sprague- 20 >99% (fine 1.1, 4.5 mg at 50 day 20 wk 0/20 vs 0/20 control - Control was  Cavalieri
Dawley powder) of age, 1x untreated etal
contralateral ~ (1988a)
breast; no

statistics

(443
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Table 3.5 (contd)

Chemical, No./group
species and strain  at start

Dose and duration of
exposure

Incidence of tumours

Reference

Dibenzo[a,e]pyrene

Rat, Sprague- 19, 21
Dawley controls
Dibenzo|a,h]pyrene

Rat, Sprague- 20,21
Dawley controls
Dibenzo[a,i]pyrene

Rat, Sprague- 20, 21
Dawley controls

1.2 mg/gland in
100 pL, 1x; 8 glands
total

1.2 pg/gland in
100 pL, 1x; 8 glands
total

1.2 mg/gland in
100 pL, 1x; 8 glands
total

1/19 (5%; mammary epithelial T
(AdF) vs 0/21 solvent controls

19/20 (95%; fibroS) vs 0/20 solvent
controls; 4/20 (20%; mammary gland
AdF, AdC) vs 0/21 solvent controls

18/19 (95%; fibroS) vs 0/21 solvent
controls; 11/19 (58%; mammary
AdC), 1/19 (5%; mammary AdF) vs
0/21 solvent controls

Cavalieri
etal.
(1989)

Cavalieri

et al.
(1989)

Cavalieri
etal.
(1989)
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Table 3.5 (contd)
Chemical, No./group  Purity Dose and duration of Duration Incidence of tumours Result" Comments Reference
species and strain  at start (vehicle) exposure of study
Dibenzo[a,/]pyrene
Rat, Sprague- 9 [from >99% 1.2 mg/gland in 15 wk; 100% [8/9 mammary AdC, 0/9 + Cavalieri
Dawley 19; 10 (trioctanoin) 100 pL, 1x; 8 glands controls, mammary AdF vs 2/20 solvent etal.
died total 40 wk controls; 7/9 fibroS vs 0/20 solvent (1989)
within 9 controls; 8/9 skin SCC vs 0/20 solvent
wk], controls]
21
controls
Rat, Sprague- 20 >99% 75.6,302 pg/glandin 24 wk 75.6 pg, 20/20 (100%) mammary + Cavalieri
Dawley (trioctanoin) 50 uL, 1x; 8 glands AdC, 0/20 mammary AdF, 4/20 (20%) etal.
total fibroS, 1/20 (5%) SCC; 302 pg, 19/19 (1991)

(100%), 0/19, 14/19 (74%), 1/19 (5%)
vs 0/18, 1/18 (6%), 0/18, 0/18 solvent
controls

A, adenoma; AdC, adenocarcinoma; AdF, adenofibroma; PAH, polycyclic aromatic hydrocarbon; S, sarcoma; SCC, squamous-cell carcinoma; T, tumour; vs, versus,

wk, week
* —, negative; +, positive
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Table 3.6. Carcinogenicity studies of oral administration of various PAHs in experimental animals

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Anthracene
Rat, BDI and NS 28 Pure (oil) 5 mg/day, then  Lifespan;  2/28 (7%) (1 liver S, 1 uterine - No controls;  Druckrey &
BDIII 15 mg/day, 6 mean AdC) both tumours  Schméhl
days/wk, 91 wk;  survival considered to  (1955);
total dose, time, 700 be unrelated  Schméhl
4.5 g/animal days to treatment  (1955)
Benz[a]anthracene
Mouse, C5S7TBL NS 8-19;6— NS (heavy 500 pgin 10 pL, 16 months Forestomach P: 1x, 0/13; 8x, + Bock & King
16 mineral oil) 1,8 or 16x at 3— 1/19 (5%); 16x, 1/8 (12%) vs (1959)
controls 7-day intervals 0/12, 0/16, 0/6 solvent controls
Mouse, B6AF1/] M 20 or 40 99% (methocel- 3% suspension in  340-444 340-444 days: 18/39 (46%) H, + Klein (1963)
aerosol) 50 uL, 3x/wk, or 547— 37/39 (95%) pulmonary A, 1/39
15% 600 days  (3%) reticulum-cell neoplasm,
2/39 (5%) forestomach P vs
0/39, 4/39 (10%), 0/39, 0/39
solvent controls
547-500 days: 20/20 (100%),
19/20 (95%), 0/20, 0/20 vs 2/20
(10%), 7/20 (35%), 0/0, 0/0,
2/20 (10%) lymphocytic
neoplasms in solvent controls
Rat, Sprague- F 18 NS (sesame oil) 200 mg NS 0/18 - Huggins &
Dawley Yang (1962)
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Benzo[c|fluorene
Mouse, A/J F 30 >98% (mixed 27,397 ymol/kg 260 days  Lung A: 27 umol/kg, [13/28] + Weyand et al.
with diet) diet; 260 days (46%; 0.57 £ 0.13 T/mouse; (2004)
mean + SE); 397 umol/kg,
[29/29] (100%; 46.0 + 2.8)
(p <0.001) vs [7/29] (24%; 0.31
+0.11) in basal diet controls
Benzo[a]pyrene
Mouse, A/J F 15 NS (cottonseed oil 2 mg/animal or 26 wk Forestomach T: 15/15 (100%; + No control Sparnins ef al.
or corn oil [not 2 mg/animal 12 P, 3 C; 2.9 £0.5 T/animal), (1986)
clearly specified]) preceded by oral 14/14 (100%; 14 P; 3.7 £ 0.4
intubation of P/animal)
0.2 mL Pulmonary A: 15/15 (100%; 24
cottonseed oil + 1.8 A/animal), 14/14 (100%;
(96 and 48 h 18 £2.0 A/animal)
before) 3x with
18-day intervals
Mouse, A/ F 15-16 >98% (cottonseed 0, 2, 3 mg/animal 22 wk Forestomach P: 4.1 +£08,8.7+ + No control; Estensen &
oil) onday 1,4, 7 of 1.1 and 9.9 £ 0.9 P/animal limited data ~ Wattenberg
1-wk period at Pulmonary A: 28.3 £3.0,64.1 on tumour (1993)
age 9 wk 5.8 and 52.3 £ 4.3 A/animal incidence

9T¢
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Mouse, A/J F 30 NS (gel diet) 0, 16, 98 ppm 260 days  Lung T: 4/21 (19%; A; 0.19 + + Weyand et al.
(total dose; 0, 11, 0.09 A/animal), 9/25 (36%%*; (1995)
67 mg/animal) 7A,2AdC; 048 =
0.14* T/animal), 14/27 (52%%*;
14 A; 0.59 £ 0.12* A/animal)
Forestomach T: (0%) 0/21,
(5/25) (20%; 3 P, 2 C;
0.24 £ 0.11** T/animal), 27/27
(100%**; 13 P, 14 C; 4.22 £
0.41%%)
* (p <0.05); ** (p <0.001)
Mouse B6C3F1  F 48 98.5% (acetone) O (untreated), 0 2 years Liver (A): 4/21 (4%), 7/48 + Culp et al.
(acetone control (15%), 5/47 (11%), 0/45 (0%) (1998)

diet), 0.0005 %
(5 ppm),
0.0025% (25
ppm), 0.01%
(100 ppm) in the
diet

Lung (A and/or C): 5/48 (10%),
0/48 (0%), 4/45 (9%), [0/48]
(0%)

Forestomach (P and/or C): 1/48
(2%), 3/47 (6%), 36/46

(78% "), 46/47 (98% ™)
Oesophagus (P and/or C): 0/48
(0%), 0/48 (0%), 2/45 (4%),
27/46 (59%")

Tongue (P and/or C): 0/48 (0%),
0/48 (0%), 2/46 (4%), 23/48
48%")

Larynx (P and/or C): 0/35 (0%),
0/35(0%), 3/34 (9%), 5/38
(13%")

“(p <0.014); "(p <0.0014);

“(p <0.0003); " (p <0.00001)
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Table 3.6 (contd)
Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Mouse, Swiss F 10 Highest purity 0, 1 mg/animal, 27 wk 0, 10/10 (100%) (forestomach P; + Badary et al.
albino, inbred grade (corn oil) 2x/wk, 4 wk multiplicity, 7.11 + 1.05) (1999)
(drinking-water
contained 0.005%
ethanol)
Mouse, A/J F 11or18 >99% (cottonseed 100, 125, 150 34 or 36 Lung T/cm? lung tissue: 100 mg/ + No control; Estensen et al.
oil) [dose not clearly wk kgbw,42+22A,29£2.7A lack of data  (2004)
specified] mg/kg with progression* combined on dose and
bwonday 1, 3,7 with C; 100 [or 125 or 150] lung tumour
of a 1-wk period mg/kgbw, 6.3 +56A,22+1.6 incidence
at age 8—14 wk A with progression*, 2.1+ 1.9 C
*A with clones of 10 cells or
more with hyperchromatic
nuclei and nuclear size greater
than that of nuclei in A cells
Mouse, Ep-pim-1 M 20-31 NS (soya oil) 0,4.3,13, 287 days  Ep-pim-1 transgenic mice + No control for Kroese et al.
transgenic, wild- 39 mg/kg bw, by Lymphoma: 2/20 (10%), 4/30 wild-type (1997)
type counterpart gavage 3x/wk, (13%), 15/31* (48%), 24/29** mice;
13 wk (0,4.3 (83%) statistics NS
mg/kg bw only *(p <0.005), **(p <0.0001)
administered to Forestomach T (P + C
Ep-pim-1 combined): 0/20, 4/30 (13%),

transgenic mice)

8/31 (26%), 6/29 (21%)
Wild-type mice
Lymphoma: 2/30 (7%), 6/20
(30%)

Forestomach T (P + C com-

bined): 5/30 (17%), 12/20 (60%)

8¢C¢
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Comments Reference
species and strain at start duration of of study
exposure
Mouse, XPA™, NS 17-34 NS (soya oil) 0,4.3,13mg/kg 273 days  XPA"":1/26 (4%; 1 lymphoma), + Limited de Vries et al.
XPA™, XPA™"~ bw/animal by 1/14 ([7%] 1 lymphoma), 5/17 reporting of  (1997)
gavage, 3x/wk, (29%; 2 lymphoma, 3 other tumours other
13 wk types of T); XPA™™: 0/34, 0/28, than
6/28 (21%; 3 lymphoma, lymphomas;
3 other T); XPA™": 2/13 (15%; tumour
2 hepatocellular A), 2/11 (18%; response in
2 lymphoma), 5/9 (56%; high-dose
4 lymphoma, 1 other T) XPA™" mice
significantly
stronger than
that in high-
dose XPA" or
XPA™ mice
(p <0.005)
Mouse, Muta™ M 8-12 NS (corn oil) 0,75, 125 mg/kg 41 wk Forestomach Hakura et al.
(AlacZ bw/day, 5 SCC: 0/8,2/11 (18%), 2/11 (1998)
transgenic) consecutive days (18%)
P: 0/8, 4/11 (36%), 5/11 (45%)
(p £0.05)

Splenic malignant lymphoma:
0/8, 0/11, 2/11 (18%)
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Table 3.6 (contd)
Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure

Mouse, wild-type M, F 5-31 NS (soya oil) 0, 13 mg/kg 52 wk Wild type: 0/11, 6/17 (35%; + Treated van Oostrom
(C57BL/6), XPA™ bw/animal, by total no. of T, 7; 3 lymphomas, 1 double et al. (1999)
", p337, XP4™ gavage, 3x/wk, bronchiolo-alveolar A, transgenic
Ip53" 13 wk 1 histiocytic S, 1 hepatocellular XPA™ Ip537"

C, 1 intestinal A) mice

XPA™: 0/5, 5/7 (71%; total no. developed

of T, 9; 3 lymphoma, 2 fore-
stomach P, 1 bronchiolo-
alveolar A, 1 histiocytic S,

1 ovary T, 1 intestinal A)
5377 3/18 (17%; 1 lymphoma,
1 osteosarcoma, | mammary
AdC), 22/31 (71%; total no. of
T, 33; 6 lymphoma,

9 forestomach P, 4 bronchiolo-
alveolar A, 4 fibroS, 3
histiocytic S, 2 osteoS, 2
mammary AdC, 1 skin SCC, 1
hepatocellular C, 1 intestinal A)
XPA/p5377:0/8, 15/15 (100%;
total no. of T, 25; 8 lymphoma,
8 forestomach tumours,

6 histiocytic S, 1 rhabdomyoS,
1 haemangioma, 1 leukaemia)

tumours much
earlier and in
higher
incidences
than their
similarly
treated single
transgenic
XPA™" or
p53 +/-
counterparts;
statistics NS

(1133

26 HWN'TOA SHAVIDONOWN DUVI



Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study

exposure
Mouse, CSB” or M,F 6-18M; NS (soya oil) 0, 13 mg/kgbw, 52 wk Wild-type: 5/27 (14 M, 13 F; + Wijnhoven et
wild-type (CSP*~ 6-13 F 3x/wk, 13 wk 19%; 4 bronchiolo-alveolar A, al. (2000)

/CSB™)

2 lymphoma), 17/29* (18 M,
11 F; 59%; 6 bronchiolo-
alveolar A, 10 forestomach P, 2
forestomach SCC, 2 histiocytic
S, 2 hepatocellular A, 1
intestinal AdC, 1 skin P)
CSB™: 0/13 (6 M, 7 F), 7/12%*
(6 M, 6 F; 58%; 2 bronchiolo-
alveolar A, 2 uterine S,

1 forestomach SCC, 1 intestinal
AdC, 1 skin histiocytic S)
*(p=0.0023) **(p = 0.0017)
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Comments Reference
species and strain at start duration of of study
exposure
Mouse, wild-type M,F Sor10M, NS 0,75 ppminthe 9 months  Wild-type (M + F combined): Treated Hoogervorst et
(C57BL/6), Xpa Sorl0F diet, 13 wk 1/10 (10%; 1 intestinal A), 2/20 cancer-prone  al. (2003)
", Xpa " Ip53T" of each (10%; 2 forestomach P) nucleotide
genotype Xpa”~ (M + F combined): excision
1/10 (10%; 1 bronchiolo- repair-
alveolar A), 16/20 (80%; deficient mice
15 forestomach P, 1 SCC) (Xpa™"~ or
Xpa"/p53"~ (M + F combined): Xpa"Ip53T"-
2/10 (20%; 1 forestomach P, mice) showed
1 mammary AdC), 13/15 (87%; a much
total no. of T, 21; 3 oesophageal stronger
P, 11 forestomach P, 1 SCC, tumour
2 haemangioS, 1 intestinal A, response than
1 abdominal osteoS, their treated
1 widespread C, 1 abdominal S) wild-type
counterparts
(C57Bl/6
mice); no
statistics
Rat, Sprague- M,F 32M,32F Highly pure 0, 0.15 mg/kg Lifespan T incidence (M + F combined): Brune et al.
Dawley (caffeine solution) bw, 1x/9 days median 3/64 (47%; 2 forestomach P, (1981)
(6 mg/kg survival 1 oesophageal P), 3/64 (47%;
bw/year), times, 1 forestomach P,
0.15 mg/kg bw,  128-131 1 oesophageal P, 1 laryngeal P),
Sx/wk (39 mg/kg wk 10/64 (16%; 9 forestomach P
bwl/year) for life (p <0.1), 1 oesophageal P)

in diet

(433
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Rat, F 30 99% (trioctanoin) 0, 50 umol/ 49 wk Mammary T incidence: 11/30 + El-Bayoumy
Crl:CD(SD)BR animal, 1x/wk, [37%] [incidence not clearly et al. (1995)
8 wk by gavage specified] (8 desmoplastic A,
2 A, 1 AdC), 29/30 (96.7%;
8 fibroA**, 17 desmoplastic A*,
7 A, 22 AdC**)
No. of mammary T: Controls,
14 desmoplastic A, 2 A, 1 AdC;
treated animals, 14 fibroA*,
35 desmoplastic A, 11 A,
56 AdC**
*(p <0. 05), **(p <0.01)
Dibenz|a,h]anthracene
Mouse, C57 M,F 10o0r20 Melting-point 500-800 pg/day, 156-303 C57 BL, 2/20 (10%; small + No. of Lorenz &
strain A BL, (olive oil 156-303 days days intestine AdC); C3H, 6/20 controls NS;  Stewart (1947)
C3H, DBA, emulsion in (30%; small intestine AdC), only obser-
drinking-water) 15/20 (75%; pulmonary T); vation in
DBA, 3/20 (15%; small intestine controls:
AdC), 15/20 (75%; pulmonary pulmonary T
T); A: 7/30 (23%; small in strain A
intestine AdC), 22/30 (73%; mice; no
pulmonary T) statistics
Mouse, A back- M 10 Melting-point 400 pg/day, 406 406 days 2 forestomach SCC, Small no. of  Lorenz &
Cross (mineral days 11 forestomach P animals; Stewart (1948)
oil/aerosol controls not
emulsion) treated with

identical
vehicle; no
statistics
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Mouse, Swiss M 42 NS (polyethylene 1.5 mg, 1x by 30 wk 2/42 (5%) forestomach P + No control Berenblum &
glycol-400) gavage Haran (1955)
Mouse, BALB/c F 44,30 NS (almond oil) 500 pg, 2x/wk, 60 wk Virgin, 1/20 (5%; mammary + No solvent-  Biancifiori &
controls 15 wk gland T); pseudo-pregnant, treated Caschera
13/24 (54%; mammary gland T) control; no (1962)
vs untreated control pseudo- statistics
pregnant, 2/30 (7%; mammary
gland T)
Mouse, DBA/2 M, F 21;25M, Melting-point 800 ng/day, 8-9 M: 14/14 (100%; lung A), 14/14 + No statistics ~ Snell & Stewart
10F (olive oil 8-9 months months (100%; alveologenic C), 10/14 (1962)
controls emulsion in (71%; haemangio-

drinking-water)

endotheliomas) versus 1/25 (4%;
lung A), 0/25 (alveologenic C),
0/25 (haemangio-endothelioma)
solvent controls; F: 13/13
(100%; lung A), 10/13 (77%;
alveologenic C), 6/13 (46%;
haemangio-endotheliomas),
12/13 (92%; mammary C) 0/10
(lung A), 0/10 (alveologenic C),
0/10 (haemangio-
endotheliomas), 0/10 (mammary
C) solvent controls

pee
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure

Dibenzo[a,/]pyrene
Fish, Japanese M,F 65,75 >97% (menhaden 100 ppmindiet, 10 months 17/65 (26%) vs 6/75 (8%) diet ~ + Reddy et al.
medaka (Oryzias controls oil) Sx/wk, 28 days controls (p <0.05); hepatic (1999a)
latipes) neoplasia, 12/65 (18%) vs 0/75

(p <0.001); hepatocellular C,

7/65 vs 0/75 predominated
Fish, Shasta M, F 260 NS 200 ppm in diet, 200 ppm, 200 ppm, 36% liver T + Reddy et al.
rainbow trout 4 wk, 500 ppm, 2 9 months;  (hepatocellular C, 43% relative (1999b)
(Oncorhynchus wk 500 ppm, incidence; hepatocellular A,
mykiss) 11 months  44% relative incidence;

2.00 T/TBA), 48% stomach
papillary A (3.80 T/TBA), 30%
swimbladder papillary A

(2.40 T/TBA); 500 ppm, 61%
liver T (hepatocellular C, 64%
relative incidence;
hepatocellular A, 14% relative
incidence; 2.58 T/TBA), 91%
stomach papillary A

(5.67 T/TBA), 53%
swimbladder papillary A

(2.25 T/TBA) vs 0% liver,
stomach and swimbladder T in
the diet control group
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Table 3.6 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Phenanthrene
Rat, Sprague- F 10 NS (sesame 0il) 200 mg, 1x 60 days 0/10 vs 8/164 (5%) mammary - Small Huggins &
Dawley gland T non-concurrent controls numbers; no  Yang (1962)
after 310 days statistics

A, adenoma; AdC, adenocarcinoma; C, carcinoma; F, female; H, hepatoma; M, male; NS, not specified; P, papilloma; PAH, polycyclic aromatic hydrocarbon; S,
sarcoma; SCC, squamous-cell carcinoma; SE, standard error; T, tumour, TBA, tumour-bearing animal; vs, versus; wk, week
—, negative; +, positive; £, equivocal

9¢¢
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Table 3.7. Carcinogenicity studies of intraperitoneal administration of various PAHs in experimental animals

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Anthracene
Mouse, Swiss M 5 NS (olive oil) 25 mg in ~750 pL, 5 months  0/4 remaining mice vs 0/4 — Small no. of Shubik &
1x remaining solvent animals; Della Porta
controls limited (1957)
reporting; no
statistics
Rat, BDI and NS 10 Pure (oil) 20 mg, 1x/wk, Lifetime 1/10 (10%; spindle-cell S) =+ No control; no  Schméhl
BDIII 33 wk (>2 years) statistics (1955)
Benz[j]aceanthrylene
Mouse, A/J M 27 NS (tricaprylin) 20, 50, 100 mg/ 8 months Lung A: 20 mg/kg, 12/12  + Limited histo- Mass et al.
kg bw, 1x (100%; 60.3 £ 14.6 A/ pathology; no  (1993);
mouse); 50 mg/kg, 13/13 statistics Nesnow et al.
(100%; 140.6 £21.5 A/ (1998a)
mouse); 100 mg/kg, 14/14
(100%; 97.6 £28.2 A/
mouse) vs 19/34 (56%;
0.85 £ 0.9 A/mouse)
solvent controls
Benz[a]anthracene
Mouse, BLU:Ha M, F 140,100 NS (DMSO) 2800 nmol [63.9 ng] 26 wk Pulmonary T: M, 10/47 + Wislocki et al.
(ICR) controls (total dose; given as (21%; 0.26 T/mouse) vs (1979)

1/7,2/7, 4/7 on PND
1,8, 15)

7/43 (16%; 0.19 T/mouse)
solvent controls; F, 4/38
(11%; 0.08 T/mouse) vs
2/24 (8%; 0.08 T/mouse)
solvent controls
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study

strain

Mouse, M,F 90, 80 >99% (DMSO) 2.8 umol [639 pg]in  26-32wk  M: 17/27( 63%; + Levin et al.
BLU:Ha(ICR) controls 35 uL (total dose, pulmonary A; (1984)

given as 1/7,2/7,4/7
on PND 1, 8, 15)

1.44 T/mouse), 2/27 (8%;
hepatic T, mostly A or
neoplastic nodules; 0.08
T/mouse) vs 1/28 (4%,
0.04 T/mouse), 4% (1/28;
0.04 T/mouse) in solvent
controls; F: 14/22 (64%;
pulmonary A; 2.00 T/
mouse), 0/22 (0%; hepatic
T) vs 4/37 (11%; 0.11 T/
mouse 0/37 (0%) in
solvent controls

(p <0.05 for lung T
incidence and number of
T/mouse (M + F
combined))

8¢¢
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M,F 39M; >99% (DMSO) 2.8 pmol [639 pg]in 1 year M: 31/39 (79%; liver T; + Wislocki et al.
32F; 70 uL (total dose; 6/39 A, 25/39 C; (1986)
28 M given as 1/7,2/7,4/7 3.0 nodules/TBA) vs 2/28
controls, on PND 1, 8, 15) (7%; 2/28 A, 0/28 C;
31F 1.0/TBA) solvent controls
controls (p <0.05 for C and

combined liver T); 6/39
(15%; lung T; 5/39 A,
1/39 C) vs 1/28 (4%; 1/28
A, 0/28 C) in solvent
controls; 3% (1/39,
malignant lymphoma) vs
4% (1/28) solvent
controls

F: 0/32 (0%; liver T) vs
0/31 (0%) solvent
controls; 6/32 (19%; lung
T; 6/32 A, 0/32 C) vs
0/32(0%) solvent controls
(p <0.025); 3/32 (9%;
malignant lymphoma) vs
1/31 (3%) solvent
controls
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference

species and at start exposure of study

strain

Benzo[b]fluoranthene

Mouse, CD-1 M 15 >99% DMSO 0, 0.5 pmol (total 52 wk Lung A: 0/17 (0%),2/15  + LaVoie et al.
dose; given as on (13.3%); liver A + H: (1987)
1/7,2/7,4/7 on PND 1/17 (5.6%), 8/15 (53.3%)
1,8,15)

F 17 0, 0.5 umol (total 52 wk Lung A: 0/18 (0%), 3/17  +

dose; given as 1/7, (17.6%); liver A: 0%, 0%
2/7,4/7on PND 1,
8, 15)

Mouse, strain M 20 99% 0, 10, 50, 100, 8 months Lung A: 55%, 50%, 80%  + Nesnow et al.

A/l (tricaprylin) 200 mg/kg, 1x, (p <0.05), 100% (1995);
tricaprylin, negative (p <0.05), 100% Ross et al.
control; 1000 mg/kg (p <0.05); 0.60 + 0.58, (1995); Mass
urethane, positive 0.67+£0.75,2.00 + 1.82, et al. (1996);
control 5.30+3.21,6.95+03.52 Nesnow et al.

T/animal (1998a)

Benzo[j]fluoranthene

Mouse, CD-1 M 40 >99% (DMSO) 0, 1.1 umol (total 52 wk Lung A: 0/17 (0%), 1121  + LaVoie et al.
dose; given as 1/7, (52.3%) (p <0.005); liver (1987)
2/7,4/7Ton PND 1, H: 1/17 (5.6%), 11/21
8, 15) (52.3%) (p <0.005)

F 40 Lung A: 0/17 (0%), 4/18  +

(22.2%) (p <0.05)

[p = 0.058, Fisher’s exact
test, one-tailed]; liver H:
0%, 0%

()43
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Table 3.7 (contd)

Chemical, Sex
species and
strain

No./group Purity (vehicle)

at start

Dose and duration of Duration
of study

exposure

Incidence of tumours

Result®

Reference

Mouse, CD-1 M

Benzo[k]fluoranthene

Mouse, CD-1 M, F

80

80

16 M,
18F

>99% (DMSO)

>99% (DMSO)

0, 1.10, 0.275,
1.10 pmol (total
dose; given as 1/7,
2/7,4/7 on PND 1,
8, 15)

0, 2.1 pmol (total
dose; given as 1/7,
2/7,4/7 on PND 1,
8, 15)

52 wk

52 wk

Lung A: 18.2% (p >0.05),
21.6% (p >0.05), 50.0%
(» <0.01), 100%

(p <0.001); liver A: 9.1%,
27.0% (p >0.05), 38.2%
(p <0.005), 56.0%

(p <0.001); 0.18, 0.30,
0.65, 2.96 lung T/animal;
0.18,0.35,0.47, 2.20 liver
T/animal

Lung A: 21.2% (p >0.05),
20.7% (p >0.05), 43.8%
(» >0.05),92.1%

(p <0.001); liver A: 0%,
6.8%, 0%, 2.6%; 0.24,
0.28, 0.53,2.63 lung
T/animal; 0, 0.07, 0, 0.03
liver T/animal

M : liver T, 3/16 (18.8%;
2 A, 1 H; p <0.05);

lung T, 1/16 (6.3%; 1 A;
p <0.05) vs 1/17 (6%)
solvent controls

F: liver T, 0/18; lung T,
3/18 (16.7%; 3 A;

p <0.05) vs 0/18 solvent
controls

H+

LaVoie et al.
(1994a)

LaVoie et al.
(1987)
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result’ Reference
species and at start exposure of study
strain
Benzo[c|fluorene
Mouse, A/J F 30 >98% 1.75 mg 260 days Lung A: [26/28] (92%; + Weyand et al.
(tricaprylin) (100 mg/kg bw) in 4.0 £0.53 T/mouse; (2004)
250 pL, 1x p <0.01) vs 14/29 (48%;
0.6 £ 0.14) solvent
controls
Benzo[c]phenanthrene
Mouse, CD-1 M,F 75 >99% (DMSO) 0, 50, 150 nmol, 1%, 33-39 wk  Lung T (T/mouse): M: Levin et al.
(total dose; given as 3% (0.06), 6% (0.06), + (1986)

as 1/7,2/7,4/7 on
PND 1, 8, 15)

57% (1.6)
F: 5% (0.07), 9% (0.09),
65% (2.6)

e
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference

species and at start exposure of study

strain

Benzo[a]|pyrene

Mouse, B6C3F1; M, F  30-63, NS 0,75, 150 pg in 90 wk or B6C3F1 mice (all ages + Vesselinovitch

C3A/JF1 96-100 (trioctanoin) 10 uL/g bw, 1x at 1, lifespan combined) etal (1975a,b)
controls 15, 42 days of age Liver T (A and

hepatocelluar C): M, 1/98
(1%), 69/162 (43%),
81/165 (49%); F, 0/96
(0%, 7/147 (5%), 10/126
(8%)

Lung T (A and AdC): M,
7/98 (7%), 57/162 (35%),
73/165 (44%); F, 2/90
(2%, 53/147 (36%),
50/126 (40%)

Stomach T (P and SCC):
M, 0/98 (0%), 39/162
(24%), 64/165 (39%); F,
0/96 (0%), 22/147 (15%),
40/126 (32%)
Lymphoreticular T
(mainly reticulum-cell):
M, 2/98 (2%), 104/314
(33%) (high- and low-
dose groups combined);
F, 2/96 (2%), 148/281
(53%) (high-and low-dose
groups combined)

SNOFIVIOIJAH DILVINOYYV DITOADATOd

1343



Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result’ Comments Reference
species and at start exposure of study
strain
C3A4/JF1 mice (all ages Vesselinovitch

combined)

Liver T (A and
hepatocelluar C):

M, 3/97 (3%), 30/148
(20%), 33/137 (24%); F,
0/100 (0%), 1.3% 2/126
(1.3%), 2/153 1.3%)
Lung T (A and AdC):
M, 49/97 (49%),
1438/148 (93%), 125/137
(91%); F, 26/100 (26%),
115/126 (91%), 141/153
(92%)

Stomach T (P and SCC):
M, 0/97 (0%), 18/148
(12%), 42/137 (31%); F,
0/100 (0%), 18/126
(14%), 31/153 (20%)
Lymphoreticular T
(mainly reticulum-cell):
M, 0/97 (0%), 26/285
(9%); F, 2/100 (2%),
50/278 (18%) (high- and
low-dose groups
combined)

etal. (1975a,b)
(contd)

14743
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, Swiss- NS 120-184 NS (DMSO) 0,7,14nmol [0, 1.8, 34-37wk LungT (mainly A+few — Limited Buening et al.
Webster 3.7 pgl/animal (total AdC): 11%, [11/98] (0.12 reporting of (1978)
BLU:Ha (ICR) dose; given as 1/7, [should be 0.11] T/ the type of
2/7,4/7Ton PND 1, animal), 22% [18/82] pulmonary
8,15) (0.22 T/animal), 15% tumours;
[14/92] (0.15 T/animal) statistics NS;
no significant
differences in
tumour
incidence
between M
and F
Mouse, CD-1 M,F 37M, >99% (DMSO) 0, 560 nmol 1 year Liver T: M, 2/28 (7%; + Wislocki et al.
27F [148 pg] (total dose; 2 A), 18/37* (49%; 11 A, (1986)

given as 1/7, 2/7, 4/7
on PND 0, 8, 15)

7 C*); F, no liver T found
Lung T: M, 1/28 (4%

1 A), 13/37%* (35%;

13 A); F, 0/31, 13/27**
(48%) (13 A)

Malignant lymphoma: M,
1/28 (4%), 2/37 (5%); F,
1/31 (3%), 4/27 (15%)
*(p<0.005), **(p<0.05)
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Table 3.7 (contd)
Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, CD-1, M,F 17M, >99% (DMSO) 0, 1.1 pmol 52 wk Liver T: M, 1/17 (6%; + Statistics NS LaVoie et al.
14F [290 pg)/animal 1 H), 13/17 (76%; 9 (1987)
(total dose; given as hepatic A, 4 H; p <0.005);
1/6, 2/6, 4/6 on PND F,0
1,8, 15) Lung A: M, 0/17, 14/17
(82%; p <0.005); F, 0/18,
9/14 (64%)
Mouse, Swiss- M,F NS >99% (DMSO) 0, 59.5 pg/animal 26 wk Lung T: M, 12/91 (13%j; + Statistics NS Busby et al.
Webster BLU: (total dose; given as 12 A, 1 AdC; 0.15£0.04 (1989)
Ha(ICR) 8.5,17,34 pgon T/mouse), 13/28 (46%; 13
PND 1, 8, 15) A; 0.71 £0.19 A/mouse);
F,7/101 (7%; 7 A; 0.08 £
0.03 A/mouse), 18/27
(67%; 18 A, 1 AdC;
1.19 £ 0.21 T/mouse)
Mouse, NS, M,F NS NS (saline 0, 10, 100 pg/ 30 wk Lung T: 13% [5/38] (0.13 + Type of lung  Rippe & Pott
newborn solution + 1% animal, 1x T/animal), 16% [5/31] tumour NS; no  (1989)
gelatine + 0.4% (0.23 T/animal), 64% statistics
Tween 20) [21/33] (2.52 T/animal)
Mouse, A/J NS 27 NS (tricaprylin) 0, 20, 50, 100 mg/kg 8 months ~ Lung T: 19/34 [56%] + Type of lung  Mass et al.
bw/animal, 1x (0.85 £ 0.9 T/animal), tumours NS; (1993); Ross et
10/16 [63%] (1.0 £ 1.0 statistics NS al. (1995)

T/animal), 15/16 [94%]
(3.9 £2.9 T/animal),
14/14 [100%] (5.9 +3.3
T/animal)

143
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, A/J M 20 NS (tricaprylin, 0, 10, 50, 100 or 8 months Lung A/animal (partly + Nesnow et al.
urethane) 200 mg/kg bw, 1x; derived from dose— (1995)
positive control, response curve): 0.6,
1000 mg/kg bw ~0.5, ~6, 12.8, ~35: at the
urethane 3 highest doses, T
incidence was 100%
(20/20); positive controls,
273+4.7
Mouse, A/ M 55 NS (tricaprylin) 0, 5, 10, 50, 100, 240 days Lung A/animal: 0.6 £ 0.6, + Ross et al.
200 mg/kg bw, 1x; (~0), (~0), (~3), (~14), (1995)
positive control, (~ 33); positive controls,
1000 mg/kg bw 25.6 £ 5.7 [figures
urethane, 1x derived from dose—
response curve except for
those for both control
groups; incidence of lung
ANS]
Mouse, A/J F 29 NS (tricaprylin) 0 (untreated), 260 days Lung T: 7/30 23%; 7 A;  + Weyand et al.
0 (vehicle control), 0.27 £ 0.12 A/animal), (1995)

1.79 mg/animal, 1x

11/30 (37%; 11 A; 043 £
0.11 A/animal), 29/29
(100%; 27 A, 2 AdC; 15.8
+ 1.28 T/animal;

p <0.05); forestomach T:
0/30 (0%), 0/30 (0%),
24/29 (83%; 15P,9 C;
1.83 £ 0.25 T/animal;

p <0.001)
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study

strain

Mouse, B6C3F1, M,F >30M, NS (corn oil) 0 (untreated), 26 wk, 39  Liver T in M: + Rodriguez et
infant >30F 0 (vehicle controls), wk, 52 wk At wk 26: 0/41, 0/58, al. (1997)

125, 250,
375 ng/7 gbw, 1x

0/29, 0/25, 3/34 (9%;
multiplicity, 1.0); at wk
39:0/34, 0/59, 6/26 (23%;
multiplicity, 1.0), 13/34
(38%; multiplicity, 1.9),
15/23 (65%; multiplicity,
1.9); at wk 52: 4/64 (6%,
multiplicity, 1.0), 3/63
(5%; multiplicity, 1.0),
13/29 (45%; multiplicity,
1.8), 14/27 (52%;
multiplicity, 2.2), 19/24
(79%; multiplicity, 2.5)
No liver T found in F
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M 24 >99% (DMSO) 0, 100, 26,400 nmol 12 months  Liver T: 3/20 (15%; 1 A, + von Tungeln et
[111 pg]/animal 2 C; 1.7 T/liver section), al. (1999a)
(total dose; given as 5/21 (24%;4 A, 1C; 1.5
1/7,2/7,4/7 on PND T/liver section), 9/20
1, 8, 15); positive (45%;7 A*,2C;>2.3
controls, 100, T/liver section)
400 nmol 6-nitro- *(p =0.0234)
chrysene/animal Lung T: 4/20 (20%; 4 A;
(total dose; given as 1.0 T/lung section), 1/21
1/7,2/7,4/7 on PND (5%; 1 A; 1.0 T/lung
1,8,15) section), 9/20 (45%; 7 A,
2 C; 1.9 T/lung section);
positive controls: over
90% liver T (A and/or C)
and 100% lung T (A
and/or C) in both groups
Rat, Wistar F NS NS (tricaprylin/ 0, 5 mg/animal, 1x ~112 wk Abdominal mesothelioma  + Limited Roller et al.
beeswax and S: 3/41 (7.3%), 33/37 reporting (1992)
mixture (3:1)) (89.2%)
Rat, Wistar F NS NS (saline 5 mg/animal, 1x ~116 wk 19/38 (50%; abdominal + No control; Roller et al.
solution) mesothelioma and S); limited (1992)
historical controls, 11/369 reporting of
(3%) tumour data

SNOFIVIOIJAH DILVINOYYV DITOADATOd

6v¢



Table 3.7 (contd)
Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study
strain
Benzo[e]pyrene
Mouse, Swiss- M,F 80 >99% (DMSO) 0, 2.8 umol (total 62-66 wk  M: lung T, 42%, 41%; - Buening et al.
Webster dose; given as 1/7, liver T, 11%, 21%; 0.53, (1980)
BLU/Ha (ICR) 2/7,4/7 on PND 1, 0.55 lung T/animal; 0.11,
8, 15) 0.21 liver T/animal

F: lung T, 57%, 40%; -

liver T, 0%, 0%; 0.95,

0.57 lung T/animal
Mouse, Swiss- M, F 80 >99% (DMSO) 0, 5.6 umol (total 62-66 wk  M: lung T, 31%, 48%; + Buening ef al.
Webster dose; given as 1/7, liver T, 0%, 12%; 0.48, (1980)
BLU/Ha (ICR) 2/7,4/7 on PND 1, 0.56 lung T/animal; 0,

8, 15) 0.12 liver T/animal

F: Lung T, 40%, 26%; -

liver T, 0%, 0%; 0.43,

0.26 lung T/animal
Chrysene
Mouse, Swiss- M,F 80 NS (DMSO) 0, 1.4 umol (total 3741wk  M: lung T, 8% (4/52), + Chang et al.
Webster dose; given as 1/7, 15% (4/27); liver T, 0% (1983)
BLU:Ha (ICR) 2/7,4/7 on PND 1, (0/52), 22% (6/27); 0.08,

8,15)

0.19 lung T/animal; 0.41
liver T/animal

F: lung T, 15% (6/41), 9%
(1/11); liver T, 0% (0/41),
0% (0/11); 0.09 lung
T/animal
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M,F 900r100 >99% (DMSO) 0, 700 nmol (total 52 wk M: lung A or AdC, 9%, + Wislocki et al.
dose; given as 1/7, 17%; liver A and C, 11% (1986)
2/7,4/7TonPND 1, (5/45), 29% (10/35)
8, 15) [p <0.015]; lymphoma,
4%, 9%

F: lung A or AdC, 6%, -
6%; liver A or C, 0%,
0%; lymphoma, 0%, 3%

Mouse, CD-1 M,F 900r100 >99% (DMSO) 0, 2800 nmol (total 52 wk M: lung, A or AdC, 4% + Wislocki et al.
dose; given as 1/7, (1/28), 21% (7/34) (1986)
2/7,4/7on PND 1, [p <0.05]; liver A and C,
8, 15) 7% (2/28), 41% (14/44)
[p <0.05]; lymphoma,
4%, 0%

F: lung A and AdC, 0%, -
4%; liver A and C, 0%,
0%; lymphoma, 3%, 0%

Mouse, Swiss- M,F  ~297 >98% (DMSO) 0, 0.03, 0.92 pumol 26 wk M: lung A and AdC, - Busby et al.
Webster (total dose; given as 13/91 (14%), 2/27 (7%), (1989)
BLU:Ha (ICR) 1/7,2/7,4/7 on PND 3/20 (15%); 0.15 + 0.08,
1,8, 15) 0.07 £0.05,0.15+
0.08 T/animal

F: lung, A and AdC, -
7/101 (7%), 3/29 (10%),

0/29 (0%); 0.08 +0.03,

0.10 £ 0.06, 0.0.06 +

0.03 T/animal
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study
strain
Cyclopenta|cd]|pyrene
Mouse, Swiss- M, F  ~150 >99% (DMSO) 0, 1.55, 3.09, 4.64, 26 wk M: lung A or AdC, 2/25 + Busby et al.
Webster 6.19,7.73 umol (8%), 5/8 (62%), 5/9 (1988)
BLU:Ha (ICR) (total dose; given as (56%), 6/7 (86%), 10/13
1/7,2/7,4/7 on PND (77%), 8/9 (89%); 0.08 £
1,8, 15) 0.06,1.12+£0.48,2.78 =

1.10,9.29 + 4.78,4.08 £

098,733+

1.80 T/animal

F: lung A or AdC, 2/24 +

(8%), 6/10 (60%), 7/10

(70%), 13/14 (93%), 7/7

(100%), 9/9 (100%); 0.08

+0.06,2.20 £0.83, 3.20

+1.04,6.71 £2.01, 13.57

+5.50,533 £

1.62 T/animal
Mouse, Strain M 20 99% 0, 10, 50, 100, 8 months Lung A: 55%, 40%, + Nesnow et al.
A/J (tricaprylin) 200 mg/kg, 1x 100% (p <0.05), 100% (1994, 1995);

(p <0.05), 100%

(p <0.05); 0.60 £ 0.58,
0.58 +£0.82,4.63 £2.11
(p <0.05, one-way
ANOVA), 32.8+15.4
(p <0.05, one-way
ANOVA), 97.7 £28.7
(p <0.05, one-way
ANOVA) T/animal

Ross et al.
(1995);
Nesnow et al.
(1998a,b)
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Dibenz[a,c]anthracene
Mouse, B6C3F;, M 24 >99% (DMSO) 400 nmol [111 pg] 12 months  9/24 (38%; liver A), 0/24  + von Tungeln
in 35 pL (total dose; (liver C), 0/24 (lung T) vs et al. (1999b)
given as 1/7,2/7,4/7 2/24 (8%), 1/24 (4%),
on PND 1, 8, 15) 0/24 solvent controls
Dibenz|a,h]anthracene
Mouse, NS NS 20 NS (aqueous 200 pg in 400 pL, ~48 wk 5/20 (25%) peritoneal T + No control Boyland &
suspension) 2x/wk, ~48 wk Burrows
(1935)
Mouse, A/J M 20 97% 0,1.25,25,5, 8 months Lung A: >2.5 mg/kg, + No histology ~ Nesnow et al.
(tricaprylin) 10 mg/kg bw in 100 100%; 1.25 mg/kg, (1995); Ross et
or 200 pL, 1x 1.44 A/mouse; 2.5 mg/kg, al. (1995);
3.05 A/mouse; 5 mg/kg, Nesnow et al.
13.1 A/mouse; 10 mg/kg, 1998a,b)

32.1 A/mouse vs

0.6 A/mouse in solvent
control significantly
different (p <0.05) at
doses >1.25 mg/kg
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study
strain
Dibenzo|a,h]pyrene
Mouse, Swiss- M,F 25M, ‘Essentially 3.8,7.6,15.1 pgin 49-54 wk  Pulmonary T: F, 13/14 + Chang et al.
Webster 14 F, pure’ (DMSO) 5, 10, 20 uL on PND (93%) vs 11/39 (28%) (1982)
BLU:Ha (ICR) 32M 1,8, 15 solvent controls; M, 25/25
controls, (100%) vs 7/32 (22%)
39F solvent controls
controls Hepatic T: F, 1/14 (7%)
vs 0/39 solvent controls;
M 11/25 (44%) vs 0/32
solvent controls
Dibenzo|a,i]pyrene
Mouse, Swiss- M,F 39M, ‘Essentially 3.8,7.6,15.1 ugin 49-54 wk M, 38/39 (97%; + Limited histo-  Chang et al.
Webster 21F, pure’ (DMSO) 5, 10,20 uL on PND pulmonary T; 3.64 pathology (1982)
BLU:Ha (ICR) 32M 1,8, 15 T/mouse), 21/39 (54%;
controls, hepatic T; 0.82 T/mouse)
39F vs 7/32 (22%; pulmonary
controls T; 0.80 T/mouse), 0/32

(hepatic T) solvent
controls; F, 21/21 (100%;
pulmonary T; 5.80
T/mouse) vs 11/39 (28%;
pulmonary T, 0.44
T/mouse) solvent controls

1233
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Dibenzo[a,/]pyrene
Mouse, A/J M 30-350r  Pure analytical 0.3, 1.5, 3.0, 8 months Lung A: 0.3 mg/kg, 14/33  + Prahalad et al.
5 grade 6.0 mg/kg bw or 12, (42%; 0.42 £ 0.56 (1997)
(tricaprylin) 18, 24 mg/kg bw, 1x T/mouse); 1.5 mg/kg,
(volume NS) 33/34 (97%; 4.30 £ 2.86);
3.0 mg/kg, 35/35 (100%;
7.50 £3.79); 6.0 mg/kg,
30/30 (100%; 16.1 =
7.26); 12, 18 mg/kg, NS;
24 mg/kg, 5/5 (100%;
36.67 £ 10.64) vs 15/30
(50%; (0.67 £ 0.80)
solvent controls
Mouse, A/J M 20 NS (tricaprylin)  0-6 mg/kg, 1x 8 months  Incidence of T, NS; lung  + Nesnow et al.
(volume NS) A/mouse increased in a (1998a)

dose-dependent manner
(p <0.005 for doses
>1.5 mg/kg compared
with solvent controls)
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result’ Comments Reference
species and at start exposure of study
strain
Mouse, Crl:CD- M, F 2540 NS (DMSO) 12.1, 121 pg in 12.1 pg, Pulmonary T (T/mouse) + Platt ez al.
1 (ICR)BR 80 uL, 3x (total 55+ 1wk; M:12.1 pg, 84.8% (2.85 (2004)
dose; given as 1/8, 121 pg, 17 £ 0.44 [mean £ SEM]);
1/4,5/8on PND 1,  wk 121 ng, 41.2% (0.65 £

8, 15)

0.21) vs 25.0% (0.33 £
0.14) in solvent controls
F: 12.1 pg, 89.5% (2.95 =
0.67); 121 ng, 35.7%
(0.57 £ 0.29) vs 10.0%
(0.10 £ 0.07) in solvent
controls

Hepatic T (T/mouse)

M: 12.1 pg, 84.8% (5.67
+0.86); 121 pg, 35.3%
(1.00 + 0.38) vs 0% in
solvent controls

F: 12.1 pg, 10.5% (0.11 £
0.07); 121 pg, 14.3%
(0.21 £0.15) vs 0% in
solvent controls

Other T (T/mouse)

M: 12.1 pg, 30.3% (0.58
+0.17); 121 pg, 23.5%
(0.35£0.19) vs 0% in
solvent controls

F:12.1 pg, 47.4% (0.53 +
0.14); 121 pg, 42.9%
(0.50 £0.17) vs 0% in
solvent controls
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Reference
species and at start exposure of study
strain
1,2-Dihydroacenanthrylene
Mouse, CD-1 M,F 17-31M, Pure (DMSO) 175,437.5, 875 ng 9 months  Liver T + Wang et al.
1323 F, in 35 pL (total dose; M: 175 pg, 1/17 (6%); (1999)
24 M given as on 1/7, 2/7, 437.5 pg, 1/25 (4%);
controls, 4/7on PND 1, 8, 15) 875 ng, 0/31 vs 0/24
34F solvent controls
controls F: 175 pg, 0/23; 437.5 pg,

0/21; 875 pg, 0/13 vs 0/34
solvent controls

Lung A

M: 175 ng, 2/17 (12%);
437.5 ng, 2/25 (8%);

875 ng, 5/31(16%) vs
0/24 solvent controls

F: 175 pg, 0/23; 437.5 pg,
1/21 (5%); 875 pg, 1/13
(8%) vs 1/34 (3%) solvent
controls

Lung AdC

M: 175 ng, 2/17 (12%);
437.5 pg, 0/25; 875 ng,
1/31 (3%) vs 1/24 (4%)
solvent controls

F; 175 ug, 1/23 (4%);
437.5 pg, 0/21; 875 ng,
1/13 (8%) vs 0/34 solvent
controls
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Table 3.7 (contd)
Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, BLU:Ha M, F 10M, Pure (DMSO) 175 pgin 35 uL 6 months ~ M: 0/10 lung A, 0/10 lung — Wang et al.
23 F, (total dose; given as AdC vs 1/22 (5%), 0/22 (1999)
22M 1/7,2/7,4/7 on PND solvent controls
controls, 1,8, 15) F: 1/23 (4%) lung A, 0/23
25F lung AdC vs 1/25 (4%),
controls 0/25 solvent controls
Fluoranthene
Mouse, Swiss- M,F 58M, 98% (DMSO) 0, 3.46, 17.3 pmol 24 wk Lung A/AdC (T/mouse) + Busby et al.
Webster 41F, (total dose; given as M: 1/27 (4%; 0.04 + (1984)
BLU:Ha (ICR) 27M 1/7,2/7, 4/7 of total 0.04), 7/31 (23%; 0.29 =
controls, dose on PND 1, 8, 0.15), 20/27 (74%; 1.52 £
27F 15) 0.32) (p <0.014)
controls F: 4/28 (14%; 0.14 =
0.07), 3/20 (15%; 0.15 +
0.11), 8/21 (38%; 0.52 +
0.18)
Mouse, Swiss- M,F 23 M, >99% (DMSO) 0, 1.27 umol (total 26 wk Lung A/AdC (T/mouse) + Busby et al.
Webster 29F, dose; given as 1/7, M: 13/91 (14%; 0.15 + (1989)
BLU:Ha (ICR) 91 M 2/7,4/7on PND 1, 0.04), 5/23 (22%; 0.22 +
controls, 8, 15) 0.09) (0.002 <p < 0.004)
101 F F:7/101 (7%; 0.08 +
controls, 0.03), 9/29 (31%;

0.41+0.13)
(0.002 <p <0.004)
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Table 3.7 (contd)

Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result’ Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M,F 57M, >99% (DMSO) 0, 3.46, 8.65, 6 months Lung A/AdC (T/mouse) + Wang &
64 F, 17.30 umol (total M: 0/23 (0%), 1/19 (5% Busby (1993)
23 M dose; given as 1/7, 0.05 +£0.05), 2/18 (11%;
controls, 2/7,4/7on PND 1, 0.17 £0.12), 10/20 (50%;
22F 8, 15) 0.70 £ 0.19);
controls F: 0/22 (0%), 0/20 (0%),
2/21 (10%; 0.10 £ 0.07),
9/23 (39%; 0.43 £ 0.12)
Liver A (T/mouse)
M: 0/23 (0%), 1/19 (5%),
0/18 (0%), 2/20 (10%)
9 months Lung A AdC (T/mouse) +

M: 1/20 (5%; 0.05 +
0.05), 3/18 (17%;

0.17 £ 0.09), 9/21 (43%;
0.52 £ 0.15), 9/14 (64%;
1.00 £ 0.26)

F: 1/18 (6%; 0.06 £ 0.06),
6/19 (32%; 0.37 £ 0.14),
2/23 (9%; 0.09 £ 0.06),
7/24 (29%; 0.50 £0.21)
Liver A (T/mouse)

M: 0%, 4/18 (22%;

p <0.03), 12/21 (57%;

p <0.001), 5/14 (36%;

p <0.01)
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M, F  64-79 >99.5% 0, 3.46, 17.3 umol 52 wk Lung A/AdC (T/mouse) + LaVoie et al.
(DMSO) (total dose; given as M: 17% (0.17), 43% (1994b)
1/7,2/7,4/7 on PND (0.64; p <0.05), 65%
1,8, 15) (1.12; p <0.005)
F: 12% (0.15), 35% (0.35;
p <0.05), 86% (2.45;
p <0.001)
Liver A/C (T/mouse)
M: 3/29 (10%; 0.17),
14/28 (50%; 0.64;
P <0.012 ), 14/17 (82%;
1.12; p <0.001 y?)
Indeno[1,2,3-cd]pyrene
Mouse, CD-1 M,F 30 >99% (DMSO) 0, 2.1 pmol (total 52 wk Lung T M LaVoie et al.
dose; given as 1/7, M: 0/17 (0%, 1/11 F, (1987)
2/7,4/7on PND 1, (9.1%); F: 0/18 (0%), 0/9
8,15) (0%)
Liver T
M: 0/11 (0%), 0/11 (0%);
F: 0/18 (0%), 0/9 (0%)
5-Methylchrysene
Mouse, ICR/HA M, F 100 Pure (DMSO) 0, 56 nmol (total 35 wk Lung A (T/mouse) + Hecht et al.
dose; given as 1/7, M: 4% (0.04), 20% (0.26) (1985)

2/7,4/7 on PND 1,
8, 15)

F: 7% (0.07), 21% (0.25)
Liver A

M: 2% (0.02), 23% (0.43)
F: 2% (0.02), 12% (0.29)
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, strain M 20 99% 0, 10, 50, 100, 8 months Lung, A (T/mouse): 55%  + You et al.
A/l (tricaprylin) 200 mg/kg bw, 1x (0.6 £0.06), 65% (1.8 + (1994);
1.6), 100% (39.0 £ 13.7; Nesnow et al.
p <0.05), 100% (93.1 + (1995); Ross et
19.9; p <0.05), 100% (too al. (1995);
numerous to count; Nesnow et al.
p <0.05) (1998a)
2-Methylfluoranthene
Mouse, CD-1, M,F  64-79 >99.5% 0, 3.46, 17.3 pmol, 52 wk Lung A/AdC (T/mouse) + LaVoie et al.
weanling (DMSO) (total dose; given as M: 5/29 (17%; 0.17), 5/31 (1994b)

1/7,2/7, 4/7 of total
dose on PND 1, 8,
15)

(16%; 0.25), 23/24 (96%;
3.04; p <0.001)

F: 4/34 (12%; 0.15), 6/34
(18%; 0.35; p <0.001),
11/16 (69%; 2.45)

Liver A/C

M: 3/29 (10%), 8/31
(26%), 22/24 (92%;

p <0.001)

F: 0/34, 0/34, 5/16 (31%;
p <0.001)
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Table 3.7 (contd)
Chemical, Sex  No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result” Comments Reference
species and at start exposure of study
strain
3-Methylfluoranthene
Mouse, CD-1, M, F  64-79 >99.5% 0, 3.46, 17.3 pmol 52 wk Lung A/AdC (T/mouse) + LaVoie et al.
weanling (DMSO) (total dose; given as M: 5/29 (17%; 0.17), 6/24 (1994b)
1/7,2/7, 4/7 on PND (25%; 0.25), 5/26 (19%;
1,8, 15) 0.23)
F:4/34 (12%; 0.15), 5/33
(15%; 0.18), 6/28 (21%;
0.39)
Liver A/C
M: 3/29 (10%), 7/24
(30%), 15/26 (55%)
F: 0/34,0/33, 2.28 (7%)
Phenanthrene
Mouse, Swiss- M,F 100 >98% (DMSO)  0,35,70,140 pgon 3842wk  17/35 lung A vs 15/59 - Beuning et al.
Webster PND 1, 8, 15 (25%) solvent controls; (1979)
BLU:Ha (ICR) 0/35 liver T vs 0/59
solvent controls; 6/35
(17%) malignant
lymphoma vs 0/59 solvent
controls
Pyrene
Mouse, CD-1 M,F 900r100 >99% (DMSO) 0, 700 nmol (total 52 wk Lung A/AdC - Wislocki et al.
dose; given as 1/7, M: 9%, 8%; F: 6%, 10% (1986)
2/7, 4/7 of total dose Liver A/C
on PND 1, 8, 15) M: 11%, 12%; F: 0%, 0%
Lymphoma

F: 0%, 10%
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Table 3.7 (contd)

Chemical, Sex No./group Purity (vehicle) Dose and duration of Duration Incidence of tumours Result® Comments Reference
species and at start exposure of study
strain
Mouse, CD-1 M,F 900r100 >99%, (DMSO) 0, 200,2800 nmol 52 wk Lung A/AdC - Wislocki et al.
(total dose; given as M: 4%, 3%, 7%; F: 0%, (1986)
1/7,2/7, 4/7 on PND 3%, 6%
1,8,15) Liver A/C
M: 7%, 0%, 21%; F: 0%,
0%, 0%
Lymphoma
M: 4%, 0%, 0%; F: 3%,
3%, 6%
Mouse, Swiss- M,F NS >98% (DMSO) 0, 0.43, 9.65 umol 26 wk Lung A/AdC (T/mouse) M, —; Busby et al.
Webster (total dose; given as M: 13/91 (14%; 0.15 + F, (1989)
BLU:Ha (ICR) 1/7,2/7, 4/7 on PND 0.04), 4/23 (17%; 0.17 £
1,8,15) 0.08), 2/27 (7%, 0.07 £
0.05)
F:7/101 (7%; 0.08 =
0.03), 1/28 (4%; 0.04 +
0.04), 3/26 (12%; 0.12 +
0.06)
Mouse, strain M 20 99.7% 0, 10, 50, 100, 8 months No induction of lung T at — Ross et al.
A/l (tricaprylin) 200 mg/kg bw, 1 x any of the doses (1995)

administered

A, adenoma; AdC, adenocarcinoma; C, carcinoma; DMSO, dimethylsulfoxide; F, female; H, hepatoma; M, male; NS, not specified; P, papilloma; PAH, polycyclic
aromatic hydrocarbon; PND, postnatal day; S, sarcoma; SCC, squamous-cell carcinoma; SEM, standard error of the mean; T, tumour; TBA, tumour-bearing animal; vs

versus wk, week
- negative; +, positive; +, equivocal
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Table 3.8. Carcinogenicity studies of implantations of various PAHs in experimental animals

Chemical, species Sex  No./group Purity (vehicle) Dose and Duration of Incidence of Result®  Comments Reference
and strain at start duration of study tumours
exposure
Anthracene
Rabbit, NS NS 9 ‘Pure’ (solid 4,5,10, 12, 20-54 months  0/9 - Cerebral Russell
pellet) 20 mg, 1x implant; small (1947)
no. of animals;
no control; no
statistics
Benz|a]anthracene
Mouse, C57xIF F; NS 77 NS (paraffin ~2mgina 40 wk 17/52 33%) C + Bladder Clayson
wax) 12.5% (p <0.001), 1/52 implantation etal.
suspension (6%) P (1968)
(p <0.001) vs

4/89 (4%), 1/89
(1%) controls

C, carcinoma; NS, not specified; P, papilloma; PAH, polycyclic aromatic hydrocarbon; vs, versus; wk, week

* —, negative; +, positive

¥9¢
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Dermal initiation—promotion (see also Table 3.2)
Mouse

A group of 20 female Swiss albino mice (ICR/BR) [age and weight not specified]
received dermal applications of 100 puL of a 0.1% solution of anthracene (purity >99%)
10 times on alternate days (total dose, 1 mg). Ten days after the last application, the mice
received 2.5 pg TPA in 100 pL acetone thrice weekly for 20 weeks. Three treated mice
(15%) developed skin tumours compared with two mice (10%) treated with acetone only
and then TPA (LaVoie et al., 1983, 1985).

Subcutaneous administration (see also Table 3.3)
Mouse

A group of 40 male and female NMRI mice, 2 days of age, received a single
subcutaneous injection of 50 puL of an aqueous solution (1% gelatin, 0.9% saline, 0.4%
Tween 20) that contained 71.3 ug anthracene (400 nmol; 99.9% pure). A control group of
49 male and female mice was treated with the solvent alone. After 40 weeks, 1/12 treated
female and 2/17 treated male mice had developed pulmonary tumours compared with
1/19 control females and 1/14 control males (Platt ef al., 1990)

Intraperitoneal administration (see also Table 3.7)
Mouse

A group of five male Swiss albino mice received a single intraperitoneal injection of
25 mg anthracene in 750 uL olive oil. A control group of six males received olive oil
only. After 5 months, no tumours had developed in the surviving four experimental mice
or four control mice (Shubik & Della Porta. 1957).

11H-Benz|b,c]laceanthrylene
Dermal initiation—promotion (see also Table 3.2)

Mouse

Groups of 20 female CD-1 mice [age and body weight unspecified] were treated on
alternate days with 10 subdoses of 0.05, 0.2 and 0.4 pmol [12, 48 and 96 pg] (total doses,
0.5, 2.0 and 4.0 pumol] 11H-benz[b,claceanthrylene (purity >99% by HPLC) in 100 pL
acetone. A control group of 20 mice was treated with acetone alone. Ten days after the
last dose, promotion began with applications of 2.5 ug TPA in 100 uL acetone thrice
weekly for 20 weeks. At the end of the study, tumour incidences [type not specified] were
75% (15/20), 90% (18/20) and 90% (18/20) in the low-, mid- and high-dose treatment
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groups, respectively, compared with 5% (1/20) in the control group (p <0.005 at all dose
levels). The corresponding numbers of tumours/mouse were 1.60, 4.90 and 7.90
compared with 0.05 in the control group (Rice et al., 1988).

Subcutaneous administration (see also Table 3.3)

Mouse

A group of 15 male C3H mice, 3—5 months of age [body weight unspecified],
received a single subcutaneous injection of 1 mg 11H-benz[b,claceanthrylene [purity
unspecified] in 500 pL tricaprylin. The mice were monitored weekly and kept alive as
long as possible; upon death, autopsies were performed and all tissues suggestive of
neoplasia were examined histologically. No control group was used in the study. At
6 months, the survival rate was 14/15. At 539 days, one mouse had developed three
tumours (a pulmonary adenoma, a hepatic adenoma and a benign haemangioma of the
rump) (Dunlap & Warren, 1946).

Benz|jlaceanthrylene
Dermal initiation—promotion (see also Table 3.2)

Mouse

Groups of 20 female SENCAR mice, 7 weeks of age, received a single dermal
application of 40, 200 or 400 pg benz[jlaceanthrylene [purity not specified] in 200 pL
acetone. One week later, the mice were treated twice weekly for 21 weeks with 2 ug TPA
in 200 pL acetone. A control group of 20 mice received TPA only. At the end of the study
(22 weeks), the incidence of skin papillomas was 100% in each group treated with
benz[jJaceanthrylene compared with ~5% in the TPA-treated control group (Nesnow et
al., 1993).

Intraperitoneal administration (see also Table 3.7)

Mouse

Groups of 27 male A/J mice, 6-8 weeks of age, received a single intraperitoneal
injection of 20, 50 or 100 mg/kg bw benz[jlaceanthrylene [purity not specified] in
tricaprylin. A control group received tricaprylin alone. At the end of the study (after
8 months), the incidence of lung tumours (primarily adenomas) was 100% in each group
treated with benz[jlaceanthrylene compared with 56% in the solvent-treated control
group. The number of tumours/mouse was 0.85, 60.3, 140.6 and 97.6 in the 0-, 20-, 50-
and 100-mg/kg bw benz[j]aceanthrylene-treated groups, respectively (Mass ef al., 1993;
Nesnow et al., 1998a).
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Benz[/]aceanthrylene
Dermal initiation—promotion (see also Table 3.2)

Mouse

Groups of 20-22 male and 2022 female SENCAR mice, 7 weeks of age, received a
single dermal application of 50, 100, 250, 500 or 1000 nmol [12.6, 25.2, 63.1, 126 or
252 ug] benz[/Jaceanthrylene [purity not specified] in 200 uL acetone or the solvent
alone. One week later, all mice were treated twice weekly for 30 weeks with 2 pug TPA in
200 uL acetone. The experiment lasted 31 weeks. At the end of the study, the incidence of
skin papillomas [histology not specified] was 12/20 (1.4 papillomas/mouse), 16/17
(2.3 papillomas/mouse), 21/21 (8.4 papillomas/mouse),16/16 (10.8 papillomas/mouse)
and 19/20 (8.7 papillomas/mouse) male mice treated with 12.6, 25.2, 63.1, 126 or 252 ng
benz[/Jaceanthrylene compared with 0/20 control male mice. In females, the incidence of
skin papillomas was 13/20 (1.1 papillomas/mouse), 18/19 (3.1 papillomas/mouse), 19/21
(4.7 papillomas/mouse), 20/21 (6.6 papillomas/mouse) and 20/20 (10.8 papillomas/
mouse) after treatment with 12.6, 25.2, 63.1, 126 or 252 pg benz[/]aceanthrylene
compared with 1/19 (0.05 papillomas/mouse) controls (Nesnow et al., 1984a).

Benz[a]anthracene
Previous evaluations

Benz[a]anthracene was considered in December 1972 (IARC, 1973) by a Working
Group that evaluated multiple bioassays in which benz[a]anthracene was administered
orally to mice and dermally to mice, rats and hamsters, injected subcutaneously into adult
and newborn mice or intramuscularly and intravenously into rats and implanted into the
bladders of mice. The transfer of injection sites following subcutaneous injections to mice
was also analysed. Among these studies (which are summarized in Tables 3.1-3.3, 3.6,
3.9 and 3.10), some gave negative results, while others were positive. Benz[a]anthracene
was also assessed in February 1983 (IARC, 1983) by a Working Group that evaluated the
same bioassays as those considered previously and concluded that there was sufficient
evidence that benz[a]anthracene was carcinogenic to experimental animals. Additional
bioassays that have been published since that time are summarized below.

Dermal application (see also Table 3.1)

Mouse

Two groups of 40 female Swiss mice, 7 weeks of age [body weight unspecified],
received twice-weekly dermal applications of 0.396 umol [90.4 pg] benz[a]anthracene
(recrystallized; purity verified by melting-point) in 16.7 pL acetone or solvent alone for



Table 3.9. Carcinogenicity studies of intravenous administration of various PAHs in experimental animals

Chemical, Sex No./group  Purity Dose and Duration Incidence of tumours ~ Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Benz[a]anthracene
Mouse, strain A M, F 10-11 NS (water) 250 pg 8, 14 or 8 wk, 0/10; 14 wk, + No control ~ Andervont &
suspended in 20 wk 2/10 (20%); 20 wk, Shimkin (1940)
250 pL, 1x 2/11 (18%) (lung T,
type NS)
Rat, Sprague-Dawley F 28 NS (lipid 0.25% (w/v), 98 days 0/28 - No control ~ Pataki &
NS) 2 mg Huggins (1969)
(~13 mg/kg), 3x
(on days 50, 53,
56 of age)
Dibenz[a,h]anthracene
Mouse, strain A M, F 10, 20 Melting- 250 pg in 20 wk 10/10 (100%) + No Andervont &
controls point 250 pL, 1x pulmonary T vs 4/19 statistics Shimkin (1940);
(aqueous (21%) solvent Shimkin &
suspension) controls Stoner (1975)
Mouse, strain A M, F 44-55 NS 100, 200, 300, 6 months Lung T/mouse: + No Heston &
(aqueous 400, 500 pg, 1x 100 pg, 8.08 £ 0.542; histology Scheidermann
colloidal 200 pg, 18.25 + (1953)
suspension) 1.225; 300 pg, 30.02

+ 1.663; 400 pg,
38.64 £1.923;

500 pg, 53.37 £
2.166 vs 0.29 +£0.033
in water controls

F, female; M; male; NS, not specified; PAH, polycyclic aromatic hydrocarbon; T, tumour; vs, versus; wk, week; w/v, weight/volume

 —, negative; + positive; £, equivocal

89¢
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Table 3.10. Carcinogenicity studies of intramuscular administration of various PAHs in experimental animals

Chemical, Sex No./group Purity Dose and Duration Incidence of Result®  Comments Reference
species and strain at start (vehicle) duration of of study tumours
exposure
Benz|a]anthracene
Rat, Long-Evans M 16 NS 2.5 mgin 270 days 0/16 - No control Pataki &
(sesame oil) 500 pL, 1x Huggins (1969)
Dibenz[a,h]anthracene
Fowl, NS NS 31 NS (lard) 4 mg (volume 45 months  15/31 (48%; S) + No control Peacock (1935)
NS), 1 x
Pigeon, NS M, F 121,32 NS (benzene) 3mgin 13 months  14/109 (13%; + No solvent- Prichard et al.
controls 100 pL, 1x fibroS) vs 0/32 treated (1964)
untreated controls; no
controls statistics
Dibenzo[a,h]pyrene
Rat, NS NS 4 NS (sunflower ~ 0.5-1.0 mg, 7-8 2/4 (50%) No control; Voronjansky
seed oil) 1x months small et al. (1939)
number; no
statistics
Rat, NS F 6 NS (rabbit fat) 0.5 mg, 1x 8 months 2/6 (33%) No control; Pisareva et al.
small (1940)
number; no
statistics

F, female; M, male; NS, not specified; PAH, polycyclic aromatic hydrocarbon; S, sarcoma; vs, versus

* —, negative; +, positive

SNOFIVIOIJAH DILVINOYYV DITOADATOd
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30 weeks. The animals were observed until death or were killed when moribund. Mean
survival rates were 65 = 15 weeks (mean = SD) in the benz[a]anthracene-treated group
and 65 £+ 11 weeks in the vehicle-control group. At the end of the experiment,
1/39 benz[a]anthracene-treated mice had developed a skin papilloma compared with
0/29 acetone-treated controls (Cavalieri et al., 1977).

Dermal initiation—promotion (see also Table 3.2)

Mouse

A group of 30 female CD-1 mice, 8 weeks of age, received a single dermal
application of 2.2 umol [502 pg] chromatographically purified benz[a]anthracene in
benzene [concentration unspecified], followed 1 week later by twice-weekly applications
of 10 umol TPA for 34 weeks. A control group of 30 female mice of the same strain was
treated with 10 pmol TPA only [the dose of TPA was probably 10 pg] twice weekly for
34 weeks. At week 35, 29/30 benz[a]anthracene-treated animals and all controls were still
alive. At that time, 62% [18/29] of benz[a]anthracene-treated mice had developed skin
papillomas; one skin tumour had occurred in 1/30 (3%) TPA controls by week 25, but this
had regressed by the end of the study, at which time no tumours were found in the control
group (Scribner, 1973).

A group of 30 female CD-1 mice, 7-9 weeks of age [body weight unspecified],
received a single dermal application of 2 pumol benz[a]anthracene [457 pg; volume
unspecified]. One week later, mice received twice-weekly applications of 10 ug TPA in
acetone [volume unspecified] for 26 weeks. A control group was treated with TPA alone.
At the end of the study, 57% of the mice in the benz[a]anthracene-treated group had
developed skin papillomas (1.2 papillomas/mouse) compared with 6% (0.1 papillomas/
mouse) of the TPA-treated controls (Slaga ef al., 1978).

Groups of 30 female CD-1 mice, 8 weeks of age [body weight unspecified], received
a single dermal application of 0, 1.0 or 2.5 umol [228 or 571 pg] benz[a]anthracene in
200 puL acetone. Beginning 1 week later, animals received twice-weekly applications of
16 nmol [9.9 pug] TPA in 200 pL acetone for 27 weeks. At the end of the study, 17% of
the mice in the low-dose group and 38% of the mice in the high-dose group had
developed skin tumours [type not specified] compared with 4% of the TPA-treated
controls. The corresponding numbers of tumours/mouse in the benz[a]anthracene-treated
groups were 0.17 £ 0.07 and 0.67 £ 0.17 (mean * standard error (SE)) compared with
0.04 £ 0.04 in the TPA-treated controls (Wood et al., 1980).

In a similarly designed initiation-promotion study in CD-1 mice that used initiating
doses of 0.4 or 2.5 umol [91 or 571 ug] benz[a]anthracene and promotion with TPA for
25 weeks, skin tumours [type not specified] were found in 14% of the mice treated with
0.4 pmol (0.14 £ 0.07 tumours/mouse) and 36% of the mice treated with 2.5 umol (0.64 +
0.20 tumours/mouse) compared with 7% (0.07 £ 0.05 tumours/mouse) in the TPA-treated
control group. At the highest dose, both the tumour incidence and the number of
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tumours/mouse were significantly higher than those in the control group (p <0.05) (Levin
etal., 1984).

Buccal pouch application (see also Table 3.11)

Hamster

Two groups of 26 male Syrian golden hamsters [age unspecified] received twice-
weekly applications of a 20 mM solution of benz[a]anthracene in paraffin oil [volume
unspecified] to the buccal pouch for either 5 or 20 weeks. A group of 20 control animals
was available. The animals were monitored for up to 44 weeks, with no evidence of
tumours in any of the groups (Solt ez al., 1987).

Intraperitoneal administration (see also Table 3.7)

Mouse

Groups of 140 newborn male and female Swiss Webster BLU:Ha (ICR) mice
received a total intraperitoneal dose of 0 (controls) or 2800 nmol [63.9 pug]
benz[a]anthracene in DMSO [volume not specified] (1/7 of the dose was administered on
postnatal day 1, 2/7 on postnatal day 8 and 4/7 on postnatal day 15). A control group of
100 mice was treated with DMSO alone. The incidence of pulmonary tumours was 10/47
treated males (0.26 tumours/mouse), 7/43 control males (0.19 tumours/mouse), 4/38
treated females (0.18 tumours/mouse) and 2/24 control females (0.08 tumours/mouse)
(Wislocki et al., 1979).

Groups of 90 newborn male and female BLU:Ha(ICR) mice received intraperitoneal
injections of a total dose of 0 (controls) or 2.8 umol [639 pg] benz[a]anthracene [purity
>99%] in 35 uL DMSO [1/7, 2/7 and 4/7 of the dose on days 1, 8 and 15 of life,
respectively] and were monitored for 26-32 weeks. A control group of 80 mice was
treated with DMSO alone. The incidence of pulmonary adenomas was 63% [17/27] in
treated males (1.44 tumours/mouse), 4% [1/28] in control males (0.04 tumours/mouse),
64% [14/22] in treated females (2.00 tumours/mouse) and 11% [4/37] in control females
(0.11 tumours/mouse). Hepatic tumours (mostly type A and neoplastic nodules) were
observed in 8% [2/27] of treated males (0.08 tumours/mouse) and 4% [1/28] of control
males (0.04 tumours/mouse) but not in treated or control females. A significant increase
in the incidence and number of pulmonary tumours per mouse compared with the controls
was found when the results from male and female mice were combined (Levin ef al.,
1984).

A group of newborn male and female CD-1 mice received a total intraperitoneal dose
of 2.8 mmol benz[a]anthracene in DMSO [1/7 on postnatal day 1, 2/7 on postnatal day 8
and 4/7 on postnatal day 15]. The incidence of liver tumour was 79% (6/39 adenomas and
25/39 carcinomas; 3.0 nodules/tumour-bearing animal) in treated male mice compared



Table 3.11. Carcinogenicity studies of application to the buccal pouch of various PAHs in experimental animals

Chemical, Sex No./group at  Purity Dose and duration ~ Duration of Incidence of tumours Result” Comments Reference

species and strain start (vehicle) of exposure study

Benz[a]anthracene

Hamster, Syrian M 26,20 NS 20 mM, 2x/wk, 5 Up to 44 wk 0% vs 0% in solvent- - Solt et al.

golden controls (paraffin oil)  or 20 wk treated controls (1987)

Benzo[a]pyrene

Hamster, Syrian M 28,20 NS 0,20 mM Up to 4044 Forestomach P: only + Solt et al.

golden controls (paraffin oil)  [5046 mg]/animal, wk with in treated animals (1987)
2x/wk, 20 wk interim kills killed after 4044 wk:

after 5, 20 and
24-32 wk

80% [8/10]

Buccal pouch
tumours: only 1 (a
SCC) in a treated
animal killed in wk 41
Positive (DMBA)
controls: 100%
[19/19] forestomach
(100% P, 68% SCC),
100% [19/19] buccal
pouch (a total of 199
well-differentiated
SCC) in animals
surviving for 20 wk

DMBA, 7,12-dimethylbenz[a]antracene; M, male; NS, not specified; P, papilloma; SCC, squamous-cell carcinoma; vs, versus; wk, week

*—, negative; +, positive
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with 7% (2/28 adenomas and 0/28 carcinomas; 1.0 nodule/tumour-bearing animal) in
control males (p <0.05 for liver carcinomas and for combined liver tumours); that of
pulmonary tumours in treated males was 15% (5/39 adenomas and 1/39 carcinoma)
compared with 4% (1/28 adenoma and no carcinomas) in control males. No liver tumours
were observed in treated females which had an incidence of pulmonary tumours of 19%
(6/32 adenomas and no carcinomas) compared with 0% in the control group (p <0.025)
(Wislocki et al, 1986).

Intratratracheal administration (see also Table 3.12)
Hamster

A group of 48 male Syrian golden hamsters, 9-10 weeks of age (average weight,
98 g), was treated intratracheally with 30 weekly doses of 0.5 mg benz[a]anthracene
[purity > 99% by thin layer chromagraphy; total dose, 15 mg] that was ground to a finely
aggregated dust [1:1, w:w] with haematite [particle size < 1 um] and then suspended in
200 pL saline [0.9% aqueous]. A second group of 36 male hamsters of the same strain
and age was treated in a similar manner with 15 weekly doses of 3.0 mg benz[a]-
anthracene [total dose, 45 mg] and an additional group of 90 hamsters remained
untreated. No control group received intratracheal instillation of the vehicle alone. The
animals were monitored daily, weighed once a week, died spontaneously or were killed
when moribund. At 120 weeks, only one animal remained in the 3.0-mg treatment group
and all animals in the remaining groups had died. Tumours of the respiratory tract were
not observed in any of the groups (Sellakumar & Shubik, 1974).

Intramammary administration (see also Table 3.5)
Rat

A group of 20 female pathogen-free Sprague-Dawley rats, 50 days of age [body
weight unspecified], was subjected to a small incision over the right fifth inguinal
mammary gland, which was exposed, had finely powdered benz[a]anthracene (purity
>99% by HPLC; 4 or 16 umol) [913 ug or 3.65 mg, respectively] dispersed over it and
was subsequently closed. The untreated contralateral left gland served as a negative
control. All animals were killed at 20 weeks. No mammary tumours were present in the
benz[a]anthracene-treated animals (Cavalieri et al., 1988a).



Table 3.12. Carcinogenicity studies of intratracheal administration of various PAHs in experimental animals

Chemical, Sex  No./group Purity Dose and Duration Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Benz[a]anthracene
Hamster, Syrian golden M 360r48; >99%(0.9%  Ground with 120 wk 15 mg: 0/47 (respiratory tract —— Control group  Sellakumar
90 saline) haematite [1:1, T), 6/47 (13%; other T); 45 not submitted & Shubik
controls <1 pm particles] mg, 0/33, 6/33 (18%) vs 0/82, to tracheal (1974)
in 200 pL; 11/82 (13%) untreated instillation of
0.5 mg 1x/wk, controls the vehicle
30 wk [total
dose, 15 mg],
3.0 mg, 1x/wk,
15 wk [total
dose, 45 mg]
Benzo[a]pyrene
Mouse, Iva; NMRI F NS NS (0.9% 0 (untreated), 2 years Lung T: [9/28] (32%; 0.7 £ + Numbers not Heinrich et
saline 0 (0.9% saline 1.7 T/animal), [30/55] (54%; given; no al. (1986a)
solution) solution), 0.8 = 1.0 T/animal), [28/50] histopathology;
50 pg/animal, (56%; 2.2 £ 3.7 T/animal) statistics NS
1x/wk, 20 wk
Mouse, XPA”", XPA"", F 5or30 NS (gelatine/ 0, 0.1 mg/ 16 mo Lung T + Ide et al
XPA™ physiological ~animal, 1x/wk, XPA™:0/5,15/21 (71%; 13 (2000)
saline) 4 wk A, 2 C; 1.4 0.3 T/animal)
XPA™: 0/5, 11/27 (41%; 11
A; 0.8 £0.2 A/animal)
XPA™:0/5,7/20 (35%; 7 A;
0.4 £ 0.1 A/animal)
Rat, Wistar- F NS NS (0.9% 0, 1 mg/animal, 124-126 Lung T: 0/40, 7/36 (19%; 1 + Pott et al.
WU/Kisslegg saline 1x/wk, 20 wk wk A, 5 SCC, 1 mixed (1987)

solution)

AdC/SCC)

PLE
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Rat, Sprague-Dawley M, 20 or 50 NS (physio- 0, 0 (physio- Controls, M: 0/50, 0/50, 19/20 (95%; + Limited Steinhoff et
F logical saline  logical saline), 131 wk; 19 malignant lung T) histology; type  al. (1991)
solution with 7 mg/kg bw/ treated F: 0/50, 0/50, 19/20 (95%; of lung T NS
or without instillation animals, 18 malignant, 1 benign lung
Tween 60) (physiological 112 wk T)
saline with
Tween 60), 1x/2
wk, 44 wk
Hamster, Syrian golden M, 35 >99% (0.9% 0 (only for M), 78 wk Respiratory tract + No female Feron (1972)
F saline 1 mg/animal, T/adenomatoid lesions controls;
solution) 1x/wk, 36 wk M: 6/27 (22%; 1 tracheal P, no statistics

5 pulmonary adenomatoid
lesion), 19/29 (66%; 1
tracheal P, 17 SCC, 26
pulmonary adenomatoid
lesion, 5 A, 1 AdC, 1 SCC)
F: 22/27 (81%; 1 laryngeal
SCC, 16 tracheal SCC,

2 bronchial A, 1 AdC,

21 pulmonary adenomatoid
lesion, 8 A, 1 AdC)

SNOFIVIOIJAH DILVINOYYV DITOADATOd
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Table 3.12 (contd)

Chemical, Sex Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain duration of of study
exposure
Hamster, Syrian golden =~ M 0, 0.0625, 78 wk Respiratory tract T + Feron et al.
0.125,0.25, 0.5, 0/29, 3/30 (10%; 3 tracheal P, (1973)
1.0 mg/animal, 1 pulmonary A), 4/30 (13%;
Ix/wk, 52 wk 1 tracheal P, 4 pulmonary A),

9/30 (30%; 5 tracheal P, 7
pulmonary A), 25/29 (86%; 2
tracheal polyp, 9 P, 5 SCC, 1
AdSC, 1 fibroS, 2 bronchial
polyp, 1 P,2 SCC, 1 AdSC),
26/28 (93%; 6 tracheal P, 11
SCC, 1 AdSC, 1 bronchial
polyp, 2 P, 4 SCC, 2 AdSC, 4
AdC, 1 anaplastic C,

16 pulmonary A, 4 SCC, 3
AdSC, 1 AdC, 2 anaplastic C)

9LE
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M, 50,25 NS (0.5% 0,13.3-15.5 M, 67— Respiratory tract T + Tumour data Henry et al.
F controls gelatine in mg/animal, 88 wk; Controls [effective no. of for M and F (1973)
0.9% saline 1x/wk, 8 wk F, 60-88 animals NS]: 1 tracheal polyp, combined,
solution) wk 6 pulmonary bronchiolar statistics NS

adenomatoid lesions

Treated animals: 26/65 (40%;
1 nasal polyp; 6 laryngeal
polyps, 1 P, 1 A, 1 AdC, 7
tracheal polyps, 1 AdC, 1
SCC, 1 fibroS, 2 bronchial
AdC, 13 pulmonary
bronchiolar adenomatoid
lesion, 3 A, 5 AdC, 1 SCC, 2
anaplastic C, 1 mixed C,

1 myelogenous leukaemia, 1
neurofibroS)

T at other sites

Controls: 1 renal A

Treated animals: 3 blast-cell
leukaemia, 2 adrenocortical
A, 1 renal AdC, 1
oesophageal fibroS,

1 haemangioma

SNOFIVIOIJAH DILVINOYYV DITOADATOd
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result’ Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M,  20-32M, NS 0, 1 mg/animal, 60 wk Respiratory tract T + Kobayashi
F 20-28F  (0.9% saline)  1x/wk, 30 wk M: 0/20, 11/26 (42.3%; 1 (1975)
laryngeal polyp, 1 tracheal
polyp, 1 P, 1 bronchial SCC,
9 lung A, 7 AdC, 3 SCC, 1
anaplastic C, 2 AdSC)
F: 0/20, 14/26 (53.8%; 1
laryngeal P, 2 tracheal polyps,
1 bronchial SCC, 10 lung A, 3
AdC, 1 SCC)
Hamster, Syrian golden M, 170r40  >99% (saline O (untreated), 78 wk Respiratory tract T + Kruysse &
F solution) 0 (vehicle M: 0/40, 0/40, 13/14 (93%; 2 Feron
controls), laryngeal P, 1 SCC, 4 tracheal (1976)
1 mg/animal, P, 3 SCC, 1 anaplastic C, 1 S,

1x/2 wk, 52 wk

1 bronchial SCC, 1 AdC,

5 pulmonary A, 1 AdC)

F: 0/40, 0/40, 7/12 (58%;

2 tracheal P, 3 SCC,

1 bronchial P, 5 pulmonary
A)
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result’ Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M 48 >99% (0.9% O (untreated) or 100 wk  Respiratory tract T + Sellakumar
saline 3 mg/animal, 0/48, 7/48 (15%; 2 laryngeal et al. (1976)
solution) 1x/wk, 10 wk P, 4 tracheal P, 1 lung A)
T at other sites
6/48 (13%; 3 forestomach P,
2 lymphoma, 1 anaplastic C),
26/48 (54%; 21 forestomach
P, 1 skin melanoma, 1 liver
haemangioma,
1 adrenocorticoA, 3
adrenocorticoC)
Hamster, Syrian golden M, 30 97% (0.9% Experiment 1: Upto 89 Respiratory tract T + Kektar et al.
F saline 0,4,8, 16 mgin wk for Experiment 1: (1977)
solution or 0.9% saline M and M: 0/24, 3/30 (10%; 1
Tris buffer) solution/animal, 70 wk laryngeal P, 1 tracheal P,
1x for F 1 lung S), 5/28 (18%;

1 laryngeal SCC, 1 tracheal P,
4 lung S), 4/27 (15%;

3 tracheal P, 1 lung A, 1 S)

F: 0/28,3/29 (10%; 1 tracheal
P, 2 lung A), 1/30 (3%; 1 lung
A), 3/28 (13%; 1 laryngeal P,
2 lung A)
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result” Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Experiment 2: Upto 83  Experiment 2: Ketkar et al.
0,4,8, 16 mgin wk for M: 0/27, 5/24 (21%; 1 (1977)
Tris buffer/ M and tracheal P, 5 lung A), 13/25 (contd)
animal, 1x 68 wk (52%; 1 laryngeal P,
for F 7 tracheal P, 4 lung A, 3
AdC), 8/27 (30%; 2 laryngeal
P, 1 SCC, 3 tracheal P, 3 lung
A)
F: 0/27,3/27 (11%; 2 tracheal
P, 1 lung AdC), 2/29 (7%;
2 tracheal P), 8/29 (28%;
1 laryngeal P, 4 tracheal P,
5 lung A)
Hamsters, Syrian golden M, 150r30  >99%(0.9% 0 (untreated), 81 wk Respiratory tract T + Statistics NS Feron &
F saline 0 (vehicle M: 0/30 (untreated and Kruysse
solution) controls), 0.35, vehicle controls combined), (1978)

0.7 mg/animal,
1x/wk, 52 wk

4/29 (14%; 2 tracheal P, 1
bronchial P, 2 pulmonary A),
19/30 (63%; 1 laryngeal P, 5
tracheal P, 1 SCC,

1 anaplastic C, 1 S, 2
bronchial P, 1 AdC, 2
pulmonary A)

F: 0/28 (untreated and vehicle
controls combined), 3/27
(11%; 1 laryngeal P, 1
bronchial P, 1 pulmonary A),
7/24 (29%; 1 tracheal P, 2
SCC, 1 bronchial AdC, 5
pulmonary A)
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result’ Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M, 30 97% (10% 0,0.1,0.33, Average  Respiratory tract T + Average Ketkar et al.
F bovine serum 1.0 mg/animal,  survival =~ M: 0/29, 5/26 (19%; 5 survival time (1978)
albumin) Ix/wk for life upto4l  bronchiogenic A), 7/29 (24%; drastically
wk for 5 tracheal P, 2 bronchiogenic lower in the
M and A), 6/27 (22%; 5 tracheal P, 2 high-dose
35 wk bronchiogenic A) group than in
for F F: 0/30, 12/30 (40%; 1 the other
tracheal P, 1 SCC, 10 groups
bronchiogenic A), 10/28
(36%; 7 tracheal P, 5
bronchiogenic A, 1 SCC),
6/30 (20%; 3 tracheal P, 3
bronchiogenic A, 3 SCC)

Hamster, Syrian golden NS NS NS (0.4% 0,0.3, 91 wk Benign and malignant + Type of Tnot  Pott et al.
Tween 80in 0.9 mg/animal, respiratory tract T: 3, 17, 68% further (1978)
saline Ix/wk, 20 wk specified
solution)
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M, 48 (M + 99.4% (0.9% 0, 3 mg large Lifespan, Respiratory tract T (M + F + Stenbéck &
F F) saline particles,3mg  upto90 combined): 0/46, 31/47 (66%; Rowland
solution); small particles/  wk 5 laryngeal P, 12 tracheal P, (1978)
particle size  animal, 1x/wk, 20 SCC, 2 unspecified T, 2
by weight: 18 wk bronchial P, 9 SCC, 3 A, 2
large: 98% anaplastic C), 5/46 (11%; 1
<30 pm, laryngeal P, 1 SCC,
90% <20 4 tracheal P)
um, 36%
<10 pm,
10% <5 pm;
small: 98%
<10 pm,
79% <5 pm,
5% <1 um
Hamster, Syrian golden M, 70 NS (0.9% 0, 0.5 mg/ 104 wk Respiratory tract T + No. of TBA Feron (1979)
F M+F) saline animal, 1x/2 M: no T in 24 controls and 20 NS
solution) wk, 52 wk T (1 tracheal polyp, 6 P, 3

SCC, 1 anaplastic C, 1
bronchial polyp, 1 SCC, 7
pulmonary A) in treated
animals

F: no T in 25 controls and 18
T (8 tracheal P, 3 SCC,

6 pulmonary A, 1 AdC) in
treated animals
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure

Hamster, Syrian golden =~ M 30 97% (Tris 0 (untreated), Average  Respiratory tract T: + Average Ketkar et al.

buffer + 0 (vehicle survival ~ 0/29, 0/28, 9/29 (31%; survival in two  (1979)

0.9% saline controls), 0.125, upto 88 2 laryngeal polyps/P, highest-dose

solution); 0.25,0.5, wk 1 tracheal P, 1 SCC, 2 lung A, groups very

particle size: 1.0 mg/animal, 2 SCC, 5 AdC), 24/29 (83%; much lower

majority 1x/wk, for life 1 nasal SCC, 2 laryngeal than that in the

<10 pum but polyps/P, 4 tracheal P, 9 SCC, other groups

particles up 51lung A, 5 SCC, 11 AdC), due to many

to 80 pm 19/29 (66%; 1 laryngeal P, early deaths

also present 2 SCC, 5 tracheal P, 11 SCC, from

7 lung SCC, 2 AdC), 9/29 pulmonary

(31%; 1 laryngeal P, 1 SCC, 1
tracheal P, 5 SCC, 1 lung A,
4 SCC) (p <0.001)

lesions other
than tumours
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M, 30-35 NS; particles 0 (untreated), 0 105 wk Respiratory tract T + Statistics NS Feron et al.
F size by (gelatine in M: 0/29, 2/34 (6%; 2 (1980)

weight: fine,
77%

<5.2 um,
60%

<3.9 um;
coarse, 77%
<42 pm, 3%
<16 pm;
wide-range,
72%

<30 pm,
19% <10 pum
(gelatine in
0.9% saline
solution)

0.9% saline),
0.5, 1.0 mg fine
particles, 0.5,
1.0 mg coarse
particles, 1.0 mg
wide-range
particles/animal,
1x/wk, 52 wk

laryngeal P), 7/34 (21%; 1
laryngeal P, 6 tracheal P, 1
lung A), 6/31 (19%; 2
laryngeal P, 1 tracheal P, 1
S,1 pulmonary A), 13/31
(42%; 2 laryngeal P,

3 tracheal P, 9 pulmonary A),
25/34 (74%; 2 laryngeal P, 9
tracheal P, 4 SCC,2 S, 1
pulmonary A, 1 AdC), 23/34
(68%; 2 laryngeal P, 1 SCC, 6
tracheal P, 2 SCC, 1 bronchial
P, 1 SCC, 13 pulmonary A, 2
AdC, 2 anaplastic C)

F: 0/28,2/33 (6%; 1 tracheal
P, 1 pulmonary A), 2/34 (6%;
1 bronchial P, 1 A), 5/32
(16%; 1 laryngeal P, 2
tracheal P, 3 pulmonary A),
9/32 (28%; 2 laryngeal P, 5
tracheal P, 6 pulmonary A),
19/32 (31%; 4 tracheal P, 1
SCC, 1 S, 1 bronchial P, 7
pulmonary A, 1 AdC), 11/34
(34%; 1 laryngeal P, 3
tracheal P, 2 bronchial P,

7 pulmonary A, 1 AdC)
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M 30 NS (Tris- 0 (untreated), Mean 0/29, 0/30, 0/28, 0/27, 2/28 + Statistics NS Kiinstler
buffer/saline) 0 (vehicle survival  (7%) (1 lung A, 1 respiratory (1983)
control), 5, 20, time, 67  tract mucoepidermoid C)
40 pg/animal, (low-
1x/2 wk for life  dose) to
84 wk
(high-
dose)
Hamster, Syrian golden =~ M 80 >99% (0.5% 0,5 mg/animal, 129 wk Malignant T: 4/80 (5%; 1 + No. of TBA Godleski et
gelatine in Ix/wk, 15 wk multicentric undifferentiated NS al. (1984)
0.9% saline lung C, 3 lymphoma), 25/80
solution) (31%; 9 SCC, 2
undifferentiated C of the
respiratory tract, 5 lymphoma,
1 SCC, 2 AdC of the
gastrointestinal tract, 2 soft-
tissue T, 1 hepatoma, 2 mouth
SCC, 1 skin C; p <0.001)
Hamster, Syrian golden M, 35 NS (gelatine 0, | mg/animal, 85 wk Respiratory tract T + Statistics NS Feron et al.
F in saline 1x/2 wk, 52 wk M: 0/31, 6/ 34 [18%] (3 (1985)
solution) tracheal P, 1 SCC, 1S, 1

bronchial P);
F: 0/28,1/29 [3%] (1
laryngeal C in situ)
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Table 3.12 (contd)

Chemical, Sex  No./group Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start duration of of study
exposure
Dibenz|[a,h]anthracene
Hamster, Syrian golden =~ M 48,90 50, 250 pg <120 wk  Respiratory tract T: 50 ug, - Sellakumar
controls (combined with 0/46; 250 pg, 2/46 (4%) vs & Shubik
an equal amount 0/82 untreated controls (1974)
of ferric oxide)
in 200 pL,
1x/wk, 30 wk
Hamster, Syrian golden NS NS 300, 900 pg in <2 years Respiratory tract T: 300 ug, + No statistics Pott et al.
150 pL, 1x/wk, 55%; 900 ng, 65% vs 3% (1978)
20 wk solvent controls
Dibenzo[a,i]pyrene
Hamster, Syrian golden =~ M 36 or 48, Ground with 100 wk; 8 mg, 16/34 (47%; respiratory + Control group  Sellakumar
90 haematite [1:1, controls, tract T, predominantly SCC; not submitted & Shubik
controls <1 pm particles] 120 wk 1/34 (3%) larynx, 2/34 (6%) to tracheal (1974)

in 200 pL, 2 mg
1x/wk, 4 wk
(total dose,

8 mg); 500 g,
1x/wk, 24 wk
(total dose,

12 mg)

trachea, 13/34 (38%) bronchi,
1/34 (3%) lung); 12 mg,
39/44 (89%; respiratory tract
T, predominantly SCC; 6/44
(14%) trachea, 37/44 (84%)
bronchi, 1/44 (2%) lung, 2/44
(4%) malignant lymphoma)
vs 0/82 (respiratory tract T),
11/82 (13%; T at other sites)
untreated controls

instillation of
the vehicle; no
statistics
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Table 3.12 (contd)

Chemical, Sex  No./group Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and strain at start (vehicle) duration of of study
exposure
Hamster, Syrian golden M, 48 >99% 1 mg, Ix/wk, NS 12 mg, 36/48 (respiratory + No control; no  Stenbéck &
F (water) 12 wk (total tract T, predominantly SCC; statistics Sellakumar
dose, 12 mg); bronchi, 62%; trachea, 19%); (1974)
500 pg, 1x/wk, 8.5 mg, 39/48 (respiratory
17 wk (total tract T, predominantly SCC;
dose, 8.5 mg) bronchi, 82%; trachea, 13%;
[volume NS] larynx, lung and pleura T also

observed)

A, adenoma; AdC, adenocarcinoma; AdSC, adenosquamous carcinoma; C, carcinoma; F, female; M, male; mo, month; NS, not specified; P, papilloma; PAH, polycyclic
aromatic hydrocarbon; S, sarcoma; SCC, squamous-cell carcinoma; T, tumour; TBA, tumour-bearing animal; vs, versus; wk, week

. negative; +, positive; +, equivocal
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Benzo[b]chrysene
Dermal initiation—promotion (see also Table 3.2)

Mouse

A group of 30 female CD-1 mice, 8 weeks of age, received a single dermal
application of 2.5 pmol [695 pg] benzo[b]chrysene (chromatographically purified) in
benzene [concentration unspecified], followed 1 week later by twice-weekly applications
of 5 umol TPA (total dose, 10 umol) for 34 weeks. A control group of 30 female mice of
the same strain was treated twice weekly with 10 umol TPA only for 34 weeks. At week
35, 29/30 benzo[b]chrysene-treated mice and all controls were still alive. At that time,
48% (14/29) of benzo[b]chrysene-treated mice had developed skin papillomas; only one
skin tumour had occurred in 3% (1/30) of TPA controls by week 25, but this had
regressed by the end of the study, at which time no tumours were found in the control
group (Scribner, 1973).

Benzo|g]chrysene

No data were available to the Working Group.

Benzo|a]fluoranthene
Dermal initiation—promotion (see also Table 3.2)

Mouse

In a mouse skin initiation—promotion study, groups of 20 female CD-1 mice, 50—
55 days of age, received 10 subdoses on alternate days of benzo[a]fluoranthene in 100 uL.
acetone (total initiating doses, 0, 1.0 or 4.0 umol). Ten days later, 2.5 pug TPA in 100 pL
acetone were applied thrice weekly for 20 weeks. The incidence of tumour-bearing
animals was 95% (19/20) and 90% (18/20) with averages of 3.3 and 4.3 skin tumours/
mouse in the low- and high-dose groups, respectively. Papillomas occurred in 10% (2/20)
of TPA controls with an average of 0.1 tumours/mouse (Weyand et al., 1990).

Benzo|[b]fluoranthene
Previous evaluation

Benzo[b]fluoranthene was considered in December 1972 (IARC, 1973) by a Working
Group that evaluated three bioassays in which the compound was administered dermally
or subcutaneously to mice. On the basis of the available data, the Working Group
concluded that benzo[b]fluoranthene induced skin tumours and local sarcomas.
Benzo[b]fluoranthene was also considered in February 1983 (IARC, 1983) by a Working



POLYCYCLIC AROMATIC HYDROCARBONS 389

Group that evaluated the same bioassays as those considered previously and concluded
that there was sufficient evidence that benzo[b]fluoranthene was carcinogenic to
experimental animals. Additional bioassays that have been published since the previous
evaluation are summarized below.

Dermal initiation—promotion (see also Table 3.2)

Mouse

In separate skin initiation—promotion studies with female outbred albino Crl:CD-1
(ICR) BR mice, total initiating doses of 0—100 nmol (Amin et al., 1985a, 1991), 0-100 pg
(LaVoie et al., 1982a) and 0400 nmol (LaVoie et al., 1993) benzo[b]fluoranthene
resulted in dose-related increases in the numbers of mice with skin papillomas. Similar
results were obtained in female outbred albino Crl:CD-1 (ICR) BR mice with total
initiating doses of 100 or 400 nmol benzo[b]fluoranthene (Geddie et al., 1987), and in
other studies in female CD-1 mice with total initiating doses of 0, 30 or 100 pg (Weyand
etal., 1989) and 0, 1.0 or 4.0 umol benzo[b]fluoranthene (Weyand et al., 1990).

Intraperitoneal administration (see also Table 3.7)

Mouse

Intraperitoneal injection of 0 or 0.5 umol benzo[b]fluoranthene into newborn CD-1
mice induced lung and liver adenomas in treated males and lung adenomas in treated
females (LaVoie et al., 1987). A single injection of 0, 10, 50, 100 or 200 mg/kg bw
benzo[b]fluoranthene into male strain A/J mice resulted in dose-related increases in the
incidence and multiplicity of lung adenomas (Nesnow et al., 1995; Ross et al., 1995;
Mass et al., 1996; Nesnow et al., 1998a).

Intrapulmonary administration (see also Table 3.4)

Rat

Intrapulmonary implantation of 0, 0.1, 0.3 or 1.0 mg benzo[b]fluoranthene into
Osborne-Mendel rats induced dose-related increases in the incidence of pulmonary
squamous-cell carcinomas and sarcomas (Deutsch-Wenzel ef al., 1983).

Benzo[ghi]fluoranthene

Benzo|ghi]fluoranthene was considered in February 1983 (IARC, 1983) by a
Working Group that evaluated one study in which female mice were treated by dermal
application; no skin tumours were observed. The Working Group concluded that the
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available data were inadequate to permit an evaluation of the carcinogenicity of
benzo[ghi]fluoranthene in experimental animals. No new studies were available.

Benzo|[j]fluoranthene
Previous evaluation

Benzo[/]fluoranthene was considered in December 1972 (IARC, 1973) by a Working
Group that evaluated a bioassay in which the compound was administered dermally to
mice and concluded that benzo[j]fluoranthene induced a high incidence of skin tumours.
It was also considered by a Working Group in February 1983 (IARC, 1983) that, in
addition to the previous assay, evaluated studies in which benzo[j]fluoranthene was
administered dermally to mice (repeated administration and initiation—promotion
protocols) and by intrapulmonary injection to rats. The Working Group concluded that
there was sufficient evidence that benzo[j]fluoranthene was carcinogenic to experimental
animals. Additional bioassays that have been published since that time are summarized
below.

Dermal initiation—promotion (see also Table 3.2)

Mouse

In initiation—promotion studies in female CD-1 mice, total initiating doses of 0—
3.0 pmol (Rice et al., 1987), 0-2.0 pmol (Weyand et al., 1992) and 0—1000 nmol (LaVoie
et al., 1993) benzo[/]fluoranthene resulted in dose-related increases in the incidence and
multiplicity of skin papillomas. In female Crl:CD-1 (ICR)BR mice, total initiating doses
of 0—1000 pg also resulted in dose-related increases in the incidence and multiplicity of
skin papillomas (LaVoie ef al., 1982a).

Intraperitoneal administration (see also Table 3.7)

Mouse

In two studies in male and female newborn CD-1 mice, intraperitoneal injection of
benzo[j]fluoranthene at doses of 0—1.1 pumol increased the incidence and multiplicity of
lung (adenomas) and liver (hepatomas) tumours (LaVoie ef al., 1987, 1994a).

Intrapulmonary administration (see also Table 3.4)

Rat

Intrapulmonary implantation of 0, 0.2, 1.0 or 5.0 mg benzo[j]fluoranthene into
35 Osborne-Mendel rats induced a dose-related increase in the incidence of pulmonary
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squamous-cell carcinomas (0, 2.9, 8.6 and 51.4%, respectively) (Deutsch-Wenzel et al.,
1983).

Benzo|k]fluoranthene
Previous evaluation

Benzo[k]fluoranthene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which the compound was administered dermally to
mice (repeatedly and initiation—promotion protocols), by subcutaneous injection to mice
and by intrapulmonary injection to rats. On the basis of the available data, the Working
Group concluded that there was sufficient evidence that benzo[k]fluoranthene was
carcinogenic to experimental animals. Additional bioassays that have been published
since that time are summarized below.

Dermal initiation—promotion (see also Table 3.2)

Mouse

In an initiation—promotion study, total initiating doses of 4 umol benzo[k]-
fluoranthene induced squamous-cell papillomas in 37% [effective number not specified]
of female CD-1 mice (Amin ef al., 1985b).

Intraperitoneal administration (see also Table 3.7)

Mouse

Intraperitoneal injection of 2.1 pmol benzo[k]fluoranthene into newborn CD-1 mice
induced lung adenomas in 6.3% and 16.7% of males and females, respectively, and liver
hepatomas and adenomas in 18.8% of males (LaVoie et al., 1987).

Intrapulmonary administration (see also Table 3.4)

Rat

Intrapulmonary implantation of 0, 0.16, 0.83 or 4.15 mg benzo[k]fluoranthene into
35 Osborne-Mendel rats induced a dose-related increase in the incidence of pulmonary
squamous-cell carcinomas (0, 0, 9.7 and 44.4%, respectively) (Deutsch-Wenzel et al.,
1983).
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Benzo|a]fluorene
Previous evaluation

Benzo[a]fluorene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which benzo[«]fluorene was administered dermally and
subcutaneously to mice; each of the studies gave negative results. The Working Group
concluded that these data were inadequate to permit an evaluation of the carcinogenicity
of benzo[a]fluorene to experimental animals. No new studies were available.

Benzo|b]fluorene
Previous evaluation

Benzo[b]fluorene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated an initiation—promotion bioassay in mice, which gave positive
results. The Working Group concluded that these data were inadequate to permit an
evaluation of the carcinogenicity of benzo[b]fluorene to experimental animals. No new
studies were available.

Benzo|c]fluorene
Previous evaluation

Benzo[c]fluorene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which benzo[c]fluorene was administered dermally to
mice (repeated administration and initiation—promotion protocols). Both studies gave
negative results. The Working Group concluded that these data were inadequate to permit
an evaluation of the carcinogenicity of benzo[c]fluorene to experimental animals.
Additional bioassays that have been published since that time are summarized below.

Oral administration (see also Table 3.6)

Mouse

Groups of 30 female A/J mice, 7 weeks of age, were fed benzo[c]fluorene (purity
298% by HPLC) at doses of 27 or 397 umol/kg of diet for up to 260 days, at which time
all surviving mice were killed. A group of 30 control mice was fed basal diet. Gross
necropsies were performed on the lungs, liver, stomach, small intestine, kidney, ovaries,
uterus and urinary bladder, and all stomachs were examined histologically. Lung
adenomas were observed in 46% [13/28] of the mice fed 27 pumol/kg (0.57 £ 0.13
tumours/mouse) and 100% [29/29] of the mice fed 397 pmol/kg (46.0 £ 2.8 tumours/
mouse) compared with 24% [7/29] of the control mice (0.31 + 0.11 tumours/mouse). At
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the highest dose, the number of tumours per mouse was significantly greater than that
observed in the control group (p <0.001). There was a 15% incidence of squamous
hyperplasia in the forestomach in both groups treated with benzo[c]fluorene compared
with 3% in the control group. No carcinomas were found in the forestomach in any of the
groups (Weyand et al., 2004).

Intraperitoneal administration (see also Table 3.7)

Mouse

A group of 30 female A/J mice, 7 weeks of age, was administered a single
intraperitoneal injection of 1.75 mg (100 mg/kg bw; purity >98% by HPLC) in 250 uL
tricaprylin. A control group of 30 mice received tricaprylin alone. All surviving mice
were killed at 260 days. Gross necropsies were performed on the lungs, liver, stomach,
small intestine, kidney, ovaries, uterus and urinary bladder, and all stomachs were
examined histologically. Lung adenomas were observed in 92% [26/28] of the mice
administered benzo[c]fluorene (4.0 = 0.53 tumours/mouse) compared with 48% [12/29]
of the controls (0.6 £ 0.14 tumours/mouse). The number of tumours per mouse in the
treated group was significantly greater than that observed in the control group (p <0.01).
There was an 8% incidence of squamous hyperplasia in the forestomach in the group
treated with benzo[c]fluorene compared with 0% in the control group. No carcinomas
were found in the forestomach in any of the groups (Weyand et al., 2004).

Benzo[ghi]perylene
Previous evaluation

Benzo|ghi]perylene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which benzo[ghi]perylene was administered dermally
to mice (repeated administration and initiation—promotion protocols), subcutaneously to
mice and by intrapulmonary injection into rats. The study on intrapulmonary injection
was considered to be inadequate for evaluation; the other studies gave negative results.
The Working Group concluded that these data were inadequate to permit an evaluation of
the carcinogenicity of benzo[ghi]perylene to experimental animals. No new studies were
available.

Benzo[c]phenanthrene

Previous evaluation

Benzo[c]phenanthrene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which benzo[c]phenanthrene was administered
dermally to mice (repeated administration and initiation—promotion protocols) and by
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subcutaneous injection into mice and rats. Benzo[c]phenanthrene was considered to be
active as a tumour initiator in the initiation—promotion assay. The other bioassays
(repeated dermal application to mice and subcutaneous injection into mice and rats) were
considered to be inadequate for evaluation. The Working Group concluded that these data
were inadequate to permit an evaluation of the carcinogenicity of benzo[c]phenanthrene
to experimental animals. An additional bioassay that has been published since that time is
summarized below.

Intraperitoneal administration (see also Table 3.7)

Mouse

Groups of male and female newborn CD-1 mice received three intraperitoneal
injections of benzo[c]phenanthene in DMSO on days 1, 8 and 15 of life (total doses, 0, 50
or 150 nmol). The incidence of lung tumours (number of tumours/tumour-bearing animal)
was increased in the high-dose groups: male control, 3% [1/31] (0.06); male low-dose,
6% [2/36] (0.06); male high-dose, 57% [16/28] (1.6); female control, 5% [2/44] (0.07);
female low-dose, 9% [3/32] (0.09); and female high-dose, 65% [23/35]. The carcino-
genicity of seven suspected activated metabolites of benzo[c]|phenanthene was also
examined. Some of these metabolites substantially increased the incidence of lung
tumours in both sexes of mice and those of liver tumours in male mice. The activated
metabolites also showed a significant activity in an initiation—promotion experiment in the
same study (Levin ef al., 1986) and in a previous experiment (Levin ef al., 1980).

Benzo[a]pyrene
Previous evaluation

This compound was considered by earlier Working Groups in December 1972
(IARC, 1973), October 1982 (IARC, 1982) and February 1983 (IARC, 1983). The
Working Group of December 1972 (IARC, 1973) concluded that benzo[a]pyrene
produced tumours in all species (mouse, rat, hamster, guinea-pig, rabbit, duck, newt,
monkey) for which data were reported following exposure by different routes (oral,
dermal, inhalation, intratracheal, intrabronchial, subcutaneous, intraperitoneal,
intravenous). It had both a local and a systemic carcinogenic effect, was an initiator of
skin carcinogenesis in mice and was carcinogenic in single-dose studies and following
prenatal and tranplacental exposure. The 1983 Working Group (IARC, 1983) did not
evaluate the studies of carcinogenicity in animals published since 1972 but concluded that
there is sufficient evidence that benzo[a]pyrene is carcinogenic to experimental animals.
This conclusion was based on the data evaluated by the Working Group of December
1972 (IARC, 1973) and on a number of reviews, such as those of Dipple (1976),
Freudenthal and Jones (1976), Bingham et al. (1980) and Conney (1982).
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Studies described below are illustrative of the various routes of administration used in
experimental animals or of various recently developed methods in carcinogenicity testing.

Inhalation exposure (see also Table 3.13)

Hamster

Groups of 24 male Syrian golden hamsters, 8-14 weeks of age, were exposed by
inhalation to 0, 2.2, 9.5 or 46.5 mg/m’ benzo[a]pyrene (mixed with an aerosol of 0.1%
saline solution) for 4.5 h per day on 7 days per week for 10 weeks and then for 3 h per
day for the rest of their life. Tumours (papillomas, polyps and squamous-cell carcinomas)
were found in the upper respiratory tract (nose, larynx and trachea) and the upper
digestive tract (pharynx, oesophagus and forestomach) of mid- and high-dose animals but
not in controls or low-dose animals. The tumour response was dose-related. No
bronchogenic tumours were detected (Thyssen ef al., 1981). In a similar liftetime study
with small numbers of animals (three groups of 10 males exposed to 0, 9.8 or 44.8 mg/m’
benzo[a]pyrene) and short exposure periods (10 and 16 weeks for the high- and low-dose
groups, respectively), only one tumour was found (a tracheal polyp in a low-dose animal)
(Thyssen et al., 1980).

Oral administration (see also Table 3.6)

Mouse

Following oral administration of benzo[a]pyrene by gavage or in the diet to different
strains of mice, increased tumour responses were found in several organs including the
lung, forestomach, liver and lymphoreticular system (see Table 3.6). Compared with
controls, significant dose-related increases in the incidence of tumours and in the number
of tumours per animal were observed in the lung and the forestomach of female strain A/J
mice fed a gel diet containing 16 or 98 ppm benzo[a]pyrene for 260 days (Weyand et al.,
1995). In female B6C3F1 mice fed diets containing 0, 5, 25 or 100 ppm benzo[a]pyrene
for 2 years, significantly increased incidences of squamous-cell papillomas and/or
carcinomas were observed in the oesophagus and tongue of high-dose animals and in the
forestomach of mid- and high-dose animals (Table 3.6) (Culp et al., 1998).



Table 3.13. Carcinogenicity studies of inhalation exposure of various PAHs in experimental animals

Chemical, Sex No./group at Purity (vehicle) Dose and duration ~ Duration of Incidence of tumours ~ Result® Comments  Reference
species start of exposure study
and strain
Benzo[a]pyrene
Hamster, M 10 NS (0.01% saline 0,9.8, Lifespan The only respiratory - Short Thyssen et
Syrian solution); particle size, 44.8 mg/m’, (average tract tumour found was exposure al. (1980)
golden generally 0.2-1.5 pm 4.5 h/day, survival/group, a papillary polyp in the period;

5 days/wk, 16 wk 71-82 wk) trachea of a low-dose small

for the low-dose animal number of

group and 10 wk animals

for the high-dose

group
Hamster, M 24 (+animals NS (0.1% saline 0,2.2,9.5, Lifespan Respiratory tract T + Types of Thyssen et
Syrian added during  solution); particle size, 46.5 mg, (average (P, polyps, SCC): 0/27, tumour/site  al. (1981)
golden the study) >99% diameter 0.2— 4.5 h/day, 7 survival/group, 0/27, 34.6% [9/26; 3 NS

0.5 um, >80% days/wk, 10 wk; 59-96 wk) nasal, 8 laryngeal,

diameter 0.2-0.3 um

thereafter 3 h/day,
7 days/wk for life
(total average
doses: 0,29, 127,
383 mg/animal)

1 tracheal], 52%
[13/25; 1 nasal,

13 laryngeal, 3
tracheal; no
bronchogenic T]
Upper digestive tract T
(P, polyps, SCC):
0/27,0/27,26.9%
[6/26; 6 pharyngeal,

1 forestomach], 56%
[14/25; 14 pharyngeal,
2 oesophageal,

1 forestomach]

M, male; NS, not specified; P, papilloma; PAH, polycyclic aromatic hydrocarbon; SCC, squamous-cell carcinoma; T, tumour; wk, week
? —, negative; +, positive

96¢
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Transgenic mouse

In a study of male Ep-pim-1 transgenic mice administered benzo[a]pyrene by gavage
at doses of 0, 4.3, 13 or 39 mg/kg bw thrice weekly for 13 weeks and observed for a
period of up to 287 days, a significantly increased incidence of lymphomas and fore-
stomach tumours was found in the two highest-dose groups (Kroese et al., 1997).
Administration of benzo[a]|pyrene by gavage to mice that lack the nucleotide excision
repair gene (XPA ") resulted in a high incidence of lymphomas; the tumour response was
significantly stronger than that in similarly treated XPA” and XPA™" mice (de Vries et
al., 1997). When treated with benzo[a]pyrene by gavage, XPA™ /p53™ double transgenic
mice developed tumours (mainly splenic lymphomas and forestomach tumours) much
earlier and at a higher incidence than similarly treated single transgenic (XPA™ or p53™)
and wild-type counterparts (C57/B1/6) (van Oostrom et al., 1999). These cancer-prone
XPA™ or XPA™ /p53*" -deficient mice also developed a high incidence of tumours (80—
87%; mainly forestomach tumours) after being fed a diet that contained 75 ppm
benzo[a]pyrene for 13 weeks followed by a 6-month observation period, whereas
similarly treated wild-type counterparts showed only a 10% incidence of forestomach
papillomas (Hoogervorst et al., 2003).

Rat

In a lifespan study of Sprague-Dawley rats fed diets that contained benzo[a]pyrene at
levels that resulted in total doses of 0, 6 or 39 mg/kg bw per year, a slightly higher
incidence of forestomach papillomas was observed in high-dose animals (10/64 versus
3/64 controls; p <0.1) (Brune et al., 1981). The incidence and total number of mammary
gland tumours (fibroadenomas, adenomas and adenocarcinomas) were markedly
increased in female CD rats treated with benzo[a]pyrene (50 pmol [13.21 mg]) by gavage
once a week for 8 weeks followed by an observation period of 41 weeks (El-Bayoumy et
al., 1995).

Dermal application (see also Table 3.1)

Mouse

Benzo[a]pyrene was found to induce skin tumours (mainly papilloma and squamous
cell carcinomas) in different strains of mice following repeated skin painting for
prolonged periods of time.

Mice that lack the aryl hydrocarbon receptor (AhR ™) did not develop tumours after
weekly dermal application of 200 pg/animal benzo[a]pyrene for 25 weeks, whereas over
90% of their similarly treated AhR-positive counterparts (AhR"”" or AhR™") developed
skin tumours, mainly squamous-cell carcinomas (Shimizu ez al., 2000).
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Dermal initiation—promotion (see also Table 3.2)

Mouse

Benzo[a]pyrene has been found to possess tumour-initiating activity in the skin of a
range of strains of mice subsequently treated with TPA in acetone or in acetone/DMSO
or, in once case, with croton oil (DiGiovanni et al., 1980) as the tumour-promoting agent.
The predominant type of skin tumour was papilloma.

Buccal pouch application (see also Table 3.11)

Hamster

A high incidence of forestomach papillomas (8/10) and one buccal pouch tumour (a
squamous-cell carcinoma) were observed in male Syrian golden hamsters that received
applications to the surface of both buccal pouches with 20 mM 5.2g/L. benzo[a]pyrene
dissolved in paraffin oil twice a week for up to 20 weeks. No tumours were observed in
these organs in controls (Solt ef al., 1987).

Intraperitoneal administration (see also Table 3.7)

Mouse

In studies of newborn mice of various strains, intraperitoneal injection of
benzo[a]pyrene resulted in an increased incidence of (mainly benign) liver and lung
tumours. In some of these studies, an increased incidence of forestomach tumours
(papillomas and squamous-cell carcinomas) and lymphoreticular tumours (mainly
reticulum-cell sarcomas) was also found (Vesselinovitch et al., 1975a; Weyand et al.,
1995).

Rat

In rats, a single intraperitoneal injection of benzo[a]pyrene resulted in a high
incidence of abdominal mesotheliomas and sarcomas (Roller ef al., 1992).

Subcutaneous administration (see also Table 3.3)

Mouse

In a series of experiments in female NMRI mice that received single subcutaneous
injections of a range of doses of benzo[a]pyrene, malignant tumours (mainly
fibrosarcomas) were found at the injection site. The tumour incidences were invariably
dose-related but varied from one study to another and appeared to be affected by the
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nature of the vehicle (tricaprylin, 0.9% saline solution or lutrol 9 (polyethylene-oxide))
and the concentration of benzo[«a|pyrene in this vehicle (Pott et al., 1973a,b).

Transgenic mouse

Mice that lack the aryl hydrocarbon receptor (AhR™") did not develop tumours after
two subcutaneous injections of 2 mg benzo[a]pyrene/animal whereas 100% of their
similarly treated AhR-positive counterparts (AhR”" or AhR™) developed malignant
tumours at the injection site that were mainly fibrosarcomas (Shimizu et al., 2000).

Rat

Dose-related increases in the incidence of malignant tumours (mainly fibrosarcomas)
were found at the site of injection in groups of female Wistar rats given a single
subcutaneous injection of tricaprylin containing various concentrations of benzo[a|pyrene
(Pott et al., 1973a,b). Rippe and Pott (1989) reported a high incidence of sarcomas at the
injection site in female rats following a single subcutaneous injection of a suspension of
benzo[a]pyrene in tricaprylin or DMSO.

Hamster

Groups of 25 male and 25 female Syrian hamsters of one randomly bred and
11 different inbred strains (one inbred strain comprised females only) received a single
subcutaneous injection of 0.5 mg benzo[a]pyrene suspended in tricaprylin and were
observed for life. Sarcomas at the site of injection were found in both sexes of all
12 strains; the incidence in males ranged from 12 to 64% and that in females from 17 to
64% (Homburger et al., 1972).

Monkey

No tumours were found in 17 Old World monkeys that received [an unspecified
number of] subcutaneous injections of benzo[a]pyrene and were observed for up to
18 years (Adamson & Sieber, 1983).

Intratracheal instillation (see also Table 3.12)

After the landmark study on an effective method for the induction of tracheobronchial
carcinomas in Syrian golden hamsters (Saffiotti et al., 1968) that received repeated
intratracheal instillations of benzo[a]pyrene particles (attached to ferric oxide particles as
a carrier) suspended in saline, this model has been used extensively in experimental
studies of lung cancer. Studies of benzo[a]pyrene mixed with ferric oxide or other
particles (or fibres) are summarized in Section 3.15. Studies on benzo[a]pyrene not
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attached to ferric oxide particles (or other particulates) are summarized in Table 3.12 and
are discussed below.

Mouse

An increased incidence and a larger number of lung tumours per animal were found
in mice that received 20 weekly intratracheal instillations of a relatively low dose of
benzo[a]pyrene (50 pg/instillation; total dose, 1 mg) and were observed for a maximum
period of 2 years (Heinrich et al., 1986a).

Transgenic mouse

In XPA” mice, a stronger lung tumour response was found after four weekly
intratracheal instillations of 100 ug benzo[a]pyrene (total dose, 0.4 mg) than in similarly
treated XPA"" and XPA™" mice (Ide et al., 2000).

Rat

Following 20 weekly intratracheal instillations of 1 mg benzo[a]pyrene suspended in
0.9% saline solution, 7/36 (19%) female Wistar rats developed benign and malignant lung
tumours (one adenoma, five squamous-cell carcinomas and one adenosquamous
carcinoma) whereas no lung tumours were seen in 40 vehicle-treated controls (Pott ef al.,
1987). A very high incidence of malignant lung tumours (38/40) was also found in male
and female Sprague-Dawley rats after 22 twice-weekly intratracheal instillations of
7 mg/kg bw benzo[a]pyrene, every other week (Steinhoff et al., 1991).

Hamster

Benzo[a]pyrene suspended in saline (with or without suspendents such as gelatine,
lutrol or Tween 60) was found to induce a variety of benign and malignant respiratory
tract tumours in male and female Syrian golden hamsters. Although the tumour response
varied widely and ranged from only a few benign tumours (Sellakumar et al., 1976;
Kiinstler, 1983; Feron et al., 1985) to a high incidence of malignant tracheobronchial and
pulmonary carcinomas (Feron, 1972; Kobayashi, 1975; Kruysse & Feron, 1976), positive
dose-response relationships were established (Feron ef al., 1973; Feron & Kruysse, 1978;
Pott et al., 1978), and larger particles were found to be more effective than smaller ones
(Stenback & Rowland, 1978; Feron et al., 1980).
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Intrapulmonary administration (see also Table 3.4)

Rat

Malignant lung tumours (mainly squamous-cell carcinomas) were found in different
strains of rat that received direct injections into the lung tissue of a fixed volume
(generally 50 uL) of a mixture of beeswax/tricaprylin or beeswax/trioctanoin that
contained different amounts of benzo[a]pyrene (30—-1000 pg benzo[a]pyrene/animal) and
were observed for life. The tumour incidence was invariably dose-related; low incidences
(<10%) occurred at the lowest dose tested (30 pg) (Deutsch-Wenzel et al., 1983;
Iwagawa et al., 1989; Wenzel-Hartung ef al., 1990; Horikawa et al., 1991).

Tracheal graft (see also Table 3.14)
Rat

Malignant tumours (mainly squamous-cell carcinomas) were found in subcutaneously
grafted rat tracheas exposed to beeswax pellets that contained 102490 ug benzo[a]-
pyrene; tumour incidence ranged from 77% (40/52) to 100% (12/12) for the three-highest
dose levels (1740, 2160 and 2490 g, respectively); no tumours were observed in
52 controls (Nettesheim et al., 1977).

Intramammary administration (see also Table 3.5)

Rat

Intramammary injection or dispersion of benzo[a]pyrene over the exposed mammary
glands led to a high incidence of malignant mammary gland tumours (mainly adeno-
carcinomas and fibrosarcomas) in female Sprague-Dawley rats (Cavalieri et al., 1988a,b,
1991).

Intracolonic instillation (see also Table 3.14)

Mouse

No intestinal tumours were found in male or female mice of three different strains that
were treated intracolonically with benzo[a]pyrene. However, treatment with benzo[a]-
pyrene did cause significant increases in tumour incidence in various other organs
including the lungs, forestomach, mammary glands, peritoneum, lymphoreticular tissue,
oesophagus, anus and/or skin (Toth, 1980; Anderson et al., 1983).



Table 3.14. Carcinogenicity studies by miscellaneous routes of exposure to various PAHs in experimental animals

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and at start administration  (vehicle) duration of of study
strain exposure
Benzo[a]pyrene
Rat, Fischer NS 10-52 Subcutaneous. NS 0 (untreated), 4-22 mo  Tracheal (graft) T: 0/52  + Nettesheim
344 tracheal graft (beeswax) 0 (beeswax (untreated and beeswax etal
exposed to controls), 10, controls combined), (1977)
pellet 45,300, 480, 0/24, 0/10, 1/14 (7%; 1
900, 1250, SCC), 0/12, 2/12 (17%;
1740, 2160, 1 SCC, 18), 7/13 (54%;

2490 pg/graft,

1x

6 SCC, 18), 7/13 (54%;
6 SCC, 1 P), 8/10 (80%;
7 SCC, 3 undifferen-
tiated C, 3 non-invasive
C, 2 P), 12/12 (100%;

7 SCC, 1 AdC, 5 non-
invasive C, 5 P),

40/52 (77%; 32 SCC, 2
AdC, 3 non-invasive C,
1P,29)

(40174
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Table 3.14 (contd)

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and at start administration  (vehicle) duration of of study
strain exposure
Human;nude M  6orl7 Human NS 0 (untreated), 16-21 wk  One bronchial T (SCC)  + Ito et al.
mouse, bronchial (distilled 10 mg/graft after in 13 treated grafts (1982)
BALB/c-A grafts (from water) (animal), 3x transplan-  examined histopatho-

4 patients) (once in wk 4, tation logically; 4/13 treated

transplanted once in wk 12 grafts showed preneo-

subcutaneously and once in wk plastic epithelial

in mice and 20 after changes (polypoid

treated by local transplantation) structures with

application squamous metaplasia,

(intraluminal cellular atypia, unclear

injection) irregularity and mitotic

changes). In addition,
high incidence of basal-
cell and goblet/mucus
hyperplasia, and
squamous metaplasia
occurred in the treated
grafts. No such changes
were seen in the 6
control grafts which all
showed well-preserved
bronchial structure.
Spindle-cell sarcoma of
mouse origin developed
in 7/13 animals bearing
treated bronchial
transplants
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Table 3.14 (contd)

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and at start administration  (vehicle) duration of of study
strain exposure
Mouse, Swiss M, 50M,50F Intracolonic 98% 0, 200, 120 wk Malignant lymphomas + Anal and skin Toth
albino F instillation (olive oil) 2000 pg/g bw M, 0/50, 6/50* (12%; tumours (1980)
(total doses); 1 histiocytic, probably due to
control and 4 lymphocytic, release of
high-dose 1 mixed), 7/50*%* (14%; benzo[a]pyrene
group, 10x/wk 2 histiocytic, 3 through the

instillations of 0
and 200 pg,
respectively;
low-dose group,
1 instillation

lymphocytic, 2 mixed)
F, 11/49 (22%;

S histiocytic,

6 lymphocytic),
21/50%** (42%;

5 histiocytic, 16
lymphocytic), 18/49
(36%; 6 histiocytic,

8 lymphocytic, 4 mixed)
*(p <0.04), **(p <0.02),
**¥(p <0.053)
QOesophagus

M, no tumours; F, 0/49,
0/50 or 5/49 (10%)
Forestomach

M, 0/50, 2/50 (4%; 2 P),
10/50* (20%; 9 P,

1 SCC)

F, 1/49 (2%; 1 SCC),
5/10 (20%; 3 P, 2 SCC),
11/49%* (22%; 9 P,

2 SCC)

*(p <0.005),

**(p <0.006)

anal orifice

1Y%
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Table 3.14 (contd)

Chemical, Sex
species and
strain

No./group
at start

Route of
administration

Purity
(vehicle)

Dose and
duration of
exposure

Duration
of study

Incidence of tumours Result”

Comments

Reference

Mouse, Swiss F 45-60

ICR/Ha

Intracolonic
instillation

99% (olive
oil, enzyme
inducer -
naphtho-
flavone)

0 (no treatment,
olive oil or B-
naphthoflavone
in olive oil), 1
mg/animal,
1x/wk, 14 wk

18 mo

Anus

M, 0/50, 0/50, 7/50*
(14%; 4 P, 3 SCC)

F, 0/49, 1/50 2%; 1 P),
6/49%* (12%; 1 P,

4 SCC, 1 K)

*(p <0.02), ** (p <0.04)
Skin

M, 1/50 (2%; 1 K), 0/50,
13/50* (26%; 5 P,

7 SCC, 1K)

F, 0/49, 2/50 (4%;

2 SCC), 11/49** (22%;
4P,5SCC,2K)

*(p <0.0001),

** (p <0.005)

Lung T: 13/52 (25%; +
multiplicity, 1.4 £+ 0.8),
27/37 (13%;
multiplicity, 5.1 + 3.9)
(p <0.05 or less)
Forestomach P: 4/20
(20%; multiplicity,

1.2 £0.5); 16/17 (94%;
multiplicity, 1.9 £ 1.1;
p <0.05 or less)
Mammary gland C: 5/53
(9%), 10/43 (23%;

p <0.05 or less)

Type of lung
tumours NS;
no colon
tumours found

Toth 1980
(contd)

Anderson
etal
(1983)
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Table 3.14 (contd)

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and at start administration  (vehicle) duration of of study
strain exposure
Mouse, F 45-60 Intracolonic 99% (olive 0 (no treatment, 18 mo Forestomach P: 7/34 + No colon Anderson
C57/Bl/6 instillation oil, enzyme olive oil or 3- (21%; multiplicity, 1.1 = tumours found et al
inducer B-  naphthoflavone 0.4), 17/18 (94%; (1983)
naphtho- in olive oil), multiplicity, 3.2 £2.3;
flavone) 1 mg/animal (in p <0.05 or less)
olive oil), Peritoneal S: 0/40, 5/32
1x/wk, 14 wk (16%; p <0.05 or less)
Lymphoma: 1/40
(2.5%), 9/32 (28%;
p <0.05 or less)
Mouse, F 10 or 76 Intravaginal NS Cotton swab 5 mo 0/10, 17/76 (22%; + Niéslund et
C57B1 application (acetone) soaked in invasive cervical C) al. (1987)
acetone

(controls) or 1%
solution of
benzo[a]pyrene
in acetone,
2x/wk, 5 mo

90¥

26 HWN'TOA SHAVIDONOWN DUVI



Table 3.14 (contd)

Chemical,
species and
strain

Sex No./group
at start

Route of

administration

Purity
(vehicle)

Dose and
duration of
exposure

Duration
of study

Incidence of tumours Result® Comments

Reference

Mongrel
dogs, Beagle

Mouse, Swiss

NS

M,
F

3or6

43-56

Submucosal
injection or
sustained-
release implant

Intrafetal
injection

NS (NS)

Vehicle
(NS)

>99%
(triocta-
noin-
acetone
mixture

(1:1))

Experiment 1:
3 dogs, 15-45
mg/wk (total
dose, 1.02 g)
plus topical
application of
380 x 10°mg
TPA
administered
over 4 mo
Experiment 2:
6 dogs, 1 or
more sustained-
release
bronchial
implants
containing 31—
50 mg followed
after 6 mo by
sustained-
release implants
containing 0.1%
TPA for 6 mo

0,04,4.0,9.9,
19.8 nmol
[0,0.1, 1, 2.6,
5.2 pg]/animal,
1x

5.5 years

2.6
(2.3-2.9)
years

12 wk

No lung cancer found -

Lung AM+F +
combined):

0/37, 1/39 (3%), 10/42
(25%), 10/38 (26%),

12/31 (39%)

Benfield et
al. (1986)

Rossi et al.
(1983)
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Table 3.14 (contd)

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result® Comments Reference
species and at start administration  (vehicle) duration of of study
strain exposure
Dibenz[a,h]anthracene
Rat, NS NS 68 Subcutaenous/ NS 1 mgin2mL, ~44 wk 31/68 (46%; S) No control Boyland &
intraperitoneal  (aqueous 2x/wk, ~44 wk Burrows
(alternating) suspension) (1935)
Frog, Rana M, 23,10and Intra-renal NS (olive 0.3-0.5 mg in <7 mo 6/23 (26%; kidney AdC) + Small no. of Strauss &
pipiens F 192 oil) 100 pL, 1x vs 0/10 solvent controls solvent-treated ~ Mateyko
controls and 6/192 (3%) controls; no (1964)
untreated controls statistics
Dibenzo[a,i]pyrene
Mouse, NS F 30 Intrauterine NS (NS) 500 pg (volume 32 wk 0/30 - No control; Homburger
NS), 1x limited design & Tregier
(1960)
Dibenzo[a,/]pyrene
Hamster, F 7,4 Tongue NS 0.25%, 30 wk 6/7 (86%) oral cavity C ~ + No statistics Schwartz
Syrian golden controls (acetone) 0.01 pmol (2.6 T/ animal) vs 0/4 etal.
(Bug), Sx/wk, solvent controls (2004)

30 wk

801

26 HWN'TOA SHAVIDONOWN DUVI



Table 3.14 (contd)

Chemical, Sex No./group  Route of Purity Dose and Duration  Incidence of tumours Result’ Comments Reference
species and at start administration  (vehicle) duration of of study

strain exposure

Mouse, F 18 wild- Intragastric 99.8% 1.07 mg/kg 12 mo Wild-type: 18/18 (12/17  + No histology Buters et
mixed type, 13 (corn oil) (~32 pg) in ovary T (83% granulosa- for one wild- al. (2002)
C57Bl/6 and P450 1BI 100 pL, 5x/wk, cell T), 5/17 lymphoma type mouse

129/Sv [wild- null, 27 3 wk (60% lymphoblastic,

type and controls 40% follicular), 1/17

P450 1B1- liver A, 8/17 skin

null] hyperplasia, 5/17 uterine

T (40% haemangioS,
60% endometrial cystic
hyperplasia), 0/17 lung
T); P450 1B1-null: 8/13
(0/13 ovary T, 1/13
follicular lymphoma,
1/13 liver haemangioma,
5/13 endometrial cystic
hyperplasia, 5/13 lung
A) vs 4/27[1/27
follicular lymphoma,
1/27 liver A, 1/27
endometrial cystic
hyperplasia, 1/27 lung
A) solvent controls (both
genotypes combined)

A, adenoma; AdC, adenocarcinoma; bw, body weight; C, carcinoma; F, female; K, keratoacanthoma; M, male; mo, months; NS, not specified; P, papilloma; PAH,

polycyclic aromatic hydrocarbon; S, sarcoma; SCC, squamous-cell carcinoma; T, tumour; TPA, 12-O-tetradecanoylphorbol-13-acetate; vs, versus; wk, week

* —, negative; +, positive
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Intravaginal application (see also Table 3.14)

Mouse

Intravaginal application of a 1% solution of benzo[a]pyrene in acetone twice a week
for 5 months to C57BL mice produced invasive cervical carcinoma in 17/76 (22%)
animals whereas no such tumours were seen in acetone-treated controls (0/10) (Naslund
etal., 1987)

Intrafetal administration (see also Table 3.14)

Mouse

Groups of 43—-56 male and female Swiss mice were injected intrafetally with 1 pL of
a trioctanoin/acetone mixture (1:1) that contained benzo[a]pyrene at concentrations that
produced doses of 0 (controls), 0.4, 4.0, 9.9 and 19.8 nmol [0, 0.1, 1, 2.61 and 5.23 ug)/
animal respectively. Survivors were killed at 12 weeks of age. Lung adenomas were
found in all treated groups at an incidence of 1/39 (3%), 10/42 (25%), 10/38 (26%) and
12/31 (39%) in the low-, low-mid-, high-mid- and high-dose groups, respectively. No
lung tumours were found in 37 controls (Rossi ef al., 1983)

Administration with particles and/or fibres (dusts) (see also Table 3.15)

Rat

Large numbers of malignant lung tumours (range, 17-21 tumours in 20 males and
16-18 tumours in 20 females) developed in Sprague-Dawley rats following
22 intratracheal instillations administered once a week every other week of 7 mg
benzo[a]pyrene alone or mixed with 1040 mg Bayferrox 130 (96.2% cubic a-Fe,0s) or
10-40 mg Bayferrox 920 (86.1% fibrous a-FeOOH) whereas no lung tumours were seen
in controls and rats treated with Bayferrox 130 or Bayferrox 920 alone except for one
benign and one malignant lung tumour in 50 females treated with Bayferrox 920
(Steinhoff et al., 1991).

Hamster

In a large number of studies of Syrian golden hamsters, repeated intratracheal
instillation of benzo[a]pyrene mixed with ferric oxide (used as carrier particles) and
suspended in saline or saline/gelatine was found to induce benign and malignant tumours
in various segments of the respiratory tract (larynx, trachea, bronchi and lungs) (see Table
3.15). Although the tumour response was generally dose-related, wide variations in
tumour incidence occurred between studies (see also review by Wolterbeek et al., 1995).



Table 3.15. Carcinogenicity studies in rats and hamsters exposed by intratracheal instillation to combinations of
benzo[a]pyrene and ‘particles/fibres’

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result® Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Rat, M,F 20or50 NS (physio- 0 (untreated), 0, 10— Upto920 Lung T (mainly malignant) + Type of Steinhoff
Sprague- logical saline 40 mg/kg bw days M: 0/50, 0/50, 0/50, 0/50, 19 lung etal.
Dawley solution with Bayferrox 130 (96.2% malignant T in 20 animals, 21 tumour (1991)
or without cubic a-Fe;0;), malignant and 1 benign T in 20 NS
Tween 60); 1040 mg/kg bw animals, 17 malignant and 1 benign T
Bayferrox 130, Bayferrox 920 (86.1% in 20 animals
Bayferrox 920  fibrous a-FeOOH), F: 0/50, 0/50, 0/50, 1 malignant and
7 mg/kg bw, 7 mg/kg 1 benign T in 50 animals, 18
bw + 1040 mg/kg bw malignant and 1 benign T in 20
Bayferrox 130, animals, 16 malignant T in 20
7 mg/kg bw + animals, 17 malignant and 2 benign T
10-40 mg/kg bw in 20 animals
Bayferrox 920,
~1%/2 wk, 44—~130 wk
Hamster, M,F 23-110M; NS ferric oxide Experiment 1 Lifespan Experiment 1 + Saffiotti
Syrian 18-107F  (0.9% saline 0, 50 mg ferric oxide, (up to 140  Respiratory tract T etal.
golden solution) 5 mg + 45 mg ferric wk) M: 0/45, 0/101, 3/92 (3%; 1 tracheal (1972)

oxide, 12.5 mg +

37.5 mg ferric oxide/
animal, 1x
Experiment 2

(2 groups/dose level)
5 mg + 5 mg ferric
oxide,

10 mg + 10 mg ferric
oxide, 15 mg + 15 mg
ferric oxide, 1x/wk, 15
wk

polyp, 1 P, 1 bronchial A), 3/27
(11%; 1 bronchial A, 1 bronchogenic
SCC, 1 anaplastic C)

F: 0/44, 0/89, 4/97 (4%; 1 tracheal
polyp, 1 P, 1 bronchiolar A, 1 AdC),
6/33 (18%; 1 bronchial P, 1 A,

2 bronchogenic SCC, 1 anaplastic C,
2 bronchiolar A)

Forestomach P

M: 5/45 (11%; 6 T), 5/101 (5%; 5 T),
15/92 (16%; 35 T), 8/27 (30%; 16 T)
F: 2/44 (5%; 2 T), 2/89 (2%; 3 T),
5/97 (5%; 5 T), 4/33 (12%; 6 T)
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Experiment 2 Saffiotti
Respiratory tract T (M + F etal.
combined) (1972)
7/50 (14%; 2 tracheal P, 1 SCC, (contd)

1 bronchial P, 1 A, 2 SCC,

1 anaplastic C, 1 pulmonary SCC),
8/58 (14%; 2 tracheal polyps, 1
bronchial polyp, 2 SCC, 2 AdC,

2 pulmonary A, 2 AdC), 17/61 (28%;
2 tracheal polyps, 2 P, 5 SCC,

5 bronchial SCC, 1 pulmonary A, 1
SCC, 1 AdC, 1 anaplastic C), 25/60
(42%; 4 tracheal polyps, 3 P, 3 SCC,
4 anaplastic C, 1 bronchial P, 1 SCC,
2 anaplastic C, 4 AdC, 1 A,

2 pulmonary SCC, 2 anaplastic C,

6 A), 25/39 (64%; 1 tracheal P, 10
SCC, 1 anaplastic C, 3 bronchial P, 7
SCC, 11 anaplastic C, 2 AdC, 2
pulmonary SCC, 2 A), 35/55 (64%; 2
laryngeal SCC, 11 tracheal P, 1
polyp, 12 SCC, 1 carcinoS, 2 fibroS,
16 bronchial SCC, 10 anaplastic C, 6
AdC, 3 A, 2 pulmonary A)

(487
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Forestomach T Saffiotti
M: 8/22 (36%; 13 P, 1 SCC), etal.
6/28 (21%; 9 P), 11/34 (32%; 28 P, (1972)
1 SCC), 11/30 (37%; 18 P), 5/22 (contd)
(23%; 10 P), 1/28 (4%; 1 P)
F: 9/28 (32%; 14 P), 6/30 (20%; 9 P),
5/27 (19%; 20 P), 8/30 (27%; 10 P,
1 SCC), 5/17 (29%; 11 P), 3/27
(11%; 3 P)
Hamster, F 48 NS (tricaprylin, 340 pg in tricaprylin, Presum- Respiratory tract T (mainly P or SCC ~ + Pott et al.
Syrian Tween 340 pg in Tween ably of the larynx, trachea or bronchi): (1973b)
golden 60/saline 60/saline solution, lifespan 2/48 (4%), 14/48 (29%), 16/48 (33%)
solution); 340 pg in Tween
atmospheric 60/saline solution +
dust from 850 pg atmospheric
Bochum, dust/animal, 45x
Germany within a period of
(particle size 6.5 months (total dose,
<5 pm) ~15 mg; dust, 38 mg)
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result” Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Hamster, M,F 36;193 NS (0.9 % 0, 3 mg + 3 mg ferric 100 wk Respiratory tract T (M + F + Sellaku-
Syrian controls saline saline oxide, 3 mg + 6 mg combined) mar et al.
solution); ferric oxide, 3 mg + 9 26/67 (39%; 3 laryngeal polyp, 3 P, (1973)

ferric oxide

mg ferric oxide,
1x/2wk, 20 wk

3 SCC, 7 tracheal polyp, 6 P, 2 SCC,
2 bronchial polyp, 5 SCC, 9 AdC,

1 anaplasic C, 7 lung A, 1 AdC),
28/64 (44%; 1 laryngeal polyp, 3 P,
6 SCC, 3 tracheal polyp, 9 P, 3 SCC,
3 bronchial polyp, 1 P, 4 SCC,

3 AdC, 1 anaplastic C, 7 lung A,

4 AdC), 26/66 (39%; 3 laryngeal
polyp, 6 SCC, 6 tracheal polyp, 11 P,
1 SCC, 1 bronchial polyp, 1 P,

4 SCC, 4 AdC, 2 anaplastic C, 6 lung
A, 6 AdC)

Forestomach T

M: 17/32 (53%; 37 P), 10/31 (32%;
16 P, 1 SCC), 6/35 (17%; 15 P)

F: 10/35 (29%; 30 P), 12/33 (36%;
25 P), 15/31 (48%; 33 P) vs

0/193 untreated controls

1%
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study

start particles/fibres
Hamster, M 73-83 NS (0.9% 3 mg + 3 mg ferric ~60 wk Respiratory tract T + Smith et
Syrian saline oxide, 1x/wk, 12 wk Low-vitamin A group al.
golden solution); followed after 1 wk by 48/83 (58%; 37 laryngeal/tracheal (1975a)

ferric oxide or
carotene-free
cottonseed oil

100, 1600 or 3300/pg
vitamin A (retinyl
acetate), intragastric
Ix/wk [signs of
vitamin A toxicity
appeared in animals
given 3300 ng after

24 wk; dose reduced to
2400 pg/wk]

T: 10 P, 4 polyp, 20 SCC, 2 AdC,

1 undifferentiated C; 35 bronchial/
bronchiolar/pulmonary

T:2P,9 A, 8 SCC, 7 AdC, 4 AdSC,
3 undifferentiated C, 2 fibroS)
Mid-vitamin A group

52/74 (70%; 32 laryngeal/tracheal
T: 3 P, 4 polyp, 18 SCC, 1 AdC,

1 carcinoS, 6 fibroS;

38 bronchial/bronchiolar/pulmonary
T: 1P, 11 A, 7 SCC, 6 AdC, 3 AdSC,
3 undifferentiated C, 1 carcinoS,

6 fibroS)

High-vitamin A group

59/73 (81%; 32 laryngeal/tracheal
T: 7P, 1 polyp, 13 SCC, 4 AdC,

1 AsSC, 1 undifferentiated C,

3 carcinoS, 2 fibroS; 52 bronchial/
bronchiolar/pulmonary T: 11 A,

13 SCC, 16 AdC, 2 undifferentiated
C, 1 carcino$, 9 fibroS)
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study

start particles/fibres
Hamster, M 49-58 NS (0.15M 3 mg + 3mg ferric ~100 wk Respiratory tract T + Site of Smith et
Syrian saline oxide/animal, 1x/wk, Low-vitamin A group respiratory  al.
golden solution); 12 wk followed after 1 CH: 34/57 (60%; 23 P, 11 polyps, tract TNS  (1975b)

ferric oxide or
carotene-free
cottonseed oil

wk by 100, 1600 or
3300 pg vitamin A
(retinyl acetate)
intragastric 1x; half of
the animals in each
group were
conventially housed
(CH) while the other
half was housed in
laminar flow units
(LFU), [signs of
vitamin A toxicity
appeared in animals
given 3300 g after 24
wk; doses reduced to
2400 pg/wk]

5 A, 26 SCC, 18 AdC, 3 ASC, 5 oat-
cell C, 4 undifferentiated C,

2 carcinoS, 3 fibroS)

LFU: 37/52 (71%; 25 P, 13 polyp,
14 A, 25 SCC, 11 AdC, 8 ASC,

2 undifferentiated C, 2 lymphoma)
Mid-vitamin A group:

CH: 45/58 (78%; 20 P, 14 polyp,

10 A, 31 SCC, 11 AdC, 2 oat-cell C,
4 undifferentiated C, 1 carcinoS,

6 fibroS, 1 haemangioS),

LFU: 31/53 (59%; 16 P, 10 polyp,

2 A, 36 SeC, 16 AdC, 2 ASC, 2 oat-
cell C, 2 undifferentiated C, 5 fibroS,
2 chondroS, 2 lymphoma,

S reticulum-cell S)

91y
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Table 3.15 (contd)

Species
and strain

Sex  No./
group at
start

Purity
(vehicle);
particles/fibres

Dose and duration of
exposure

Duration
of study

Incidence of tumours

Result”

Comments

Reference

Hamster,
Syrian
golden

M,F 48 or 90

NS (0.2%
saline
solution); ferric
oxide,
magnesium
oxide

0 (untreated),
2mg+1mg
magnesium
oxide/animal, 1x/wk,
20 wk, 3 mg +3 mg
ferric oxide/animal,
1x/wk, 15 wk

Lifespan
(up to 120
wk)

High-vitamin A group:

CH: 43/58 (74%; 19 P, 11 polyp,

18 A, 37 SCC, 8 AdC, 7 fibroS)
LFU: 28/49 (57%; 21 P, 9 polyp, 7 A,
22 SCC, 14 AdC, 7 AdSC, 14 oat-cell
C, 2 fibroS, 2 lymphoma,

2 reticulum-cell S)

Forestomach P (CH + LFU
combined)

Low-vitamin A group

[55/109] (50%) (multiplicity,
29+0.2)

Mid-vitamin A group

[28/111] (25%) (multiplicity,
22+0.3)

High-vitamin A group

[28/107] (26 %) (multiplicity,
3.1+0.2)

Respiratory tract tumours (M + F
combined): 0/89, 32/45 [71%)]

(11 laryngeal P, 3 SCC, 1 tracheal
polyp, 20 P, 5 SCC, 1 AdC,

1 bronchial P, 3 A, 8 AdC,

1 adenoSC), 31/44 (70%;

10 laryngeal P, 4 SCC, 8 tracheal P,
12 SCC, 2 anaplastic C, 2 bronchial
P,4 A, 2 AdC, 17 SCC, 3 anaplastic
)

Smith et
al.
(1975b)
(contd)

Stenbéack
etal.
(1975)
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Hamster, M, F 50 >99% (saline, O (untreated), Lifespan All T (M + F combined): 2/100 (2%;  + Stenbéck
Syrian untreated 0.5% gelatine 0 (saline), 0 (gelatine (upto 100 2 lymphoma), 1/48 (2%; &
golden controls in saline); in saline), 3 mg silicon ~ wk) 2 forestomach P), 2/45 (4%; Rowland
manganese dioxide in saline, 2 lymphoma), 0/48 (0%), 2/48 (4%; (1979)

dioxide, silicon
dioxide

1.5 mg manganese
dioxide in saline, 3 mg
in saline, 3 mg in
gelatine/saline, 3 mg +
3 mg silicon dioxide in
saline, 1.5 mg+ 1.5 mg
manganese dioxide in
saline/animal, 1x/wk,
20 wk

1 forestomach P, 1 lymphoma), 18/46
(39%; 1 laryngeal P, 1 SCC,

4 tracheal P, 15 forestomach P),
11/47 (23%; 2 tracheal P, 1 SCC,

3 bronchial SCC, 1 splenic
haemangioma, 1 adrenal cortical A,

1 lymphoma, 2 forestomach SCC),
25/48 (52%; 1 laryngeal SCC,

8 tracheal P, 2 SCC, 3 bronchial
SCC, 6 lung A, 3 AdC,

10 forestomach P, 1 thyroid A,

1 uterine fibroma, 1 A, 1 lymphoma),
20/48 (42%; 1 laryngeal P, 3 tracheal
P, 1 SCC, 1 bronchial SCC,

24 forestomach P, 1 ovarian fibroma,
1 thyroid A, 2 forestomach SCC,

1 squamous-cell fibroma)

81v
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Hamsters, M,F 40 NS (saline); 10 mg + 8 mg ferric M, up to Respiratory tract T + No Beems
Syrian ferric oxide oxide/animal, 1x/2wk 512 days,  M: 16/36 (44%; 21 T: 4 epidermoid control; (1984)
golden for 10 wk to animals F, up to P, 11 epidermoid C, 4 site of
kept on a low- 380 days  epidermoid/AdC, 1 AdC, 1 S), 14/39 respiratory
(600 TU/kg) [M only], (36%; 20 T: 4 epidermoid P, 7 tract T NS
medium- (4000 IU/kg) epidermoid C, 5 epidermoid/AdC,
or high- (100 000— 1 AdC, 3 S), 13/37 (35%; 17 T:
200 000 IU/kg) vitamin 6 epidermoid P, 6 epidermoid C,
A diet 3 epidermoid/AdC, 2 S)
F: 14/38 (37%; 22 T: 12 epidermoid
P, 1 C in situ, 8 epidermoid C,
1 epidermoid/AdC), 12/37 (32%; 15
T: 4 epidermoid P, 6 epidermoid C,
2 epidermoid/AdC, 3 S)
Hamster, M, F 40 NS (saline); 4 mg + 4 mg ferric 656 days  Respiratory tract T + No Beems &
Syrian ferric oxide oxide/ animal, 1x/wk, for M, 512 M: 10/33 (30%; 2 P, 6 epidermoid C, control; van Beek
golden 15 wk to animals on days for F 1 epidermoid/AdC, 1 A, 1 S), 14/32 site of (1984)
control (low-fat diet), (44%; 7 P, 6 epidermoid C, respiratory
high-saturated fat diet 3 epidermoid/AdC, 1 AdC, 1 A, 1S), tract NS

or high-unsaturated fat
diet

17/27 (63%; 9 P, 11 epidermoid C,
3 epidermoid AdC)

F: 16/40 (40%; 5 P, 9 epidermoid C,
3 epidermoid/AdC, 1 A),

20/38 (53%; 13 P, 13 epidermoid C,
1 epidermoid/AdC, 1 A, 1 S), 22/37
(59%; 12 P, 10 epidermoid C,

9 epidermoid/AdC)

SNOFIVIOIJAH DILVINOYYV DITOADATOd

()87



Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result” Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres

Hamster, M,F 35 NS (saline, 0, 1 mg glass fibres, 85 wk Respiratory tract T + Statistics Feron et
Syrian gelatine); glass 1 mg, 1 mg+ 1 mg M: 0/31, 0/34, 6/34 (18%; 3 tracheal NS al. (1985)
golden microfibres glass fibres/animal, P, 1 SCC, 1 S, 1 bronchial P), 3/35

(code 104; 1x/2 wk, 52 wk (9%; 2 tracheal P, 1 S)

glasswool); size F: 0/28, 0/30, 1/29 (3%; 1 laryngeal C

distribution by in situ), 1/31 (3%; 1 tracheal S)

number: length,

95% <20 pm,

89% <12 um,

59% <5 um;

diameter,

25% <2 pm,

88% <1 um,

60% <0.5 um,

31% <0.25 pm
Hamster, M,F 35 NS (0.9 % 0, 8 mg + 6 mg ferric 82 wk Respiratory tract T + Reynders
Syrian saline oxide/animal, 1x/wk, 6 M: 0/32, 12/24 (50%; 15 T: etal.
golden solution); ferric  wk 3 laryngeal P, 1 tracheal P, 1 SCC, (1985)

oxide

2 bronchial polyp, 2 SCC, 1AdC,

3 pulmonary SCC, 1 AdSC, 1 AdC)
F: 0/35,9/26 (35%; 12 T: 1 laryngeal
P, 5 tracheal P, 2 bronchial polyp,

2 pulmonary SCC, 1 AdSC, 1 AdC)

0Ty
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result' Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Hamsters, M, F 40 or 60 NS (saline); 8 mg + 8 mg ferric 429 days Respiratory tract T + No Beems
Syrian ferric oxide oxide, 1x/2wk, 16 wk for M; 374 M: 34/57 (60%; 7 P, 4 C in situ, control; (1986)
golden given to animals on days for F 15 epidermoid C, 13 epidermoid/AdC, site of
control (low- 1 AdC, 5 lung A, 2 S), 27/38 (71%; 6 respiratory
selenium/low-fat) diet, P, 1 C in situ, 14 epidermoid C, tract T NS

high-selenium/low-fat
diet, low-
selenium/high-fat diet
or high-selenium/high-
fat diet

8 epidermoid/AdC, 8 lung A, 1 S),
31/38 (82%; 6 P, 3 C in situ,

13 epidermoid C, 12 epidermoid/AdC,
1 AdC, 10 lung A, 1 S), 28/39 (72%;
4 P, 1 Cin situ, 16 epidermoid C,

10 epidermoid/AdC,10 lung A)

F: 37/57 (65%; 5 P, 2 C in situ,

14 epidermoid C, 19 epidermoid/AdC,
2 lung A, 3 S), 30/35 (86%; 11 P,2 C
in situ, 11 epidermoid C,

11 epidermoid/AdC, 4 lung A, 1 S),
28/36 (78%; 4 P, 5 C in situ,

11 epidermoid C, 9 epidermoid/AdC,
1 AdC, 5 lung A), 22/34 (65%; 5 P,

2 C in situ, 10 epidermoid C,

7 epidermoid/AdC, 1 AdC, 3 lung A)
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Table 3.15 (contd)

Species Sex  No./ Purity Dose and duration of Duration Incidence of tumours Result’ Comments Reference
and strain group at (vehicle); exposure of study
start particles/fibres
Hamster, M,F 40 or 60 NS (sterile 8 mg + 8 mg ferric 429 days  Respiratory tract T + No Beems
Syrian saline); ferric oxide, 1x/2wk, 16 wk for M; 374  M: 34/57 (60%; 7 P, 4 C in situ, control; (1987)
golden oxide given to animals on days for F 11 epidermoid C, site of
control diet or diet 13 epidermoid/AdC, 1 AdC, 5 respiratory
supplemented with lung A, 2 S), 26/38 (68%; 7P,3 Cin tract T NS

56 mg/kg carotene

situ, 10 epidermoid C,

10 epidermoid/AdC, 3 lung A, 1 S)
F:37/57 (65%; 5 P, 2 C in situ,

14 epidermoid C,

19 epidermoid/AdC, 2 lung A, 3 S),
25/36 (69%; 7 P, 3 C in situ,

10 epidermoid C,

14 epidermoid/AdC, 3 lung A, 1 S)

A, adenoma; AdC, adenocarcinoma; AdSC, adenosquamous carcinoma; C, carcinoma; F, female; M, male; NS, not specified; P, papilloma; S, sarcoma; SCC,

squamous-cell carcinoma; T, tumour; vs, versus; wk, week
#—, negative; +, positive; +, equivocal

(447
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POLYCYCLIC AROMATIC HYDROCARBONS 423

In Syrian golden hamsters given 20 weekly intratracheal instillations of a suspension of
silicon dioxide mixed with benzo[a]pyrene in saline (3 mg benzo[a]pyrene + 3 mg silicon
dioxide/instillation), a clearly higher incidence of respiratory tract tumours was observed
than that in hamsters similarly treated with benzo[a]pyrene alone (23 tumours in 48
animals given the combination versus six tumours in 46 animals that received
benzo[a]pyrene alone and no tumours in 48 saline-treated controls). Manganese dioxide
did not elicit such an effect (Stenback & Rowland, 1979). Magnesium oxide was found to
be as effective as ferric oxide as a carrier for benzo[a]pyrene suspended in saline in the
induction of respiratory tract tumours in Syrian golden hamsters following repeated
intratracheal instillation of such suspensions (Stenbéck et al., 1975).

Repeated intratracheal instillation of benzo[a]pyrene mixed with glasswool
microfibres suspended in gelatine/saline induced a few tracheal tumours in male and
female Syrian hamsters; the incidence was comparable with that found after instillation of
benzo[a]pyrene in gelatine/saline alone (Feron et al., 1985).

The tumour response in the respiratory tract (16/48 or 33%; mainly laryngeal and
tracheobronchial papillomas and carcinomas) of Syrian golden hamsters administered
45 weekly intratracheal instillations of 850 pg atmospheric urban dust mixed with 340 pg
benzo[a]pyrene and suspended in 2% Tween 60 in saline (total doses, 38 mg dust and
about 15 mg benzo[a]pyrene) was not appreciably different from that (14/48 or 29%) of
animals similarly treated with benzo[a/pyrene alone (Pott ef al., 1973b).

Benzo[e]pyrene
Previous evaluation

Benzo[e]pyrene was considered in December 1972 (IARC, 1973) by a Working
Group that evaluated two bioassays in which benzo[e]pyrene was administered dermally
to mice (repeatedly and initiation—promotion protocols). On the basis of the available
data, the Working Group concluded that benzo[e]pyrene was not an initiator of skin
carcinogenesis in mice. Benzo[e]pyrene was also considered in February 1983 (IARC,
1983) by a Working Group that evaluated the bioassays considered previously, plus two
studies in which benzo[e]pyrene was administered intraperitoneally to neonatal mice and
one study in which it was administered by pulmonary injection into rats. All of the studies
are summarized in Tables 3.2, 3.4 and 3.7. On the basis of the available studies, the
Working Group concluded that these data were inadequate to permit an evaluation of the
carcinogenicity of benzo[e|pyrene to experimental animals. No new studies were
available.
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Chrysene
Previous evaluation

Chrysene was considered in December 1972 (IARC, 1973) and February 1983
(IARC, 1983) by working groups that evaluated bioassays in which chrysene was
administered dermally (repeatedly and initiation—promotion protocols) to mice,
subcutaneously to mice and rats and intraperitoneally to mice. Chrysene was active when
applied to mouse skin, when given subcutaneously to mice and when administered to
newborn mice. On the basis of the available data, the working groups concluded that there
was [limited evidence for the carcinogenicity of chrysene in experimental animals.
Additional bioassays that have been published since that time are summarized below.

Dermal initiation—promotion (see also Table 3.2)

Mouse

In mouse skin initiation—promotion studies in which TPA was subsequently applied
as a promoter, total initiating doses of 0—1.5 pmol chrysene applied to the skin of female
CD-1 mice increased the incidence of skin papillomas (Chang et al., 1983; Rice ef al.,
1988). A total initiating dose of 1.0 mg chrysene resulted in papillomas in 92% of animals
(Rice et al., 1985). However, female CD-1 mice initiated with a single dose of 33 nmol
chrysene (Amin ef al., 1990), and male and female SENCAR mice initiated with a single
application of 1600 nmol (Bhatt & Coombs, 1990) did not develop skin tumours.

Intraperitoneal administration (see also Table 3.7)

Mouse

In studies of newborn male and female Swiss-Webster BLU:Ha (ICR) mice,
intraperitoneal injection of chrysene at doses of 0—1.4 pumol significantly increased the
incidence of lung and liver tumours in male mice (Chang et al., 1983). In another study,
intraperitoneal injection of chrysene at total doses of 0, 0.03 or 0.92 umol did not increase
the incidence of lung tumours in male or female mice (Busby ef al., 1989). In newborn
male and female CD-1 mice, intraperitoneal injection of total doses of 700 nmol chrysene
increased the incidence of liver adenomas and carcinomas combined in male mice
(Wislocki et al., 1986), and the highest dose (2800 nmol) significantly increased the
incidence of liver carcinomas and lung adenomas in male mice (Wislocki et al., 1986).



POLYCYCLIC AROMATIC HYDROCARBONS 425

Intrapulmonary administration (see also Table 3.4)

Rat

Intrapulmonary implantation of 0, 1 or 3 mg chrysene into Osborne-Mendel rats
induced dose-related increases (0%, 14.3% and 28.6%) in the incidence of pulmonary
squamous-cell carcinomas (Wenzel-Hartung et al., 1990).

Coronene
Previous evaluation

Coronene was considered in February 1983 (IARC, 1983) by a Working Group that
evaluated one bioassay in which coronene was administered dermally to mice
(repeatedly) and one initiation—promotion assay in mice. The initiation—promotion assay
gave positive results; the repeated application gave negative results. On the basis of these
studies, the Working Group concluded that these data were inadequate to permit an
evaluation of the carcinogenicity of coronene to experimental animals. No new data were
available.

4H-Cyclopenta|def]chrysene
Dermal initiation—promotion (see also Table 3.2)

In an initiation—promotion study in female CD-1 mice, an initiating dose of 1.0 mg
4H-cyclopenta[def]chrysene prior to thrice-weekly applications of TPA resulted in 100%
of the animals bearing skin papillomas with an average of 5.63 papillomas/animal (Rice
et al., 1985). In another initiation—promotion study in female CD-1 mice, total initiating
doses of 0.15, 0.5 or 1.5 umol 4H-cyclopenta[def]chrysene prior to thrice-weekly
applications of TPA resulted in increased incidences of skin papillomas (13/20 (65%),
19/19 (100%) and 19/19 (100%)) in treated mice, with averages of 1.10, 6.84 and 8.47
tumours/mouse, respectively; papillomas were observed in 4/20 (20%) of the acetone
controls (Rice et al., 1988).

Cyclopenta|cd]pyrene
Previous evaluation

Cyclopenta] cd]pyrene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated two bioassays in which cyclopenta[cd]pyrene was administered
dermally to mice, results were positive in one study. It also gave positive results as an
initiator in three initiation—promotion studies on mouse skin. The Working Group
concluded that there was limited evidence for the carcinogenicity of cyclopenta[cd]pyrene
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in experimental animals. Animal bioassays that have been published since that time are
summarized below.

Dermal application (see also Table 3.1)

Mouse

Cyclopenta]cd]pyrene applied to the skin of female Swiss mice at doses of 0, 22.2,
66.6 or 200 nmol twice a week resulted in dose-related increases in the incidence of skin
tumours (Cavalieri et al., 1983).

Intraperitoneal administration (see also Table 3.7)

Mouse

In studies of newborn male and female Swiss-Webster BLU:ha (ICR) mice,
intraperitoneal injection of cyclopenta[cd]pyrene at doses of 0, 1.55, 3.09, 4.64, 6.19 or
7.73 umol increased the incidence of lung adenomas and adenocarcinomas (males: 8%,
62%, 56%, 86%, 77% and 89%; females: 8%, 60%, 70%, 93%, 100% and 100%) and
number of tumours/animal (males: 0.08, 1.12, 2.78, 9.29, 4.08 and 7.33; females: 0.08,
2.20, 3.20, 6.71, 13.57 and 5.33) in males and females combined (Busby et al., 1988).
Intraperitoneal injection of male Strain A/J mice with single doses of 0, 10, 50, 100 or
200 mg/kg bw cyclopenta|cd]pyrene resulted in an increased incidence of lung adenomas
per mouse at doses above 10 mg/kg (Nesnow et al., 1994, 1995; Ross et al., 1995;
Nesnow et al., 1998a,b).

5,6-Cyclopenteno-1,2-benzanthracene
Dermal application (see also Table 3.1)

Mouse

Groups of 10 mice [strain, sex, age and body weight unspecified] were treated
dermally with solutions of 5,6-cyclopenteno-1,2-benzanthracene in benzene [volume and
number of treatments unspecified]. Three groups were treated with a 0.3 % solution (two
groups) or a 0.1% solution (one group) of ‘pure’ compound (purity determined by
melting-point); an additional group was treated with a 0.3% solution of compound that
was purified through recrystallization of the corresponding picrate. No control group was
used. The time of death of the last animal in each group was 224-321 days in the group
treated with 0.3% 5,6-cyclopenteno-1,2-benzanthracene and 339 days in the group treated
with the 0.1% dose. Among the groups treated with the 0.3% solution, the tumour
incidence was 2/10, 1/10 and 0/10 skin papillomas and 1/10, 4/10 and 8/10 skin
epitheliomas (the last value in each series corresponded to the tumours obtained with the
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material purified as the picrate). The group treated at the 0.1% dose developed 0/10 skin
papillomas and 4/10 skin epitheliomas (Cook, 1932). A subsequent, similarly designed
experiment using 0.03, 0.1 and 0.3% solutions of 5,6-cyclopenteno-1,2-benzanthracene
[purity unspecified] resulted in an incidence of 1/20, 0/10 and 5/40 skin papillomas and
1/20, 5/10 and 14/40 skin epitheliomas, respectively (Barry et al., 1935).

Dibenz[a,c]anthracene

Previous evaluation

Dibenz[a,c]anthracene was considered in February 1983 (IARC, 1983) by a Working
Group that evaluated bioassays in which dibenz[a,c]anthracene was administered
dermally to mice, either per se or as part of initiation—promotion protocols. These studies
are summarized in Tables 3.1 and 3.2, respectively. On the basis of the available data, the
Working Group concluded that there was limited evidence that dibenz[a,c]anthracene was
carcinogenic to experimental animals. Additional studies that have been published since
that time are summarized below.

Dermal initiation—promotion (see also Table 3.2)

Mouse

Groups of 39-40 female CD-1 white mice, approximately 45 days of age [body
weight unspecified], received a single dermal application of 0, 25 or 50 pg dibenz[a,c]-
anthracene [purified by chromatography and recrystallized] in 100 puL acetone. One week
later, promotion began with twice-weekly applications of 0.64 ug TPA in 100 pL acetone
for 29 weeks, followed by doses of 1 pg for the subsequent 38 weeks. Systematic post-
mortem examinations were conducted on all animals and tumours were examined
histologically. At the end of the experiment, 5/39 mice in the 25-ug dose group and 8/40
mice in the 50-pg dose group had developed skin papillomas compared with 3/40 mice in
the TPA-treated control group (Chouroulinkov et al., 1983).

Subcutaneous administration (see also Table 3.3)

Mouse

Groups of 30 male and female C57BL/6J, DBA/2J and B6D2F, mice, approximately
5 weeks of age [body weight unspecified], received a single subcutaneous injection of
150 or 300 pg dibenz[a,c]anthracene [purity unspecified] in 50 uL trioctanoin. Controls
in all groups (10 mice/group) received trioctanoin alone. The mice were monitored for
12 months. At the end of the experiment, no tumours were observed in any of the groups
treated with 150 pg dibenz[a,c]anthracene. The incidence of subcutaneous fibrosarcoma
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in the 300-ug dose groups was 1/30, 0/30 and 1/30 for C57BL/6, DBA/2 and B6D2F,;
mice, respectively. Tumour incidences were not reported for the control groups (Kouri et
al., 1983).

Intraperitoneal administration (see also Table 3.7)

Mouse

A group of 24 newborn male B6C3F, mice received intraperitoneal injections of a
total dose of 400 nmol [111 pg] dibenz[a,c]anthracene (purity >99% by HPLC) in 35 pL
DMSO [1/7, 2/7 and 4/7 of the dose on days 1, 8 and 15 of life, respectively]. The mice
were monitored for 12 months. At the end of the experiment, necropsies were performed
and liver and lung masses were subjected to histology. The incidence of liver tumour was
9/24 (adenomas) dibenz[a,c]anthracene-treated mice compared with 2/24 (adenomas) and
1/24 (carcinoma) solvent-treated control mice. Lung tumours were not observed in either
of the two groups (von Tungeln et al., 1999b).

Dibenz|a,h]anthracene
Previous evaluations

Dibenz[a,h]anthracene was considered in December 1972 (IARC, 1973) by a
Working Group that evaluated bioassays in which dibenz[a,/]anthracene was tested by
oral administration to mice, dermal application in mice and hamsters, by intratracheal
injection into hamsters, by intramammary injection into rats, by subcutaneous injection
into mice, rats and guinea-pigs, by intramuscular injection into pigeons and chickens, by
intravenous injection into mice, pulmonary administration to mice and rats and by
intrarenal injection into frogs. These studies are summarized in Tables 3.1-3.4, 3.6, 3.9,
3.10, 3.12 and 3.14. On the basis of the available data, the Working Group concluded that
dibenz[a,/i]anthracene was carcinogenic in experimental animals. Dibenz[a,/#]anthracene
was also considered in February 1983 (IARC, 1983) by a Working Group that evaluated
the same bioassays as those considered previously and concluded that there was sufficient
evidence that dibenz[a,i]anthracene was carcinogenic to experimental animals.
Additional bioassays that have been published since that time or that were not considered
in an earlier monograph are summarized below.

Dermal application (see also Table 3.1)
Mouse

Groups of 50 female NMRI mice [age unspecified] were treated three times a week
with 17 uL acetone that contained 0.1, 0.4 or 1.1 pg dibenz[a,/]anthracene (>99 % pure



POLYCYCLIC AROMATIC HYDROCARBONS 429

by gas chromatography (GC) and HPLC) for 112 weeks (total doses, 37.8, 125 and
378 ug). A control group of 50 female mice was treated with acetone alone. In the treated
groups, skin tumours were observed in 3/50 low-dose, 4/50 mid-dose and 16/50 high-
dose mice; 2/48 mice treated with acetone developed skin tumours (Platt et al., 1990).

Dermal initiation—promotion (see also Table 3.2)

Mouse

Groups of 16 female NMRI mice [age unspecified] received a single dermal
application of 100 pL acetone that contained 83.5 pg dibenz[a,k]anthracene (>99 % pure
by GC and HPLC) or 100 pL tetrahydrofuran that contained 167 pg dibenz[a,h]-
anthracene. A control group of 30 female mice was treated with 100 pL acetone alone.
One week later, all mice received twice weekly dermal applications of 10 nmol TPA in
100 pL acetone. The experiment was terminated after 24 weeks. In treated groups, skin
tumours were observed in 6/16 (38%) low-dose and 15/16 (93%) high-dose mice; no skin
tumour was observed in mice treated with acetone alone (Platt et al., 1990).

Subcutaneous administration (see also Table 3.3)

Mouse

A group of 50 male and female C57BL mice [age unspecified] received a single
subcutaneous injection of 20 pg dibenz[a,/i]anthracene [purity unspecified] in 500 uL
tricaprylin. Mice surviving more than 4 months were included in the final tumour count.
A control group of 304 mice was treated with tricaprylin alone. The experiment was
continued for 22 months. Sarcomas occurred in 28/48 mice treated with dibenz[a,/]-
anthracene compared with 3/280 control mice (Steiner & Falk, 1951).

Groups of 100 female NMRI mice [age unspecified] received a single subcutaneous
injection of 2.35, 4.7, 9.3, 18.7, 37.5 or 75.0 pg dibenz[a,/i]anthracene [purity un-
specified] in 500 pL tricaprylin. A control group of 100 mice was available. The
experiment was continued for 114 weeks. The incidence of sarcomas was 37/100, 39/100,
44/100, 56/100, 65/100 and 69/100 in the groups treated with 2.35, 4.7, 9.3, 18.7, 37.5
and 75.0 pg dibenz[a,i]anthracene, respectively. The incidence in the control group was
not reported (Pfeiffer, 1977).

Groups of male and female B6 (30 mice), D2 (30 mice) or B6D2F; (57 or 60) mice
[age unspecified] received a single subcutaneous injection of 150 or 300 ug
dibenz[a,/i]anthracene [purity unspecified] in 50 uL tricaprylin. Masses >1 c¢cm were
considered to be positive. Control mice (10 per group) were treated with tricaprylin alone.
The experiment was terminated after 12 months. In the treated groups, the incidence of
fibrosarcomas was 16/30 low-dose and 14/30 high-dose B6 mice; 1/30 low-dose and 0/30
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high-dose D2 mice; and 8/57 low-dose and 33/60 high-dose B6D2F, mice. The tumour
incidence in the control group was not reported (Kouri et al., 1983).

Groups of 30 male C3H/HelJ, C57BL/6J, AKR/J and DBA/J2 mice [age unspecified]
received single subcutaneous injections of 150 pg dibenz[a,/i]anthracene [purity
unspecified] in 50 pL trioctanoin. Control groups of 10 mice were treated with the solvent
alone. The experiment was continued for 9 months. The incidence of fibrosarcomas in the
treated groups was 24/30 C3H/Hel, 16/30 C57BL/6J, 0/30 AKR/J and 1/30 DBA/J2
mice. No fibrosarcomas were observed in the control groups (Lubet et al., 1983).

Groups of 50 female NMRI mice [age unspecified] received single subcutaneous
injections into the interscapular region of 500 pL tricaprylin that contained 10, 11, 30, 86
or 112 pg dibenz[a,h]anthracene (>99 % pure by GC and HPLC). Two control groups of
50 female mice were treated with tricaprylin alone. Masses >1 cm were considered to be
positive. The experiment was terminated after 112 weeks. The incidence of fibrosarcomas
in dibenz[a,h]anthracene-treated groups was: 10 ug, 25/48; 11 pg, 16/47; 30 ug, 25/50;
86 ng, 31/49; and 112 ng, 38/48; the incidence in controls was 3/49 and 1/50 (Platt ef al.,
1990).

Groups of 40 male and 44 female newborn NMRI mice, 2 days of age, received a
single subcutaneous injection of 50 uL of an aqueous solution (1% gelatine, 0.9% saline,
0.4% Tween 20) that contained 11 or 111 pg dibenz[a,/]anthracene (>99 % pure by GC
and HPLC). A control group of 49 male and female mice was treated with the solvent
alone. In the treated groups, the incidence of pulmonary tumours was 6/13 (tumour
multiplicity, 3.3 tumours/mouse) low-dose and 16/17 (30.6 tumours/mouse) high-dose
females and 6/22 (3.8 tumours/mouse) low-dose and 19/21 (27.3 tumours/mouse) high-
dose males. The incidence in controls was 1/19 (1.0 tumours/mouse) females and 1/14
(2.0 tumours/mouse) males (Platt et al., 1990).

Rat

Groups of 12 female Sprague-Dawley rats, 30 days of age, received thrice weekly
subcutaneous injections for a total of 20 times of 100 pL sesame 0il:DMSO (9:1) that
contained 300 pg dibenz[a,/k]anthracene (single peak by GC/mass spectrometry (MS) and
HPLC). A control group of 12 rats was treated with the solvent alone. The experiment
was continued for 37 weeks. The incidence of sarcomas in rats treated with dibenz[a,/]-
anthracene was 12/12 compared with 0/12 in the solvent-treated controls (Flesher et al.,
2002).

Intraperitoneal administration (see also Table 3.7)

Mouse

Groups of 20 male A/J mice, 56 weeks of age, received single intraperitoneal
injections of 1.25, 2.5, 5 or 10 mg/kg bw dibenz|a,/]anthracene (purity, 97%) in 100 or
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200 pL tricaprylin. A control group of 20 mice was treated with the solvent alone. The
experiment continued for 8 months (survival, >90%), at which time gross lung adenomas
were counted. The incidence of lung adenoma was 100% at doses above 2.5 mg/kg
dibenz[a,/i]anthracene. Tumour multiplicity (adenomas/mouse) was 1.44, 3.05, 13.1 and
32.1 at 1.25, 2.5, 5 and 10 mg/kg dibenz[a,/i]anthracene, and was significantly different
(p <0.05) from the solvent-treated control (0.6 lung adenomas/mouse) at doses above
1.25 mg/kg (Nesnow et al., 1995; Ross et al., 1995; Nesnow et al., 1998a,b).

Intrapulmonary administration (see also Table 3.4)
Rat

Groups of 35 inbred female Osborne-Mendel rats [age unspecified] received a single
pulmonary implantation of 100 ug dibenz[a,/k]anthracene (purity, 99.3%) in a mixture of
beeswax and tricaprylin or the solvent alone. The animals were monitored for 123 weeks.
Lung carcinomas were found in 20 rats administered dibenz[a./#]anthracene, but not in
solvent-treated control rats (Wenzel-Hartung ef al., 1990).

Intramammary administration (see also Table 3.5)
Rat

Groups of 20 female Sprague-Dawley rats, 50 days of age, received a single
intramammary injection of 1.1 or 4.5 mg finely powdered dibenz|a,/]anthracene (purity
>99%). The untreated contralateral breast served as the control. All rats were killed after
20 weeks. No tumours were observed in either the treated or contralateral control
mammary glands (Cavalieri et al., 1988a).

Intravenous administration (see also Table 3.9)

Mouse

A group of equal numbers of male and female strain A mice [age unspecified]
received a single intrapulmonary injection of 250 pg dibenz[a,/i]anthracene (melting-
point, 266.0-266.8 °C) suspended in 250 pulL water. The control group received the
solvent alone. Twenty weeks after treatment, the incid