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NOTE TO THE READER

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

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

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

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

Although every effort is made to prepare the monographs as accurately as possible,
mistakes may occur. Readers are requested to communicate any errors to the Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.

-11-
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lARe MONOGRAPHS PROGRAMME ON THE

EV ALUATION OF eARelNOGENIC RISKS

TO HUMANS1

PREAMBLE

1. BACKGROUND
ln 1969, the International Agency for Research on Cancer (IARC) initiated a

programme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individual chemicals. The M onographs programme has since been
expanded to include consideration of exposures to complex mixtures of chemicals (which
occur, for example, in sorne occupations and as a result ofhuman habits) and of exposures
to other agents, such as radiation and viruses. With Supplement 6, the title ofthe series was
modified from IARC Monographs on the Evaluation 01 the Carcinogenic Risk 01 Chem-
icals ta Humans to IARC Monographs on the Evaluation 01 Carcinogenic Risks ta
Humans, in order to reflect the widened scope of the programme.

The criteria established in 1971 to evaluate carcinogenic risk to hum ans were adopted by
the working groups whose deliberations resulted in the first 16 volumes of the ¡ARC
M onographs series. Those criteria were subsequently re-evaluated by working groups which
met in 1977(1),1978(2), 1979(3), 1982(4) and 1983(5). The present preamble was prepared by
a Working Group which met in September 1986.

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

evaluations of evidence on the carcinogenicity of a wide range of agents to which humans are
or may be exposed. The Monographs may also indicate where additional research efforts
are needed.

¡This project is supported by PHS Grant No. 5 voi CA33 193-05 awarded by the VS National Cancer Institute, Department of
Health and Human Services, and with a subcontract to Tracor Jitco, Inc. and Technical Resources, Inc. Since 1986, this
programme has also been supported by the Commission of the European Communities.
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The Monographs represent the first step in carcinogenic risk assessment, which involves
examination of aIl relevant information in order to assess the strength of the available
evidence that, under certain conditions of exposure, an agent could alter the incidence of
cancer in humans. The second step is quantitative risk estimation, which is not usuaIly
attempted in the Monographs. Detailed, quantitative evaluations of epidemiological 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.

These monographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
No recommendation is given for regulation or legislation, since su ch decisions are made by
individual governments and/or other international agencies. The lARe Monographs are
recognized as an authoritative source of information on the carcinogenicity of chemicals
and complex exposures. A users' survey, made in 1984, indicated that the Monographs are
consulted by various agencies in 45 countries. Each volume is printed in 4000 copies for
distribution to governments, regulatory bodies and interested scientists. The Monographs
are also available via the Distribution and Sales Service ofthe W orld Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS
Topies are selected on the basis of two main criteria: (a) that they concern agents for

which 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 chemical compounds, physical agents (such as radiation), biological factors (such as
viruses) and mixtures of agents such as 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 carcinogenicity.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity; the IARC surveys of chemicals being tested for carcinogenicity(6) and
directories of on-going research in cancer epidemiology(7) often indicate those agents that
may be scheduled for future meetings. An ad-hoc working group convened by IARC in 1984
gave recommendations as to which chemicals and exposures to complex mixtures should be
evaluated in the IARC Monographs series(8).

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 aIl of the literature on a particular agent. Only

those data considered by the W orking Group to be relevant to making an evaluation are
inc1uded.
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With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are re-
viewed by the working groups. ln 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 ma king a final evaluation (see p. 29 et
seq.). ln the sections on chemical and physical properties and on production, use,
occurrence and analysis, unpublished sources of information may be used.

5. THE WORKING GROUP
Reviews and evaluations are formulated by a working group of experts. The tasks ofthis

group are five-fold: (i) to ascertain that aIl 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 W orking Group;
(iv) to evaluate the results of experimental and epidemiological studies; and (v) to make an
overall evaluation of the carcinogenicity of the agent to humans.

W orking Group participants who contributed to the consideration and evaluation of the
agents within a particular volume are listed, with their addresses, at the beginning of each
publication. 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. ln
addition, representatives from national and international agencies and industrial asso-
ciations are invited as observers.

6. WORKING PROCEDURES
Approximately one year in advance of a meeting of a working group, the agents to be

evaluated are announced and participants are selected by IARC staff in consultation with
other experts. Subsequently, relevant biological and epidemiological data are collected by
IARC from recognized sources of information on carcinogenesis, inc1uding data storage
and retrieval systems such as CANCERLINE, MEDLINE and TOXLINE. Bibliographical
sources for data on genetic and related effects and on teratogenicity are the Environmental
Mutagen Information Center and the Environmental Teratology Information Center, both
located at the Oak Ridge National Laboratory, USA.

The major collection of data and the preparation of first drafts of the sections on
chemical and physical properties, on production and use, on occurrence, and on analysis are
carried out under a separate contract funded by the US National Cancer Institute. Efforts
are made to supplement this information wIth data from other national and international
sources. Representatives from industrial associations may assist in the preparation of

sections on production and use.

Production and trade data are 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.
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Information on uses is usually obtained from published sources but is often complemented
by direct contact with manufacturers.

Six months before the meeting, reference material is sent to experts, or is used by IARC
staff, to prepare sections for the first drafts of monographs. The complete first drafts are
compiled by IARC staff and sent, prior to the meeting, to aIl participants of the W orking
Group for review.

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

7. EXPOSURE DATA
Sections that indicate the extent of past and present human exposure, the sources of

exposure, the pers ons most likely to be exposed and the factors that contribute to exposure
to the agent under study are inc1uded at the beginning of each monograph.

Most monographs on individual chemicals or complex mixtures inc1ude sections on
chemical and physical data, and production, use, occurrence and analysis. ln other
monographs, for example on physical agents, biological factors, occupational exposures
and cultural habits, other sections may be included, such as: historical perspectives,
description of an industry or habit, exposures in the workplace or chemistry of the corn 

pIe x
mixture.

The Chemical Abstracts Services Registry Number, the latest Chemical Abstracts
Primary Name and the IUPAC Systematic Name are recorded. Other synonyms and trade
n~mes are given, but the list is not necessarily comprehensive. Some ofthe trade names may
be those of mixtures in which the agent being evaluated is only one of the ingredients.

Information on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. A separate description of
technical products gives relevant specifications and inc1udes available information on
composition and impurities.

The dates of first synthesis and of first commercial production of an agent 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. ln addition, methods of
synthesis used in past and present commercial production and different methods of
production which may give rise to different impurities are described.

Data on production, foreign trade and uses are obtained for representative regions,
which usually inc1ude Europe, Japan and the USA. It should not, however, be inferred that
those areas or nations are necessarily the sole or major sources or users of the agent being
evaluated.
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Some identified uses may not be current or major applications, and the coverage is not
necessarily comprehensive. ln the case of drugs, mention of their therapeutic uses does not
necessarily represent current practice nor does it imply judgement as to their c1inical
efficacy.

Information on the occurrence of an agent in the environment is obtained from data
derived from the monitoring and surveilance of levels in occupational environments, air,
water, soil, foods and animal and human tissues. When available, data on the generation,
persistence and bioaccumulation of the agent are also included.

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 agent.

The purpose of the section on analysis is to give the reader an overview of current
methods cited in the literature, with emphasis on those widely used for regulatory purposes.
No critical evaluation or recommendation of any of the methods is meant or implied.
Methods for monitoring hum an exposure are also given, when available. The IARC
publishes a series of volumes, Environmental Carcinogens: Selected Methods of Analysis(9),
that describe validated methods for analysing a wide variety of agents.

8. BIOLOGICAL DATA RELEVANT TO THE EVALUATION OF
CARCINOGENICITY TO HUMANS
The term 'carcinogen' is used in these monographs to denote an agent that is capable of

increasing the incidence of malignant neoplasms; the induction ofbenign neoplasms may in
some circumstances (see p. 23) contribute to the judgement that an agent 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, pro bably by fundamentally different mechanisms.
ln the present state of knowledge, the aim of the Monographs is to evaluate evidence of
carcinogenieity at any stage in the carcinogenic process independently of the underlying
mechanism involved. There is as yet insufficient information to implement a classification of
agents according to their mechanism of action(5).

Definitive evidence of carcinogenicity in humans is provided by epidemiological studies.
Evidence relevant to human carcinogenicity may also be provided by experimental studies
of carcinogenicity in animaIs and by other biological data, particularly those relating to
humans.

The available studies are summarized by the working groups, with particular regard to
the qualitative aspects discussed below. ln general, numerical findings are indicated as they
appear in the original report; units are converted when necessary for easier comparison. The
W orking Group may conduct additional analyses of the published data and use them in
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their assessment of the evidence and may include them in their summary of a study; the
results of such supplementary analyses are given in square brackets. Any comments are also
made in square brackets; however, these are kept to a minimum, being restricted to those
instances in which it is felt that an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader.

9. EVIDENCE FOR CARCINOGENICITY lN EXPERIMENTAL ANIMALS
For several agents (e.g., 4-aminobiphenyl, bis(chloromethyl)ether, diethylstilboestrol,

melphalan, 8-methoxypsoralen(methoxsalen) plus UVR, mustard gas and vinyl chloride),
evidence of carcinogenicity in experimental animaIs preceded evidence obtained from
epidemiological studies or case reports. Information compiled from the first 41 volumes of
the IARC Monographs(lO) shows that, of the 44 agents for which there is sufficíent or
limited evidence of carcinogenicity to humans (see p. 30), aIl 37 that have been tested
adequately experimentally produce cancer in at least one animal species. Although this
association cannot establish that aIl agents that cause cancer in experimental animaIs also
cause cancer in humans, nevertheless, in the absence of adequate data on humans, it is
biologically plausible and prudent to regard agents for which there is sufficíent evidence (see
p. 30) of carcinogenicity in experimental animaIs as if they presented a carcinogenic risk to
hum ans.

The monographs are not intended to summarize aIl published studies. Those that are
inadequate (e.g., too short a duration, too few animaIs, poor survival; see below) or are
judged 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 of other
reports or when they provide the only data available. Their inclusion does not, however,
imply acceptance of the adequacy of the experimental design or of the analysis and
interpretation of their results. Guidelines for adequate 10ng-term carcinogenicity ex peri-
ments have been outlined(e.g., 11).

The nature and extent of impurities or contaminants present in the agent being evaluated
are given when available. Mention is made of aIl routes of exposure by which the agent has
been adequately studied and of aIl species in which relevant experiments have been
pei:formed. Animal strain, sex, numbers per group, age at start oftreatment and survival are
reported.

Experiments in which the agent was administered in conjunction with known
carcinogens or factors that modify carcinogenic effects are also reported. Experiments on
the carcinogenicity of known metabolites and derivatives may be included.

(a) Qualitative aspects

The overaIl assessment of the carcinogenicity of an agent involves several considerations
of qualitative importance, inc1uding (i) the experimental conditions under which the test
was performed, inc1uding route and schedule of exposure, species, strain, sex, age, duration
of foIlow-up; (ii) the consistency with whieh the agent has been shown to be carcinogenic,
e.g., in how many species and at which target organs(s); (iii) the spectrum of neoplastic
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response, from benign tumours to malignant neoplasms; and (iv) the possible role of
modifying factors.

Considerations of importance to the W orking Group in the interpretation and
evaluation of a particular study include: (i) how clearly the agent was defined; (ii) whether
the dose was adequately monitored, particularly in inhalation experiments; (iii) whether the
doses used were appropriate and whether the survival oftreated animaIs was similar to that
of controls; (iv) whether there were adequate numbers of animaIs per group; (v) whether
animaIs of both sexes were used; (vi) whether animaIs 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 specifie tumours in
historical controls, as weIl 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. The occurrence of lesions presumed to be preneoplastic may in certain instances
aid in assessing the biological plausibility of any neoplastic response observed.

Among the many agents that have been studied extensively, there are few instances in
which the only neoplasms induced were benign. Benign tumours in experimental animaIs
frequently represent a stage in the evolution of a malignant neoplasm, but they may be
'endpoints' that do not readily undergo transition to malignancy. However, if an agent is
found to induce only benign neoplasms, it should be suspected of being a carcinogen and it
requires further investigation.

(h) Quantitative aspects

The probability that tumours wil occur may depend on the species and strain, the dose
of the carcinogen and the route and period of exposure. Evidence of an increased incidence
of neoplasms with increased exposure strengthens the inference of a causal association
between exposure to the agent and the development of neoplasms.

The form of the dose-response relationship can vary widely, depending on the particular
agent under study and the target organ. Since many chemicals require metabolic activation
before being converted into their reactive intermediates, both metabolic and pharmaco-
kinetic aspects are important in determining the dose-response pattern. Saturation of steps
such as absorption, activation, inactivation and elimination of the carcinogen may produce
nonlinearity in the dose-response relationship, as could saturation of processes such as
DNA repair(12113).

(c) Statistical analysis of long-term experiments in animais

Factors considered by the W orking Group inc1ude the adequacy of the information
given for each treatment group: (i) the number of animaIs on study and the number
examined histologically, (ii) the number of animaIs with a given tumour type and (iii) length
of survivaL. The statistical methods used should be clearly stated and should be the generally
accepted techniques refined for this purpose(13,14). When there is no difference in survival
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between control and treatment groups, the W orking Group usually compares the

proportions of animaIs 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 animaIs among the 'effective number' of animaIs 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 animaIs' risk of dying but are
'incidental' findings at autopsy.

ln practiee, classifying tumours as fatal or incidental may be difficult. Several survival-
adjusted methods have been developed that do not require this distinction(l3), although
they have not been fully evaluated.

10. OTHER RELEVANT DA TA lN EXPERIMENTAL SYSTEMS AND HUMANS

(a) Structure-activIty considerations

This section describes structure-activity correlations that are relevant to an evaluation of
the carcinogenicity of an agent.

(b) Absorption, distribution, excretion and metabolism

Concise information is given on absorption, distribution (including placental transfer)
and excretion. Kinetic factors that may affect the dose-reponse relationship, such as
saturation of uptake, protein binding, metabolic activation, detoxification and DN A-repair
processes, are mentioned. Studies that indicate the metabolic fate of the agent in

experimental animaIs and humans are summarized briefly, and comparisons of data from
animaIs and hum ans 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.

(c) ToxiÔty

Data are given on acute and chronic toxic effects (other than cancer), such as organ
toxicity, immunotoxicity, endocrine effects and preneoplastic lesions. Effects on repro-
duction, teratogenicity, feto- and embryotoxicity are also summarized briefly.

(d) Genetic and related effects

Tests of genetie and related effects may indicate possible carcinogenic activity. They can
also be used in detecting active metabolites ofknown carcinogens in human or animal body
fluids, in detecting active components in complex mixtures and in the elucidation of possible
mechanisms of carcinogenesis.

The available data are interpreted critically by phylogenetie group according to the
endpoints detected, which may inc1ude DN A damage, gene mutation, sister chromatid
exchange, micronuclei, chromos omal aberrations, aneuploidy and cell transformation. The
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concentrations (doses) employed are given and mention is made of whether an exogenous
metabolic system was required. When appropriate, these data may be represented by bar
graphs (activity profies), with corresponding summary tables and listings of test systems,
data and references. Detailed information on the preparation ofthese profies is given in an
appendix to those volumes in which they are used.

Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and cultured
mammalian cens suggest that genetie and related effects (and therefore possibly carcino-
genic effects) could occur in mammals. Results from such tests may also give information
about the types of genetic effects produced by an agent and about the involvement of
metabolic activation. Some endpoints described are clearly genetic in nature (e.g., gene
mutations and chromosomal aberrations), others are to a greater or lesser degree associated
with genetic effects (e.g., unscheduled DNA synthesis). ln-vitro tests for tumour-promoting
activity and for cell transformation may detect changes that are not necessarily the result of
genetic alterations but that may have specifie relevance to the process of carcinogenesis. A
cri tic al appraisal of these tests has been published(1 1).

Genetic or other activity detected in the systems mentioned above is not al ways manifest
in whole mammals. Positive indications of genetic effects in experimental mammals and in
humans are regarded as being of greater relevance than those in other organisms. The
demonstration that an agent can induce gene and chromosomal mutations in whole
mammals indicates that it may have the potential for carcinogenic activity, although this
activity may not be detectably expressed in any or an species tested. The relative potency of
agents 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 animaIs 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 endpoints cannot be considered to provide evidence to rule out carcinogenicity of
agents that act through other mechanisms. Factors may arise in many tests that could give
misleading results; these have been discussed in detail elsewhere(ll).

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

ll. EVIDENCE FOR CARCINOGENICITY lN HUMANS

(0) Types of studies considered

Three types of epidemiological studies of cancer contribute data to the assessment of
carcinogenicity in humans - cohort studies, case-control studies and correlation studies.
Rarely, results from randomized trials may be available. Case reports of cancer in humans
exposed to particular agents are also reviewed.

Cohort and case-control studies relate individual exposure to the agent under study to
the occurrence of cancer in individuals, and provide an estimate of relative risk (ratio of
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incidence in those exposed to incidence in those not exposed) as the main measure of
association.

ln correlation studies, the units of investigation are usually whole populations (e.g., in
particular geographical areas or at particular times), and cancer incidence is related to a
summary measure of the exposure of the population to the agent 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 expetience, that the
concurrence of two events - that is, exposure to a particular agent 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 and presumed preneoplastic lesions are
also reviewed by working groups. They may, in sorne instances, strengthen inferences drawn
from studies of cancer itself.

(h) Quality of studies considered

It is necessary to take into account the possible roles ofbias, 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 between
an agent and disease than in fa et exists. By 'confounding' is meant a situation in which the
relationship between an agent and a disease is made to appear stronger or to appear weaker
than it truly is as a result of an association between the agent and another agent that is
associated with either an increase or decrease in the incidence of the disease. ln evaluating
the extent to whieh these factors have been minimized in an individu al study, working
groups consider a number of aspects of design and analysis as described in the report ofthe
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 its consequent weighting 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 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
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either in the design of the study, such as by matching, or in the analysis, by statistical
adjustment. ln cohort studies, comparisons with local rates of disease may be more
appropriate than those with national rates. InternaI 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. ln
a cohort study, data on all cancer sites and aIl causes of death should have been given, to
avoid the possibility of reporting bias. ln a case-control study, the effects of investigated

factors other than the agent of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute cancer
rates, confidence intervals and significance tests, and to adjust for confounding should have
been c1early 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(15) and for cohort studies(16).

(c) Quantitative considerations

Detailed analyses of both relative and absolute risks in relation to age at first exposure
and to temporal variables, such as time since first exposure, duration of exposure and time
since exposure ceased, are reviewed and summarized when available. The analysis of
temporal relationships can provide a useful guide in formulating models of carcinogenesis.
ln particular, such analyses may suggest whether a carcinogen acts early or late in the
process of carcinogenesis(5), although such speculative inferences cannot be used to draw
firm conclusions concerning the mechanism of action of the agent and hence the shape
(linear or otherwise) of the dose-response relationship below the range of observation.

(d) Criteria for causality

After the quality of individual epidemiological studies has been summarized and
assessed, a judgement is made concerning the strength of evidence that the agent in question
is carcinogenic for humans. ln ma king their judgement, the W orking Group considers
several criteria for causality. A strong association (i.e., 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 relationship 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 from 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 ofthe evidence.
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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 dec1ine in risk
after cessation of or reduction in exposure in individuals or in whole populations also
supports a causal interpretation of the findings.

Although the same carcinogenic agent may act upon more than one target, the specificity
of an association (Le., an increased occurrence of cancer at one anatomical site or of one
morphological type) adds plausibilty 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 agent and cancer, thejudgement may be made that, in the aggregate, they show
evidence of lack of carcinogenicity. Such a judgement requires first of aIl that the studies
giving rise to it meet, to a sufficient degree, the standards of design and analysis described
above. SpecificaIly, the possibilty that bias, confounding or misc1assification of exposure
or outcome could explain the observed results should be considered and exc1uded with
reasonable certainty. ln addition, aIl studies that are judged to be methodologically sound
should be consistent with a relative risk of unit y for any observed level of exposure to the
agent and, when considered together, should provide a pooled estirnate of relative risk
which is at or near unit y and has a narrow confidence interval, due to suffcient population
size. Moreover, no individual study nor the pooled results of aIl the studies should show any
consistent tendency for relative risk of cancer to increase with increasing amount of
exposure to the agent. It is important to note that evidence of lack of carcinogenicity

obtained in this way from several epiderniological studies can apply oIily to the type(s) of
cancer studied and to dose levels of the agent and intervals between first exposure to it and
observation of disease that are the sa me as or less than those observed in all the studies.
Experience with human cancer indicates that, for sorne agents, the period from first
exposure to the development of c1inical cancer is se1dom less than 20 years; latent periods
substantially shorter than 30 years cannot provide evidence for lack of carcinogenicity.

12. SUMMARY OF DATA REPORTED
ln this section, the relevant experimental and epidemiological data are summarized.

Only reports, other than in abstract form, that rneet the criteria outlined on pp. 18-19 are
considered for evaluating carcinogenicity. Inadequate studies are generally not summarized:
such studies are usually identified by a square-bracketed comment in the text.

(a) Exposures

Human exposure 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.
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(b) Experimental carcinogenicity data

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

(c) Human carcinogenicity data
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 considered.

(d) Other relevant data

Structure-activity correlations are mentioned when relevant.

Toxicological information and data on kinetics and metabolism in experimental

animaIs are given when considered relevant. The results of tests for genetic and related
effects are summarized for whole mammals, cultured mammalian ceIls and nonmammalian
systems.

Data on other biological effects in humans of particular relevance are summarized.
These may include kinetic and metabolic considerations and evidence of DNA binding,
persistence of DNA lesions or genetic damage in humans exposed to the agent.

When available, comparisons of such data for humans and for animaIs, and particularly
animaIs that have developed cancer, are described.

13. 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 aIl of the factors that may be relevant to an evaluation of the carcinogenicity of
an agent. ln considering aIl of the relevant data, the W or king Group may assign the agent to
a higher or lower category than a strict interpretation of these criteria would indicate.

(a) Degrees of evidence for carcinogenicity to humans and to experimental animaIs

and supporting evidence

It should be noted that these categories refer only to the strength of the evidence that
these agents are carcinogenic and not to the extent of their carcinogenic activity (potency)
nor to the mechanism involved. The classification of sorne agents may change as new
information becomes avaIlable.
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(i) Human carcinogenicity data
The evidence relevant to carcinogenicity from studies in hum ans is c1assified into one of

the following categories:

Suffcient evidence 01 carcinogenicity: The W orking Group considers that a causal
relationship has been established between exposure to the agent andhuman cancer. That is,
a positive relationship has been observed between exposure to the agent and cancer in
studies in which chance, bias and confounding could be ruled out with reasonable

confidence.

Limited evidence 01 carcinogenicity: A positive association has been observed between
exposure to the agent and cancer for which a causal interpretation is considered by the
W orking Group to be credible, but chance, bias or confounding could not be ruled out with
reasonable confidence.

Inadequate evidence 01 carcinogenicity: The available studies are ofinsufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence of
a causal association.

Evidence suggesting lack 01 carcinogenicity: There are several adequate studies covering
the full range of doses to which human beings are known to be exposed, which are mutually
consistent in not showing a positive association between exposure to the agent 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, circumstances and doses of
exposure and length of observation covered by the available studies. ln addition, the
possibility of a very small risk at the levels of exposure studied can never be excluded.

ln some instances, the above categories may be used to c1assify the degree of evidence for
the carcinogenicity of the agent for specifie organs or tissues.

(ii) Experimental carcinogenicity data

The evidence relevant to carcinogenicity in experimental animaIs is c1assified into one of
the following categories:

Sulficient evidence 01 carcinogenicity: The W orking Group considers that a causal
relationship has been established between the agent and an increased incidence of malignant
neoplasms or of an appropriate combination of benign and malignant neoplasms (as

described on p.23) in (a) two or more species of animaIs 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 suffcient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.

ln the absence of adequate data on humans, it is biologically plausible and prudent to
regard agents for which there is sulficient evidence of carcinogenicity in experimental
animaIs as if they presented a carcinogenic risk to humans.
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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 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.

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 is not
carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity is inevitably
limited to the species, tumour sites and doses of exposure studied.

(iii) Supporting evidence of carcinogenicity

The other relevant data judged to be of sufficient importance as to affect the making of
the overall evaluation are indicated.

(b) Overall evaluation

Finally, the total body of evidence is taken into account; the agent is described according
to the wording of one of the following categories, and the designated group is given. The
categorization of an agent is a matter of scientific judgement, reflecting the strength of the
evidence derived from studies in humans and in experimental animaIs and from other
relevant data.

Group 1 - The agent is carcinogenic ta humans.

This category is used only when there is sufficient evidence of carcinogenicity in humans.

Group 2

This category includes agents for which, at one extreme, the degree of evidence of

carcinogenicity in humans is almost sufficient, as well as agents for which, at the other
extreme, there are no human data but for which there is experimental evidence of
carcinogenicity. Agents are assigned to either 2A (probably carcinogenic) or 2B (possibly
carcinogenic) on the basis of epidemiological, experimental and other relevant data.

Group 2A - The agent is probably carcinogenic ta humans.
This category is used when there is limited evidence of carcinogenicity in hum ans and

sufficient evidence of carcinogenicity in experimental animaIs. Exceptionally, an agent may
be c1assified into this category solely on the basis of limited evidence of carcinogenicity in
humans or of sufficient evidence of carcinogenicity in experimental animaIs strengthened by
supporting evidence from other relevant data.
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Group 2B - The agent is possibly carcinogenic ta humans.

This category is generally used for agents for which there is limited evidence in humans in
the absence of suficient evidence in experimental animaIs. It may also be used when there is
inadequate evidence of carcinogenicity in humans or when human data are nonexistent but
there is sufficíent evidence of carcinogenicity in experimental animaIs. ln some instances, an
agent for which there is inadequate evidence or no data in humans but limited evidence of
carcinogenicity in experimental animaIs together with supporting evidence from other
relevant data may be placed in this group.

Group 3 - The agent is not classifable as ta its carcinogenicity ta humans.
Agents are placed in this category when they do not fall into any other group.

Group 4 - The agent is probably not carcinogenic to humans.
This category is used for agents for which there is evidence suggesting lack of

carcinogenicity in humans together with evidence suggesting lack of carcinogenicity in
experimental animaIs. ln sorne circumstances, agents for which there is inadequate evidence
of or no data on carcinogenieity in humans but evidence suggesting lack of carcinogenicity
in ex periment al animaIs, consistently and strongly supported by a broad range of other
relevant data, may be classified in this group.
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INTRODueTION

An international group of experts in cancer research met in Lyon in February 1982 to
re-evaluate the epidemiological and experimental carcinogenicity data, as well as other
relevant data, on 155 chemicals, groups of chemicals and exposures to complex mixtures
that had been evaluated in Volumes 1-29 of the IARC Monographs, for which there were
some data on carcinogenicity in humans. The background, purpose and overaU conclusions
of the W orking Group and the evidence on which the evaluation for each agent was based
were issued as Supplement 4 to the IARC Monographs (IARC, 1982).

This volume, Supplement 7, of the IARC Monographs is an updating of Supplement 4
to the IARC Monographs and represents the conclusions of two IARC Working Groups
-one which met in December 1986 and another which met in March 1987.

The aim of the WorkingGroup that met in December 1986 was to summarize and bring
up to date the findings from tests for genetic and related effects and from studies of DNA
damage, chromos omal effects and mutation in humans for aIl the agents (chemicals, groups
of chemicals, industrial processes, occupational exposures and cultural habits) that had
been evaluated in Volumes 1-42 of the Monographs and for which sorne data on
carcinogenicity in humans were available. Other data considered particularly relevant to
evaluations of carcinogenicity were also included. The conclusions of the December
Working Group are presented in full in Supplement 6 of the IARC Monographs (lARe,
1987). Summaries of their conclusions are given in the sections on other relevant data for
each compound and in Appendix 1 to this volume.

The aim of the W orking Group that met in March 1987 was two-fold. The first was to
summarize and bring up to date the data on carcinogenicity in hum ans and in experimental
animaIs for aU 189 agents that had been evaluated in Volumes 1 -42 of the M onographs and
for which some data on carcinogenicity in humans were avaIlable. The second was to make
overaU evaluations of carcinogenicity to humans for aU 628 agents (comprising more than
700 chemicals, groups of chemieals, industrial processes, occupational exposures and
cultural habits) that had been evaluated in Volumes 1-42 ofthe Monographs, on the basis of
aU the available data, as described below.

-37-
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METHODS

The data on animal and human carcinogenicity for each of the agents for which
information on carcinogenicity in humans was available were reviewed and evaluated
before the meeting by members of the Working Group, who prepared draft summaries of
the findings. During the meeting of the W orking Group, these summaries and evaluations
were discussed, modified as appropriate and adopted. Overall evaluations of carcino-
genicity to humans for these agents were made by the W orking Group on the basis of the
combined evidence from: human carcinogenicity data, animal carcinogenicity data, the
conclusions ofthe December 1986 W orking Group on studies on genetic and related effects,
and other relevant data judged to be of suffieient importance to affect the making of the
ove raIl evaluation.

The criteria for evaluating the degree of evidence for carcinogenicity in humans and in
experimental animaIs and for making the overall evaluation of carcinogenicity to humans
are those described in the Preamble to this volume (see pp. 29-32), which represents the
conclusions of two working groups which met in Septemberj October 1986 and in January
1987.

Sorne closely-related chemicals were evaluated as groups, as at previous meetings, when
such an approach was biologically plausible and when the available evidence did not permit
separate evaluation of each individual chemical within the groupe For groups of chemicals
categorized into Group 1 ('The agent is carcinogenic to humans'), the evaluation was
considered to apply to the group as a whole and not necessarily to aIl chemicals within the
group. If and when further evidence is obtained, separate evaluations may be made for
individual chemicals, possibly into different categories.

Evaluations of carcinogenicity to humans were sometimes made for a group of human
exposures, e.g., industrial processes and therapeutic combinations. Under such circum-
stances, the composition of different mixtures, and consequently their biological effects, are
likely to vary with settings and conditions. Although the degree of evidence for
carcinogenicity has been characterized with aIl possible specificity, it is diffieult to be
specifie for such variable human exposures, which are also likely to change considerably
over time, e.g., with the introduction of new processes. The W orking Group therefore
recognizes that the evaluation of a complex situation may not apply to aIl constituents or to
every combination or to every point in time.

Other relevant data, including the results of tests for genetie and related effects (see
Supplement 6 (IARC, 1987)), were used by the W orking Group in making the overall
evaluation of carcinogenicity to humans of an agent when one of the following sets of
information was available:

(1) the agent produces genetic or related effects in exposed hum ans (i.e., indicative of
DNA or chromos omal damage) and also gives positive results in a range of other types of
assays;
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or

(2) the agent is active in a broad spectrum of assays for genetic and related effects,
including those involving mammalian cells, and there is evidence from structure-activity
and j or metabolism studies that the agent itself reacts covalently with D N A or is likely to be
converted to a reactive form in humans.

This information was used in two ways:

(1) to c1assify in Group 2A, as a probable human carcinogen, an agent for which there Is

sufficient evidence of carcinogenicity in experimental animaIs, which would otherwise have
been c1assified in Group 2B as a possible human carcinogen; and

(2) to classify in Group 2B, as a possible human carcinogen, an agent for which there is

limited evidence of carcinogenicity in experimental animaIs, which would otherwise have
been classified in Group 3.

ln using the above information, it was recognized that certain known carcinogens are
not detected in currently used assays for genetic and related effects.

Overall evaluations of carcinogenicity to humans for agents for which no data on
carcinogenicity in hum ans were available were made on the basis of the combined evidence
from animal carcinogenicity tests and from other relevant data that feU into one of the two
categories described above. The overall evaluation was generally based on the summary and
evaluation of the most recent monograph on that agent. The same procedure was used in the
case of three agents (benzoyl peroxide, polyvinyl chIo ride and selenium and selenium
compounds) for which a previous evaluation of inadequate evidence for carcinogenicity in
humans had been made.

Prior to Volume 20 of the Monographs, the evaluations of sufficient, limited, inadequate
and no evidence of carcinogenicity were not used. However, an ad-hoc group which was
convened in 1978 re-evaluated aIl chemicals evaluated in Volumes 1 -19 of the monographs
and listed those for which there was considered to be sufficient evidence of carcinogenicity in
experimental animaIs according to the criteria established at that time. All chemicals for
which there is suffcient evidence of carcinogenicity in experimental animaIs were re-
evaluated by the present group.

For agents for which there were no data on carcinogenicity in humans and which were
evaluated in Volumes 1-19 of the IARC Monographs, prior to the development of criteria
for defining limited and inadequate evidence of carcinogenicity, no formaI re-evaluation
was made. However, on the basis of data presented in the summaries in those volumes, an
attempt was made in conjunction with the Secretariat to judge whether the available data at
that time would have met the present criteria for limited and inadequate evidence.

With regard to compounds for which there are no data on carcinogenicity in humans, the
W orking Group also examined data from short-term tests and other relevant biological data
in Monographs volumes 14-42. Only those compounds for which data were limited or
sufficient in animal studies were considered for recategorization on the basis of the
procedures described above for using data on genetic and related effects.

When additional published data of significant importance to affect the evaluation
of sufficient evidence of carcinogenicity in experimental animaIs (upgrading to or
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downgrading from) were available to the W orking Group, new summaries and evaluations
of the data in experimental animaIs were prepared (see p. 389), and these were used in
making the overall evaluations.

Only one agent was categorized as probably not carcinogenic to humans (Group 4).
More agents did not fall into this category partly because one of the criteria used for
selecting agents to be considered in the M onographs series is that there be a suspicion for the
carcinogenicity of the agents on the basis of either epidemiological or experimental

observations. Therefore, the monographs tend to represent a selection of agents for which
positive findings have been reported in the literature.

The epidemiological evidence for diazepam, fluorides (inorganic, used in drinking-
water) and prednisone appeared to be suitable for classification as 'suggesting lack of
carcinogenicity' in humans. The different reasons why it could not be so described are given
in the texts on each compound.

For two chemicals, ferric oxide and methyl parathion, there was considered to be
'evidence suggesting lack of carcinogenicity' in experimental animaIs, but there were
insufficient supporting data to allow their classification into Group 4.
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RESULTS AND eONCLUSIONS

The assessments of degrees of evidence for carcinogenicity in humans and in
experimental animaIs, as well as the overall evaluations of carcinogenicity to humans, are
given in Table 1. A summary of the conclusions of the December 1986 W orking Group on
genetic and related effects is given in Appendix 1.

Group 1. The W orking Group concluded that the following agents are carcinogenic to
humans:

Aflatoxins
Aluminium production
4-Aminobiphenyl
Analgesie mixtures containing phenacetin
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Arsenic and arsenic compounds*
Asbestos
Auramine, manufacture of
Azathioprine
Benzene
Benzidine
Betel quid with tobacco
N,N- Bis(2-chloroethyl)- 2-na phthylamine (Chlornaphazine)
Bis(chloromethyl)ether and chloromethyl methyl ether (technical-grade)
Boot and shoe manufacture and repair
1,4-Butanediol dimethanesulphonate (Myleran)
Chlorambucil
1 -(2-Chloroethyl)-3-( 4-methylcyclohexyl)- 1 -nitrosourea (Methyl-CCNU)
Chromium compounds, hexavalent*
Coal gasification
Coal-tar pitches

Coal-tars
Coke production
Cyclophosphamide
Diethylstilboestrol
Erionite
Furniture and cabinet making
Haematite mining, underground, with exposure to radon
Iron and steel founding
Isopropyl alcohol manufacture, strong-acid process
Magenta, manufacture of
Melphalan
8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation
Mineral oils, untreated and mildly-treated
MOPP (combined therapy with nitrogen mustard, vincristine, procarbazine and

prednisone) and other combined chemotherapy including alkylating agents
Mustard gas (Sulphur mustard)
2-Naphthylamine
Nickel and nickel compounds*
Oestrogen replacement therapy
Oestrogens, nonsteroidal*

Oestrogens, steroidal*
Oral contraceptives, combinedl
Oral contraceptives, sequential

The rubber industry

"This evaluation applies to the group of chernicals as a whole and not necessarily to ail individual chernicals within the group (see
also Methods, p. 38).
IThere is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endornetriurn (see

surnrnary, p. 297).
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Shale-oils
Soots
Talc containing asbestiform fibres
Tobacco products, smokeless
Tobacco smoke
Treosulphan
Vinyl chIo ride

Group lA. The Working Group concluded that the following agents are probably
carcinogenic to humans:

Acrylonitrile
Adriamycin
Androgenic (anabolic) steroids
Benz( a )anthracene
Benzidine-based dyes

Benzo( a )pyrene
Beryllium and beryllium compounds
Bischloroethyl nitrosourea (BCNU)
Cadmium and cadmium compounds
1 -(2-Chloroethyl)-3-cyclohexyl- 1 -nitrosourea (CCNU)
Cisplatin
Creosotes
Dibenz( a,h )anthracene
Diethyl sulphate
Dimethylcarbamoyl chloride
Dimethyl sulphate
Epichlorohydrin
Ethylene dibromide
Ethylene oxide
N- Ethyl- N-nitrosourea
F ormaldehyde
5-Methoxypsoralen
4,4'-Methylene bis(2-chloroaniline) (MOCA)
N- Methyl- N' -nitro- N-nitrosoguanidine (MNNG)
N- Methyl- N-nitrosourea
Nitrogen mustard
N-Nitrosodiethylamine
N- Nitrosodimethylamine
Phenacetin
Polychlorinated biphenyls

Procarbazine hydrochloride

Propylene oxide

Silica, crystallne
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Styrene oxide
Tris( 1 -aziridinyl)phosphine sulphide (Thiotepa)
Tris(2,3-dibromopropyl) phosphate
Vinyl bromide

Group 2E. The Working Group concluded that the following agents are possibly
carcinogenic to humans:

A-a-C (2-Amino-9 H-pyrido(2,3-b )indole)
Acetaldehyde
Acetamide
Acrylamide
AF-2 (2-(2- Furyl)-3-( 5-nitro-2-furyl)acrylamide)
para-Aminoazobenzene
ortho-Aminoazotoluene
2-Amino-5-( 5-nitro-2-furyl)- 1 ,3,4-thiadiazole
Amitrole
ortho-Anisidine
Aramite§
Auramine, technical-grade
Azaserine
Benzo( b )fluoranthene

Benzou)fluoranthene
Benzo( k )fIuoranthene

Benzyl violet 4B
Bitumens, extracts of steam-refined and air-refined
Bleomycins
Bracken fern
1,3-Butadiene
Butylated hydroxyanisole (BHA)
ß- Butyrolactone
Carbon-black extracts
Carbon tetrachloride
Carpentry and joinery
Carrageenan, degraded
Chloramphenicol
Chlordecone (Kepone)

a-Chlorinated toluenes

Chloroform
Chlorophenols
Chlorophenoxy herbicides
4-Chloro-ortho-phenylenediamine
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para-ChIo ro-o r tho-toI uidine
Citrus Red No. 2
para-Cresidine
Cycasin
Dacarbazine
Daunomycin
DDT
N,N'-Diacetylbenzidine
2,4-Diaminoanisole
4,4'-Diaminodiphenyl ether
2,4-Diaminotoluene
Di benz( a,h )acridine

Dibenz( aJlacridine

7 H-Dibenzo( c,g)carbazole
Dibenzo( a,e )pyrene
Di benzo( a,h )pyrene
Dibenzo( a,ilpyrene
Dibenzo( a,lJpyrene
1,2-Dibromo-3-chloropropane
para- Dichloro benzene
3,3' -Dichlorobenzidine
3,3' -Dichloro-4,4' -diaminodiphenyl ether
1,2- Dichloroethane
Dichloromethane
1,3- Dichloropropene (technical-grade)
Diepoxybutane
Di(2-ethylhexyl) phthalate
1,2-Diethylhydrazine
Diglycidyl resorcinol ether
Dihydrosafrole
3,3' -Dimethoxybenzidine (ortho-Dianisidine)
para-Dimethylaminoazo benzene

trans-2-( (Dimethylamino )methylimino )-5-(2-( 5-nitro- 2-furyl)vinyl)- 1 ,3,4-oxadiazole
3,3'-Dimethylbenzidine (ortho-Tolidine)
1,1 -Dimethylhydrazine
1,2-Dimethylhydrazine
1,4-Dioxane
Ethyl acrylate
Ethylene thiourea

Ethyl methanesulphonate
2-(2- F ormylhydrazino )-4-( 5-nitro-2-furyl)thiazole
Glu-P- 1 (2-Amino-6-methyldipyrido( 1 ,2-a:3',2' -d)imidazole)
Glu-P-2 (2-Aminodipyrido( 1 ,2-a:3',2' -d)imidazole)
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Glycidaldehyde
Griseofulvin
Hexachlorobenzene
Hexachlorocyc1o hexanes
Hexamethylphosphoramide
Hydrazine
Indeno( 1 ,2,3-cdJpyrene
IQ (2-Amino-3-methylimidazo( 4,5:fquinoline)

lron-dextran complex
Lasiocarpine
Lead and lead compounds, inorganic
MeA-a-C (2-Amino-3-methyl-9 H-pyrido(2,3-b )indole)
Medroxyprogesterone acetate
Merphalan
2-Methylaziridine
Methylazoxymethanol and its acetate
5- Methylchrysene
4,4'- Methylene bis(2-methylaniline)
4,4'- Methylenedianiline
Methyl methanesulphonate
2-Methyl- 1 -nitroanthraquinone (uncertain purity)

N- Methyl- N-nitrosourethane
Methylthiouracil
Metronidazole
Mirex
Mitomycin C
Monocrotaline
5-(M orp holinomethy l)- 3-( (5- nitrofurfurylidene )amin 0)- 2-oxazo lidinone
Nafenopin
Niridazole
5-Nitroacenaphthene
Nitrofen (technical-grade)
1 -( (5- N itrofurfurylidene )amin 0 )- 2-imidazolidino ne
N-( 4-(5- N itro- 2-furyl)- 2-thiazolyl)acetamide
Nitrogen mustard N-oxide
2-Nitropropane
N- Nitrosodi-n- but Y lamine
N-Nitrosodiethanolamine
N- Nitrosodi-n- propy lamine
3-( N-Nitrosomethylamino )propio nitrile
4-(N-Nitrosomethylamino)- 1 -(3-pyridyl)- 1 -butanone (NNK)
N-Nitrosomethylethylamine
N-Nitrosomethylvinylamine

kajo
Pencil



46 lARe MONOGRAPHS SUPPLEMENT 7

N-Nitrosomorpholine
N' -Nitrosonornicotine
N-N itrosopiperidine
N-Nitrosopyrrolidine
N- N itrososarcosine

Oil Orange SS
Panfuran S (containing dihydroxymethylfuratrizine)
Phenazopyridine hydrochloride
Phenobarbital
Phenoxybenzamine hydrochloride
Phenytoin
Polybrominated biphenyls
Ponceau MX
Ponceau 3R
Potassium bromate
Progestins
1,3-Propane sultone
ß- Propiolactone
Propylthiouracil
Saccharin
Safrole
Sodium ortho-phenylphenate
Sterigmatocystin
Streptozotocin
Styrene
Sulfallate
2,3,7,8- Tetrachlorodibenzo-para-dioxin (TCD D)
Tetrachloroethylene
Thioacetamide
4,4'- Thiodianiline
Thiourea
T oluene diisocyanates
ortho- T oluidine
Toxaphene (Polychlorinated camphenes)
Trp- P- 1 (3-Amino- 1 ,4-dimethyl-5H-pyrido( 4,3-b )indole)

Trp-P-2 (3-Amino- 1 -methyl-5H-pyrido( 4,3-b )indole)
Trypan blue
Uracil mustard
Urethane
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Group 3. The W orking Group conc1uded that the following agents are not c1assifiable as to
their carcinogenicity to humans:

Acridine orange
AcrifIavinium chloride
Acrolein
Acrylic acid

Acrylic fibres
Acry lo ni trile- bu tadiene-s tyrene co po 1 ymers
Actinomycin D
Agaritine
Aldrin
Allyl chloride
Allyl isothiocyanate
Allyl isovalerate
Amaranth
5- Aminoacenap hthene
2-Aminoanthraq uinone
para-Aminobenzoic acid
1 -Amino-2-methylanthraq uinone
4- Amino- 2-nitrop henol
2- Amino- 5- nitrothiazo le
1 i -Aminoundecanoic acid
Anaesthetics, volatile
Angelicin plus ultraviolet A radiation
Aniline
para- Anisidine
Anthanthrene
Anthracene
Anthranilic acid

Apholate
Attapulgite
Aurothioglucose
5- Azacytidine
Aziridine
2-( 1 -Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene
Benz( a )acridine

Benz( c )acridine

Benzo(g hilfIuoranthene

Benzo( a )fIuorene

Benzo( b )fIuorene

Benzo( c )fIuorene
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Benzo(ghilperylene
Benzo( c )phenanthrene
Benzo( e )pyrene
para-Benzoquinone dioxime

Benzoyl chIo ride
Benzoyl peroxide
Benzyl acetate
Betel quid without tobacco
Bis( 1 -aziridinyl)morpholinophosphine sulphide
Bis(2-chloroethyl)ether
1,2- Bis( chloromethoxy)ethane
1,4- Bis( chloromethoxymethyl) benzene
Bis(2-chloro- 1 -methylethyl)ether
Bitumens
Blue VRS
Brillant Blue FCF
n-Butyl acrylate
Butylated hydroxytoluene (BHT)
But yI benzyl phthalate
y- Butyrolactone
Cantharidin
Captan
Carbaryl
Carbazole
3-Carbethoxypsoralen
Carbon blacks
Carmoisine
Carrageenan, native
Catechol
Chlordanej Heptachlor
Chlordimef orm
Chlorinated dibenzodioxins (other than TCDD)
ChI oro benzilate
Chlorodifluoromethane
Chlorofluoromethane
4-Chl oro-me t a-p hen y lenediamine
Chloroprene
Chloropropham
ChI oro quine
Chlorothalonil
2-Chloro- 1,1,1 -trifluoroethane

Cholesterol
Chromium compounds, trivalent
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Chromium metal
Chrysene
Chrysoidine
CI Disperse Yellow 3

Cinnamyl anthranilate
Citrinin
Clofibrate
Clomiphene citrate
Copper 8-hydroxyquinoline
Coronene
Cou marin
meta-Cresidine
Cyclamates
Cyc1ochlorotine
Cyclopenta( cd)pyrene
D & C Red No. 9
Dapsone
Diacety laminoazoto lue ne
Diallate
1,2- Diamino-4-nitrobenzene
1 ,4- Diamino- 2- ni tro benzene
2,5- Diaminotoluene
Diazepam
Diazomethane
Dibenz( a,c Janthracene
Dibenz( aJ)anthracene
Dibenzo( a,e Jfluoranthene
Dibenzo( h,rstJpentap hene
Dichloroacetylene
ortho-Dichlorobenzene
trans- 1 ,4-Dichlorobutene
2,6- Dichloro-para-p hen ylenediamine
1,2- Dichloropropane
Dichlorvos
Dicofol
Dieldrin
Di(2-ethy lhexyl)adi pate
Dihydroxymethylfuratrizine
Dimethoxane
3,3'- Dimethoxybenzidine-4,4' -diisocyanate
para-Dimethylaminoazobenzenediazo sodium sulphonate
4,4'-Dimethylangelicin plus ultraviolet Â radiation

4,5'-Dimethylangelicin plus ultraviolet A radiation



50 lARC MONOGRAPHS SUPPLEMENT 7

1,4- Dimethylp henanthrene
1,8-Dinitropyrene
Dinitros 0 pentamethy lenetetramine
2,4'-Diphenyldiamine
Disulfiram
Dithranol
Dulcin
Endrin
Eosin
1 - Epoxyethyl-3,4-epoxycyclohexane
3,4- Epox y-6- meth y lcycl 0 hexy Imethy 1- 3, 4-epoxy-6-met h ylcyclo hexane car bo xy late
cis-9, lO-Epoxystearic acid
Ethionamide
Ethylene
Ethylene sulphide

Ethyl selenac

Ethyl tellurac
Eugenol
Evans blue
Fast Green FCF
Ferbam
Ferric oxide
Fluometuron
Fluoranthene
Fluorene
Fluorides (inorganic, used in drinking-water)
5-Fluorouracil
Furazolidone
Fusarenon-X
Glycidyl oleate
Glycidyl stearate
Guinea Green B
Gyromitrin
Haematite
Hexachloro butadiene

Hexachloroethane
Hexachlorophene
Hycanthone mesylate
Hydralazine
Hydrogen peroxide
Hydroquinone
4- H ydroxyazobenzene
8- H ydroxyquinoline
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H ydroxysenkir kine

lron-dextrin complex
Iron sorbitol-citric acid complex
Isatidine
Isonicotinic acid hydrazide (Isoniazid)
Isophosphamide
Isopropyl a1cohol

Isopropyl oils
Isosafrole
Jacobine
Kaempferol
Lauroyl peroxide

Lead compounds, organolead
Leather goods manufacture
Leather tanning and processing

Light Green SF
Lumber and sawmill industries (including logging)
Luteoskyrin
Magenta
Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Mannomustine
Medphalan
MelQ (2-Amino-3,4-dimethylimidazo( 4,5:fquinoline)
MelQx (2-Amino-3,8-dimethylimidazo( 4,5:fquinoxaline)
Melamine
6-Mercaptopurine
Methotrexate
Methoxychlor
Methyl acrylate
5-Methylangelicin plus ultraviolet A radiation
Methyl bromide
Methyl carbamate
Methyl chloride
1 - Methylchrysene
2-Methylchrysene
3- Methy1chrysene
4-Methylchrysene
6- Methylchrysene
N- Methyl-N,4-dinitrosoanilne
4,4'- Methylenebis( N,N-dimethyl)benzenamine
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4,4' -Methylenediphenyl diisocyanate
2-Methylfluoranthene
3-Methylfluoranthene
Methyl iodide
Methyl methacrylate
Methyl parathion

1 - Methylphenanthrene
7 - Methylpyrido(3,4-c )psoralen
Methyl red
Methyl selenac
Mineral oils, highly-refined
Modacrylic fibres
Monuron
1 ,5-N aphthalenediamine
1,5-Naphthalene diisocyanate
I-Naphthylamine
I-Naphthylthiourea (ANTU)
Nithiazide
5-Nitro-ortho-anisidine
9- N itroanthracene
6-Nitrobenzo(a)pyrene
4-Nitrobiphenyl
6-Nitrochrysene
3-Nitrofluoranthene
5-Nitro-2-furaldehyde semicarbazone
I-Nitropyrene
N' -Nitrosoanabasine
N' -Nitrosoanatabine
N-Nitrosodiphenylamine
para- N itrosodi phen ylamine
N-Nitrosofolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N-Nitrosohydroxyproline
3-( N-N itrosomethylamino )propionaldehyde
4-(N-Nitrosomethylamino )-4-(3-pyridyl)- 1 -butanal (NN A)
N-Nitrosoproline
Nitrovin
Nylon 6

Ochratoxin A
Oestradiol mustard
Oestrogen-progestin replacement therapy
Orange 1
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Orange G
Oxazepam
Oxyphenbutazone
Parasorbic acid
Parathion
Patulin
Penicilic acid

Pentachloroethane
Perylene
Petasitenine
Phenanthrene
Phenelzine sulphate

Phenicarbazide
Phenylbutazone
meta- Phenylenediamine
para- Phenylenediamine
N- Phenyl- 2-naphthylamine
ortho-Phenylphenol
Piperonyl butoxide
Polyacrylic acid

Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polypropylene
Polystyrene
Pol ytetrafluo roethylene
Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol
Polyvinyl chIo ride
Polyvinyl pyrrolidone
Ponceau SX
P otassi um bis(2- hydroxyeth yl)dithiocar bamate
Prednisone
Proflavine salts
Pronetalol hydrochloride
Propham
n-Propyl carbamate
Propyle ne
Ptaquiloside
Pulp and paper manufacture
Pyrene
Pyrido(3,4-c )psoralen
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Pyrimethamine
Quercetin
para-Quinone
Quintozene (Pentachloronitrobenzene)
Reserpine
Resorcinol
Retrorsine
Rhodamine B

Rhodamine 6G
Riddelliine
Rifam picin
Rugulosin
Saccharated iron oxide
Scarlet Red
Selenium and selenium compounds
Semicarbazide hydrochloride
Seneciphyllne
Senkirkine
Sepiolite
Shikimic acid
Silica, amorphous
Sodium diethyldithiocarbamate
Spironolactone
Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers
Succinic anhydride
S udan 1
S udan II
Sudan III
Sudan Brown RR
Sudan Red 7B

Sulfafurazole (Sulphisoxasole)
Sulfamethoxazole
Sunset Yellow FCF
Symphytine
Talc not containing asbestiform fibres
Tannic acid and tannins
Terpene polychlorinates (Strobane~)
2,2',5,5'- Tetrachlorobenzidine
1,1,1,2- T etrachloroethane
1,1,2,2- T etrachloroethane
Tetrachlorvinphos
Tetrafluoroethylene

kajo
Pencil

kajo
Pencil

kajo
Pencil



RESUL TS AND CONCLUSIONS 55

Thiouracil
Thiram
Trichlorfon
1,1,1 - Trichloroethane
1,1,2- Trichloroethane
Trichloroethylene
Trichlorotriethylamine hydrochloride
T 2- T richothecene
Triethylene glycol diglycidyl ether
4,4',6- Trimethylangelicin plus ultraviolet A radiation
2,4,5- Trimethylaniline
2,4,6- Trimethylaniline
4,5' ,8- Trimethylpsoralen
Triphenylene
Tris( aziridinyl)-para-benzoquinone (Triaziquone)
Tris( 1 -aziridinyl)phosphine oxide
2,4,6- Tris( 1 -aziridinyl)-s-triazine
1,2,3- Tris( chloromethoxy)propane
Tris(2-methyl- 1 -aziridinyl)phosphine oxide
Vinblastine sulphate
Vincristine sulphate
Vinyl acetate
Vinyl chloride-vinyl acetate copolymers
4- Vinylcyclohexene
Vinyl fIuoride
Vinylidene chloride
Vinylidene chloride-vinyl chloride copolymers
Vinylidene fIuoride
N- Vinyl-2-pyrrolidone

W ollastonite
2,4-Xylidine
2,5-Xylidine
Yellow AB
Yellow OB
Zearalenone
Zectran
Zineb
Ziram

Group 4. The Working Group conc1uded that the following agent is probably not carci-
nogenic to humans:

Caprolactam
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Table 1. Degrees of evidence for carcinogenicity in humans and in experimental animaIs,
and overall evaluations of carcinogenicity to humans for agents evaluated in lARe
M onographs volumes i -42

Agent Degree of evidence Overall
for carcinogenicitya evaluationa

Human Animal

ND S 2B

1 S 2B

ND S 2B

ND 1 3

ND 1 3

1 1 3

ND S 2B

ND ND 3

ND ND 3

L S 2A
ND ND 3"

1 L 3

1 S 2A
ND S 2B

S S 1

ND 1 3

1 L 3

ND 1 3

ND L 3

ND L 3

S 1

ND 1 3

ND 1 3

ND L 3

ND S 2B

ND S 2B
ND 1 3

A-a:-C (2-Amino-9 H-pyrido(2,3-b )indole)b (40, 1986)
Acetaldehyde
AcetamideC
Acridine oranged (16, 1978)

Acriflavinium chlorided (13, 1977)

Acrolein
Acrylamideb (39, 1986)
Acrylic acidd (19, 1979)

Acrylic fibresd (19, 1979)

Acrylonitrile
Acrylonitrile-butadiene-styrene copolymersd (19, 1979)
Actinomycin D
Adriamycine
AF-2 (2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide)b (31, 1983)
Aflatoxins
Agaritineb (31, 1983)

Aldrin
Allyl chlorideb (36, 1985)

Allyl isothiocyanateb (36, 1985)

Allyl isovalerateb (36, 1985)

Aluminium production
Amaranthd (8, 1975)
5-Aminoacenaphthened (16, 1978)

2-Aminoanthraauinoné (27, 1982)
para-Aminoazobenzenec
ortho-Aminoazotolueneb (8, 1975)
para-Aminobenzoic acidd (16, 1978)

aND, no adequate data; ESL, evidence suggesting lack of carcinogenicity; l, inadequate evidence; L, limited evidence; S, suffcient

evidence. For definitions of terms and ove rail evaluations, see Preamble, pp. 30-32.
bOverall evaluation based only on evidence of carcinogenicity in monograph (volume, yearJ (see Methods, p. 39) or in

Supplement 4

CDegree of evidence in animaIs revised on the basis of data that appeared after the most recent monograph and/ or on the basis of

present criteria (see Methods, pp. 39-40)
dDegree of evidence not previously categorized; evaluation made according to present criteria on the basis of data in monograph

(volume, yearJ (see Methods, p. 39)
eOther relevant data, as given in the summaries here or in monograph (volume, year J, influenced the making of the overall evaluation

(see Methods, pp. 38-39)
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Table 1. (contd)

57

Agent Degree of evidence
for carcinogenicityO

Human Animal

Ove raIl
evaluationa

4-Aminobiphenyl
1 -Amino-2-methylanthraquinoneb (27, 1982)
2-Amino-5-(5-nitro-2-furyl)-1 ,3,4-thiadiazoleb (7, 1974)

4-Amino-2-nitrophenoid (16, 1978)
2-Amino-5-nitrothiazoleb l l, 1983)

IL -Aminoundecanoic acid (39, 1986)
Amitrole
Anaesthetics, volatile

Cyclopropane
Diethyl ether
Divinyl ether
Enflurane
Fluroxene
Halothane
Isoflurane
Methoxyfurane
Nitrous oxide

Androgenic (anabolic) steroids
Oxymetho1one
Testosterone

Angelicinsb (40, 1986)

Angelicin plus ultraviolet A radiation
5-Methylangelicin plus ultraviolet A radiation
4,4'-Dimethylangelicin plus ultraviolet A radiation
4,5'-Dimethylangelicin plus ultraviolet A radiation
4,4',6-Trimethylangelicin plus ultraviolet A radiation

Aniline
ortho-Anisidineb (27, 1982)

para-Anisidineb (27, 1982)

Anthanthreneb (32, 1982)
Anthracené
Anthranilic acidd (16, 1978)

Apholated (9, 1975)
AramiteiBb (5, 1974)
Arsenic and arsenic compounds
Asbestos
Attapulgite
Auramine (technical-grade)

Manufacture of auramine
Aurothioglucosed (13, 1977)
5-Azacytidineb (26, 1981)

Azaserineb (JO, 1976)

S
ND
ND
ND
ND
ND
1

1

L

ND
ND
ND
ND
ND
1

ND
ND
ND
ND
ND
ND
ND
S
S
1

1

S
ND
ND
ND

S

L

S

1

L
L
S

ND
ND
ND
1

ND
1

1

1

1

ND
S

L
L
ND
L
ND
L
S

1

L
1

1

1

S
L
S

L
S

L
L
S

1

3

2B

3

3

3

2B

3

2A

3

3

3

3

3

3

2B

3

3

3

3

3

2B
1 *

1

3

2B
1

3

3

2B

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicitya evaluationa

Human Animal

Azathioprine S L 1

Aziridined (9, 1975) ND L 3
2-(I-Aziridinyl)ethanoid (9, 1975) ND L 3
Aziridyl benzoquinoned (9, 1975) ND L 3
Azobenzened (8, 1975) ND L 3

Benz(a)acridineb (32, 1983) ND 1 3
Benz(c)acridiné (32, 1983) ND L 3
Benz(a)anthraceneb.e (32, 1983) ND S 2A
Benzene S S 1

Benzidine S S 1

Benzidine-based dyese
1 2A

Direct Black 38 (technical-grade) S
Direct Blue 6 (technical-grade) S
Direct Brown 95 (technical-grade) S

Benzo(b)fluorantheneb (32, 1983) ND S 2B
Benzoúlfluoranthené (32, 1983) ND S 2B
Benzo(k)fluorantheneb (32, 1983) ND S 2B
Benzo(ghilfluorantheneb (32, 1983) ND 1 3
Benzo(a)fluorené (32, 1983) ND 1 3
Benzo(b)fluorené (32, 1983) ND 1 3
Benzo(c)fluorené (32, 1983) ND 1 3
Benzo(ghilperylené (32, 1983) ND 1 3
Benzo(c)phenanthrené (32, 1983) ND 1 3
Benzo(a)pyreneb,e (32, 1983) ND S 2A
Benzo(e)pyreneb (32, 1983) ND 1 3
para-Benzoquinone dioximé (29, 1982) ND L 3
Benzoyl chloride

1 1 3
Benzoyl peroxideb (36, 1985)

1 1 3
Benzyl acetaté (40, 1986) ND L 3
Benzyl violet 4Bb (16, 1978) ND S 2B
Beryllium and beryllum compounds L S 2A
Betel quid

With tobacco S L 1

Without tobacco
1 L 3

Bis(l-aziridinyl)morpholinophosphine sulphided (9, 1975) ND L 3
Bis(2-chloroethyl)etherd (9, 1975) ND L 3
N,N- Bis(2-chloroeth y l)-2-na phthy lamine (ChI ornap hazine) S L 1

1,2-Bis(chloromethoxy)ethaned (15, 1977) ND L 3
1 ,4-Bis( chloromethoxymethyl) benzened (15, 1977) ND L 3
Bis(chloromethyl)ether and chloromethyl methyl ether S S 1

(technical-grade)
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Table 1. (contd)

Agent Degree of evidence Ove rail 

for carcinogenicitl1 evaluationa

Human Animal

Bis(2-chloro- 1 -methylethyI)etherb (41, 1986) ND L 3

Bitumens 1 3
Steam-refined and cracking-residue bitumens L
Air-refined bitumens 1

Extracts of steam-refined and air-refined bitumens S 2B
Bleomycinse 1 L 2B
Blue VRSd (16, 1978) ND L 3

Bracken fern 1 S 2B
Brilliant Blue FCFd (16, 1978) ND L 3

1,3-Butadiene 1 S 2B
1,4-Butanediol dimethanesulphonate (Myleran) S L 1

n-Butyl acrylaté (39, 1986) ND 1 3

Butylated hydroxyanisole (BHA)b (40, 1986) ND S 2B
Butylated hydroxytoluene (BHT)b (40, 1986) ND L 3

But yI benzyl phthalateb (29, 1982) ND 1 3

ß-Butyrolactoneb (11, 1976) ND S 2B
y-Butyrolactoneb. c (11, 1976) ND 1 3

Cadmium and cadmium compounds L S 2A
Cantharidind (10, 1976) ND L 3

CaprolactamC ND ESL 4
Captanb (30, 1983) ND L 3

Carbaryid (12, 1976) ND 1 3

Carbazoleb (32, 1983) ND L 3

3-Carbethoxypsoralenb. C (40, 1986) ND 1 3

Carbon blacks 1 1 3
Carbon-black extracts S 2B

Carbon tetrachloride 1 S 2B
Carmoisined (8, 1975) ND 1 3

Carrageenan
Nativeb.c l31, 1983) ND 1 3
Degraded (31, 1983) ND S 2B

Catechoid (15, 1977) ND 1 3

Chlorambucil S S 1

Chloramphenicol L 1 2B
Chlordane/ Heptachlor 1 L 3

Chlordecone (Kepone)b (20, 1979) ND S 2B
Chlordimeformb (30, 1983) ND 1 3

Chlorinated dibenzodioxins (other than TCDD)d (15, 1977) ND 1 3
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Table 1. (contd) 

Agent Degree of evidence OveraH 
for carcinogenicitf evaluationa 

Human Animal 

01-Chlorinated toluenes 
Benzyl chloride 
Benzal chloride 
Benzotrichloride 

chlorobenzilateb [30, 19833 
Chlosodifluoromethane 
Chloroethyl nitrosoureas 

Bischloroethyl nitrosourea (BCNU) 
l-(2-Chloroethyl)-3-cyc1ohexyl-~ -nitrosoure (CCNIJIe 
142-Chloroethy1)-3-(4-methylcyclohexy1)- I-nitrosourea 

(Methyl-CCNU) 
~hlorofluoromet haneb 141, 19861 
Chloroform 
Chlorophenols 

Pentachlorophenol 
2,4,5-Trichlorophend 
2,4,&TrichlorophenoI 

Chlorophenoxy herbicides 
234-D 
2,4,5-T 
MCPA 

4-~hloro-orrho-~hen~lenediamine~ [27, 19821 
d~hloro-meta-phenylenediamineb f27, 19821 
Chloroprene 
chloroprophamd [IZ, 19761 
chloroquined fbl3, 19771 
Chlorothalonil 130, 19831 
poro-~hloro-onho-toluidineb 630, 19831 
2-Chloro-l,l , 1-trifluoroethane [ d l ,  19863 
Cholesterol 
Chromium and chromium campounds 

Chromium metal 
Trivalent chromium compounds 
Hexavalent chromium compounds 

chryseneb 132, 19831 
Chrysoidine 
CI Disperse Yelbw 3d 8, 19751 

Cisplatine 

b Cinnamyl anthranilate 131, 19833 

citrininb [40, 19861 
Citrus Red No. 2b 18, 19751 

*This evaluation applits to the group of chemicals as a whole and not n d l y  to all individual chemicals within the group (see 
also Methods, p. 38). 
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Table i. (contd)

Agent Degree of evidence Overall
for carcinogenicity' evaluationa

H uman Animal

Clofibrate 1 L 3
Clomiphene citrate 1 1 3
Coal gasification S 1

Coal-tar pitches S S 1

Coal-tars S S 1

Coke production S 1

Copper 8-hydroxyquinolined (15, 1977) ND 1 3
Coronené (32, 1983) ND 1 3
Coumarind (10, 1976) ND L 3
Creosotes L S 2A
meta-Cresidineb (27, 1982) ND 1 3
para-Cresidineb (27, 1982) ND S 2B
Cycasinb (10, 1976) (see a/so Methylazoxymethanol and its acetate) ND S 2B
Cyclamates 1 L 3
Cyclochlorotined (10, 1976) ND 1 3
Cyclopenta(cdjpyrené (32, 1983) ND L 3
Cyclophosphamide S S 1

Dacarbazine 1 S 2B
D & C Red No. 9d (8, 1975) ND 1 3
Dapsone 1 L 3
Daunomycinb (10, 1976) ND S 2B
DDT 1 S 2B
Diacetylaminoazotoluened (8, 1975) ND 1 3

N,N'-Diacetylbenzidineb (16, 1978) ND S 2B
Diallateb (30, 1983) ND L 3

2,4-Diaminoanisoleb (27, 1982) ND S 2B
4,4'-Diaminodiphenyl etherb (29, 1982) ND S 2B
1,2-Diamino-4-nitrobenzened (16, 1978) ND 1 3
1,4-Diamino-2-nitrobenzened (16, 1978) ND 1 3
2,4-Diaminotolueneb (16, 1978) ND S 2B
2,5-Diaminotoluened (16, 1978) ND 1 3
Diazepam 1 1 3

Diazomethaned (7, 1974) ND L 3
Dibenz(a,h)acridineb (32, 1983) ND S 2B
Dibenz(a,Jlacridiné (32, 1983) ND S 2B
Dibenz(a,c)anthraceneb (32, 1983) ND L 3

Dibenz(a,h)anthraceneb,e (32, 1983) ND S 2A
Dibenz(a,;lanthracené (32, 1983) ND L 3
7 H-Dibenzo(c,g)carbazoleb (32, 1983) ND S 2B
Dibenzo(a,e)fIuoranthené (32, 1983) ND L 3
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Table 1. (contd)

Agent

Dibenzo(h,rst)pentaphened (3, 1973)

Dibenzo(a,e)pyrené (32, 1983)
Dibenzo(a,h)pyreneb (32, 1983)

Dibenzo(a,ilpyrené (32, 1983)
Dibenzo(a,/)pyrené (32, 1983)
1,2- Di bro mo- 3-chloro pro pane

Dichloroacetyleneb (39, 1986)

ortho- Dichloro benzene
para- Dichloro benzene
3,3'- Dichloro benzidine

trans-I,4-Dichlorobutened (15, 1977)

3,3'-Dichloro-4,4'-diaminodiphenyl etherb (16, 1978)

1,2-Dichloroethané (20, 1979)
Dichloromethane
2,6-Dichloro-para-phenylenediamineb (39, 1986)
1,2-Dichloropropané (41, 1986)
1,3- Dichloropropene (technical-grade)
Dichlorvosb (20, 1979)

Dicofoib (30, 1983)

Dieldrin
Diepoxybutané (11, 1976)
Di(2-ethylhexyl)adipateb (29, 1982)

Di(2-ethylhexyl)phthalaté (29, 1982)

1,2-Diethylhydraziné (4, 1974)
Diethyl sulphate
Diglycidyl resorcinol etherb (36, 1985)

Dihydrosafroleb (10, 1976)

Dihydroxymethylfuratriziné (24, 1980) (see a/so Panfuran S)
Dimethoxaned (15, 1977)
3,3' -Dimethoxybenzidine (ortho-Dianisidine)
3,3'- Dimethoxybenzidine-4,4' -diisocyanateb (39, 1986)

para-Dimethylaminoazobenzeneb (8, 1975)

para-Dimethylaminoazobenzenediazo sodium sulphonated (8, 1975)
trans- 2-( (Dimethylamino )methylimino )- 5-(2-( 5-nitro- 2- furyl)viny 1)-

1,3,4-oxadiazoié (7, 1974)

3,3'-Dimethylbenzidine (ortho-Tolidine)b (1, 1972)

Dimethylcarbamoyl chloridé

1,I-Dimethylhydrazineb (4, 1974)
1,2-Dimethylhydrazineb (4, 1974)
1,4-Dimethylphenanthreneb (32, 1983)

Degree of evidence OveraIl
for carcinogenicitya evaluationa

Human Animal

ND L 3

ND S 2B
ND S 2B
ND S 2B
ND S 2B
1 S 2B
ND L 3

1 1 3

1 S 2B
1 S 2B
ND 1 3

ND S 2B
ND S 2B
1 S 2B
ND L 3

ND L 3

1 S 2B
ND 1 3

ND L 3

1 L 3

ND S 2B
ND L 3

ND S 2B
ND S 2B
L S 2A
ND S 2B
ND S 2B
ND 1 3

ND L 3

1 S 2B
ND L 3

ND S 2B
ND 1 3

ND S 2B

ND S 2B
1 S 2A
ND S 2B
ND S 2B
ND 1 3

kajo
Pencil

kajo
Pencil
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicityO evaluationa

Human Animal

Dimethyl sulphatee 1 S 2A

1,8-Dinitropyrené (33, 1984) ND 1 3

Dinitrosopentamethylenetetramined (11, 1976) ND 1 3

1,4-Dioxane 1 S 2B

2,4'- Diphenyldiamined (16, 1978) ND 1 3

Disulfiramd (12, 1976) ND 1 3

Dithranoid (13, 1977) ND 1 3

Dulcind (12, 1976) ND 1 3

Endrind (5, 1974) ND 1 3

Eosind (15, 1977) ND 1 3

Epichlorohydrine 1 S 2A

1 -Epoxyethyl-3,4-epoxycyclohexaned (11, 1976) ND L 3

3,4- E po xy-6-met h ylcycl 0 hex y 1 meth yl- 3, 4-epo x y-6-methylcycl 0 hexa ne ND L 3

carboxylated (11, 1976)

cis-9,IO-Epoxystearic acidd (11, 1976) ND 1 3

Erionite S S 1

Ethionamided (13, 1977) ND L 3

Ethyl acrylateb (39, 1986) ND S 2B

Ethylened (19, 1979) ND ND 3

Ethylene dibromidee 1 S 2A

Ethylene oxide L S 2A

Ethylene sulphided (11, 1976) ND L 3

Ethylene thiourea 1 S 2B

Ethyl methanesulphonateb (7, 1974) ND S 2B

N-Ethyl-N-nitrosoureab,e (17, 1978) ND S 2A

Ethyl selenacd (12, 1976) ND 1 3

Ethyl telluracd (12, 1976) ND 1 3

Eugenoib (36, 1985) ND L 3

Evans blued (8, 1975) ND L 3

Fast Green FCFd (16, 1978) ND L 3

Ferbamd (12, 1976) ND 1 3

Fluometuronb (30, 1983) ND 1 3

Fluorantheneb,c (32, 1983) ND 1 3

Fluoreneb (32, 1983) ND 1 3

Fluorides (inorganic, used in drinking-water) 1 1 3

5-Fluorouracil 1 1 3

Formaldehyde L S 2A

2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazoleb (7, 1974) ND S 2B

Furazolidoné (31, 1983) ND 1 3
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Table 1. (contd)

Agent

Fusarenon-Xb (31, 1983)

Glu-P-I (2-Amino-6-methyldipyrido( 1,2-0:3',2' -d)imidazole)b

(40, 1986)

Glu-P-2 (2-Aminodipyrido( 1 ,2-0:3',2' -d)imidazole)b (40, 1986)
Glyeidaldehydeb (11, 1976)
Glyeidyl oleated (11, 1976)

Glyeidyl stearated (11, 1976)

Griseofulvinc
Guinea Green Bd (16, 1978)

Gyromitrinc

Haematite and ferrie oxide
Ferrie oxide
Haematite
Underground haematite mining with exposure to radon

Hexaehloro benzene
Hexaehlorobutadieneb (20, 1979)

Hexaehloroeyclohexanes (HCH)
Teehnical-grade HCH
a-HCH
ß-HCH
y-HCH (Lindane)

Hexaehloroethaneb (20, 1979)

Hexachlorophenè (20, 1979)
Hexamethylphosphoramideb (15, 1977)

Hyeanthone mesylated (13, 1977)

Hydralazine
Hydrazine
Hydrogen peroxideb (36, 1985)
Hydroquinoned (15, 1977)
4-Hydroxyazobenzened (8, 1975)

8-Hydroxyquinolined (13, 1977)
Hydroxysenkirkined (IO, 1976)

Indeno(I,2,3-cd)pyreneb (32, 1983)

IQ (2-Amino-3-methylimidazo(4,5-jquinoline)b (40, 1986)
Iron and steel founding
Iron-dextran complex
Iron-dextrin complexd (2, 1973)

Iron sorbitol-citrie acid complexd (2, 1973)

Degree of evidenee Ove raIl 

for earcinogenicityO evaluationo

H uman Animal

ND 1 3

ND S 2B

ND S 2B

ND S 2B

ND 1 3

ND 1 3

ND S 2B

ND L 3

ND L 3

1 ESL 3

1 1 3

S 1

1 S 2B

ND L 3

1 2B
S
S
L
L

ND L 3

ND 1 3

ND S 2B

ND 1 3

1 L 3

1 S 2B

ND L 3

ND 1 3

ND 1 3

ND 1 3

ND 1 3

ND S 2B

ND S 2B

S 1

1 S 2B

ND L 3

ND 1 3

kajo
Pencil

kajo
Pencil

kajo
Pencil
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicitfI evaluationa

Human Animal

Methoxychlorb,c (20, 1979) ND 1 3

5-Methoxypsoralene 1 S 2A

8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation S S 1

Methyl acrylatè (39, 1986) ND 1 3

2-Methylaziridineb (9, 1975) ND S 2B

Methylazoxymethanol and its acetateb (JO, 1976) ND S 2B

Methyl bromide 1 L 3

Methyl carbamated (12, 1976) ND 1 3

Methyl chloride 1 1 3

I-Methylchryseneb (32, 1983) ND 1 3

2-Methylchrysenè (32, 1983) ND L 3

3-Methylchrysenè (32, 1983) ND L 3

4-Methylchrysenè (32, 1983) ND L 3

5-Methylchryseneb (32, 1983) ND S 2B

6-Methylchrysenè (32, 1983) ND L 3

N-Methyl- N,4-dinitrosoanilined (1, 1972) ND L 3

4,4'-Methylene bis(2-chloroaniline) (MOCA)e 1 S 2A

4,4' -Methylenebis(N. N-dimethyl)benzenaminè (27, 1982) ND L 3

4,4'-Methylene bis(2-methylaniline) 1 S 2B

4,4'-Methylenedianilineb (39, 1986) ND S 2B

4,4'-Methylenediphenyl diisocyanated (19, 1979) ND ND 3

2-Methylf1uoranthenè (32, 1983) ND L 3

3-Methylf1uorantheneb (32, 1983) ND 1 3

Methyl iodideb (41, 1986) ND L 3

Methyl methacrylated (19, 1979) ND 1 3

Methyl methanesulphonateb (7, 1974) ND S 2B

2-Methyl-I-nitroanthraquinone (uncertain purity)b (27, 1982) ND S 2B

N-Methyl- N -nitro- N-nitrosoguanidine (MNNG)e 1 S 2A

N-Methyl-N-nitrosoureab,e (17, 1978) ND S 2A

N-Methyl-N-nitrosourethaneb (4, 1974) ND S 2B

Methyl parathionc ND ESL 3

I-Methylphenanthreneb (32,1983) ND 1 3

Methyl redd (8, 1975) ND 1 3

Methyl selenacd (12, 1976) ND 1 3

Methylthiouraciib (7, 1974) ND S 2B

Metronidazole 1 S 2B

Mineral oils
Untreated and mildly-treated oils S S 1

Highly-refined oils 1 1 3

Mireè (20, 1979) ND S 2B

kajo
Pencil

kajo
Pencil
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Table 1. (contd)

67

Agent Degree of evidence
for carcinogenicitýZ

Human Animal

Mitomycin Cb (10, 1976)
Modacrylic fibresd (19, 1979)
Monocrotaliné (10, 1976)
Monurond (12, 1976)
MOPPI and other combined chemotherapy including

alkylating agents
5-(Morpholinomethyl)- 3-( (5-nitrofurfurylidene )amino )-2-

oxazolidinoné (7, 1974)
Mustard gas (Sulphur mustard)

Nafenopinb (24, 1980)
1,5-Naphthalenediamineb (27, 1982)
1,5-Naphthalene diisocyanated (19, 1979)

1 -Naphthylamine
2-Naphthylamine
I-Naphthylthiourea (ANTU)
Nickel and nickel compounds
Niridazoié (13, 1977)

Nithiazidé (31, 1983l
5-Nitroacenaphthene ~6, 1978)

5-Nitro-ortho-anisidine (27, 1982)

9-Nitroanthracené (33, 1984)
6-Nitrobenzo(a)~reneb (33, 1984)
4-Nitrobiphenyl (4, 1974)

6-Nitrochrysené (33, 1984)
Nitrofen (technical-~ade)b (30, 1983)

3-Nitrofluoranthene (33, 1984)

5-Nitro-2-furaldehyde semicarbazoned (7, 1974)

I-(5-Nitrofurfurylidene)amino )-2-imidazolidinoneb (7, 1974)

N-( 4-(5-Nitro-2-furYi)-2-thiazolyl)acetamidé (7, 1974)

Nitrogen mustard
Nitrogen mustard N-oxidé (9, 1975)
2-Nitropropané (29, 1982)
I-Nitropyrené (33, 1984)

N-Nitrosoanabasineb (37, 1985)
N-Nitrosoanatabineb (37, 1985)
N- Nitrosodi-n-butylaminé (17, 1978)

N-Nitrosodiethanolaminé (17, 1978)
N-Nitrosodiethylamineb,e (17, 1978)
N-Nitrosodimethylamineb,e (17, 1978)
N-Nitrosodiphenylamineb (27, 1982)

ND S

ND ND
ND S

ND L
S 1

ND S

S L

ND S

ND L
ND ND
1 1

S S

1 1

S S
ND S

ND L
ND S

ND L

ND ND
ND 1

ND 1

ND 1

ND S

ND 1

ND 1

ND S

ND S

L S

ND S

ND S

ND L
ND L

ND 1

ND S

ND S

ND S
ND S

ND L

Ove rail
evaluationa

28
3

28
3

1

28

28
3

3

3

1

3

1 "

28
3

28
3

3

3

3

3

28
3

3

28
28
2A
28
28
3

3

3

28
28
2A
2A
3

ICombined therapy with nitrogen mustard, vincristine, procrbazine and prednisone

"This evaluation applies to the group of chemicals as a whole and not necessarily to aU individual chemicals within the group (see

also Methods, p. 38).
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicitya evaluationa 

Human Animal 

para-~itrosodiphenylamineb [27, 19821 ND 
~-~itrosodi-n-~ro~~lamine~ (17, 19781 ND 
N-Nit rosofolic acidd (1  7, 19781 ND 
~ - ~ i t r o s o ~ u v a c i n e ~  (37, 19851 ND 
W~itroso~uvacoline~ [37, 1985) ND 
~ - ~ i t r o s o h ~ d r o x ~ ~ r o l i t l e ~  [ I  7, 19781 ND 
3-(~-~itrosometh~1amin0)~r0~i0naldeh~de~ [37, 19851 ND 
3 ~ ~ - ~ i t r o s o m e t h ~ 1 a m i n 0 ) ~ r o ~ i o n i t ~ 1 e ~  [3 7, 19851 ND 
4-(N-Nitrosomethylarnin0~3-pyridyl)-l b u n  ( N N A ) ~  (3 7, 1985 3 ND 
qN-Nitrosomet hy1arnino)- I 43-pyridy1)-1 -butanone ( N N K ) ~  13 7, 1985) ND 
N-~itrosometh~lethylamine~ f17, 19781 ND 
~-~-~itrosometh~lvin~lamine~ 117, 19781 ND 
N-~itrosornor~holine~ [ I  7, 19781 ND 
W-Nitrosonornicotineb 137, 1985) ND 
~ - ~ i t r o s o ~ i ~ e r i d i n e ~  [ I  7, 19781 ND 
~ - ~ i t r o s o ~ r o l i n e ~  E17, 19781 ND 
N-~itroso~~rrolidineb (17, 19781 ND 
N-~itrososarcosine~ fl7, 19781 ND 
~ i t r o v i n ~  [Jf, 1983) ND 
Nylon 6d [IP, 19791 ND 

Ochratoxin A 
Oestradiol mustardd [9, 19751 
Oestrogens, progestins and combinations 

Oest rogens 
Nonsteroidal oestrogens 
Diethyistilboestrol 
Dienoestrol 
HexoestroI 
ChIorotrianisene 

Steroidal oestrogens 
Oestrogen replacement therapy 
Conjugated oestrogens 
Oastradiol-176 and esters 
Oestriol 
Oestrone 
Ethinyloestradiol 
Mestran01 

'This evaluation applies to the group of chemicals as a whole and not nacessatily ta toll individual chemicals within the group (see also 
Methods. p. 38). 
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity' evaluationa

H uman Animal

Progestins 1 28

Medroxyprogesterone acetate 1 S 28

Chlormadinone acetate L

Dimethisterone 1

Ethynodiol diacetate L

17 a- Hydroxyprogesterone caproate 1

Lynoestrenol 1

Megestrol acetate L

N orethisterone
S

N orethynodrel
L

Norgestrel 1

Progesterone S

Oestrogen-progestin combinations
Sequential oral contraceptives S

Dimethisterone and oestrogens

Combined oral contraceptives S Il

Chlormadinone acetate and oestrogens L

Ethynodiol diacetate and oestrogens L

Lynoestrenol and oestrogens 1

Megestrol acetate and oestrogens L

N orethisterone and oestrogens L

Norethynodrel and oestrogens S

Norgestrel and oestrogens 1

Progesterone and oestrogens L

Investigational oral contraceptives L

Oestrogen-progestin replacement therapy 1 3

Oil Orange SSb (8, 1975) ND S 28

Orange låj8, 1975) ND 1 3

Orange G '18, 1975) ND 1 3

Oxazepam (13, 1977) ND L 3

Oxyphenbutazoned (13, 1977) ND ND 3

Panfuran S (containing dihydroxymethylfuratrizine)b (24, 198O) ND S 28

Parasorbic acidd (JO, 1976) ND L 3

Parathionb (30, 1983) ND 1 3

Patulinb (40, 1986) ND 1 3

Penicillic acidd (JO, 1976) ND L 3

Pentachloroethaneb (41, 1986) ND L 3

Peryleneb (32, 1983) ND 1 3

Petasitenineb (31, 1983) ND L 3

Phenacetin L S 2A

Analgesie mixtures containing phenacetin S L 1

Phenanthrené (32, 1983) ND 1 3

lThere is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endornetrium (see

surnmary, p. 297).
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Table 1, (contd) 

Agent Degree of evidence Overall 
for carcinogenicitya evaluationu 

Human Animal 

Phenazopyridine hydrochloride 
Phenelzine sulphate 
phenicarbazided [ I  2, 19761 
Phenobarbital 
Phenoxybenzarnine hydrochlorideb 124, 1980) 
Phenylbutazone 
rneta-~hen~lenediarnined (16, 1978) 
paro-~henylenediamined [Id, 19781 
N-Phenyl-2-naphthylamine 
o r t h o - ~ h e n ~ l ~ h e n o ~ ~  [30, 1983) 
Phenyt oin 
Piperonyl butoxidebVc [30, 19831 
Polyacrylic acidd ~ 9 ,  19791 
Polybrominated biphenyls 
Polychlorinated biphenyls 
~ o l ~ c h l o r o ~ r e n e ~  119, 19791 
F'olyethylened ~ 1 9 ,  19791 
Polymethylene polyphenyi isocyanated 119, 19791 
Polyrnethyl met hacry lated [ I  9, 1979) 
~ o l y p r o ~ ~ 1 e n e ~  119, 19791 
polystyrened [19, 19791 
~olytetrafluoroeth~lened[19, 19791 
Polyurethane foamsd[ 19, 19791 
Polyvinyl acetated [l9, 19791 
Polyvinyl alcohold [19, 19791 
Polyvinyl chlorided [f 9, 19793 
Polyvinyl pyrrolidoned [ l 9 ,  19791 
Ponceau M X ~  18, 19753 
Ponceau 3~~ [8, 19753 
Ponceau §xd (8, 19751 
Potassium bk(2-hydroxyethyl)dithiocarbamated [12, 19761 
Potassium bromateb [40, 19863 
Ptednisone 
Pracarbazine hydrochloridee 
Proflavine saltsb (24, I9801 
Pronetalol hydrochlorided (13, 19773 
1,3-Propane sultoneb 14, 19741 
prophamd 112, 1976) 
@-~ro~iolactone~ [4, 19741 
n-Propyl carbamated [12, 19761 
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity' evaluationa

H uman Animal

Propylened (19, 1979) ND ND 3

Propylene oxidé 1 S 2A

Propylthiouracil 1 S 2B

Ptaquilosideb (40, 1986) ND L 3

Pyrené,C (32, 1983) ND 1 3

Pyrido(3,4-c)psoralenb (40, 1986) ND 1 3

7-Methylpyrido(3,4-c )psoralenb (40, 1986) ND 1 3

Pyrimethamined (13, 1977) ND L 3

Quercetinb (31, 1983)
ND L 3

para-Quinoned (15, 1977) ND 1 3

Quintozene (Pentachloronitrobenzene)d (5, 1974) ND L 3

Reserpine 1 L 3

Resorcinoid (15, 1977) ND 1 3

Retrorsined (10, 1976) ND L 3

Rhodamine Bd (16, 1978) ND L 3

Rhodamine 6Gd (16, 1978) ND L 3

Riddellined (10, 1976) ND 1 3

Rifampicinb (24, 1980) ND L 3

Rubber industry S 1 1

Rugulosinb (40, 1986) ND 1 3

Saccharated iron oxided (2, 1973) ND L 3

Saccharin 1 S 2B

Safroleb (10, 1976) ND S 2B

Scarlet Redd (8, 1975) ND 1 3

Selenium and selenium compoundsd (9, 1975) 1 1 3

Semicarbazide hydrochlorided (12, 1976) ND L 3

Seneciphyllined (10, 1976) ND ND 3

Senkirkineb (31, 1983) ND L 3

Sepioliteb (42, 1987) ND 1 3

Shale-oils S S 1

Shikimic acict (40, 1986) ND 1 3

Silica
Crystalline silica L S 2A

Amorphous silica 1 1 3

Sodium diethyldithiocarbamated (12, 1976) ND 1 3

Sodium ortho-phenylphenaté ND S 2B

Soots S 1 1

Spironolactone 1 L 3
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicitf evaluationa 

Human Animal 

§terigrnatocystinb (10, 19761 
~ tre~tozotoc in~  [17, 1978) 
Styrenee 

d Styrene-acrylonitrile copolymers (19, 19791 
Styrene-butadiene copolymersd [I 9, 19791 
Styrene oxidebje 136, 1985) 
Succinic anhydrided [IS, 19771 
Sudan ld [8, 19751 
Sudan lld [8, 19751 
Sudan llld (8, 19751 
Sudan Brown R R * ( ~ ,  19751 
Sudan Red 7~~ 18, I9751 
Sulfafurazole (Sulphisoxazole) 
~ulfaliate~ [30, 1983) 
Sulfamet hoxazole 
sunset Yellow FCF~CS,  19751 
symphytineb [3I, 19831 

Talc 
Not containing asbestiform fibres 
Containing asbestiform fibres 

Tannic acid and tanninsd [lo,  I9761 
Terpene polychlorinates (~trobane@)~ (5, 19741 
2,2',5,5'-~etrachlorobenzidine~ [27, 19821 
2,3,7,8-Tetrachlorodibenzo-paradioxin (TCDD) 
1,I  ,1,2-~etrachloroethane~ 141, 19861 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
~etrachlorvin~hos~ [30, 19831 
~etrafluoroeth~lene~ 119, 19793 
~hioacetarnide~ [7, 19741 
4-4'-~hiadianiline~ 127, 19821 
~hiouraci l~  17, I9743 
~ h i o u r e a ~  E7, 19741 
Thiramd [IZ, 19761 
Tobacco products, smokeless 
Tobacco smoke 
Toluene diisocyanatesb [39, 19863 
orrho-Toluidine 
Toxaphene (Polychlorinated camphenes)b [20, 1979 J 
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Table 1. (contd)

Agent
Degree of evidence Overall
for carcinogenicitya evaluationa

H uman Animal

Treosulphan
S ND 1Trichlorfonb (30, 1983)
ND 1 3

1, 1, I-Trichloroethanè (20, 1979)
ND 1 31,1,2-Trichloroethanè (20, 1979)
ND L 3Trichloroethylene
1 L 3Trichlorotriethylamine hydrochlorided (9, 1975)
ND 1 3Ti-Trichothecenè (31, 1983)
ND 1 3Triethylene glycol diglycidyl etherd (11, 1976)
ND L 32,4,5- Trimethylanilineb (27, 1982)
ND L 32,4,6-Trimethylanilineb (27, 1982)
ND 1 34,5' ,8- Trimethylpsoralen
1 1 3Triphenylenè (32, 1983)
ND 1 3T ris( aziridinyl)-para- benzoq uino ne (T riaziq uo ne)
1 L 3Tris(l-aziridinyl)phosphine oxided (9, 1975)
ND 1 3Tris(l-aziridinyl)phosphine sulphide (Thiotepa)e
1 S 2A2,4,6- Tris(l-aziridinyl)-s-triazined (9, 1975)
ND L 31,2,3- Tris( chloromethoxy)propaned (15, 1977)
ND L 3Tris(2,3-dibromopropyl) phosphatee
1 S 2ATris(2-methyl-l-aziridinyl)phosphine oxided (9, 1975)
ND 1 3Trp-P- 1 (3-Amino- 1 ,4-dimethyl-5H-pyrido( 4,3-b )indole)b (31, 1983)
ND S 2BTrp-P-2 (3-Amino-l-methyl-5H-pyrido( 4,3-b )indole )b(31, 1983)
ND S 2BTrypan bluè (8, 1975)
ND S 2B

VraciI mustard
1 S 2BVrethaneb (7, 1974)
ND S 2B

Vinblastine sulphate
1 1 3Vincristine sulphate
1 1 3

Vinyl acetateb (39, 1986)
ND 1 3Vinyl bromideb,e (39, 1986)
ND S 2AVinyl chloride
S S 1Vinyl chloride-vinyl acetate copolymersd (19, 1979)
ND 1 34-VinylcycIohexenè (39, 1986)
ND L 3Vinyl fluorideb (39, 1986)
ND ND 3

Vinylidene chIo ride 
1 L 3Vinylidene chloride-vinyl chloride copolymersd (19, 1979)
ND ND 3Vinylidene fluorideb (39, 1986)
ND 1 3N-Vinyl-2-pyrrolidoned (19, 1979)
ND ND 3
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Table 1. (contd)

Agent Degree of evidence Ove rail 

for carcinogenicitya evaluationa

Human Animal

L 3

L 2B
S 1

1 3

1 3

ND 1 3

ND 1 3

ND 1 3

ND L 3

ND L 3

ND 1 3

ND 1 3

ND 1 3

W ollastonite

Wood industries
Carpentry and joinery
Furniture and cabinet ma king
Lumber and sawmill industries (including logging)
Pulp and paper manufacture

2,4-Xylidined (16, 1978)

2,5-Xylidined (16, 1978)

Yellow ABd (8, 1975)
Yellow OBd (8, 1975)

Zearalenoneb (31, 1983)

Zectrand (12, 1976)

Zinebd (12, 1976)

Zirarnd (12, 1976)

kajo
Pencil

kajo
Pencil
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OTHER RELEVANT DA TA, FOR AGENTS FOR WHICH

THERE ARE DA TAON CARCINOGENICITY lN HUMANS



kajo
Pencil

kajo
Pencil



ACETALDEHYDE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

ln a survey of chemical plants (without prior hypothesis) in the German Democratie
Republic, nine cancer cases were found in a factory where the main process was dimer-
ization of acetaldehyde and where the main exposures were to acetaldol, acetaldehyde,
butyraldehyde, crotonaldehyde and other higher, condensed aldehydes, as weIl as to traces
of acrolein (see p. 78). Of the cancer cases, five were bronchial tumours and two were
carcinomas of the oral cavity. AlI ni ne patients were smokers. The relative frequencies of
these tumours were reported to be higher than those expected in the German Democratie
Republicl. The study is inconclusive because of mixed exposure, the small number of cases
and the poorly defined exposed population.

B. Evidence for carcinogenicity to animaIs (sufficient)

Acetaldehyde was tested for carcinogenicity in rats by inhalation and in hamsters by
inhalation and by intratracheal instillation. It produced tumours of the respiratory tract
following its inhalation, particularly adenocarcinomas and squamous-cell carcinomas of
the nasal mucosa in ratsl,2 and laryngeal carcinomas in hamstersl. ln hamsters, it did not
result in an increased incidence oftumours following intratracheal instilationl. Inhalation
of acetaldehyde enhanced the incidence of respiratory-tract tumours induced by intra-
tracheal instilation of benzo(a)pyrene in hamstersl.

C. Other relevant data

No data were available on the genetic and related effects of acetaldehyde in humans.

Acetaldehyde increased the incidence of sister chromatid exchanges in bone-marrow
cells of mice and hamsters treated in vivo and induced chromosomal aberrations in rat

-77-
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embryos exposed in vivo. It induced DNA cross-links, chromosomal aberrations and sister
chromatid exchanges in human cells in vitro and chromosomal aberrations, micronuc1ei
and sister chromatid exchanges in cultured rodent cells. It induced chromosomal
aberrations, micronuclei and sister chromatid exchanges in plants and DN A damage and
mutation in bacteria. Acetaldehyde induced cross-links in isolated DNA3.

References

IJARC Monographs, 36, 101-132, 1985

2Woutersen, R.A., Appelman, L.M., van Garderen-Hoetmer, A. & Feron, V.J. (1986) Inhalation
toxicity of acetaldehyde in rats. III. Carcinogenicity study. Toxicology, 41, 213-231

31ARC Monographs, Suppl. 6,21-23, 1987

AeROLEIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Exposure to traces of acrolein was reported to have occurred in a chemical plant in the
German Democratie Republic, where the main exposures were to acetaldol, acetaldehyde
(see p. 77), butyraldehyde and crotonaldehyde. Nine cancer cases occurred in the plant; the
relative frequencies of the tumours observed were reported to be higher than those expected
in the German Democratie Republic. Acrolein was a relatively minor component of the
exposurel. Because of the mixed exposure pattern, the small number of cases and the poorly
defined exposed population, this study is inconclusive.

B. Evidence for carcinogenicity to animais (inadequate)

Acrolein was tested in mice by skin application and in hamsters by inhalation. The study
in mice was inadequate for an evaluation of carcinogenicity. No carcinogenic effect was
detected in hamstersl.

C. Other relevant data
No data were avaIlable on the genetic and related effects of acrolein in humans. It did not

in~uce dominant lethal mutations in mice. It induced sis ter chromatid exchanges in Chinese
hamster ovary cells in vitro. ln yeast, it did not cause DNA cross-links or strand breaks and
was not mutagenic. Acrolein was mutagenic to bacteria2.

References
llARC Monographs, 36, 133-161, 1985
21ARC Monographs, Suppl. 6,24-26, 1987

kajo
Pencil

kajo
Pencil



ACR YLONITRILE 79

AeRYLONITRILE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

ln the USA, 1345 male workers potentially exposed to acrylonitrile in a textile fibre
plant and observed for 20 or more years had a greater than expected incidence ofIung cancer
(8 observed, 4.4 expected). The risk was greater among workers with more than five years'
exposure (6 observed, 2.3 expected) or with jobs where exposure was likely to have been
heavier (6 observed, 2.7 expected) than among workers with shorter duration of exposure
(2 observed, 1.4 expected) or low levels of exposure (2 observed, 1.4 expected)l,2. Further
follow-up of this cohort until 1981 revealed a continued excess of lung cancer (io observed,
7.2 expected), although during the actual follow-up period (1976-1981) there was no excess
(2 observed, 2.8 expected). The updating also showed, however, a significant excess of
cancer of the prostate (6 observed, 1.8 expected)3. ln a similar study at another US textile
fibre plant, an excess of prostatic cancer (5 cases observed, 1.9 expected) was observed, but
there was no ex cess of lung cancer4. ln the UK, a study of 1111 male workers exposed to
acrylonitrile during polymerization between 1950 and 1968 and followed for ten years or
more revealed five stomach cancers (1.9 expected), two colon cancers (1. 1 expected), two
brain cancers (0.7 expected) and nine cancers of the respiratory tract (7.6 expected)5. Among
327 rubber workers exposed to acrylonitrile in the USA, excesses were noted for cancers of
the lung (9 observed, 5.9 expected), bladder (2 observed, 0.5 expected) and of the lymphatic
and haematopoietic system (4 observed, 1.8 expected). The risk for lung cancer was greatest
among workers with five to 14 years' exposure and ~15 years of latency (4 observed, 0.8
expected)6. Another study of rubber workers in the USA, however, showed no association
between exposure to acrylonitrile and lung cancer7. ln the Federal Republic of Germany,
one study of 1469 workers exposed to acrylonitrile in 12 different plants showed excesses of
bronchial cancer (11 observed, 5.7 expected) and of tumours of the lymphatic system
(4 observed, 1.7 expected)8.

B. Evidence for carcinogenicity to animaIs (suffcient)
Acrylonitrile was tested for carcinogenicity in rats by oral administration and by

inhalation. Following its oral administration, it induced neoplasms of the brain, squamous-
cell papilomas of the stomach and Zymbal-gland carcinomas; tumours of the tongue, small
intestine and mammary gland were also reportedl,9,1o. Following its inhalation, neoplasms
of the central nervous system, mammary gland, Zymbal gland and forestomach were
observed 1,11.

C. Other relevant data
Acrylonitrile did not enhance the frequency of chromosomal aberrations in lymphocytes

of exposed workers in one study12.
ln animaIs treated in vivo, acrylonitrile did not induce dominant lethal mutations,

chromosomal aberrations (in bone-marrow cells or spermatogonia) or micronuclei in mice,
or chromosomal aberrations in rat bone-marrow cells. It bound covalently to rat liver DNA
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in vivo and induced unscheduled DNA synthesis in rat liver but not brain. It induced sister
chromatid exchanges, mutation and unscheduled DN A synthesis but not chromosomal
aberrations in human cells in vitro. Acrylonitrile induced cell transformation in several test
systems and inhibited intercellular communication in Chinese hamster V79 cells. It did not
induce aneuploidy but induced chromosomal aberrations, micronuclei and sister chromatid
exchanges in Chinese hamster cells; in one study, it did not induce chromosomal aberrations
or sister chromatid exchanges in rat cells in vitro. It induced mutation and DNA strand
breaks in rodent cells in vitro. It induced somatic mutation in Drosophila and was weakly
mutage nie in plants. It induced aneuploidy, mutation, mitotic crossing-over and gene
conversion in fungi. Acrylonitrile was mutagenic to bacteria. Urine from treated mice and
rats, but not bile from rats, was mutagenic to bacteria. It bound covalently to isolated
DNAI2.
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AeTINOMyelN D (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
A comparison was made in the USA between survivors of childhood cancer who

developed second malignant neoplasms and controls, also survivors, matched on hospital,
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primary diagnosis, length of follow-up, site and dose of radiotherapy, and chronological
period. Subjects who had received no radiotherapy, or who were believed to have some
'predisposing genetic syndrome', and whose second tumour had been diagnosed within six
months of the first diagnosis, or with tumours that lay outside the field previously treated
with radiation were exc1uded. Unexpectedly, cases had been treated much less often with
actinomycin D than controls (relative risk, 0.13; upper 95% confidence limit, 0.47), and
those who had been treated had received fewer courses oftreatment (median, 2, compared to
6.5). For each type of primary childhood malignancy, except for bone tumours, the majority
of cases had not been treated with actinomycin D. Second malignancies included soft-tissue
sarcomas, haematological malignancies and various solid tumours. A relationship is
plausible in view of the radiomimetic properties of actinomycin D, the simultaneous
exposure of the treated patients to radiation, and the modal shape of radiation dose-effect
curves in sorne laboratory systemsl.

A single attempt to confirm this finding covered only eight second malignancies (meet-
ing criteria comparable to those in the first study) occurring among 412 patients who had
been treated with radiation for Wilms' tumour ofwhom 222 had also received actinomycin
D. No similar reduction in risk was observed. This study differed from the original in the
small sample size, the uniformity with respect to primary diagnosis and that the comparison
was made with historical controls2.

B. Evidence for carcinogenicity to animaIs (limited)

Actinomycin D was tested for carcinogenicity in rats by intraperitoneal injection and by
intragastric administration and in mi ce by repeated subcutaneous injections. It produced
peritoneal sarcomas in rats following intraperitoneal injections3., and a low incidence of
subcutaneous sarcomas occurred in mice following repeated subcutaneous injections3. No
tumour was observed in rats after intragastric administration of actinomycin D, but the
duration of the experiment was short5.

C. Other relevant data

Actinomycin D did not induce sister chromatid exchanges in peripheral blood lymph-
ocytes of treated patients in one study6.

Actinomycin D induced chromosomal aberrations and DNA strand breaks in human
cells in vitro. It transformed mouse C3H lOTlj2 cells and induced chromosomal aber-
rations, sister chromatid exchanges, mutation, DNA strand breaks and unscheduled DNA
synthesis, but not aneuploidy, in rodent cells in vitro. It induced sex-linked recessive lethal
mutations in Drosophila. Actinomycin D did not cause chromos omal aberrations in plants.
It was mutagenie to Neurospora crassa but not to Saccharomyces cerevisiae, and conflcting
results were obtained for gene conversion and mitotic recombination. It did not induce
DN A damage in Schizosaccharomyces pombe. It was not mutagenic to bacteria and did not
induce prophage6.
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ADRIAMyelN (Group 2A)

A. Evidence for carcinogenicity to hum ans (inadequate)
No epidemiological study of adriamycin as a single agent was available to the Working

Group. Occasional case reports, especially in the presence of concurrent therapy with other
putative carcinogens, such as ionizing radiation, alkyl~ting agents and other potent
oncotherapeutic drugs, do not constitute evidence of carcinogenesis.

ln a large systematie follow-up of patients with Hodgkin's disease treated with an

intensive chemotherapeutic combination inc1uding adriamycin (plus vinblastine (see p.
371), bleomycin (see p. 134) and dacarbazine (see p. 184)) but no alkylating agent,
preliminary evidence suggested no excess of acute nonlymphocytic leukaemia in the first
decade after therapyl.

B. Evidence for carcinogenicity to animaIs (sujjìcient)
Adriamycin was tested for carcinogenicity in rats by a single intravenous injection,

producing mammary tumours2-5, and by single or repeated subcutaneous injections,
producing local sarcomas and mammary tumours6,7. Intravesicular instilation of adriamycin
in rats resulted in a low incidence of bladder papilomas and enhanced the incidence of
bladder tumours induced by N-nItroso- N-( 4-hydroxybutyl)-N-butylamine8.

C. Other relevant data
Adriamycin induced chromosomal aberrations in treated patients in one of two studies

and sister chromatid ex changes in both studies. ln another study, cisplatin-adriamycin

combination chemotherapy induced sister chromatid exchanges in peripheral blood
lymphocytes of treated patients. DNA strand breaks were induced in the cells of treated
patients in one study9.

Adriamycin has been tested extensively for genetic effects in a wide va 
ri et y of tests in

vivo and in vitro, giving consistently positive results. It induced chromosomal aberrations,
micronuclei, sister chromatid exchanges and DN A da mage in rodents in vivo and
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chromosomal aberrations, micronuclei, sister chromatid exchanges and DNA da mage in
human cells in vitro. It transformed virus-infected Fischer rat embryo cells and induced
chromos omal aberrations, sis ter chromatid exchanges, mutation and DNA da mage in
cultured rodent cells. Adriamycin induced sex-linked recessive lethal mutations in Drosophila,
chromosomal aberrations in plants and mutation in fungi. It was mutagenic to bacteria and
induced DNA damage9.
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AFLATOXINS (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
A positive correlation between estimated aflatoxin intake or level of aflatoxin

contamination of market food sam pIes and cooked food and incidence of hepatocellular
cancer was observed iIi early studies in U ganda, Swaziland, Thailand and Kenya 1-4. Similar
correlations between aflatoxin intake and hepatocellular cancer incidence and mortality
have been reported from Mozambique and China, where there is considerable geographical
variation in the occurrence of this cancerS-8. Summary analysis of the data obtained from
studies conducted in different regions of Africa and Asia where hepatocellular cancer
incidence or mortality and aflatoxin intake were measured revealed a highly significant
correlation between these variables5.

ln south-eastern USA, in an area with a high average daily intake of aflatoxin Bi (13- 1 97
ngj kg bw), a 10% excess (6% for the 30-49 age group) in hepatocellularcancer incidence was

observed compared to 'northern' and 'western' areas with low aflatoxin Bi intake (0.2-0.3
ngjkg bW)9.
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A case-control study in the Philippines, where mean afIatoxin contamination levels in
dietary items were established and individual levels of aflatoxin consumption were
determined retrospectively, demonstrated an increased, dose-related relative risk of
developing hepatocellular cancer in pers ons with higher ingestion of aflatoxine Relative
risks of developing hepatocellular cancer by category of overall mean load of afIatoxin in
the diet, e.g., very heavy versus light and moderately heavy versus light, were 17.0 and 13.9
(both significant at the 0.05 level). The effect of afIatoxin on relative risk was increased by
alcohol consumption, and heavy afIatoxinj heavy alcohol consumption gave a relative risk
of 35.010.

ln a case-control study conducted in Hong Kong where 107 hepatocellular cancer
patients and 107 controls were studied, the relative rìsk of hepatocellular cancer was not
related to dietary intake of corn or beans, which are the chief sources of afIatoxin

contamination in Hong Kong. The relative risk was increased (2.2), but not significantly, for
consumption of 'other grains', including wheat, barley and oatsll; however, among 878
market food samples, only 22 contained afIatoxinsli.

One major difficulty in interpreting these studies is potential confounding due to
hepatitis virus B infection, which is endemic in many areas where the relationship between
afIatoxin intake and hepatocellular carcinoma has been examined. However, in three recent
studies, both factors have been taken into account. ln China, both dietary and urinary levels
of afIatoxins were found to be related to hepatocellular cancer incidence. Levels of aflatoxin
Mi as high as 35 ng were found in urine in high-incidence areas, whereas levels of':2 ng were
observed in low-risk areas. Serological surveys did not show corresponding differences in
the prevalence of the hepatitis B virus-carrier state13. ln another area of China, the mortality
rate for hepatocellular cancer was 9.9 times higher in villages with high aflatoxin
contamination of foodstuffs than in vilages with lightly contaminated foods. ln this area,
aflatoxin contamination of foods appeared to be a risk factor over and above hepatitis B
infection 14. ln Swaziland, in a study based on surveys of levels of afIatoxin intake across four
broad geographic regions, liver cancer incidence was strongly associated with estimated
levels of afIatoxin. ln a multivariate analysis involving ten smaller subregions, afIatoxin
exposure emerged as a more important determinant of the variation in liver cancer incidence
than the prevalence ofhepatitis B infection. This analysis was based on 52 cases spread over
ten subareas, and estimations of afIatoxin intake and prevalence of hepatitis B infection
were based on surveys conducted among the general population and on samples from blood
donors, respectively. Imprecision in measuring intake of afIatoxin or in establishing

hepatitis B infection, or the presence of unmeasured confounders, seem unlikely to account
for the five-fold differences in hepatocellular cancer incidence seen in association with
aflatoxin intakel5.

Ad.ditional evidence for a causative association between aflatoxin exposure and human
cancer was found in a retrospective cohort study of7 1 workers in a plant in the Netherlands
where oil was extracted from linseeds and from peanuts. ln the afIatoxin-exposed group, the
observed mortality 'over the entire 18-year study period was higher than expected for aH
cancers (standardized mortality ratio (SMR), 250; 95% confidence interval, 140-400) and
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for the first six years of observation (SMR, 438; 180-870). An increase in mortality from
respiratory cancer in the exposed group was also evident (SMR, 253; 100-500)16.

A few case reports of cancer other than hepatocellular in afIatoxin-exposed workers
have been publishedl,I7-9.

B. Evidence for carcinogenicity to animais (sufficient)
AfIatoxins produce liver tumours in mice, rats, fish, ducks, marmosets, tree shrews and

monkeys after administration by several routes, inc1uding the mou th. ln rats, cancers of the
colon and kidney were also seenl. Recent studies have extended these findings. ln hamsters,
afIatoxin Bi produced cholangiocellular but not hepatocellular tumours20. ln mice,

afIatoxin Bi administered orally or intraperitoneally resulted in an increased incidence of
lung adenomasl,21. All rats fed 5 mgjkg of diet afIatoxin Bi for six weeks developed

hepatocellular carcinomas22; neoplastic hepatic nodules were produced in rats by oral

administration of a single dose of 5 mgj kg bw afIatoxin B123; rats fed peanut oil containing
5-7 ¡.gjkg afIatoxin Bi developed parenchymal liver damage but no liver-cell tumour24.
AfIatoxin Bi can induce liver tumours in monkeys25,26; osteogenic sarcoma, adeno-

carcinoma of the gall-bladder or bile duct and carcinomas of the pancreas were also
observed26. AfIatoxin Bi also induced liver tumours in the subhuman primate tree shrew,
Tupaia glis27. Intraperitoneal administration of afIatoxin Bi to pregnant rats induced liver

and other tumours in the mothers and in the progeny28. Aflatoxin Mi, a hydroxy metabolite
of afIatoxin BIo produced fewer hepatocellular carcinomas following its oral administration
to rats than afIatoxin Bi given at the sa me dose level and by the same route29.

C. Other relevant data
ln one study, afIatoxin Bi-DNA adducts were excreted in human urine. No data were

available on the genetic and related effects of afIatoxins B2, Gi, G2 or Mi in humans30.
AfIatoxin Bi has been tested extensively for genetic effects in a wide variety of tests in

vivo and in vitro, giving consistently positive results. It induced chromosomal aberrations,
micronuclei, sister chromatid exchanges, unscheduled DNA synthesis and DNA strand
breaks, and bound covalently to DN A in cells of rodents treated in vivo; it was reported to
be weakly active in a dominant-Iethal mutation assay in mice. ln human cells in vitro, it
induced chromosomal aberrations, micronuc1ei, sister chromatid exchanges and
unscheduled DNA synthesis and bound covalently to DNA. It induced cell transformation
in several test systems, and induced chromos omal aberrations, sister chromatid exchanges,
mutation, unscheduled DNA synthesis and DNA strand breaks in rodent cells in vitro. It
induced sex-linked recessive lethal mutations and somatic mutation and recombination in
Drosophila. ln fungi, afIatoxin Bi was mutagenic and induced gene conversion and mitotic
recombination. It was mutagenic and induced DN A damage in bacteria and bound'
covalently to isolated DNA30.

AfIatoxin B2 bound covalently to DNA in hepatocytes of rats treated in vivo. It
transformed Syrian hamster embryo cells and induced sister chromatid exchanges in
Chinese hamster cells in vitro and induced unscheduled DNA synthesis in rat hepatocytes,
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but not in human fibroblasts, in vitro. It was not mutagenic to fungi in the absence of a
metabolic system and did not induce gene conversion or mitotic recombination in yeast.
Aflatoxin Bi induced mutation but not DNA damage in bacteria30.

AfIatoxin Gi induced chromosomal aberrations in bone-marrow cells of Chinese
hamsters treated in vivo and bound to DNA in kidney and liver ce Ils of treated rats. It
induced unschedüled DNA synthesis in human fibroblasts and rat hepatocytes in vitro and
caused chromosomal aberrations and sister chromatid ex changes in Chinese hamster cells
in vitro. It induced mutation in Neurospora crassa but neither mutation nor gene conversion
in Saccharomyces cerevisiae. AfIatoxin G1 induced mutation and DNA da mage in bacteria
and bound covalently to isolated DNA30.

Aflatoxin Gi did not induce unscheduled DNA synthesis in human fibroblasts in vitro. It
induced sister chromatid exchanges in Chinese hamster cells and unscheduled DNA
synthesis in rat and hamster hepatocytes in vitro. It did not induce mutation in cultured
rodent cells or in fungi in the absence of a metabolic system. Aflatoxin Gi gave conflcting
results for mutation in bacteria and did not cause DNA damage3o.

AfIatoxin Mi induced unscheduled DNA synthesis in rat hepatocytes in vitro and was
mutagenie to bacteria30.
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ALDRIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Specifie mention of aldrin in analytical epidemiological studies is limited to reports of
follow-up of two cohorts of men employed in its manufacture in plants where dieldrin (see
p. 196) and endrin (and, in one, telodrin) were also manufacturedl-4. ln the most recent
report of the first of these cohorts3, 232 of 233 exposed workers were successfully followed
from four to 29 (mean, 24) years, with duration of exposure to pesticides varying between
four and 27 (mean, Il) years. There were nine deaths from cancer with 12 expected

(standardized mortality ratio (SMR), 75; 95% confidence interval, 25-125). ln the second
cohort4, 90% of 1155 men were followed for 13 years or more. Mortality from aIl cancers was
not increased (SMR, 82; 56-116), although there were apparent increases in mortality from
cancers of the oesophagus, rectum and liver, based on very small numbers.

B. Evidence for carcinogenicity to animais (limited)
Aldrin was tested for carcinogenicity by the oral route in miee and rats. ln mice, it

produced malIgnant liver neoplasmsl,5. ln rats, the incidence of thyroid tumours was
increased in exposed animaIs in one study5, but this could not be clearly associated with
treatment; three other studies in rats gave negative resultsl,6 and one was inadequatel.

C. Other relevant data
No data were available on the genetic and related effects of aldrin in humans. It did not

induce dominant lethal mutations in mice. ln single studies, it induced chromosomal
aberrations in bone-marrow cells of rats and mice, but no fficronuclei in bone-marrow cells
of mice treated in vivo. It induced chromosomal aberrations in cultured human lympho-
cytes; studies of DNA damage in human and rodent ce Ils in vitro were inconclusive. Aldrin
inhibited intercellular communication in both human and rodent cell systems. It did not
induce sex-lInked recessive lethal mutations in Drosophila but was mutagenic to yeast. It
was not mutage nie to bacteria and did not induce breakage of plasmid DNA7.
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ALUMINIUM PRODUeTION (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)
The lung has been the most common site identified for which there is an excess cancer

risk in populations of aluminium production workers. Overall, early studies showed a
borderline excess in relative risk, with some studies showing a doubling of risk and some
showing no excess. Smoking histories were not given in any ofthese studies. ln one study in
which populations in the industry were compared on the basis of their exposures to pitch
volaties, there was a relationship between incidence of lung cancer and length of exposure,
and there was a significant excess of cancer among workers who had worked for 21 years or
more'.

ln three studies in the sa me aluminium-producing area, an increased risk of bladder
cancer was associated with work in aluminium production in plants where primarily the
Söderberg process was used. ln one study in which smoking was controlled for, while there
was a borderline excess in risk for nonsmokers, the risk for smokers was markedly
increased' .

Excess mortality from lymphosarcomaj reticulosarcoma was noted in two cohort

studies, which covered partially the same population'.
Statistically significant excess risks for pancreatic cancer and for leukaemia were noted

as isolated findings in two studies and in one study, respectively'.

Some of these studies have been updated. ln Canada, the mortality of a large group of
men employed in aluminium production using the Söderberg process was examined
between 1950 and 1977, and compared with the pertinent rates for the Province of Quebec.
W orkers 'ever' exposed to condensed pitch volatiles ('tar') exhibited significantly increased
mortality from all cancers (304 observed, 246.6 expected), and from oesophageal and
stomach cancer (50 observed, 32.8 expected), lung cancer 

(101 observed, 70.7 expected) and
other malignancies (60 observed, 45.3 expected). Analysis of lung cancer mortality by

increasing years of exposure, tar-years of exposure and years since first exposure to tar
revealed a steady, statistically significant, increasing trend. No similarly c1ear-cut pattern
was noted for cancers of the oesophagus or stomach. Deaths from cancer of the urinary
organs (20 observed, 13.7 expected) and bladder (12 observed, 7.5 expected) were more
numerous than expected, but not significantly so. N onetheless, when mortality from cancer
at each of these sites was analysed according to tar-years of exposure, significantly
increasing trends were noted. Among workers 'never' exposed to tar, mortality was not
elevated above expectancy for any cancer site2.
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The risk for bladder cancer was further investigated in a case-control study based on 488
bladder cancer cases occurring in 1970- 1 979 in regions of the Province of Quebec where five
aluminium plants were operating using the Söderberg production process. A statistically
significant odds ratio of 2.7, based on 45 exposed cases, was found for employment in
Söderberg reactor rooms. The risk increased steadily with time worked in this department,
with odds ratios ranging from 1.9 for those who had worked for one to nine years, up to 4.5
for those who had worked in the department for over 30 years. This trend was statistically
significant. The risk also increased steadily with increasing estimated exposure to 'tar' and
polycyclic aromatic hydrocarbons and remained almost unchanged after adjusting for
cigarette smoking, length of employment and age3. This set of data was later reanalysed in
an attempt to quantify the noted exposure-response relationship. More refined quantitative
estimates of historical workplace exposure and more complete information on smoking
habits were used. Estimates of bladder cancer risk were highly statistically significantly
related to three exposure indices: years spent in the Söderberg potroom; 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 polycyclic aromatic
hydrocarbons. It was estimated that an aluminium smelter worker exposed to 0.2 mgj m3
benzene-soluble material for 40 years has a likelihood of contracting bladder cancer

approximately 2.5-fold that of a nonexposed person. W orkers exposed to 5 ¡.gj m3

benzo(a)pyrene for 40 years had a likelihood of contracting bladder cancer approximately
five-fold that of an unexposed person. Smoking did not confound the relationship4.

There is sufficient evidence that certain exposures occurring during aluminium
production cause cancer. Pitch volatiles have fairly consistently been suggested in
epidemiological studies as being possible causative agents. Dose-response relationships
have been clarified, and confounding by smoking controlled for.

B. Other relevant data

No effect on the incidence of sister chromatid exchanges in peripheral blood

lymphocytes ofworkers in the aluminium industry was observed in one study. No increase
in the incidence of structural chromosomal aberrations was observed in the lymphocytes of
workers in an aluminium reduction plant exposed to coal-tar pitch volatiles (anode
production area); analyses of the semen showed no effect on sperm morphology, sperm
count or double- Y bodies, when compared to matched controls from the same area, but
there was an excess of mutagenic urine samples among these workers as compared to
controls. Urine samples from workers in an anode manufacturing plant were not mutage nie
to Salmonella typhimurium in the presence of a metabolic system. Methanol extracts of
sputum and bronchial expectorates, pooled separately for smoking and for nonsmoking
workers in a Söderberg process potroom, were tested for mutagenicity to S. typhimurium in
the presence of an exogenous metabolic system. Expectorates from smokers were
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mutagenie, while those from nonsmokers yielded inconc1usive results; samples from pooled
controls were inactive5.
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4-AMINOBIPHENYL (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
The extent ofbladder cancer risk associated with exposure to 4-aminobiphenyl was first

documented by a descriptive study in the mid- 1 950s: of 171 men exposed to 4-amino-
biphenyl between 1935 and 1955, 19 developed bladder tumoursl. This observation appears

to have been sufficient to prompt discontinuation of production and to prevent widespread
use ofthe chemicaL. ln 1955, a surveillance programme was initiated on workers reported to
have been exposed to the chemical: during the following 14 years, 541 men were kept under
surveilance by c1inical and laboratory examinations; 86 had positive or suspicious cytology
of the urinary sediment sorne time during the observation period, and 43 developed
histologically confirmed carcinoma of the urinary bladder2.

The hypothesis that another potential carcinogen, 4-nitrobiphenyl, was actually
associated with the increased bladder cancer risk among these workers was raised but was
dismissed by careful reconsideration of the processes involved and the possible exposures of
the workers under surveilance3.

ln a survey of cancer mortality among workers at a chemical plant producing a variety of
chemicals, a ten-fold increase in mortality from bladder cancer was reported. AlI of the nine
cases on which the excess was based had started work in the plant before 1949, and
4-aminobiphenyl was known to have been used from 1941 until 19524.

B. Evidence for carcinogenicity to animaIs (suffcient)
4-Aminobiphenyl was tested for carcinogenicity by oral administration in rabbits, dogs

and mice and by subcutaneous administration in rats. Following its oral administration, it
induced bladder papilomas and carcinomas in rabbitsl and dogsl'S, and neoplasms at
various sites in mice, inc1uding dose-related increases Ín the incidences of angiosarcomas6,
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hepatocellular tumoursl,6 and, bladder carcinomasl,6. Following its subcutaneous admin-
istration to rats, it induced tumours of the mammary gland and intestinel.

C. Other relevant data

No data were availableon the genetic and related effects of 4-aminobiphenyl in humans.
It formed DN A adducts in the bladder epithelium of dogs and protein adducts in serum
albumin of rats treated in vivo. It induced mutation in human fibroblasts and mutation,
DNA strand breaks and unscheduled DNA synthesis in cultured rodent cells. 4-Amino-
biphenyl was mutagenic to bacteria and induced prophage7.
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AMITROLE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

ln a small cohort study of 348 Swedish railroad workers exposed for 45 days or more to
amitrole, 2,4-D or 2,4,5-T (see p. 256) and to other organic (e.g., monuron and diuron) and
inorganic chemicals (e.g., potassium chlorate), there was an excess of deaths from malignant
neoplasms (17 observed, 11.9 expected). There was a statistically significant excess of aU
cancers among those exposed to amitrole and chlorophenoxy herbicides: six deaths from
cancer with 2.9 expected, of which aIl six - with 1.8 expected (p -: 0.005) - occurred in

those first exposed ten years or more before death. No significant excess was seen among
those exposed mainly to amitrole: five deaths from cancer with 3.3 expected, three deaths
with two expected occurring in those first exposed ten years or more before death 1. The role
of amitrole exposure is therefore not possible to evaluate.
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B. Evidence for carcinogenicity to animais (sufficient)
Amitrole was tested for carcinogenicity in mice by oral administration, skin application

and transplacental exposure, in rats by oral and subcutaneous administration and in
hamsters by oral administration. After oral administration, it produced thyroid tumours
and benign and malignant liver tumours in mice of each sex, benign and malignant thyroid
tumours in male and female rats and benign pituitary tumours in female ratsl.

C. Other relevant data
No data were available on the genetic and related effects of amitrole in humans.
Amitrole did not induce micronuclei in bone-marrow cens of mice or unscheduled

DN A synthesis in hepatocytes of rats treated in vivo. It induced transformation of Syrian
hamster embryo cens and increased the incidence of sister chromatid exchanges in Chinese
hamster ovary cells; both positive and negative results were reported for mutation in
cultured rodent cens. Amitrole did not induce sex-linked recessive lethal mutations or
aneuploidy in Drosophila; it induced chromosomal aberrations in plants. Both positive and
negative results were obtained in assays for gene conversion and mutation in fungi, but
amitrole induced aneuploidy. It was not mutagenic to bacteria and did not induce DN A
damage2.
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ANAESTHETies, VOLATILE (Group 3)

A. rvidence for carcinogenicity to humans (inadequate)
Data from postal surveys of cancer incidence among working populations showed a

higher rate of cancer among female operating-room personnel than among controlsl-4,
partly refIecting an excess ofleukaemia and lymphoma2. ln one ofthe studies4, a higher rate
of cancer was reported among dental assistants with relatively heavy exposure to
anaesthetics, refIecting a higher prevalence of cervical and uterine cancer in women with
heavier exposure to anaesthetics than in those with a lighter exposure (signifieant only for
cancer of the ç,ervix). AlI of these postal surveys had major shortcomings5, with response
rates varying from 40-82%. Five mortality studies were carried out on anaesthetists6-1O. A

deficiency of deatns from cancer was seen in four6,8-1O; however, in one study6, there was an
excess of deaths from lymphoma and myeloma (17 observed, 8.9 expected, with a ratio of
1.9 (95% confidence interval, 1.2-2.6)) and, in another, a possible excess of cancer of the
pancreas7. Cancer incidence was also studied in 28 235 registered nurses. Minor excesses
of breast cancer, Iymphoma and acute myelogenous leukaemia were balanced by deficits
in cancers at other sites. No significant difference was found for active operation and
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anaesthetic nurses as compared to the female Norwegian populationll. ln a study of the
incidence of cancer among offspring born to nurse anaesthetists, three neoplasms occurred
in two of 434 children born to anaesthetists who had worked during pregnancy (a
neuroblastoma and a carcinoma ofthe thyroid in one, and a carcinoma of the parotid in the
other) and one leukaemia among the 261 children born to anaesthetists who had not worked
during pregnancy12.

It is not possible to consider exposure to different volatile anaesthetics separately,
although the study of US anaesthesiologists working du ring 1930-194610 concerned the

period before fIuorinated anaesthetic agents were introduced in the 1950s.

B. Evidence for carcinogenicity to animaIs (inadequate for enfIurane, halothane, iSO-

flurane, methoxyfIurane and nitrous oxide)
EnfIurane was tested for carcinogenicity by inhalation in one strain of mice at the

maximum tolerated doseI3 and at several dose levels in a limited study in which treatment
started in uterol4. No treatment-related neoplasm was observed.

Halothane was tested for carcinogenicity by inhalation in mice and rats. When mice were
exposed in utero and then three times weekly for 78 weeks at the maximum tolerated dosel5
or 24 times at several dose levelsl4, no treatment-related neoplasm was observed. No
carcinogenic effect was seen in rats exposed to a low level of halothane alone or in
combination with nitro us oxidel6.

IsofIurane was tested for carcinogenicity by inhalation in one strain of mice. It induced
liver tumours in one experimentl but no treatment-related neoplasm in anotherl4. Both
experiments had limitations.

MethoxyfIurane was tested for carcinogenicity in mice by inhalation in utero in one
limited study. No treatment-related neoplasm was observedl4.

Nitrous oxide was tested for carcinogencity by inhalation in mice and rats. ln one limited
study in mice in which exposure started in utero, no treatment-related neoplasm was
observedl4. No carcinogenic effect was seen in rats exposed chronically to a low dose of
nitro us oxide alone or in combination with halothanel6.

C. Other relevant data
Studies in hospital personnel exposed to inhalation anaesthetics showed an increased

frequency of chromos omal aberrations but not of sister chromatid exchanges in peripheral
blöod lymphocytes17,18.

Neither enflurane nor halothane induced dominant lethal mutations in rodents in vivo,
and halothane did not induce chromosomal aberrations, micronuc1ei or sister chromatid
exchanges in rodents treated in ViV019.

Divinyl ether and fluroxene induced sister chromatid exchanges in cultured Chinese
hamster ovary cells and mutation in bacteria. Negative results were obtained in these tests
with halothane, enfIurane, diethyl ether, isofIurane, methoxyfIurane and nitrous oxide.
Halothane caused gene conversion and mutation in yeast under conditions that enhanced
endogenous levels of cytochrome P450. Diethyl ether was not mutage nie to fungi.

Cyclopropane was not mutagenic to bacteria19.
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ANDROGENie (ANABOLie) STEROIDS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

Cases of benign hepatoma, peliosis hepatis, primary hepatocellular carcinoma and
hepatic cholangiocarcinoma have aIl been linked to the use of androgenic steroids, mostly
oxymetholonel-13. At least 25 cases ofliver-cell tumour have been reported in patients with
Fanconi's anaemial-6,11,12, aplastie anaemial,4,7,8, paroxysmal nocturnal haemoglobi-
nurial,12,13, panmyelopathy9 or megaloblastic anaemia10 treated with oxymetholone alone
or in combination with other androgenic steroid drugs. Usually, treatment was given for
years, but cancer has occurred within as little as two months of therapy6, and there have been
well-documented instances of remission following the withdrawal of oxymetholone

treatment8,9,1 1. Hepatocellular carcinomas were also reported after extended treatment with
oxymetholone of one patient with nephrolithiasisl4 and of another with chronic renal
failurel5; and hepatocellular carcinomasl,16, cholangiocarcinomasl5 and adenomasl6 were
reported after extended treatment of patients with methyItestosterone, testosterone

oenanthate and nandrolone decanoate for hypogonadisml6, hypopituitarism13, chronic
renal failurel5 and generalized weaknessl5.

The fact that castration palliates prostatic cancers suggests that testosterone may be
involved in the genesis of these tumoursl7, and a number of epidemiological observations
suggest that increased testosterone levels may increase the risk for prostatic cancer. ln
addition, patients with cirrhosis, who have depressed testosterone levelsl8, have low rates of
prostatic cancerl9, and pros ta tic cancer is seemingly unknown among castrates20. There
have also been a number of case reports21-23 of prostatic cancer developing after androgen
therapy; there was only one, unusual case, however, in which the cancer developed in a
'body-builder' at the age of 40 who had taken anabolic steroids for 18 years23.

Blacks in the USA have the highest prostatic cancer rates in the world. Their two-fold
increased risk, compared to US whites, is evident at the earliest age at which prostatic cancer
occurs. Ross et al.24 showed that young US blacks have a 15% higher mean testosterone
serum level than young US whites, and argued that this difference could readily explain the
two-fold difference in rates.

ln one study25, prostatic cancer cases were found to have higher mean levels of serum
testosterone than healthy controls of the same age. Prostatic cancer cases in this study had a
clear ex cess of high testosterone values. Another study 26 showed significantly higher levels
of serum testosterone in prostatic cancer cases than in age-matched controls among US
blacks, but not among African blacks. A number of case-control studies, however, showed
no significant difference between cases and controls27-29. At present, there are insufficient
data to permit firm conclusions to be drawn.

The development of myeloid leukaemia as a complication of Fanconi's anaemia has
been reported in association with the use of oxymetholonell,30,31, and there has been one

case report of paroxysmal nocturnal haemoglobinuria in which a myeloproliferative
disorder developed after oxymetholone therapy32.

kajo
Pencil



ANDROGENIC (ANABOLIC) STEROIDS 97

The evidence that anabolic steroids can cause both benign and malignant liver tumours
is quite strong. However, because no analytical epidemiological study has been done, the
W orking Group felt constrained to c1assify the evidence for carcinogenicity in humans as no
more than 'limited'.

B. Evidence for carcinogenicity to animaIs (sufficient for testosterone)

Testosterone propionate was tested for carcinogenicity in mice and rats by subcutaneous
implantation, producing cervical-uterine tumours in female mice and prostatic adenocarcinomas
in male rats. Neonatal treatment of female mice by subcutaneous injection of testosterone
induced hyperplastic epithelial lesions of the genital tract and increased the incidence of
mammary tumours. 5ß-Dihydrotestosterone, which is considered hormonally inactive in
ad ults, also increased the incidence of mammary tumours in mice when given neonatally by
subcutaneous injection33. Depots oftestosterone propionate implanted in rats resulted in an
increased incidence of prostatic adenocarcinomas34. Subcutaneous administration of
testosterone propionate following intravenous treatment with N-methyl-N-nitrosourea
produced a high incidence of prostatic adenocarcinoma not seen with the individual
compounds35.

No data were available to the Working Group on oxymetholone.

C. Other relevant data
No data were available on the genetic and related effects of oxymetholone or

testosterone in humans.
Testosterone did not induce sperm abnormalities or micronuc1ei in mice treated in vivo

and was not mutagenic to bacteria36.
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ANILINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
The excess of bladder cancer deaths observed in clusters of cases of workers in the

aniline-dye industry has been attributed to exposure' to chemicals other than aniline.
Epidemiological studies of workers exposed to aniline but not to other known bladder
carcinogens have shown little evidence of increased risk. These studies are generally
methodologically inadequate due to incomplete follow-up of workers who left the industry
and to absence of estimates of expected numbers of bladder cancers. ln the most

methodologically vigorous study, one death from bladder cancer was reported among 1223
men who had produced or used aniline, with 0.83 deaths expected from population ratesl. A
recent mortality study of 342 men employed in the manufacture of organic dyes, in which
two of the three processes involved aniline as a raw material, showed no death from bladder
cancer2.

B. Evidence for carcinogenicity to animaIs (limited)
Anilne hydrochloride was tested for carcinogenicity in single experiments in mice and

rats by oral administration. No increase in tumour incidence was observed in mice. ln rats, it
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produced fibrosarcomas, sarcomas and haemangiosarcomas of the spleen and peritoneal
cavity!. ln several limited studies, largely negative results were obtained following oral
administration to rats!, subcutaneous injection of mice! and hamsters3, and after single
intraperitoneal injection of mice4.

C. Other relevant data
No data were available on the genetic and related effects of aniline in humans.
Aniline induced sister chromatid exchanges, but not micronuclei, in bone-marrow cells

of mice treated in vivo, and DN A strand breakage was induced in liver and kidney of rats in
vivo. Sister chromatid exchange assays in human cells in vitro gave negative results. Syrian
hamster embryo cells and virus-infected Fischer rat embryo cells were not transformed by
aniline, but BALBj c 3T3 cells were. It induced sister chromatid exchanges and chromo-
somal aberrations but not DN A strand breaks or unscheduled DN A synthesis in

mammalian cells in vitro. Aniline did not induce sex-linked recessive lethal mutations in
Drosophila and did not induce mutation or mitotie recombination in fungi. It was not
mutagenic to bacteria and did not cause DN A damage. Urine from rats treated with aniline
was reported to be mutage nie to bacteria5.
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ARSENie AND ARSENIC eOMPOUNDS (Group 1*)

A. Evidence for carcinogenicity to humans (sufficient)
Many cases of skin cancer have been reported among people exposed to arsenic through

medical treatment with inorganic trivalent arsenic compounds, particularly Fowler's

-This evaluation applies to the group of chemicals as a whole and not necessarily to ail individual chemicals within the group (see
also Methods, p. 38).
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solutionl, and further reports have confirmed these findings2-9. ln sorne instances, skin
cancers have occurred in combination with other cancers, such as liver angiosarcoma (after
six rnonths' treatment with Fowler's solution giving a total intake of 0.24 g arsenic)6,
intestinal and bladder cancers7 and meningioma9. Liver angiosarcomas have also been
associated with medicinal exposure to arsenicl,6,lo.

Epidemiological studies of cancer following medical treatment with arsenic have shown
an excess of skin cancers, but no clear association with other cancers has been obtained 1, as
confirmed by a recent cohort study on individuals treated with Fowler's solutionll. No
relation was found between prostatic cancer and treatment of syphilis with arsenicalsl2.

An association between environmental exposure to arsenic through drinking-water and
skin cancer has been observedl and confirmedI3,14; two cases of bladder cancer were also
described, with latent periods of eight to 20 yearsl5. The latent periods for two cases of skin
cancer related to arsenic in drinking-water were 20 and 23 years, and the concentrations or
uptake of arsenic were reported to be 1.2 and 1 mg per day, respectively, with an estimated
total ingested dose of about 8 gin one studyl4.

Epidemiological studies in areas with different frequencies of black-foot disease and
where drinking-water contained 0.35- 1.14 mgj 1 arsenic revealed elevated risks for cancers of
the bladder, kidney, skin, lung, liver and colon in both men and womenI6,17.

A case of liver angiosarcoma was reported in the 20-month-old chi Id of an exposed
worker living in the vicinity of a copper mine and smelterl8. Four rather inconsistent studies
describing the effect of air pollutants containing arsenicl,19,20 were followed by further
reports that indicated an effect on lung cancer incidence of arsenic in polluted air from
smelters and pesticide production, with risk ratios of 2.0-2.5 near smelters21,22. Two further
studies near smelters showed no clear effect23,24.

Occupational exposure to inorganic arsenic, especially in mining and copper smelting,
has quite consistently been associated with an increased risk of cancerl. A number of studies
of smelter workers relate to populations that have been reported previouslyl and represent
both partial25-27 and total28,29 updates. An almost ten-fold increase in the incidence of lung
cancer was found in workers most heavily exposed to arsenic, and relatively clear dose-
response relationships have been obtained with regard to cumulative exposure29 and

especially with 30-day ceiling levels27. Sulphur dioxide in the smelter environment appeared
to play a minor role, if any, in the development oflung cancer27. Other forms of cancer were
considered, but their incidences were not found to be consistently increased28. Other US
smelter worker populations have been shown to have consistent increases in lung cancer
incidence, as well as increases of about 20% in the incidence of gastrointestinal cancer and of
30% for renal cancer and haematolymphatic malignancies30,31. The 0 bservation in an earlier
study of an increase in lung cancer risk among a population of Swedish smelter workersl has
been confirmed, with a risk of six to eight fold among roasters32.

A decrease in lung cancer risk after cessation of exposure to arsenic has been observed in
sorne studies30,33, possibly indicating a late-stage effect of arsenic34,35.

With regard to histological type of lung cancer, a significant, relative excess of adeno-
carcinomas and a slight excess of oat-cell cancers were seen among smelter workers36.
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A multiplicative effect of arsenic exposure and smoking was observed among Swedish
smelter workers37. A slightly increased risk was also indicated for exposure to sulphur
dioxide in this study. Other studies have shown a lesser influence of smoking25,33.

Relatively high concentrations of arsenic, as weIl as of antimony, cadmium, lead and
lanthanum, were found in lung tissue of lung cancer cases, whereas the concentrations of
selenium were low38,39.

An approximately two-fold risk for lung and stomach cancers has been observed among
(fine) glass workers with sorne exposure to arsenic but who were also exposed to other
potentially carcinogenic metals and to asbestos. Stomach cancer was especially frequent
among glass blowers, suggesting an association with oral contact with contaminated pipes40.

Sorne excess of lung cancer was seen among female hat makers exposed to arsenic, but
also to mercury4I.

Additional reports have suggested an increased risk of skin and lung cancers in vineyard
workers42,43 and have also suggested that ingestion of arsenic in wine byproducts may have
contributed to this increase42. One case of lung cancer was reported in an individual involved
in the production of lead arsenate and calcium arsenate44; multiple skin keratoses and

chronic Iymphatic leukaemia were reported in one person involved in the production of
copper acetoarsenate45.

Three studies of two populations of workers in pesticide production showed an
increased risk ratio for lung cancer - up to about 3 - and sorne excess of malignant
neoplasms of the Iymphatic and haematopoietic tissuesI,46. ln a study of liver angio-
sarcomas, two of 26 cases had been in contact with arsenical pesticides occupationallyl.

B. Evidence for carcinogenicity to animais (limited)

Various arsenic compounds have been tested for carcinogenicity by perinatal treatment
of mice, by intratracheal instillation in hamsters and rats and by implantation into the
stomach of rats. Arsenic trioxide produced lung adenomas in mice after perinatal
treatment47, and induced low incidences of carcinomas, adenomas, papillomas and
adenomatoid lesions of the respiratory tract in hamsters after its intratracheal instil-
lation48,49. It induced a low incidence of adenocarcinomas at the site of its implantation into
the stomach of rats50. A high incidence of lung carcinomas was induced in rats following a
single intratracheal instillation of a pesticide mixture containing calcium arsenatel.
Intratracheal instillations of calcium arsenate into hamsters resulted in a borderline increase
in the incidence of lung adenomas, while no such effect was observed with arsenic
trisulphide5I. Oral administration of sodium arsenite enhanced the incidence of renal
tumours induced in rats by intraperitoneal injection of N-nitrosodiethylamine52.

No adequate data on the carcinogenicity oforganic arsenicals were available to the
W orking Group.
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C. Other relevant data
ln one study of people exposed to trivalent arsenic in drinking-water, no increase in the

incidence of sister chromatid exchanges or chromosomal aberrations was observed. A
number of other studies published on people occupationally exposed to arsenic or patients
treated with arsenic have shown increased levels of chromosomal aberrations or sister
chromatid exchanges. The interpretation of these results remains uncertain because of
methodological pro blems53.

Trivalent arsenic did not induce dominant lethal mutations in mice, but it produced a
small increase in the incidence of chromosomal aberrations and micronuclei in bone-
marrow cells of mice treated in vivo. It induced chromos omal aberrations and sister
chromatid exchanges in human and rodent cells in vitro, and transformation of Syrian
hamster embryo cells; it did not induce mutation in rodent ce lis in vitro. It induced gene
conversion in yeast but did not cause mutation or induce prophage in bacteria53.

Pentavalent arsenic induced chromosomal aberrations in human and rodent cells in
vitro; equivocal results were obtained in assays for the induction of sister chromatid
exchanges. It induced transformation in Syrian hamster embryo cells but did not induce
mutation or DN A strand breaks in rodent cells in vitro. It induced gene conversion in yeast
but did not induce mutation in bacteria53.
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ASBESTOS* (Group 1)

A. Evidence for carcinogenicity to hum ans (suffcíent)

Numerous reports from several countries have described cases or series of pleural and
peritoneal mesotheliomas in relation to occupational exposure to various types and

mixtures of asbestos (including talc containing asbestos), although occupational exposures
have not been identified in aIl casesl-21. Mesotheliomas of the tunica vaginalis testis and of
the pericardium have been reported in persons occupationally exposed to asbestos22-24.

Environmental exposure either in the houses of asbestos workers or in the neighbour-
hood of asbestos mines or facto ries has been noted in sorne of the casesl,2,4-6,9,1l,25,26. It has
been estimated that a third of the mesotheliomas occurring in the USA may be due to
nonoccupational exposure27. ln a study from Israel, the incidence of mesothelioma was
found to be higher among those born in the USA or in Europe relative to those born in
Israel9.

ln sorne of these case reports and in other studies, asbestos fibres were identified in the

lung5,6,1i,28-32. Amphibole fibres usually predominated, but in a few cases mainly or only
chrysotile fibres were found6,28.

The long latency required for mesothelioma to develop after asbestos exposure has been
documented in a number of publicationsl 1,13,26,28,33-37. An increasing proportion of cases
has been seen with increasing duration of exposure36.

A number of epidemiological studies of respiratory cancer and mesothelioma have been
reported in relation to exposure to unspecified or complex mixtures of asbestos in shipyard
work38-45. The risk ratio for lung cancer has usually been moderately increased, both in these
studies and in studies on various other occupational groups with similarly job-related but
unspecified or complex asbestos exposures35,46-54. Risk ratios of about 2-5 have been

reported in some studies, but the ratio was considerably higher in one rather small study55
and did not exceed unit y in another"2. ln one study, individuals suffering from asbestosis
had a considerably greater risk for lung cancer, with a risk ratio of 9.056. ln sorne of the
studies referred to, a number of mesotheliomas were also observed41,42,44,47,51,53,55.

Abdominal mesotheliomas have sometimes been mistaken for pancreatic cancer57. Meso-
thelioma cases have been observed to have a relatively lower fibre content in the lungs than
lung cancer cases32.

. Actinolite, amosite, anthophyllte, chrysotile, crocidolite, tremolite
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Laryngeal cancer has been considered in two case-control studies, resulting in risk ratios
of 2.4 and 2.3 that relate to shipyard work and unspecified exposure, respectively40,58. A

cohort study ofinsulation workers showed a relative risk of 1 .9, based on ni ne cases57. A case
series indicated a high frequency of exposure to asbestos, especially in low-grade smokers59.
A risk ratio of 3.2 for laryngeal cancer was reported among chrysotile miners in an area with
generally high incidence6o, but no increased risk was seen in a cohort of workers with

exposure to crocidolite61. Two correlation studies have also indicated a relationship
between laryngeal cancer and exposure to asbestos39,62.

Mesotheliomas related to shipyard work and other exposures, inc1uding household
contact with asbestos workers, have also been subject to epidemiological studies36,63-67,

resulting in risk ratios of about 3-15 in cornparison with background rates not c1early
referable to asbestos exposure.

Sorne studies have specifically considered environmental exposures with reference to
mesotheliomas66,67. Three correlation studies and one case-control study considering

exposure to piped drinking-water68-71 did not show consistently increased risks for any type
of cancer, whereas another study72 considering chrysotile contamination mainly from
natural sources gave sorne indication of an increase in the incidence of peritoneal and
stomach cancers in persons of each sex, although no other cancer site was consistent in this
respect.

Exposure to crocidolite has been studied with regard to risk of lung cancer61,73-76, and

risk ratios of about 2-3 have been reported. Three lung cancers and two rnesotheliomas
occurred in 20 individuals after one year of high exposure to crocidolite; at least 17 of the
cases had asbestos-induced lung changes on X-ray films77.

One study78 ofhistological types oflung cancers showed that among pers ons exposed to
crocidolite 45.7% of cases were squarnous-cell carcinomas, as compared to 35.2% among
unexposed persons. ln the context of unspecified and complex exposures, small-cell
carcinoma was found to be relatively more prevalent than other forms50.

Exposure to chrysotile was found in sorne studies to result in virtually no increase in risk
rati060,79-81, or a slightly elevated relative risk of lung cancer82-86. Somewhat higher risk
ratios, up to 2.5, 3.5 and 2, respectively, were obtained in one study of chrysotile miners87
and in two independent studies from one asbestos (chrysotile) textile plant88,89, the latter
being the more comprehensive. With regard to mesotheliomas, one study suggested a
particularly high risk of combined exposure to chrysotile and amphiboles (risk ratio, 61),
thus almost multiplying the risk ratios (6 and 12, respectively) of exposures to chrysotile and
to amphiboles alone9o. Another study showed no mesothelioma among a large worker
population with exposure to chrysotile only91.

A slight excess of lung cancer and sorne mesotheliomas appeared in sorne groups with
mixed exposures involving amosite, chrysotile and crocidolite92-94. Exposure predomi-
nantly to amosite, but also to chrysotile, was reported to be the probable cause of at least
four of five mesotheliomas (one peritoneal) observed in a UK insulation-board factory95.
One cohort with exposure to cummingtonite-grunerite, which is c10sely related to amosite,
had no clear excess of lung cancer, although one case of mesotheliomawas observed96.
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Exposure to tremolite and actinolite has been the subject of a few studies in
investigations of vermiculite mining and miling97,98 and environmental exposure99. The
studies of miners indicated a risk ratio for lung cancer of up to approximately six fold.
Deaths from mesothelioma were found in the occupational studies, whereas the study of
environmental exposure showed no increased risk, although pleural plaques were reported.
Publication of one case report of a mesothelioma after environmental exposure suggests
that tremolite was of etiological importance31.

Cancers other than of the lung or mesothelioma have been considered in many

studiesl'I 7 ,35,39,41 -44,48,51,55,60-62,68-70,72-74,76,83,87,89,92,93,96,97,99-108. Some indicated an approxi-

mately two-fold risk with regard to gastrointestinal cancer in connection with shipyard
work41,43, and sorne increased risk was also seen in association with exposure to both

chrysotile and crocidolitel03, to crocidolite61,74 or to chrysotile87. Cancer of the colon and
rectum was associated with asbestos exposure during chrysotile production, with an
approxirnately two-fold risk87; a sirnilar excess was found for unspecified asbestos
exposurel04. Sorne excess of ovarian cancer has been reported in two studies73,76 but not in
another92; exposure to crocidolite was probably more predominant in the studies that
showed excesses. Bile-duct cancer appeared in excess in one study based on record-

linkingl05, and large-cell lymphomas of the gastrointestinal tract and oral cavity appeared to
be strongly related to asbestos exposure in one small study covering 28 cases and 28
controls, giving a risk ratio of 8; however, ten cases and one control also had a history of
malaria 106. An excess of Iymphopoietic and haematopoietic malignancies has been reported
in plumbers, pipe-fitters, sheet-metal workers and others with asbestos exposureI7,54,107,108.

The relationship between asbestos exposure and smoking indicates a synergistic effect of
smoking with regard to lung cancerl. Further evaluations indicate that this synergistic effect
is close to a multiplicative modeI52,109. As noted previouslyl, the risk of mesothelioma
appears to be independent of smoking47,66, and a significantly decreasing trend in risk was
observed with the amount smoked in one study65.

The studies of the carcinogenic effect of as bestos exposure, including evidence reviewed
earlierl, show that occupational exposure to chrysotile, amosite and anthophyllte asbestos
and to mixtures containing crocidolite results in an increased risk of lung cancer, as does
exposure to mineraIs containing tremolite and actinolite and to tremolitic mate rial mixed
with anthophyllte and small amounts of chrysotile. Mesotheliomas have been observed
after occupational exposure to crocidolite, amosite, tremolitic material and chrysotile
asbestos. Gastrointestinal cancers occurred at an increased incidence in groups occupa-
tionally exposed to crocidolite, amosite, chrysotile or mixed fibres containing crocidolite,
although not all studies are consistent in this respect. An excess of laryngeal cancer has also
been observed in some groups of exposed workers. No c1ear excess of cancer has been
associated with the presence of asbestos fibres in drinking-water. Mesotheliomas have
occurred in individuals living in the neighbourhood of asbestos factories and mines and in
people living with asbestos workers.
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B. Evidence for carcinogenicity to animais (suffcíent)

Asbestos has been tested for carcinogenicity by inhalation in rats, by intrapleural
administration in rats and hamsters, by intraperitoneal injection in mice, rats and hamsters
and by oral administration in rats and hamsters. Chrysotile, crocidolite, amosite,

anthophyllite and tremolite produced mesotheliomas and lung carcinomas in rats after
inhalationl,llo,111 and mesotheliomas following intrapleural administrationl,112.
Chrysotile, crocidolite, amosite and anthophyllte induced mesotheliomas in hamsters
following intrapleural administration 1. Intraperitoneal administration of chrysotile,
crocidolite and amosite induced peritoneal tumours, including mesotheliomas, in micel,l13
and ratsl,III,114. Given by the same route, crocidolite produced abdominal tumours in
hamstersll5, and tremolite and actinolite produced abdominal tumours in ratsl 10,116-118. A
statistically significant increase in the incidence of malignant tumours was observed in rats
given filter material containing chrysotile orallyl. ln more recent studies, tumour incidence
was not increased by oral administration of amosite or tremolite in ratsl19, of amosite in
hamstersl20,121 or of chrysotile in hamstersl2. ln two studies in rats, oral administration of

chrysotile produced a low incidence of benign adenomatous polyps of the large intestine in
males (9j250 versus 3j254 pooled controls)122 and of mesenteric haemangiomas (4j22
versus 0 j 47 controls )ì23. Synergistic effects were 0 bserved following intratracheal adminis-
tration of chrysotile and benzo(a)pyrene to rats and hamstersl and of intratracheal
administration of chrysotile and subcutaneous or oral administration of N-nitroso-
diethylamine to hamstersl24.

C. Other relevant data

Insulation workers exposed to asbestos 'displayed a marginal increase' in the incidence
of sister chromatid exchanges in lymphocytes in one studyl25.

Chrysotile did not induce micronuclei in bone-marrow cells of mice or chromosomal
aberrations in bone-marrow cells of rhesus monkeys treated in vivo. ln cultured human
cells, conflicting results were reported for the induction of chromosomal aberrations and
negative results for the induction of sister chromatid exchanges by chrysotile and
crocidolite; amosite and crocidolite did not induce DN A strand breaks, and crocidolIte was
not mutagenic. Amosite, anthophyllte, chrysotile and crocidolIte induced transformation
of Syrian hamster embryo cells, chrysotile and crocidolIte transformed BALB je 3T3 mouse
cells, and chrysotile transformed rat mesothelial cells. Neither amosite nor crocidolIte
transformed CH3 IOTlj2 cells. ln cultured rodent cells, amosite, anthophyllte, chrysotile
and crocidolite induced chromosomal aberrations, and amosite, chrysotile and crocidolIte
induced sister chromatid exchanges; chrysotile and crocidolIte induced aneuploidy and
micronuc1ei. Chrysotile induced unscheduled DNA synthesis in rat hepatocytes. Amosite,
chrysotile and crocidolite were inactive or weakly active in inducing mutation in rodent cells
in vitro; none was mutage nie to bacterial25.
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ATTAPULGITE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A cohort study of 2302 men employed for at least one month between 1940 and 1975 at
an attapulgite mining and miling facility in the USA showed a statistically significant excess
oflung cancer deaths for white men (16 observed, 8.3 expected), but not for black men. Lung
cancer risk was not significantly associated with cumulative dust exposure level, induction-
latent period or duration of employment, except that among men employed for five years or
more in high-exposure jobs five lung cancer deaths were observed, with 1.6 expectedl.
Interpretation of the excess of lung cancer in this study is restricted because of a relatively
small study population, the possibly incomplete identification of the study population,
incomplete demographic information on original records, lack of information on smoking
and the use of national mortality rates for comparison.

B. Evidence for carcinogenicity to animaIs (limited)
Attapulgite was tested for carcinogenicity in rats by intraperitoneal injection, by

intrapleural administration and by inhalation. One sample of attapulgite with 30% of fibres
longer than 5 t.m and another with 50% of fibres longer than 1.3 t.m produced
mesotheliomas and sarcomas in the abdominal cavity of rats following its intraperitoneal
injection. Three samples of shorter fibre length gave negative resultsl,2. One sample of
attapulgite with some fibres longer than 4 t.m and two samples with some fibres longer than
6 t.m induced mesothelial tumours following intrapleural administration to ratsl,3, but one
sample with fewer such fibres did notI. Rats administered particles (with a mean length of
0.77 t.m, no fibres longer than 4 t.m and a mean diameter of 

0.06 t.m) of 'French' attapulgite
by intrapleural administration did not develop mesothelioma, whereas about 50% of rats
treated similarly with various types of asbestos did4. One mesothelioma was observed in rats
following inhalation of two samples of attapulgite3.

C. Other relevant data
No-data were available on the genetic and related effects of attapulgite in humans. It did

not induce sis ter chromatid ex changes in rat mesothelial cells or unscheduled DNA
synthesis in rat hepatocytes in vitr05.
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AURAMINE (TEeHNieAL-GRADE) (Group 2B) and
MANUFAeTURE OF AURAMINE (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for auramine, technical-grade;
sufficíent for the manufacture of auramine)

The manufacture of auramine (which also involves exposure to other chemicals) was
judged to be causally associated with an increased incidence ofbladder cancer on the basis of
one study dealing with experiences in the first half of the century in the UK 1. Data reported
later, in two studies dealing with one group ofworkers in the Federal Republic of Germany
involved in the manufacture of auramine, were judged to show increased risks of both
bladder cancer and prostatic cancer; however, these workers had also been exposed to other
chemicals, inc1uding 2-naphthylamine (see p. 261)2,3.

ln a study of mortality and cancer incidence among hairdressers, the hypothesis was

raised that the observed excess risk of bladder cancer was associated with exposure to
colouring agents present in briliantines used on men's hair. Auramine was reported to be
one of the most commonly used dyes in brilliantines, at least in the 1930s; however, the
occurrence of impurities, such as 2-naphthylamine could not be ruled out4. Data on
exposure to aura mine alone were considered to be inadequate for evaluation.

B. Evidence for carcinogenicity to animaIs (sufficíent for auramine, technical-grade)

Auramine (technical-grade) was tested for carcinogenicity by oral administration in
mice and rats and by subcutaneous injection in rats. Following its oral administration, it
induced liver neoplasms in animaIs of each speciesI,2. After subcutaneous injection in one
study in rats, it induced local sarcomasl. Studies in rab bits and dogs were inadequate for
evaluationl.

C. Other relevant data

No data were available on the genetic and related effects of auramine in humans. It did
not induce micronuclei in bone-marrow cells of mice treated in vivo. It transformed Syrian
hamster embryo ceUs and induced sister chromatid exchanges and DNA strand breaks in
rodent ceUs in culture. It caused aneuploidy, mitotic recombination and DNA damage in
yeast. Auramine was mutage nie to bacteria and induced prophage5.
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AZATHIOPRINE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Two large prospective epidemiological studies have shown that renal transplant
patients, who usually receive azathioprine as an immunosuppressant, become at high risk
for non-Hodgkin's Iymphoma, squamous-cell cancers of the skin, hepatobilary carcinomas
and mesenchymal tumours. While this is true for each of the various etiological entities
resulting in the need for a transplant, these patients also have in common heavy exposure to
foreign antigens1. Other patients who have received azathioprine as an immunosuppressant,
inc1uding those with rheumatoid arthritis, systemic lupus and other 'collagen' disorders,
infIammatory bowel disease and certain skin and renal diseases, have also been studied: the
sa me array of malignancies was found to be in excess, although to a lesser extent1,2. For
these patients, however, the picture is still not completely clear, because patients with
rheumatoid arthritis constituted the largest category in the latter study2, and some3, but not
aIl studies4, have found that this disease conveys a risk for non-Hodgkin's Iymphoma in the
absence of treatment.

B. Evidence for carcinogenicity to animais (limited)
Suggestive evidence was obtained that lymphomas were induced in mice after

intraperitoneal, subcutaneous or intramuscular injection of azathioprine, and that thymic
Iymphomas and squamous-cell carcinomas of the ear duct were induced in rats after oral
administration, but there were limitations in the design and reporting of these studies1,5.

C. Other relevant data
There are confIicting reports of effects on the incidence of chromos omal aberrations in

lymphocytes and bone-marrow cells of patients treated with azathioprine. ln one study, the
incidence of sister chromatid exchanges in lymphocytes of treated patients was not
increased6.

ln animaIs treated in vivo, azathioprine induced dominant lethal mutations in mice,
chromosomal aberrations in rabbit lymphocytes and Chinese hamster bone-marrow cells,
and micronuc1ei in mice, rats and hamsters; it did not induce sis 

ter chromatid ex changes in
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Chinese hamster bone-marrow cells. Azathioprine induced chromosomal aberrations but
not sister chromatid exchanges in human lymphocytes in vitro. It induced chromosomal
aberrations in Drosophila, was weakly mutagenic to fungi and was mutagenic to bacteria6.
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BENZENE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Numerous case reports and series have suggested a relationship between exposure to
benzene and the occurrence of various types of leukaemial. Several case-control studies
have also shown increased odds ratios for exposure to benzene, but mixed exposure patterns
and poorly defined exposures render their interpretation difficultl,2.

Three independent cohort studies have demonstrated an increased incidence of acute
nonlymphocytic leukaemia in workers exposed to benzenel,3. An updating of a cohort study
published earlier on benzene-exposed workersl confirmed the previous findings and added a
further case of myelogenous leukaemia, giving a standardized mortality ratio (SMR) of 194
(95% confidence interval, 52-488), based on four cases; the difference was statistically
significant when only myelogenous leukaemia was considered (4 observed, 0.9 expected;
p = 0.0 11)4. A further cohort study found an excess of acute myeloid leukaemia (SMR, 394;
172-788) among refinery workers, based on eight cases; however, the patients had not
worked injobs identified as having the highest benzene exposure5. Another study of refinery
workers showed no death from leukaemia (0.4 expected); however, the median exposure
intensity for benzene was 0.14 ppm (0.45 mgj m3), and only 16% of 1394 personal samples,
taken between 1973 and 1982 inclusive, contained more than 1 ppm (3.19 mgj m3). The
median exposure intensity in 'benzene-related units' was 0.53 ppm (1.7 mgj ri3)6.
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ln a Chinese retrospective cohort study, encompassing 28 460 workers exposed to
benzene in 233 factories, 30 cases of leukaemia (23 acute, seven chronic) were found, as
compared to four cases in a reference cohort of 28 257 workers in 83 machine production,
textile and cloth factories. The mortality rate from leukaemia was 14j 100 000 person-years
among the exposed and 2j 100 000 person-years among the unexposed (SMR, 574;
p ~ 0.01). Mortality was especially high for workers engaged in organic synthesis, painting
and rubber production. The mortality from leukaemia for cases that had previously had
benzene poisoning was 701j 100000 person-years. 'Grab' samples of benzene in air were
taken during the time of the survey in workplaces where cases of leukaemia were observed;
the mean concentrations varied in a wide range, from 10 to 1000 mgj m3, but the range

50-500 mgjm3 covered most ofthem7.

B. Evidence for carcinogenicity to animais (sufficient)

Benzene was tested for carcinogenicity in mice and rats by several routes of admin-
istration. Following its oral administration at several dose levels, it induced neoplasms at
multiple sites in males and females ofboth species,,8-' 1. After mice were exposed to benzene
by inhalation, a tendency towards induction of Iymphoid neoplasms was observedl,li,l3.
Exposure of rats by inhalation increased the incidence of neoplasms, mainly carcinomas, at
various sites9,1O,14-16. Skin application or subcutaneous injection of benzene to mice did not
produce evidence of carcinogenicity, but most of the experiments were inadequate for
evaluationl. ln a mouse-Iung tumour bioassay by intraperitoneal injection, an increase in
the incidence of lung adenomas was observed in males17.

C. Other relevant data

Chromosomal aberrations in human peripheral lymphocytes have been associated with
occupational exposure to benzene, although many of the studies are very difficult to
interpret 1 8.

Benzene induced chromos omal aberrations, micronuc1ei and sister chromatid exchanges
in bone-marrow cells of mice, chromosomal aberrations in bone-marrow cells of rats and
Chinese hamsters and sperm-head anomalies in mice treated in vivo. It induced chromo-
somal aberrations and mutation in human ce lis in vitro but did not induce sister chromatid
exchanges in cultured human lymphocytes, except in one study in which high concen-
trations of an exogenous metabolic system were used. ln some test systems, benzene induced
cell transformation. It did not induce sister chromatid exchanges in rodent cells in vitro, but
did induce aneuploidy and, in some studies, chromos omal aberrations in cultured Chinese
hamster ovary cells. Benzene induced mutation and DN A damage in some studies in rodent
cells in vitroI8.

ln Drosophila, benzene was reported to be weakly positive in assays for somatic
mutation and for crossing-over in spermatogonia; in single studies, it did not indu ce
sex-linked recessive lethal mutations or translocations. It induced aneuploidy, mutation
and gene conversion in fungi. Benzene was not mutagenic to bacteriaI8.
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BENZIDINE (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)

Case reports and follow-up studies ofworkers in man y countries have demonstrated that
occupational exposure to benzidine is causally associated with an increased risk of bladder
cancer. ln one extreme instance, aIl five of a group ofworkers continuously employed in the
manufacture of benzidine for 15 years or more developed bladder cancerl. Earlier data
suggesting that the incidence of this cancer in workers decreased after a reduction in
indus trial exposurel have been supported by a study of a cohort of workers at a US
benzidine-manufacturing facility, in which major preventive measures were instituted in
1950 to minimize worker exposure. The study period covered 1945-1979, and, overall, there
was a clearly significant excess of bladder cancer incidence, which, however, declined in
those first employed after 19502. Although a longer foIlow-up is required to evaluate fully
the effect of preventive measures on cancer risks, the causal association is strengthened by
these two independent observations. Few other epidemiological studies have examined the
cancer risk associated with exposure to benzidine alone. ln a study at a dyestuffs factory in
Italy, it was possible to distinguish a very high bladder cancer risk (5 deaths observed, 0.06
expected) associated with benzidine production3. The study was extended and updated, but
the role of exposure to benzidine alone in the dramatically increased bladder cancer risk
could not be examined further4. Of 25 benzidine 'operators' at a plant in the USA, 13
developed bladder cancer; aIl cases had been exposed for six years or more5. A surveillance
programme of 179 active and 65 retired workers in a dyestuffs manufacturing plant in Japan
revealed nine cases of bladder cancer that occurred between 1968 and 1981; aIl of the cases
had been engaged in benzidine production6.

Other investigations have shown high incidences of cancer of the bladder and urinary
tract after concomitant exposure to benzidine and 2-naphthylamine (see p. 261) 7,8.
Exposure to these two compounds was also associated with an increase in the occurrence of
second primary cancers at sites other than the bladder, including the liver9.

Among 1601 workers in the chemical-dye industry in China who were exposed to
benzidine, methylnaphthylamine and dianisidine (see p. 198),21 cases ofbladder carcinoma
were found. AlI had a history of exposure to benzidine, while no carcinoma was found
among workers exposed to methylnaphthylamine or dianisidine. Suggestions of a dose-
response relationship were provided by analysis according to length of exposurelO.

Bladder cancer was also found to be increased in ecological studies of areas where
benzidine (as weIl as 2-naphthylamine and other compounds) was used, manufactured or
storedll,12.

B. Evidence for carcinogenicity to animaIs (sufficient)
Benzidine andj or its salts were tested for carcinogenicity by oral administration in mice,

rats, hamsters and dogs and by subcutaneous and intraperitoneal injection and inhalation in
rats. Following oral administration ofbenzidine and its hydrochloride, significant increases
in the incidences of benign and malignant liver neoplasms were observed in mice and
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hamstersl,13-17 and of mammary cancer in rats; benzidine induced bladder carcinomas in
dogs. Following subcutaneous administration of benzidine and its sulphate to rats, a high
incidence of Zymbal-gland tumours was observed. After intraperitoneal administration of
benzidine to rats, a marked increase in the incidence ofmammary-gland and Zymbal-gland
neoplasms was observed. The results of one study in rats by inhalation could not be
evaluated 1.

Two metabolites of benzidine, N,N'-diacetylbenzidine and N-hydroxy-N,N'-diacetyl-
benzidine, produced mammary-gland and Zymbal-gland tumours in rats following their
intraperitoneal injection 1.

C. Other relevant data

No data were available on the genetic and related effects of benzidine in humans.

Covalent binding products of benzidine with DN A have been described in the liver of
mice and rats treated in vivo. Benzidine induced micronuclei, sister chromatid exchanges,
DNA strand breaks and unscheduled DNA synthesis in cells of rodents treated in vivo. It
induced unscheduled DN A synthesis in humans cells in vitro. It caused transformation of
Syrian hamster embryo and BALBj c 3T3 cells and induced chromosomal aberrations,
sis ter chromatid exchanges, unscheduled DN A synthesis and DN A strand breaks in rodent
cells in vitro; conflcting results were obtained for mutation. Benzidine induced aneuploidy,
gene conversion and DNA damage in yeast, but not mutation. It was mutagenic to plants
and bacterial8.
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BENZIDINE-BASED DYES (Group lA)

A. Evidence for carcinogenicity to humans (inadequate)
The epidemiological data were inadequate to evaluate the carcinogenicity of three

benzidine-based dyes, Direct Black 38, Direct Blue 6 and Direct Brown 95, to humans.
However, a study of silk dyers and painters who had had multiple exposure to benzidine-
based and other dyes indicated that those exposures were strongly associated with the
occurrence of bladder cancer!.

B. Evidence for carcinogenicity to animais (sufficient for technical-grade Direct Black 38,
technical-grade Direct Blue 6 and technical-grade Direct Brown 95)

Direct Black 38 was tested for carcinogenicity in mice by administration in drinking-
water, producing liver and mammary tumours. Commercial Direct Black 38 produced
hepatocellular carcinomas within 13 weeks after administration in the diet to rats and small
numbers of carcinomas in the urinary bladder, liver and colon after administration to rats in
drinking-water1.

ln a single study, commercial Direct Blue 6 produced hepatocellular carcinomas in rats
within 13 weeks after its oral administration.

Commercial Direct Brown 95 produced neoplastic nodules in the livers of 4j8 female
rats, and a hepatocellular carcinoma in one, after its oral administration in a single study
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terminated after 13 weeks. The finding of preneoplastic les ions after such a short exposure
prior indicates a carcinogenic effect similar to that of Direct Black 38 and Direct Blue 61.

C. Other relevant data

Benzidine-based dyes are structurally related to benzidine, exposure to which is causally
associated with cancer in humans (see p. 123), and commercial material may contain small
amounts of benzidine. Commercial Direct Black 38 may contain small quantities of
4-aminobiphenyl (see p. 91) and 2,4-diaminobenzene (the hydrochloride of which is
chrysoidine (see p. 169))1.

Benzidine has been detected in the urine of workers exposed to benzidine-based azo
dyes. No data were available on the genetic and related effects of Direct Black 38, Direct
Blue 6 or Direct Brown 95, in humansl.

ln experimental animaIs, Direct Black 38, Direct Blue 6 and Direct Brown 95 undergo
reduction of the azo bonds with the appearance in the urine of benzidine and monoacetyl-
benzidine. The reductive cleavage of the azo bond has been attributed to the activities of
intestinal microflora andj or liver azoreductases2

Direct Black 38 was mutagenic to bacteria. Urine from rodents treated with Direct Black
38 was mutage nie to bacteria in the presence of an exogenous metabolic system, and human
intestinal microfIora metabolized Direct Black 38 to highly mutagenic metabolites2.

DNA adducts (inc1uding covalent binding products ofbenzidine) have been described in
the livers of rats treated with Direct Blue 6 in vivo. Direct Blue 6 is mutagenic to bacteria
only in the presence of an exogenous metabolic system and the cofactor fIavine
mononucleotide2.

Direct Brown 95 induced unscheduled DN A synthesis in rat hepatocytes in an in-
vivo jin-vitro assay but not in hepatocytes in vitro. It was mutagenic to bacteria in the
presence of an exogenous metabolic system; this activity was enhanced by the cofactor
fIavine mononucleotide. The urine from rats treated with Direct Brown 95 was mutagenic to
bacteria in the presence of an exogenous metabolic system2.
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BENZOYL eHLORIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Six cases of respiratory cancer were reported among workers in two small facto ries

where benzoyl chloride and its chlorinated precursors were produced 1.
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B. Evidence for carcinogenicity to animaIs (inadequate)
Benzoyl chloride was tested in two sets of experiments by skin application to female

mice. A few skin carcinomas were observed, but their incidence was not statistically
significant 1.

C. Other relevant data
No data were available on the genetic and related effects of benzoyl chloride in humans.

It did not induce mutation or DNA damage in bacteria2.
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BERYLLIUM AND BERYLLIUM eOMPOUNDS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Observations, reviewed elsewherel,2, on beryllium-exposed subjects cover two industrial

populations and a registry of beryllosis cases. W orkers at beryllium extraction, production
and fabrication facilities in the USA were followed up and their causes of mortality
compared with those ofboth the general population and a cohort of viscose-rayon workers.
Ratios of observed to expected deaths for lung cancer in the two industrial populations (65
observed) were found to be elevated in both comparisons (1.4 in respect of both the general
population (95% confidence interval (CI), 1. 1 - 1.8) and the viscose-rayon workers (1.0-2.0))
and tended to be concentrated in workers who had been employed for less than five years.
Data from the US Beryllium Case Registry, in which cases of beryllium-related lung diseases
were collected from a wide variety of sources (inc1uding the two facilities previously
mentioned), indicate an approximately three-fold (six deaths observed, 2.1 expected; ratio
of observed:expected, 2.9 (95% CI, 1.0-6.2)) increase in mortality from lung cancer among
subjects who had suffered from acute beryllosis, which usually follows heavy exposure to
beryllium, but not among those who had had chronic berylliosis (one death observed, 1.4
expected; ratio of observed:expected, 0.7; 95% CI, 0.1 -3.7).

B. Evidence for carcinogenicity to animaIs (suffcient)
Beryllum metal, beryllium-aluminium alloy, beryl ore, beryllium chloride, beryllum

fIuoride, beryllum hydroxide, beryllium sulphate (and its tetrahydrate) and beryllum
oxidel,3,4 aIl produced lung tumours in rats exposed by inhalation or intratracheally. Single
intratracheal instilations or one-hour inhalation exposures were effective3. Beryllum oxide
and beryllum sulphate produced lung tumours in monkeys after intrabronchial implan-
tation or inhalation!. Beryllum metal, beryllum carbonate, beryllum oxide, beryllum
phosphate, beryllum silicate and zinc beryllum silicate all produced osteosarcomas in
rabbits following their intravenous andj or intramedullary administration!.
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C. Other relevant data

No data were available on the genetic and related effects of beryllum and beryllum
compounds in humans.

All of the available experimental studies considered by the W orking Group were carried
out with water-soluble beryllium salts. ln one study, beryllum sulphate increased the
frequency of chromosomal aberrations and sister chromatid exchanges in human lymphocytes
and in Syrian hamster cells in vitro; in another study, chromosomal aberrations were not
seen in human lymphocytes. It caused transformation of cultured rodent ce Ils in several test
systems. ln one study, beryllium chloride induced mutation in cultured Chinese hamster
cells. Beryllum sulphate did not induce unscheduled DNA synthesis in rat hepatocytes in
vitro, mitotic recombination in yeast or mutation in bacteria. Beryllium chloride was

mutage nie to bacteria5.
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BETEL QUID WITH TOBAeCO (Group 1) and
BETEL QUID WITHOUT TOBAeeO (Group 3)

A. Evidence for carcinogenicity to humans (sufficíent for betel quid with tobacco;
inadequate for betel quid without tobacco)

Many descriptive studies and case reports have shown an association between the habit
of chewing betel quid with tobacco and oral cancer. A significant increase in the risk of oral
cancer has been observed in chewers of betel quid with tobacco in several case-control
studies and in one large-scale cohort study. ln chewers of betel quid with tobacco, a
statistically significant increase in risk was also observed for cancers of the oropharynx,
hypopharynx, larynx and oesophagusl.

Several descriptive studies from Papua-New Guinea and a number of case-control
studies have suggested an association between the habit of chewing betel quid without
tobacco and oral cancer. ln one of the case-control studies, in which smoking was not
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controlled for, a statistically significant increase in risk was also observed for cancers of the
oropharynx, hypopharynx, larynx and oesophagus. ln another case-control study of oral
cancer, in which a clear effect of chewing betel with tobacco was found, no such effect was
found for chewing betel without tobaccol.

B. Evidence for carcinogenicity to animais (limited for betel quid with and without
tobacco)

Aqueous extracts of betel quid containing tobacco were tested for carcinogenicity in
mice by gastric intubation, skin painting and subcutaneous injection; sorne malignant

tumours occurred at the site of skin or subcutaneous administration. ln hamsters,

forestomach carcinomas occurred after painting of the cheek-pouch mucosa with aqueous
extracts or implantation of wax pellets containing powdered betel quid with tobacco in the
cheek pouch; carcinomas occurred in thecheek pouch following implantation of wax
pelletsl.

Aqueous extracts ofbetel quid without tobacco were tested in mice by gastric intubation
and by subcutaneous administration; an increased incidence oflocal tumours was observed
after subcutaneous injection. ln hamsters, painting of the cheek-pouch mucosa or
implantation of wax pellets into the cheek pouch resulted in the induction of forestomach
carcinomas; carcinomas occurred in the cheek pouch following implantation of wax
pellets 1.

Aqueous or dimethyl sulphoxide extracts of areca nut with tobacco were tested in mice
by skin application; a low incidence of skin tumours was reported in a study lacking
controls. ln hamsters, applications of such extracts to cheek-pouch mucosa produced
squamous-cell carcinomas of the cheek pouch and forestomach carcinomasl.

Areca nut and aqueous ex tracts of areca nut were tested in mice by oral intubation,
dietary administration, skin application and intraperitoneal and subcutaneous injection.
Local tumours were produced following subcutaneous injection. ln rats, areca nut was
inadequately tested by oral administration; aqueous extracts tested by subcutaneous
injection produced local mesenchymal tumours. ln hamsters, administration of areca nut
and application of aqueous or dimethyl sulphoxide extracts to the cheek-pouch mucosa
resulted in squamous-cell carcinomas of the cheek pouch and carcinomas of the
forestomach 1. Oral administration of a diet containing 20% betel-nut powder enhanced the
incidences of preneoplastic and neoplastic lesions of the tongue in rats pretreated with

4-nitroquinoline- 1 -oxide and of preneoplastic liver lesions in rats pretreated with
2-acetylaminofIuorene2.

Aqueous extracts of betel leaf were tested in mi ce by oral intubation and by
intraperitoneal injection, in hamsters by application to the cheek-pouch mucosal and in rats
by oral administration3. Betel leaf was tested in rats by dietary administration and in
hamsters by implantation in beeswax pellets into the cheek pOUChl. All ofthese studies were
inadequate for evaluation.
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C. Other relevant data
Chewing of betel quid with or without tobacco increased the frequencies of micro-

nucleated cells in the buccal mucosa of chewers; dose-dependence was observed in relation
to the number ofbetel quids chewed per day. Chewing ofbetel quid with or without tobacco
increased the frequency of sister chromatid exchanges in peripheral blood lymphocytes of
chewers. Increased frequencies of sister chromatid exchanges were observed in peripheral
blood lymphocytes of chewers of areca nut with slaked lime and tobacco, either alone or
wrapped in betel leaf, particularly among chewers who had developed oral submucous
fibrosis. Extracts of urine from chewers of betel quid with tobacco were mutagenic to
Salmonella typhimurium in the presence of an exogenous metabolic system4.

An aqueous extract of betel quid (containing tobacco) induced micronuclei in bone-
marrow cells of mice treated in vivo and was mutagenic to Chinese hamster V79 cells. No
such effect was observed with extracts of betel quids not containing tobacco. Aqueous
extracts ofbetel quids (both with and without tobacco) were mutagenic to S. typhimurium4.
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N,N- BIS(2-eHLO R 0 ETHYL)- 2- N APHTHYLAMINE
(eHLORNAPHAZINE) (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Among 61 patients with polycythaemia vera treated with chlornaphazine in 1954- i 962

and followed until 1974, eight developed invasive carcinoma of the bladder, five developed
papilary carcinomas ofthe bladder and eight had abnormal urinary cytology. The invasive
carcinomas were seen in four offive patients treated with a cumulative dose of200 g or more,
in two of 15 patients given 100- 1 99 g, in one of ten patients given 50-99 g and in one of 3 1

patients given less than 50 g. No noncausal explanation can be suggested 1.

B. Evidence for carcinogenicity to animaIs (limited)
Chlornaphazine produced lung tumours in mice following its intraperitoneal injection,

and local sarcomas in rats after its subcutaneous administration2.
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c. Other relevant data

No data were available on the genetic and related effects of chlornaphazine in humans.

Rats administered chlornaphazine excreted metabolites of2-naphthylamine (see p. 261)
in the urine. Chlornaphazine induced chromos omal aberrations in Chinese hamster cells,
mutation in mouse Iymphoma cells and unscheduled DNA synthesis in rat hepatocytes in
vitro. A single study of cell transformation in virus-infected Syrian hamster embryo cells
was inconclusive. It induced sex-linked recessive lethal mutations and chromos omal
aberrations in Drosophila and was mutagenic to bacteria3.
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BIS(eHLOROMETHYL)ETHER AND eHLOROMETHYL METHYL
ETHER (TEeHNieAL-GRADE) (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)

Numerous epidemiological studiesl-9 and case reportslO-13 from around the world have
demonstrated that workers exposed to chloromethyl methyl ether andj or bis(chloromethyl)-
ether have an increased risk for lung cancer. Among heavily exposed workers, the relative
risks are ten fold or more. Risks increase with duration and cumulative exposure.

Histological evaluation indicates that exposure results primarily in lung cancer of the

small-cell type8. Maximal relative risks appear to occur 15-20 years after first exposure6, and
latency is shortened among workers with heavier exposureS,I1.

B. Evidence for carcinogenicity to animais (sufficient)

Bis( chloromethyl)ether produced tumours at the site of its administration to mice after
exposure by inhalationl,14, skin applicationl or subcutaneous injectionl'Is and was an
initiator of mouse skin tumourslS; it also increased the incidence of lung tumours after its
subcutaneous administrationl. ln rats, it produced tumours of the respiratory tract (lung
tumours and nasal-cavity carcinoma) after exposure by inhalationI4,16-18.

Technical-grade chloromethyl methyl ether produced local sarcomas in mice after its
subcutaneous administration and was an initiator of mouse skin tumoursl; in rats and
hamsters, it produced a low incidence of tumours of the respiratory tract after exposure by
inhalatio n 1 9.
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C. Other relevant data

A slight increase in the incidence of chromosomal aberrations was observed in
peripheral lymphocytes of workers exposed to bis(chloromethyl)ether or chloromethyl
methyl ether in the preparation of ion-exchange resins20.

Bis( chloromethyl)ether did not cause chromosomal aberrations in bone-marrow ceUs of
rats treated in vivo. It induced unscheduled DNA synthesis in human fibroblasts in vitro and
was mutagenic to bacteria20.

Chloromethyl methyl ether enhanced virus-induced transformation of Syrian hamster
embryo cells and was mutagenic to bacteria20.

References
lIARC Monographs, 4, 231-238, 239-245, 1974

2Albert, R.E., Pasternack, B.S., Shore, R.E., Lippmann, M., Nelson, N. & Ferris, B. (1975) Mortality

patterns among workers exposed to chloromethyl ethers - a preliminary report. Environ.

Health Perspect., -1 1,209-214

3DeFonso, L.R. & Kelton, S.c., Jr (1976) Lung cancer following exposure to chloromethyl methyl

ether. An epidemiological study. Arch. environ. Health,31, 125-130

4Pasternack, B.S., Shore, R.E. & Albert, R.E. (1977) Occupational exposure to chloromethyl ethers.

A retrospective cohort mortality study (1948-1972). J. occup. Med., 19, 741-746

5Pasternack, B.S. & Shore, R.E. (1981) Lung cancer following exposure to chloromethyl ethers. ln:

Chwat, M. & Dror, K., eds, Proceedings of the International Conference on Critical Current
Issues in Environmental Health Hazards, Tel-Aviv, Israel, pp. 76-85

6Weiss, W. (1982) Epidemie curve of respiratory cancer due to chloromethyl ethers. J. natl Cancer

Inst.,69, 1265-1270

7McCallum, R.I., Woolley, V. & Petrie, A. (1983) Lung cancer associated with chloromethyl methyl

ether manufacture: an investigation at two factories in the United Kingdom. Br. J. ind. Med., 40,
384-389

8Weiss, W. & Boucot, K.R. (1975) The respiratory effects of chloromethyl methyl ether. J. Am. med.

Assoc.,234, 1139-Il42

9Weiss, W., Moser, R.L. & Auerbach, O. (1979) Lung cancer in chloromethyl ether workers. Am.
Rev. respir. Dis., 120, 1031-1037

lOSakabe, H. (1973) Lung cancer due to exposure to bis( chloromethyl)ether. Ind. Health, Il, 145- 1 48

1 lWeiss, W. & Figueroa, W.G. (1976) The characteristics of lung cancer due to chloromethyl ethers.

J. occup. Med., 18,623-627
l2Reznik, G., Wagner, RH. & Atay, Z. (1977) Lung cancer following exposure to bis(chloromethy1)-

ether: a case report. J. environ. Pathol. Toxicol., l, 105-Ill "
I3Bettendorf, U. (1977) Occupational lung carcinoma after inhalation of alkylating agents. Dich10ro-

dimethyl ether, monochlorodimethy1ether and dimethylsu1phate (Ger.). Dtsch. med.
Wochenschr., 102,396-398

l4Leong, B.K.J., Kociba, R.J. & Jersey, G.c. (1981) A 1ifetime study of rats and mice exposed to
vapors of bis(chloromethy1)ether. Toxicol. appl. Pharmacol., 58,269-281

kajo
Rectangle



BITUMENS 133

15Zajdela, F., Croisy, A., Barbin, A., Malaveille, C., Tomatis, L. & Bartsch, H. (1980) Carcinogenicity

of chloroethylene oxide, an ultimate reactive metabolite ofvinyl chloride, and bise chloromethyl)-
ether after subcutaneous administration and in initiation-promotion experiments in mice.

Cancer Res., 40, 352-356

16Dulak, N.e. & Snyder, C.A. (1980) The relationship between the chemical reactivity and the
inhalation carcinogenic potency of direct-acting chemical agents (Abstract No. 426). Proc. Am.
Assoc. Cancer Res., 21, 106

17Kuschner, M., Laskin, S., Drew, R.T., Cappiello, V. & Nelson, N. (1975)Inhalation carcinogenicity

of alpha halo ethers. III. Lifetime and limited period inhalation studies with bis(chloromethyl)-
ether at 0.1 ppm. Arch. environ. Health, 30, 73-77

18Leong, B.K.J., Kociba, R.J., Jersey, G.C. & Gehring, P.J. (1975) Effects ofrepeated inhalation of

parts per bilion ofbis(chloromethyl)ether in rats (Abstract No. l31). Toxicol. appl. Pharmacol.,
33, 175

19Laskin, S., Drew, R.T., Cappiello, V., Kuschner, M. & Nelson, N. (1975) Inhalation carcinogenicity

of alpha halo ethers. II. Chronic inhalation studies with chloromethyl methyl ether. Arch.
environ. Health, 30, 70-72

2ü/ARC Monographs, Suppl. 6, 119-120, 159-160, 1987

BITUMENS (Group 3) and
EXTRAeTS OF STEAM-REFINED AND AIR-REFINED BITUMENS
(Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for bitumens)
No epidemiological study of workers exposed only to bitumens is available. A cohort

study of US roofers indicates an increased risk for cancer ofthe lung and suggests increased
risks for cancers of the oral cavity, larynx, oesophagus, stomach, skin and bladder and for
leukaemia. Some evidence of excess risks for lung, oral cavity and laryngeal cancers is
provided by other epidemiological studies ofroofers. As roofers may be exposed not only to
bitumens but also to coal-tar pitches (see p. 174) and other materials, the excess cancer risk
cannot be aUributed specifically to bitumensl. Several case reports of skin cancer among
workers exposed to bitumens are available; however, exposure to coal-tars (see p. 175) or
products derived from them cannot be ruled out1-.

B. Evidence for carcinogenicity to animaIs (limited for undiluted steam-refined and
cracking-residue bitumens; inadequate for undiluted air-refined bitumens; sufficient for
extracts of steam-refined and air-refined bitumens)

ln severa! studies, application to the skin of mice of various extracts of steam- and
air-refined bitumens and mixtures of the two resulted in tumours at the sites of
applicationl.4. Undiluted steam-refined bitumens and cracking-residue bitumens produced
skin tumours when applied to the skin of mice. No skin tumour was found in mice after
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application of an undiluted air-refined bitumen. ln limited studies, subcutaneous injection
into mice and intramuscular injection into mice and rats of steam- and air-refined bitumens
produced sarcomas at the injection sitesl.

C. Other relevant data
Antigenicity against benzo(a)pyrene diol epoxide-DNA adducts has been demonstrated

in peripheral blood lymphocytes of roofers5.
Both an extract of road-surfacing bitumen and its emissions were mutagenic to

Salmonella typhimurium, whereas, in another study, 'asphaIt tar' extracted from an asphalt
concrete used for road surfacing was not. Bitumen-based paints for pipe coating were not
mutagenic to S. typhimurium5.
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BLEOMyelNS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of bleomycins alone was available to the W orking Group.

Occasional case reports of exposure to bleomycins, especially in the presence of concurrent
therapy with other putative carcinogens such as ionizing radiation, alkylating agents and
other potent oncotherapeutic drugs, do not constitute evidence of carcinogenesisl.

ln a large systematic follow-up of patients with Hodgkin's disease treated with an
intensive chemotherapeutic combination including bleomycins (plus adriamycin (see p. 82),
vinblastine (see p. 371) and dacarbazine (see p. 184)) but no alkylating agent, preliminary
evidence suggested no excess of acute nonlymphocytic leukaemia in the first decade after
therapy2.

B. Evidence for carcinogenicity to animais (limited)
Bleomycin has been tested in mice by subcutaneous and intramuscular injection and in

rats transplacentally. These studies could not be evaluated because of incomplete
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reporting1. A study in rats by repeated subcutaneous injections showed that bleomycin
produced renal tumours (adenomas, adenocarcinomas, sarcomas) and fibrosarcomas at the
site of application at significantly dose-related incidences3.

C. Other relevant data

Bleomycins induced chromos omal aberrations in lymphocytes oftreated patients in one
study4.

ln mice treated in vivo, bleomycin induced chromos omal aberrations (including
heritable translocations) and sister chromatid exchanges but gave conflcting results in tests
for micronuclei. It induced chromosomal aberrations and DNA strand breaks in human
cells in vitro but gave confIicting results in tests for unscheduled DNA synthesis and sister
chromatid exchange. It induced transformation of mouse C3H lOTlj2 cells, and induced
aneuploidy, chromos omal aberrations, mutation and DNA damage in rodent cells in vitro;
a weakly positive response was observed for the induction of sister chromatid exchanges. ln
Drosophila, bleomycin induced aneuploidy, chromosomal aberrations, sex-linked recessive
lethal mutations, somatic mutations, genetic crossing-over and recombination, but not
heritable translocations. It induced chromosomal aberrations but not sister chromatid
exchanges in plants. Bleomycin was mutagenic to fungi and induced gene conversion,
recombination and genetic crossing-over. It was mutagenic and caused DNA damage in
bacteria4.
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BRAeKEN FERN (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
ln a case-control study of 98 oesophageal cancer patients and 476 controls in Japan, a

relative risk of 2.7 was found for daily consumption of bracken fern. Interpretation of this
study is hampered by the absence of detail about the survey and the method of selecting
controls, and by failure to take account of consumption of alcohol, a risk factor for cancer of
the oesophagus1.
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B. Evidence for carcinogenicity to animais (sufficíent)

Bracken fern was tested for carcinogenicity in mice, rats, guinea-pigs, cows and toads by
oral administration, producing leukaemia, intestinal tumours, lung adenomas and gastric
tumours in mice, small-intestinal tumours, urinary bladder carcinomas and mammary
adenocarcinomas in rats, urinary bladder tumours in guinea-pigs, alimentary-tract and
bladder cancers in cows, and intestinal carcinomas and hepatomas in toads. Processed
bracken fern produced intestinal tumours in rats; boiling-water extracts of bracken fern
produced intestinal and bladder tumours in rats; and hot-ethanol extracts produced

intestinal tumours in quailsl.

Shikimic acid isolated from bracken fern induced neoplasms of the glandular stomach in
mice after a single intraperitoneal injection. Ptaquiloside derIved from bracken fern induced
mammary and small-intestinal carcinomas in female rats after administration by gavage!.

Most of these studies involved small numbers of animaIs and were incompletely
reported; however, they indicate that bracken fern is associated with cancers of the intestine
and urInary bladder in many different species.

C. Other relevant data

No data were available on the genetic and related effects of bracken fern in humans.
An acetone extract of bracken fern was mutagenic to Salmonella typhimurium in the

presence of an exogenous metabolic system. Light-petroleum and methanol extracts of
bracken fern activated by alkaline treatment were also mutagenic to S. typhimurium2.
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1,3-BUT ADIENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
A retrospective cohort study conducted in two styrene-butadiene rubber plants showed

a slight excess of lymphatic and haematopoietic tissue cancers in one plant but not in the
other, where exposure levels had been ten-fold higher. Concomitant exposure to styrene (see
p. 345) and to traces of benzene (see p. 120) had occurred at least in the first plantl.

Another cohort study comprised 13 920 men who had worked in eight styrene-butadine
rubber polymer manufacturing plants in the USA and Canada for at least one year and who
had been followed for deaths from 1943 to 1979. There was no excess of mortafity from aH
cancers or from cancer at any specifie site, either in the total cohort or in subcohorts defined
on the basis ofmajor work area or salaried and hourly pay grade2.
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Several studies have shown elevated standardized mortality ratios for cancers at various
sites among workers in the rubber industry (see p. 332), where there is potential exposure to
1,3-butadiene, among other chemicals3.

B. Evidence for carcinogenicity to animaIs (suffcíent)
1 ,3-Butadiene was tested for carcinogenicity in mice by inhalation. It was carcinogenic

to animaIs of each sex, producing haemangiosarcomas of the heart, malignant lymphomas,
alveolar j bronchiolar adenomas and carcinomas, papilomas and carcinomas of the
stomach, hepatocellular adenomas and carcinomas, mammary-gland carcinomas and
granulosa-cell tumours of the ovaryl. Exposure of rats to 1,3-butadiene by inhalation
resulted in increased incidences of tumours of the mammary gland, thyroid and pancreas4.

C. Other relevant data
No data were available on the genetic and related effects of 1 ,3-butadiene in humans. It

induced micronuc1ei and sister chromatid exchanges in bone-marrow ce Ils of mice but not of
rats treated in vivo. It was mutagenic to bacteria5.
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1,4-BUTANEDIOL DIMETHANESULPHONATE (MYLERAN)
(Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
Leukaemia patients who had been treated with Myleran developed many different

cytological abnormalities, and some developed carcinomasl-8. A follow-up study of patients
with bronchial carcinoma who were randomized to chemotherapy after pulmonary
resection showed that of 69 who had been given Myleran and had survived five years, four
developed acute nonlymphocytic leukaemia (three myelomonocytic leukaemias and one
erythroleukaemia) and 15 others developed pancytopenia in the succeeding four years;
among 148 other survivors at five years who had not been given Myleran, one case of
pancytopenia appeared. Risk was not dose-related, although the cases were confined to
those who had received no radiation and no other cytotoxic agent9.--
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B. Evidence for carcinogenicity to animais (limited)
Myleran was tested for carcinogenicity by intraperitoneal injection and by intravenous

injection in mice and rats and by oral administration to rats. Intraperitoneal administration
of Myleran to mice did not increase the incidence of tumours in two studiesl'lO, but
leukaemia" and hypoplastic marrowii,ii were induced in further studies and T-cell
Iymphoma in another, in which the effect was markedly enhanced by combined adminis-
tration of chloramphenicolI3. Leukaemiaj Iymphosarcoma was also reported in one studyii,
but the ex periment could not be evaluated due to incomplete reporting. No mammary
tumour was seen in rats after intraperitoneal injection, but near-Iethal doses were used and
the animaIs were followed for only five monthsl4. Intravenous administration of Myleran to
mice significantly increased the incidences of thymic and ovarian tumoursl. Intravenous
administration of7% of the LD50 dose to rats for one year was reported to induce a variety of

tumours in male rats, but the experiments could not be evaluated due to incomplete

reportingl5. Oral administration to rats of Myleran did not increase the incidence of
tumours over that seen in untreated animalsl.

C. Other relevant data
Myleran is a bifunctional alkylating agent. Patients treated with Myleran for chronic

myeloid leukaemia were found to have increased frequencies of sister chromatid exchanges
and chromos omal aberrations (in a single study) in their peripheral blood lymphocytesl6.

Treatment of rodents in vivo with Myleran induced dominant lethal mutations and
increased the frequency of chromosomal aberrations and micronuclei in bone-marrow celIs;
in single studies, it induced DNA damage but not mutation. Evidence for covalent binding
to DNA, RNA and protein was obtained in mice treated in vivo. Myleran induced chromo-
somal aberrations and sister chromatid exchanges in human and rodent ce lis in vitro, and
mutation in rodent cells in vitro. It induced sex-linked recessive lethal mutations in

Drosophila and was mutagenic to bacteria 16.
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eADMIUM AND eADMIUM eOMPOUNDS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Exposure to cadmium (primarily as the oxide) has been associated with increased risks

of prostatic and respiratory cancers1,2. ln one follow up of an investigation of269 cadmium-
nickel battery workers (see also summary for nickel, p. 264) and 94 cadmium-copper alloy
factory workers in Sweden, additional cases of nasopharyngeal, colorectal, prostatic and
lung cancer were reported3. ln another study, the mortality of 347 cadmium-copper alloy
workers in the UK who were exposed to cadmium fume was compared with that ofworkers
exposed indirectly to cadmium but also to arsenic (see p. 100). A third group of iron or brass
founders was inc1uded, and the mortality rates were compared separately with statistics for
the general population. Significantly increased mortality from prostatic, genito-urinary and
lung cancers was seen in people working in the vicinity, but not in the cadmium workers
themselves. Insufficient information was given regarding the movement of men between or
out of the three adjacent plants to assess the relative contributions of arsenic, cadmium and
smoking to the results (which run counter to those of most other studies)4.

Follow-up studies offour populations of cadmium-exposed workers have been reported
more recently. ln the UK, excess lung cancer (16 observed, 11.3 expected) was noted among
6995 male workers employed at one of 17 plants in a group that had had 'ever medium'
exposure for ten years or more; and an excess risk of prostatic cancer was seen in a group
that had had 'always low' exposures for ten years or more (15 observed, 11.0 expected)5.
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U sing a case-control approach for these cases of prostatic cancer and for those in two other

UK cohorts (of cadmium-nickel battery and cadmium-copper alloy workers), 39 cases were
reported to have an odds ratio for cadmium exposure of 1.6 for 'ever medium' compared to
'al ways low' exposure levels and 1.4 for 'ever high' compared to 'always low' exposures; a
similar approach for nine renal cancer patients revealed no elevation of odds rati06. ln a
cohort of 522 male Swedish cadmium workers, eight cases of lung cancer were reported,
resulting in a statistically nonsignificantly elevated standardized mortality ratio (SMR) for
five years' exposure and ten or more years'Iatency. For prostatic cancer, four cases resulted
in a statistically nonsignificant excess for the same exposure and latent periods7.

ln the USA, a follow-up study of602 white male cadmium smelter workers with at least
six months of production work between 1940 and 1969 was extended to 1978. The SMR
(95% confidence interval) for respiratory cancer deaths was 165 (101-254), based on 20
deaths, and that for lung cancer, 157 (93-249), based on 18 deaths. Concomitant exposure to
arsenic was especially high up to 1925. Reanalysis of lung cancer mortality for workers
employed before or after 1 January 1926 revealed SMRs of714 (195-1829) for the pre-1926
group (four cases) and 229 (131-371) for the post-1926 group with two or more years
employment (16 deaths). For the post-1926 group (576 workers), a significant trend was
noted for cumulative cadmium exposure and lung cancer mortality. Although the data on
smoking are inadequate, and arsenic exposure continued after 1926, albeit at a lower level,
the authors contend that these factors do not account for the excess lung cancer rates noted
in the study. The number of prostatic cancers was unchanged from the earlier study
(3 observed, 2.2 expected)8. Further reports of a UK population of 3025 (2559 male and 466
female) cadmium-nickel battery workers showed an excess of lung cancer in groups exposed
for 18 years or more9. The excess mortality from prostatic cancer was accounted for by the
original four cases described in 19671.

Potential confounding factors in these studies, such as smoking and exposure to nickel
and arsenic, do not appear to account for the excess of lung cancer deaths. For prostatic
cancer, the risk appears to be debatable, especially when the four hypothesis-generating UK
cases from 1967 are removed from the analysis.

B. Evidence for carcinogenicity to animais (suffcient)

Cadmium chloride, oxide, sulphate and sulphide produced local sarcomas in rats after
their subcutaneous injection, and cadmium powder and cadmium sulphide produced local
sarcomas in rats following their intramuscular administration. Cadmium chloride and
cadmium sulphate produced testicular tumours in mice and rats after their subcutaneous
administrationl'Io. ln one experiment, cadmium chloride administered subcutaneously to
rats produced local sarcomas, testieular tumours and a significant increase in the incidence
of pancreatic islet-cell tumoursll. Cadmium chloride produced a dose-dependent increase in
the incidence of lung carcinomas in rats after exposure by inhalation 12,13 and a low incidence

(5 j 100) of prostatie carcinomas after injection into the ventral prostatel4. Administration of
up to 50 mgj kg (ppm) cadmium chIo ride in the diet to rats did not increase the incidence of
tumourslS. Cadmium acetate was not carcinogenic in a mouse-Iung adenoma assayl6.
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C. Other relevant data

People exposed occupationally to cadmium (in an alkaline-battery factory and in the
manufacture of cadmium pigments) did not exhibit increased frequencies of chromosomal
aberrations in their peripheral lymphocytes. These findings contrast markedly with the
positive results obtained on workers exposed in zinc smelting plants and on people
environmentally intoxicated by cadmium; these people were also exposed to other
compounds. ln one study, sister chromatid exchanges were not induced in people exposed
to cadmium in the environmentl7.

Cadmium compounds did not produce dominant lethal effects in mice or rats nor did
they increase the frequencies of chromos omal aberrations or micronuclei in mice treated in
vivo. Cadmium compounds induced aneuploidy in hamsters but not in mice treated in vivo.
They did not induce sis ter chromatid exchanges in human cells in vitro, and studies of
chromos omal aberrations gave inconc1usive results. They induced transformation of
cultured rodent cells in severa! test systems and induced chromos omal aberrations but not
sister chromatid exchanges in rodent cells in vitro. Cadmium compounds induced DNA
single-strand breaks in human and rodent cells, and there is confIicting evidence that they
produced mutation in rodent cells in vitro. Cadmium compounds did not induce aneuploidy
or somatic or sex-linked recessive lethal mutations in Drosophila. They induced mitotic
recombination in yeast, but they did not induce mutation in yeast or bacteria, nor did they
induce prophage in bacterial7.
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eARBON BLAeKS (Group 3) and
eARBON-BLAeK EXTRAeTS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for carbon blacks)
One study ofthe carbon-black producing industry showed a high proportion of cancers

of the skin, particularly melanomas, in equal numbers of carbon.black workers and of a
comparison group consisting of other workers in the same plantl. A study from the UK in
which workers were followed up beyond retire ment showed excesses of cancers of the lung
and bladder. The excess of lung cancer occurred in each of the five plants studied and was
concentrated among persons with ten or more years of follow-up. The bladder cancer excess
was based on only three deaths but was also concentrated in the group followed up longer2.
Excesses of stomach cancer were reported in workers in other ind ustries whose employment
entailed exposure to dusts that included carbon blacksl,3.

B. Evidence for carcinogenicity to animais (inadequate for carbon blacks; sufficient for
carbon-black extracts)

ln limited studies by oral administration in mice, carbon blacks were reported not to
produce the gastrointestinal tumours seen after administration of solvent (benzene) extracts
of one carbon blackl. No increase in the development of colonie tumours occurred in mice
or rats fed carbon black in the diet4. Skin-painting studies with carbon blacks showed them
to have no tumorigenic activity in mice, while solvent (benzene) extracts induced benign and
malignant skin tumours. Inhalation studies in mice, hamsters, guinea-pigs and monkeys
with carbon blacks did not demonstrate tumorigenic activity; the studies suffered from
many inadequacies, including poor characterization ofthe carbon-black aerosoL. Studies in
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mice showed that materials extracted from carbon blacks were carcinogenic, producing local
tumours after their subcutaneous injection. A carbon black containing demonstrable
quantities of carcinogenic polynuc1ear aromatic compounds also produced local sarcomas
when injected subcutaneously in tricaprylin. Administration of the same carbon black as
pellets in the absence of that solvent produced a low incidence of subcutaneous tumours!.
Carbon black given in the diet did not enhance the incidence of colonie tumours induced in
mice and rats by intraperitoneal injection of 1 ,2-dimethylhydrazine4.

C. Other relevant data
No data were available on the genetic and related effects of carbon blacks in humans.

Extracts of various commercial carbon blacks were mutagenic to Salmonella typhimurium
in the presence and absence of an exogenous metabolic systems.
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eARBON TETRAeHLORIDE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Three case reports describe the occurrence of liver tumours associated with cirrhosis in

people who had been exposed to carbon tetrachloride!. A mortality study of laundry and
dry-cleaning workers exposed to a variety of solvents suggested excesses of respiratory
cancers (17 observed, 10.0 expected), cervical cancers (10 observed, 4.8 expected), liver
tumours (4 observed, 1.7 expected) and leukaemia (5 observed, 2.2 expected)2.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Carbon tetrachloride produced liver neoplasms in mice and rats after its administration
by various routes!.3 and mammary neoplasms in rats following its subcutaneous injection!.
It also produced liver tumours in trout and hamsters following its oral administration!,
although these studies were not adequate.

C. Other relevant data
No data were available on the genetic and related effects of carbon tetrachloride in

humans.
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It did not induce chromosomal aberrations, unscheduled DN A synthesis or DN A strand
breaks in cells of rodents treated in vivo. It did not induce chromosomal aberrations or sister
chromatid exchanges in rat ce Ils in vitro, but anaphase abnormalities were induced in
cultured Chinese hamster ovary cells. It induced mutation, gene conversion and mitotic
recombination in Saccharomyces cerevisiae, under conditions in which endogenous levels
of cytochrome P450 were enhanced; there was a weak induction of mitotic crossing-over
and mutation in Aspergilus. It was not mutagenic to bacteria4.
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eHLORAMBuelL (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Many case reports and a few small epidemiological studies of malignancy after therapy
with chlorambucil have been reported among patients treated for breast cancer, juvenile
arthritis, glomerulonephritis and ovarian cancer. Although in each study an ex cess of
subsequent malignancy, especially acute nonlymphocytic leukaemia (ANLL), is inferred,
these reports are difficult to interpret because the cases are few or because they had also
received radiation or other putative carcinogensl,2. A randomized trial of therapy in 431
polycythemia vera patients3 showed a significant, 1 3-fold increase in the incidence of ANLL
in those receiving chlorambucil - 2.3 times higher than in patients receiving radioactive
phosphorus. The excess was strongly related to dose and persisted throughout the first
decade after treatment.

B. Evidence for carcinogenicity to animaIs (suffcient)

Chlorambucil has been tested for carcinogenicity in mice and rats by intraperitoneal
injection and in female rats by oral gavage. It produced tumours of the lung and probably
tumours of the haematopoietic system and ovaries in micel, and produced haematopoietic
tumours in male rats and haematopoietic and lymphatic tumours in female ratsl,4. It had an
initiating effect in a two-stage skin carcinogenesis experiment in micel.
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C. Other relevant data
Chlorambucil is a bifunctional alkylating agent. It induced sister chromatid exchanges

in the lymphocytes of treated patients; studies of induction of chromos omal aberrations
were inconclusive5.

Chlorambucil induced chromos omal aberrations in embryo cells of rats treated in vivo.
Sister chromatid exchanges and chromosomal aberrations were induced in human
lymphocytes and sister chromatid exchanges and mutation in Chinese hamster cells in vitro.
Chlorambucil induced sex-linked recessive lethal mutations in Drosophila and mutation
and gene conversion in yeast. It was mutagenic to bacteria5.
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eHLORAMPHENieOL (Group 2B)

A. Evidence for carcinogenicity to humans (limited)
Aplastic anaemia has been associated with exposure to chloramphenicoI1,2, and case

reports have described leukaemia in patients following chloramphenicol-induced aplastic
anaemial,3. A follow-up study showed three cases ofleukaemia in 126 patients who had had
bone-marrow depressiön following treatment with chloramphenicoll.

B. Evidence for carcinogenicity to animais (inadequate)
Tests for the carcinogenicity of chloramphenicol in experimental animaIs were

inadequatel,4. ln a study reported only as an abstract, chloramphenicol administered in
drinking-water increased the incidence of Iymphomas in two strains of mi ce and of
hepatocellular carcinomas in one strain5.

C. Other relevant data
No data were avaIlable on the genetic and related effects of chloramphenicol in humans.
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Contradictory results were obtained with respect to the ability of chloramphenicol to
induce dominant lethal mutations in mice. It induced chromosomal aberrations in bone-
marrow cells of mice, but not of rats, treated in vivo. Chloramphenicol induced

chromosomal aberrations but not sister chromatid exchanges in cultured human
lymphocytes and chromosomal aberrations in one study using cultured pig lymphocytes. It
induced neither dominant lethal nor sex-linked recessive lethal mutations in Drosophila. It
induced chromos omal aberrations but not mutation in plants. Chloramphenicol was not
mutagenic and did not cause DNA damage in bacteria6.
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eHLORDANE/HEPTAeHLOR (Group 3)

A. Evidence for carcinogenicity to hum ans (inadequate)
These compounds were evaluated together because they are structurally similar and

because technical-grade chlordane contains 3- 10% heptachlor.

Domestic use of chlordane has been reported to be associated with cases of
neuroblastoma and acute leukaemia. Aplastic anaemia and blood dyscrasias have also been
associated with exposure to chlordane and heptachlorl. Follow-up of 4411 pesticide
applicators from Florida, USA, sorne of whom applied chlordane j heptachlor for treatment
of termites, showed an excess of lung cancer deaths (34) which increased to nearly three fold
(standardized mortality ratio, 267) among those who had been licensed for 20 years or more.
The excess occurred in alllicensing categories (termite, household pests, fumigants), except
lawn and garden. There was also a slight, but nonsignificant excess of acute myeloid
leukaemia (3 deaths)2. F ollow-up of a group of 16 126 male pesticide applicators in the USA
showed a deficit of deaths from aH cancers but smaH excesses of deaths from cancers of the
lung, skin and bladder, which did not appear to be related to intensity of exposure or to time
since first exposure to pesticides. No excess of deaths from lung cancer was seen in
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termite-control workers (with particular exposure to chlordane and heptachlor) in
comparison with other pesticide applicators3. Follow-up of 1403 men in two US facto ries
where chlordane, and heptachlor and endrin were manufactured, respectively, also showed
a defieit of deaths from aIl cancers and a small excess of lung cancer. The latter was not
related to time since first exposure, and smoking habits were not documented4. ln another
study of four plants, including the two factories mentioned above, no significant excess in
the incidence ofIung cancer was observed. Slight excesses oflung cancer were noted in three
of the four plants, and an excess of stomach cancer was seen, based on three deaths, in one
plant5. A further study6 of one plant included in these studies4,5 has been reported, but the
analyses were inappropriate and do not provide useful information.

B. Evidence for carcinogenicity to animais (limited)

Chlordane and heptachlor (containing about 20% chlordane) produced liver neoplasms
in mice following their oral administration; results for rats were inconclusivel. Oral

administration of chlordane or heptachlor enhanced the incidence ofliver tumours induced
in mice by oral administration of N-nitrosodiethylamine7.

C. Other relevant data

No data were available on the genetic and related effects of chlordane or heptachlor in
humans.

Chlordane did not induce dominant lethal mutations in mice; it induced sister chromatid
exchanges in intestinal cells of fish treated in vivo. It was not mutagenic to cultured human
fibroblasts, and studies on DN A damage in transformed human cells yielded conflcting
results. It did not induce unscheduled DNA synthesis in cultured rodent hepatocytes; it was
mutagenic to Chinese hamster V79 cells but not to rat liver cells. Evidence of inhibition of

" intercellular communication was obtained in rodent cell systems. Chlordane was mutagenic
to plants and induced gene conversion in yeast. It was not mutagenic to bacteria and did not
induce breakage of plasmid DNA8.

Heptachlor did not induce dominant lethal mutations in mice. It induced unscheduled
DNA synthesis in human fibroblast cultures but did not induce repair synthesis in cultured
rodent cells. Heptachlor inhibited intercellular communication in rodent cell systems; it was
not mutagenie to cultured rat liver cells. It did not induce sex-linked recessive lethal
mutations in Drosophila or gene conversion in yeast. It was mutagenic to plants. It was not
mutagenic to bacteria, but in one study, positive results were reported for technical-grade
but not commercial-grade heptachlor. It did not produce breakage of plasmid DNA8.
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a-eHLORINATED TOLUENES (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Six cases of respiratory cancer were reported in two small factories in Japan where

benzoyl chloride (see p. 126) and chlorinated toluenes were producedl. A mortality study in
the UK of 163 workers exposed to benzoyl chloride and chlorinated toluenes showed
excesses for cancers of the respiratory tract (5 observed, 1.8 expected) and digestive system
(5 observed, 1.2 expected). The limited data did not, however, allow any differential risk
estimation for the individual chlorinated toluenes2.

B. Evidence for carcinogenicity to animais (limitedfor benzyl chloride and benzal chIo ride;
sufficíent for benzotrichloride)

Benzyl chIo ride was tested in mice by skin application and in rats by subcutaneous
injection. Sarcomas at the injection site were observed in rats; a few skin carcinomas were
observed in sorne mice, but their incidence was not statistically significantl. When mice and
rats were administered benzyl chloride in corn oil by gavage, increased incidences of

papilomas and carcinornas of the forestomach were observed in mice of each sex, and the
incidence ofthyroid C-cell tumours was increased in fernale rats but decreased in male rats; a
few neoplasrns of the forestornach were observed in male rats3.

ln one experiment in which benzal chIo ride was tested by skin application to female
mice, it produced squamous-cell carcinomas of the skin. ln a concurrent experiment in
which it was tested for a shorter duration, a low incidence of skin papillomas was observed 1.

Benzotrichloride was tested in three studies by skin application to female mice. It

produced squamous-cell carcinomas of the skin and lung tumours in aIl three experiments;
upper digestive-tract turnours were also observed in two of the three experiments. Increases
in the incidence oftumours at other sites were reportedl. ln a mouse-Iung turnour bioassay,
benzotrichloride increased the incidence of lung adenomas4.
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c. Other relevant data

No data were available on the genetic and related effects of benzal chloride,
benzotrichloride or benzyl chloride in humans.

Benzyl chloride did not induce micronuclei in mice treated in vivo. It induced DNA
strand breaks but not unscheduled DN A synthesis or chromos omal aberrations in cultured
human cells; confIicting results were obtained for the induction of sister chromatid
exchanges. Benzyl chIo ride induced sister chromatid exchanges, chromosomal aberrations,
mutation and DNA strand breaks in cultured rodent cells. It induced somatic and sex-linked
recessive lethal mutations in Drosophila and mitotic recombination, gene conversion,
mutation and DNA da mage in fungi. Benzyl chloride induced mutation and DNA damage
in bacteria5.

Benzal chloride and benzotrichloride induced mutation and DNA damage in bacteria5.
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eHLORODIFLUOROMETHANE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
A small study of 539 refrigeration workers exposed t~ a mixture of chlorofIuorocarbons,

inc1uding chlorodifIuoromethane, for at least six months with up to 30 years' follow up was
uninformative with regard to the carcinogenic hazard of this chemical (6 deaths due to
cancer, 5.7 expected; 2 deaths from lung cancer, 1.0 expected)l.

B. Evidence for carcinogenicity to animais (limited)
ChlorodifIuoromethane was tested for carcinogenicity in rats by oral administration and

in miee and rats by inhalation. Oral administration to rats yielded no increase in tumour
incidence in one study. A study by inhalation in mice gave inconc1usive results for males and
negative results for females. One study by inhalation in rats was inadequate, while, in
another, males exposed to the highest concentration had a marginal increase in the
incidence of subcutaneous fibrosarcomas and Zymbal-gland tumours and negative results
were obtained for femalesl.
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C. Other relevant data
No data were available on the genetic and related effects of chlorodifIuoromethane in

humans. It did not induce dominant lethal mutations in rats or chromosomal aberrations in
bone-marrow ce Ils of mice treated in vivo. It did not induce unscheduled DN A synthesis in
human ce Ils in vitro or mutation in cultured Chinese hamster V79 cells. It did not induce
mutation or mitotic gene conversion in yeast, either after direct exposure or in a host-
mediated assay. It was mutage nie to plants and bacteria2.
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eHLOROETHYL NITROSOUREAS:
BISeHLOROETHYL NITROSOUREA (BeNU) (Group 2A)
1-(2-eHLO R 0 ETHYL )-3-eY eLO HEX YL-1- NITR 080 UREA
(eeNU) (Group 2A)
1-(2-eHLO R 0 ETHYL )-3-( 4- METHYLCY eLO HEX YL )-1-
NITROSOUREA (METHYL-CeNU) (Group 1)

A. Evidence for carcinogenicity to humans (limited for BCNU; inadequate for CCNU;
sufficient for methyl-CCNU)

ln seven randomized trials of treatment for brain tumours, two cases of acute
nonlymphocytic leukaemia (ANLL) occurred among 1628 patients treated with BCNU
(0.08 expected) within the first two years of treatment, whereas no such case occurred
among 1028 patients not treated with BCNUI.

No epidemiological study of CCNU as a single agent was available to the Working
Group2.

Adjuvant treatment with methyl-CCNU has been evaluated in 3633 patients with
gastrointestinal cancer treated in nine randomized trials. Among 2067 patients treated with
methyl-CCNU, 14 cases of ANLL occurred (relative risk, 12.4; 95% confidence interval,
1.7-250), whereas one occurred among 1566 patients treated with other therapies.
Cumulative (actuarial) risk was 4% at six years and was not affected by concomitant
radiotherapy or immunotherapy3. A subsequent report described a strong dose-response
relationship, adjusted for survival time, giving a relative risk of almost 40 fold among
patients who had received the highest dose4.

B. Evidence for carcinogenicity to animais (sufficíent for BCNU and CCNU; limited for
methyl-CCNU)

BCNU produced malignant tumours of the lung and an increased risk for neurogenic
tumours in rats after its repeated intraperitoneal or intravenous administration, and
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tumours in the peritoneal cavity after its intraperitoneal administration2,5,6, Tests in mice by
intraperitoneal administration and in rats by oral administration could not be evaluated2.

When tested in mice by skin application together with ultraviolet B irradiation, BCNU
caused an earlier appearance of skin tumours2. Two studies by skin painting in mice were
inadeq uate2, 7.

CCNU produced lung tumours in rats following its intraperitoneal or intravenous
injection2,. When tested in mice by intraperitoneal injection, it induced a slight increase in
the incidence oflymphomas. Tests in rats by oral administration could not be evaluated2. ln
one study by skin application to mice, no skin tumour was observed, but the duration of the
experiment was inadequate7.

Data on methyl-CCNU were included in a report in which a large number of cancer
chemotherapeutic agents were tested for carcinogenicity by intraperitoneal injection in
Sprague-Dawley rats and Swiss mice. ln male rats injected with methyl-CCNU thrice
weekly for six months, total tumour incidence was reported to be increased 1.5-2 fold over
that in controls at 18 months. A slight increase in tumour incidence was reported in mice8.
Intravenous administration of methyl CCNU to rats induced lung tumours5.

C. Other relevant data
BCNU, CCNU and Me-CCNU are directly-acting, bifunctional alkylating agents9.
No data were available on the genetic and related effects of BCNU in humans. An

increased frequency of sister chromatid exchanges was observed in a single study of
peripheral blood lymphocytes of patients treated with CCNU.

BCNU induced chromos omal aberrations, micronuclei and sister chromatid exchanges
in cells of mice treated in vivo, DN A da mage in human cells in vitro, and aneuploidy,
chromosomal aberrations, sister chromatid exchanges, mutation and DN A damage in
rodent cells in vitro. It induced sex-linked recessive lethal mutations in Drosophila and gene
conversion in yeast. It was mutagenic and caused DNA damage in bacteria9.

CCNU induced dominant lethal mutations in rats and DN A damage in ce lis of mice and
rats treated in vivo. It induced DNA damage in human and rodent ce lis in vitro and sister
chromatid ex changes and mutation in cultured Chinese hamster cells. It induced mutation
and DNA da mage in bacteria9.
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eHLOROFORM (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Two studies of trihalomethane levels in drinking-water supplies and community-based

rates of cancer mortality have been reported. Correlations were found between these levels
and various site-specifie cancer mortality rates, especially those for bladder cancer, but also
those for cancers of the rectumjlarge intestine, brain and kidney and lymphoma1,2. ln one
study in which trihalomethane levels in drinking-water at place of residence were compared
directly for 395 matched pairs of female teachers with regard to colorectal cancer, no
association with trihalomethane exposure was observed3. A mortality study of anaesthesio-.
logists who worked at the time chloroform was used provided no significant information4.

Several investigations have attempted to assess the effects of trihalomethanes in
drinking-water indirectly by comparing risks of cancers at various sites with extent of
chlorination. Although excesses of some cancers have been found, it is not possible to
evaluate any effect of chloroform from such studies5-16.

B. Evidence for carcinogenicity to animais (sufficient)
Chloroform produced benign and malignant tumours of the liver and kidney in mice

following oral gavage17,18. Administration in drinking-water to female mice did not increase

the incidence of liver tumours19. Administration of chloroform to rats by gavage or in
drinking-water increased the incidences of kidney17,19 and thyroid tumours17 and of
neoplastic nodules ofthe liver20. Chloroform was tested inadequately by subcutaneous and
intraperitoneal injection in mice17. A study by oral administration in dogs gave negative
results21. Oral administration of chloroform did not enhance the incidences ofliver and lung
tumours induced in mice by intraperitoneal injection of N-ethyl-N-nitrosourea22, but it
enhanced the incidence of liver preneoplastic foci induced in rats treated by gavage with a
single dose of N-nitrosodiethylamine23.
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C. Other relevant data

No adequate data were available on the genetic and related effects of chloroform in
humans.

Chloroform did not induce micronuc1ei in bone-marrow cells of mice or DN A damage in
liver or kidney cells of rats treated in vivo. It did not induce chromosomal aberrations, sister
chromatid exchanges or unscheduled DNA synthesis in human lymphocytes in vitro.
Chloroform enhanced virus-induced cell transformation of Syrian hamster embryo cells. It
did not induce sister chromatid exchanges or mutation in Chinese hamster cells or DNA
da mage in rat hepatocytes in vitro. Chloroform did not induce sex-linked recessive lethal
mutations in Drosophila or aneuploidy, mutation or somatic segregation in Aspergilus.
Chloroform induced DNA damage but not mutation, aneuploidy, mitotic recombination or
gene conversion in Saccharomyces cerevisiae, whereas mutation, mitotic recombination
and gene conversion were induced in S. cerevisiae under conditions in which endogenous
levels of cytochrome P450 were enhanced. Chloroform did not induce mutation or DNA
da mage in bacteria24.
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eHLOROPHENOLS (Group 2B)

A. Evidence for carcinogenicity to humans (limited)
Several cohort studies have concerned workers in the chemical industry with potential

exposure to 2,4,5-trichlorophenol, 2,3,7 ,8-tetrachlorodibenzo-para-dioxin (TCDD) and
other chemicals. Mortality rates for all cancers combined were not elevated over those
expected. A Danish cohort with potential exposure to 2,4-dichlorophenol, present as an
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intermediate during the production of chlorophenoxy herbicides, had no increase in the
incidence of cancers at aIl sites combined, but there were statistically significantly increased
risks of soft-tissue sarcoma and lung cancer in some subcohorts. Two case-control studies
conducted in different regions of Sweden showed a statistically significant association
between soft-tissue sarcoma and exposure to chlorophenols; studies from New Zealand
have not c1early confirmed the results from Sweden, although slightly but nonsignificantly
elevated risks were seen for non-Hodgkin's lymphoma with respect to chlorophenol
exposurel,2. A case-control study from Washington State, USA, briefly reported an
increased risk of soft-tissue sarcoma in connection with exposure to chlorophenols, but only
in persons of Scandinavian descenP.

A case-control study in Sweden detected a significant association between nasal and
nasopharyngeal cancer and exposure to chlorophenols, independent of exposure to wood
dustI.

B. Evidence for carcinogenicity to animais (inadequate for pentachlorophenol and 2,4,5-
trichlorophenol; sufficíent for 2,4,6-trichlorophenol)

Pentachlorophenol was tested in one ex periment in two strains of mice and in one
experiment in rats by oral administration at dose levels sufficiently high to cause mild
toxicity; no carcinogenic effect was seen in either species. Pentachlorophenol was also tested
in two strains of mice by subcutaneous injection of single doses; it produced hepatomas in
males of one strain4.

2,4,6- Trichlorophenol was tested in one experiment in two strains of mice by oral
administration, and 2,4,5- and 2,4,6-trichlorophenols were tested in one experiment by
subcutaneous injection in two strains of mice. 2,4,5- Trichlorophenol was also tested in one
experiment for its promoting activity in female mice. AlI three experiments were considered
to be inadequate5. ln a further experiment, oral administration of 2,4,6-trichlorophenol to
rats and mice caused increased incidences of hepatocellular carcinomas or adenomas in
mice of each sex and increased incidences of Iymphomas and leukaemias in male rats6.

C. Other relevant data
No data were available on the genetic and related effects of 2,4-dichlorophenol, 2,3,4,6-

tetrachlorophenol or 2,4,6-trichlorophenol in humans. ln one study, the frequency of
chromosomal aberrations but not of sister chromatid exchanges was increased in the
lymphocytes of men exposed occupationally to pentachlorophenol; in a smaller study, no
increase in chromosomal aberrations was observed. Neither chromosomal aberrations nor
sis ter chromatid exchanges were observed in a single study of workers exposed to 2,4,5-
trichlorophenoF.

2,4-Dichlorophenol did not induce unscheduled DNA synthesis in rat hepatocytes in
vitro or mutation in bacteria 7.

Pentachlorophenol was mutagenic in the mouse spot test. It did not induce aneuploidy
or sex-linked recessive lethal mutations in Drosophila. It induced mutation and gene
conversion but not mitotic crossing-over in yeast. There were conflicting data for
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mutagenicity in bacteria. Pentachlorophenol did not induce strand breaks in DNA from
bacteriophage. It gave negative results in a host-mediated as say with mice using bacteria as

indicators 7.

2,4,6- Trichlorophenol induced somatic mutations in the spot test in mice in vivo. It
induced mutation but not gene conversion or crossing-over in yeast and was not mutagenic
to bacteria 7.

Neither 2,3,4,6-tetrachlorophenol nor 2,4,5-trichlorophenol was mutagenic to bacteria7.
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eHLOROPHENOXY HERBICIDES (Group 2B)

A. Evidence for carcinogenicity to humans (limited)
ln a Danish cohort study of chemical workers exposed to chlorophenoxy herbicides

(particularly (4-chloro-2-methylphenoxy)acetic acid (MCP A), 2-( 4-chloro-2-methylphenoxy)-
propanoic acid (mecoprop), 2,4-dichlorophenoxyacetic acid (2,4-D) and 2-(2,4-dichloro-
phenoxy)propanoic acid (dichlorprop)), as weIl as other chemicals, no overall increase in
cancer incidence rate was observed, but there were significantly increased risks for soft-
tissue sarcoma and lung cancer in sorne subcohorts, which were not necessarily those with
the highest exposures to chlorophenoxy herbicide preparationsl.

A recently reported cohort of 5784 male employees in a UK company that manufac-
tured, formulated and sprayed MCP A and other pesticides, but only small amounts of
2,4,5-trichlorophenoxyacetic acid (2,4,5- T), had no general excess mortality from cancer.
Three potentially exposed workers died from nasal carcinoma, however. One death due to
soft-tissue sarcoma approximately equalled the expected rate. No excess oflymphoma was
seen2.

A Finnish cohort study of brush control workers with short follow-up time showed no
increased cancer risk. A small Swedish cohort study of railroad workers who sprayed
herbicides showed an increased risk of cancers at aIl sites combined for those exposed to
chloiophenoxy herbicide preparations and other herbicides. An excess incidence of all
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cancers was also reported from a very small cohort ofSwedish forestry foremen exposed to
chlorophenoxy herbicide preparations and other herbicides. A study oflong-term pesticide
applicators in the German Democratie Republic, heavily exposed to a number of chemicals,
including 2,4-D and MCPA, demonstrated an increased risk of bronchial carcinoma!.

Two population-based case-control studies conducted in northern and southern
Sweden, respectively, showed a statistically significant association between exposure to
chlorophenoxy herbicides, especially in forestry and agriculture, and the occurrence of
soft-tissue sarcomas. An increased risk of soft-tissue sarcoma was described among highly
exposed Italian rice weeders in a population-based case-control study. However, a case-
control study from New Zealand did not demonstrate any increased risk of soft-tissue
sarcoma in people exposed to chlorophenoxy herbicides!. Nor did a recently reported
population-based case-control study of soft-tissue sarcoma and lymphoma in Kansas, USA,
find any association between soft-tissue sarcoma and exposure to 2,4-D3.

A statistically significant association between malignant Iymphoma (Hodgkin's and
non-Hodgkin's) and exposure to chlorophenoxy herbicides was found in a Swedish case-
control study!. The population-based case-control study of soft-tissue sarcoma and
Hodgkin's and non-Hodgkin's lymphoma in Kansas showed that use of 2,4-D was
associated with non-Hodgkin's lymphoma, especially among farmers who had been
exposed for more than 20 days per year, among whom there was an approximately six-fold
excess, and among those who had mixed or applied the herbicides themselves. Hodgkin's
Iymphoma was not, however, found to be associated with herbicide exposure3. No
significant or consistent association was seen in a case-control study of these tumours from
New Zealand, and in a Danish cohort of chemical workers exposed to chlorophenoxy

herbicides there was also no significantly increased risk ofmalignant lymphomal,4. Farmers
and forestry workers in Washington State, USA, with exposure to phenoxy herbicides had a
significantly increased risk of non- Hodgkin's Iymphoma. People of Scandinavian descent in
the area had an increased risk of soft-tissue sarcoma in connection with phenoxy herbicide
exposure, but no increased risk of non-Hodgkin's lymphoma5.

Three Swedish case-control studies of colon, liver, and nasal and nasopharyngeal
cancer, which used the same study design and methods as in the studies on soft-tissue
sarcoma and malignant Iymphoma, did not demonstrate significantly increased risks,
although a risk ratio of 2.1 was reached for nasal and nasopharyngeal cancer!.

A record-linkage study using cens us data on occupation and cancer registry information
in Sweden did not reveal any excess of soft-tissue sarcoma among agricultural and forestry
workers6,7. However, on the basis of occupational titles, the elevated risks seen in Swedish
case-control studies of soft-tissue sarcoma and lymphoma were reduced to i.4 or less8. A
UK study based on data from cancer registration showed a slightly but significantly
increased risk of soft-tissue sarcoma among farmers, farm managers and market gardeners,
but not in other subgroups in forestry and farming9. No association with soft-tissue sarcoma
has been found with military service in Viet Nam, des pite potential exposure to phenoxy
herbicides!,IO, although there is a case report in this respect!.



158 IARC MONOGRAPHS SUPPLEMENT 7

B. Evidence for carcinogenicity to animaIs (inadequate for 2,4-D and 2,4,5-T)

2,4-D and several of its esters were tested in rats and mice by oral administration and in
mice by subcutaneous administration. AlI of these studies had limitations, due either to
inadequate reporting or to the small number of animaIs used. Therefore, although increased
incidences oftumours were observed in one study in which rats received 2,4-D orally and in
another in which mice received its isooctyl ester by subcutaneous injection, no evaluation of
the carcinogenicity of this compound could be made11.

2,4,5-T was tested in mice by oral and subcutaneous administration. All of the studies
had limitations due to the small numbers of animaIs used. Therefore, although an increased
incidence oftumours at various sites was observed in one study in which 2,4,5- T (containing
less than 0.05 mgj kg chlorinated dibenzodioxins) was given orally, no evaluation of the
carcinogenicity ofthis compound could be made on the basis ofthe available datal2. ln rats
fed diets containing three different concentrations of 2,4,5- T, the incidences of all tumour
types were comparable to those in the control groups, with the exception that the incidence
of interfollicular C-cell adenomas of the thyroid was increased significantly in female rats
receiving the lowest dose. This increase was not considered to be related to treatment since it
was not dose-related and the female control group had an unusually low incidence of
thyroid adenomasl3.

A study of the incidence of small-intestinal adenocarcinoma in groups of sheep from
different farms showed an association with use of phenoxy herbicides, as elicited by farmers'
responses to a questionnaire. However, other herbicides were in use, and there was no
documentation of exposuresl4.

No adequate data were available on the carcinogenicity of MCPAI5.

C. Other relevant data

ln single studies, lymphocytes of persons occupationally exposed to chlorophenoxy
herbicides, inc1uding 2,4-D, did not show increased frequencies of sister chromatid
exchanges or chromosomal aberrations. Other studies could not be assessed since workers
were also exposed to other formulations. A single study of herbicide and pesticide sprayers
exposed to 2,4,5- T, in which a small increase in the incidence of sis ter chromatid exchanges
was reported, could not be assessed since workers were also exposed to other formulations.
Persons occupationally exposed to MCP A did not have increased frequencies of sis ter
chromatid exchanges (one study) or chromos omal aberrations in their lymphocytes16.

2,4-D did not induce dominant lethal mutations, micronuclei or sis ter chromatid
exchanges in rodents treated in vivo. Pure 2,4-D did not induce chromosomal aberrations in
human lymphocytes in vitro, whereas a commercial formulation did. 2,4-D induced sister
chromatid exchanges and unscheduled DNA synthesis in human cells in vitro. It did not
induce sister chromatid exchanges but did induce mutation and inhibited intercellular
communication in Chinese hamster cells in vitro. 2,4-D induced somatic mutation in
Drosophila, but conflcting results were obtained for induction of sex-linked recessive lethal
mutations; it did not induce aneuploidy. 2,4-D caused chromosomal aberrations and was
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mutagenic in plants. It induced mutation, gene conversion and mitotic recombination in
yeast. It was not mutagenic to bacteria or bacteriophage. The n-butyl and iso-octyl esters of
2,4-D were also not mutagenic to bacterial6.

2,4,5- T induced chromosomal aberrations in bone-marrow cells of Mongolian gerbils,
but not in spermatogonia of Chinese hamsters, and aneuploidy in oocytes of rats treated in
vivo. It did not induce micronuclei in mice or dominant lethal mutations in mice or rats in
vivo. 2,4,5- T inhibited intercellular communication in Chinese hamster V79 cells in vitro.
There was weak evidence for the induction of sex-linked recessive lethal mutations in
Drosophila; it did not induce aneuploidy or somatic mutation. It induced chromos omal
aberrations in plants. It was mutagenic to yeast, but neither 2,4,5-T nor the n-butyl-,
iso-but yI or iso-octyl ester of 2,4,5-T was mutagenic to bacterial6.

MCP A did not induce structural chromosomal aberrations or micronuclei in mice
treated in vivo; weakly positive results were obtained for sister chromatid exchanges in cells
of Chinese hamsters treated in vivo and in vitro. It was weakly active in inducing sex-linked
recessive lethal mutations but did not induce aneuploidy in Drosophila. MCP A and its
methyl ester were mutagenic to yeast but not to bacterial6.
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eHLOROPRENE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
ln one study, an excess oflung and skin cancers was related to occupational exposure to

chloroprene. ln another investigation, no excess of lung or other type of cancer was reported
among chloroprene workers. There is one case report of an angiosarcoma of the liver in a
worker exposed to chloroprene1.

::8. Evidence for carcinogenicity to animais (inadequate)
A number of experimental studies were considered to be inadequate for an evaluation of

the carcinogenicity of chloroprenel. ln a further study2 in which chloroprene was given
orally to pregnant rats and their offspring were treated for life_ by stomach tube, the total
incidence of tumours was similar in treated and untreated animaIs.

C. Other relevant data
An increased incidence of chromos omal aberrations was found in the lymphocytes of

workers exposed to chloroprene3.

Chloroprene induced dominant lethal mutations in rats and chromosomal aberrations
in bone-marrow cells of mice treated in vivo. It induced transformation in one hamster cell
line but did not induce mutation in Chinese hamster cells. It induced sex-linked recessive
lethal mutations in Drosophila and was mutagenic to bacteria3.
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eHOLESTEROL (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Intake of dietary cholesterol was greater in premenopausal cases than controls in a
case-control study of diet and breast cancer; however, this finding was not statistically
significant, and the association was less strong than that with dietary fat 1. ln a reanalysis of
the same data, dietary cholesterol did not have an effect independent of saturated fat
intake2. Further, in a cohort study of89 538 US nurses, there was no increased risk ofbreast
cancer associated with dietary fat or dietary cholesteroP. Dietary cholesterol intake was
greater in cases than in controls in a case-control study of colorectal cancer, but the risk
ratios were lower than for saturated fat intake4. Risk ratios were also elevated for dietary
cholesterol and colon cancer in a second case-control study, although they were lower for
rectal cancer and risk ratios were elevated to a greater extent for dietary protein5. ln a study
in which cholesterol intake of Seventh-Day Adventists was compared with that of lacto-
ovo-vegetarians and nonvegetarians, differences for colon cancer risk were not 'striking'6.
However, a study using food disappearance data from 20 countries showed that, when
dietary cholesterol was controlled for, the partial correlations of dietary fat and fibre with
colon cancer mortality were no longer significant. Cross-classification showed a significant,
main effect for cholesterol but not for fat or fibre7.

Dietary cholesterol was associated with increased risk of lung cancer in a case-control
study. The association was found in all subjects, in smoking subjects and in males, but not in
females8. Dietary cholesterol was also found to be weakly associated with increased risk of
bladder cancer in a further case-control study9. These studies involved the use of relatively
restricted dietary questionnaires, and it was not possible to determine whether the
association with dietary cholesterol was part of a stronger association with other dietary
factors with which the intake of cholesterol is associated.

Dietary cholesterol was analysed in relation to cancer mortality in a ten-year follow-up
of the Honolulu Heart Program in the USA. There was no significant association, but data
for individual cancer sites were not reportedlO.

The available data on serum cholesterol levels and cancer have been consideredll, and
subsequently reported independently12. It was concluded that observational studies afford
substantial evidence that preclinical cancer causes a lowering of blood cholesterol, and
limited, but biologically plausible evidence that males with naturally low blood cholesterol
levels are at increased risk of colon cancer. Since then, there have been reports of seven
studies primarily related to follow-up of cohorts established for the study of cardiovascular
disease13-2o. A study of 4035 residents of California, USA, aged 40-89, showed no
association between plasma cholesterol and cancer morbidity or mortality over a seven-year
period for either men or women for any cancer sitel3. ln a five-year follow-up of 10 940
participants in the Hypertension Detection and Follow-up Program in the USA, a small but
statistically significant inverse relationship was found between baseline serum cholesterol
level and cancer incidence. When cases diagnosed in the first two years were excluded, the
association was similar in magnitude but no longer statistically significant. The numbers of
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cases did not permit analysis by cancer sitel4. Up to six years of follow-up (mean, three
years) were reported for io 000 middle-aged men in the Malmö Preventive Program in
Swedenl5. Serum cholesterol was inversely related to cancer mortality (44 deaths) - a

relationship seen also for the 25 cancer deaths that occurred more than 2.5 years after
screeningl5. Serum urate levels at screening were correlated with early but not late (more
than 2.5 years after screening) cancer mortality. As urate levels might indicate proliferation
of cancer cells, the association of raised serum cholesterol with la te deaths may be due to
another mechanism than cancer present at the time of screeningl6.

ln the Busselton community study in Western Australia, 1564 subjects have been
followed for 13 years. ln men aged 60-74, but not in men aged 40-59 or in women, a negative
association between serum cholesterol level and cancer mortality was foundl7. It was not
indieated if the association persisted when early cancer deaths were excluded. ln New
Zealand, 630 Maoris aged 25-74 were followed for over 17 years. A significant inverse
relationship between cancer mortality and serum cholesterol was found for men and women
considered together. The relative risk in the pooled data, derived by comparing the
approximate 10th and 90th percentiles of serum cholesterol concentration, decreased from
3.0 to 2.4 after excluding deaths in the first five yearsl8. Fifteen years offollow-up of 11 325
healthy men aged 40-59 in the Seven Countries Study has also been reported. Among 477
cancer deaths five or more years after cholesterol measurement, there was a significant
excess of deaths from lung cancer in the lower 20% of the cholesterol distribution in the
populations. N evertheless, regional comparisons of cancer mortality showed highest cancer
rates in northern Europe, where the cholesterol levels were highestl9. ln contrast, in a cohort
study in Sweden of 92 000 subjects less than 75 years old examined in 1963-1965 and
followed by linkage to the Swedish Cancer Registry until 1979, there was a positive
association between serum cholesterol level and risk of rectal cancer in men. When serum
cholesterol and ß-lipoprotein levels were considered together, the risk for men with elevated
serum cholesterol (~ 2.5 gj 1) and ß-lipoprotein (~ 2.2 gj l), relative to those with lower.
levels, was 1.6 for colon cancer (95% confidence interval, 1.2-2.2) and 1. 7 for rectal cancer
(1.2-2.4)20. ln the largest study so far reported, the incidence of cancer was determined in
160 135 male and female members of a prepaid health plan in California, USA, for whom
serum cholesterol levels were determined as part of a multiphasic health examination.
Follow-up was for eight to 16 years. No consistent association oflow cholesterol with cancer
incidence was found, although cancer incidence was highest in those in the lowest quintile of
serum cholesterol levels in the first two years after the measurement21.

Five case-control studies have been reported in which serum cholesterol was as-
sessed22-26. A case-control study of 37 cases of primary brain tumours and two controls per
case found elevated levels of serum cholesterol in the cases compared to the controls. The
difference was not reduced by controlling for potential confounders (including weight)22. ln

the second study, serum cholesterol was measured in 244 patients with adenomatous polyps
of the colon, 182 patients with Dukes' A or B colon cancer and 688 hospital controls. The
mean serum cholesterol levels were lower for the Dukes' B cases, accounting for most of the
difference. There was no difference in mean levels between those with adenomatous polyps
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and their controls. After adjustment for nutritional status using serum albumin level,
however, there was no difference between any ofthe groups23. ln a nested case-control study
within a cohort, 245 newly-diagnosed cases of large-bowel cancer in members of a prepaid
health care plan and five matched controls for each case were compared, on the basis of
serum cholesterol measurements performed as part of a multiphasic health examination
prior to the diagnosis of the cases. No direct or inverse relationship between serum

cholesterol and large-bowel cancer was found24. A fourth case-control study was based on a
cohort of 18 995 people examined at a health centre between 1970-1973, where medical

records were found for 100 of 176 cancer cases who had died by 1979, for 393 of900 control
subjects still alive in 1979, and for 69 of 153 people who had died of cardiovascular disease in
the same period. Serum cholesterol levels in the cancer cases were significantly lower than
those in controls only in the two-year period prior to death and were inconsistently

depressed three to six or seven to 16 years prior to death25. ln a fifth study, a positive
association was found between serum cholesterol levels and the prevalence of adenomatous
polyps at colonoscopy performed in 842 patients. The odds ratio for large-bowel adenoma
between the highest and lowest quintiles of serum cholesterol was 1.9 (95% confidence
interval, 1. 1 -3.5) after adjustment for age and 2.0 (1. 1 -3.6) after adjustment for body-mass
index26. Serum cholesterol was assessed in relation to disease-free survival of 279 colon
cancer patients. There was an 11% (nonsignificant) lower cumulative disease-free survival at
five years in those with serum cholesterol levels below the median than in those with levels
above the median27. ln a further study, family history of cancer was found to be positively
associated with serum cholesterol levels in young adults28.

Thus, although studies of cohorts assembled to study cardiovascular disease risk
continue to show associations oflow serum cholesterol with cancer incidence and mortality,
the studies designed specifically to assess the relationship do not in general confirm the
association. When site-specifie data are available, they are not consistent. Nevertheless, a
plausible mechanism exists - namely, that those who maintain a low serum cholesterol in
face of a possibly elevated fat intake increase the concentration of cholesterol metabolites
(especially bile acids) in the intestine and thus increase their risk for colon cancer29.

B. Evidence for carcinogenicity to animais (inadequate)

Cholesterol was tested for carcinogenicity in mice by administration in the diet, by
subcutaneous administration and by bladder implantation. These studies were all inadequate
for evaluation. Cholesterol has also been tested in combination with various carcinogens,
but the results were inadequate to assess the carcinogenesis-enhancing potential of the

compoundll. Feeding of cholesterol to rats exposed to a mammary carcinogen did not affect
the incidence of mammary tumours30, while feeding after administration of a colon
carcinogen resulted in a lower incidence of colon tumours3l.

C. Other relevant data
No data were available on the genetic and related effects of cholesterol in humans. It did

not transform Syrian hamster embryo cells and was not mutagenic to bacteria32.
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eHROMIUM AND eHROMIUM eOMPOUNDS:
eHROMIUM METAL (Group 3)
TRIVALENT eHROMIUM COMPOUNDS (Group 3)
HEXAVALENT eHROMIUM eOMPOUNDS (Group 1*)

A. Evidence for carcinogenicity to humans (inadequate for chromium metal and trivalent
chromium compounds; suffcient for hexavalent chromium compounds)

An increased incidence of lung cancer has been observed among workers in both the
bichromate-producing industry and chromate-pigment manufacturing. There is evidence of

"This evaluation applies to the group of chemicals as a whole and not necessarily to ail individual chemicals within the group (see
also Methods, p. 38).
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a similar risk among chromium platers and chromium alloy workers. The incidences of
cancers at other sites may also be increased in such populations. However, a clear distinction
between the relative carcinogenicity of chromium compounds of different oxidation states
or solubilities has been difficult to achievel.

Recent studies of chromate-pigment makers and users2-1O, chrome platersl 1, weldersl2-16
and chrome-alIoy foundry workersl7 have shed some light on this problem. For chromate-
pigment makers and users, respiratory cancer excesses have usualIy been found. Chromium
pigments are usually hexavalent and commonly include zinc, lead (see p. 230) or strontium
chromate. A small Norwegian study identified 24 workers primarily exposed to zinc
chromate out of a total chromium-pigment worker population of 133. AlI six lung cancer
cases, with more than three years' exposure, occurred among the zinc chromate group (O. 14
expected)9. One report from the UK contrasts the mortality experience of three plants, in
one of which only lead chromate was used. The lung cancer excess was restricted to the
plants in which there was mixed exposure to lead and zinc chromate. ln the lead chromate
plant, there was no lung cancer excess, whereas in the other two the observed:expected
ratios for high-j medium-exposed workers ranged from 13:5.9 to 5:0.91°.

Chrome platers have also been found to have excess lung cancerl 1. Stainless-steel
welding involves the greatest exposure to hexavalent chromium, as well as to nickell4 (see p.
264), and observed:expected ratios for lung cancer for this subgroup ofwelders ranged from
4.4 (based on three cases)12 to 1.7 (based on six cases)13. One study of chromium-nickel alloy
foundry workers showed a statistically significant excess oflung cancer in the 65-99-year age
group only17.

Excess ratios for tumours at other sites are an unusual finding, but they have been
reported for chromate paint workers (gastrointestinal tract)I,18, chromate-pigment users
(stomach and pancreas)6 and chrome platers (gastrointestinal tract) 

1 1. The observed

numbers are, however, small, and the observed:expected ratios do not reach statistical
significance. ln a post-mortem investigation of lung cancer deaths, it was found that, of the
cases diagnosed as small-cell carcinoma, many had been exposed mainly to hexavalent
chromium compoundsl9.

B. Evidence for carcinogenicity to animaIs (inadequate for chromium metal and trivalent
chromium compounds; suffcíent for hexavalent chromium compounds)

Chromium metal and chromium compounds have been tested for carcinogenicity by a
wide variety of routes in mice, rats and rabbits. Calcium chromate produced bronchial
carcinomas after implantation of an intrabronchial pellet in ratsl,20 and injection-site
sarcomas after intramuscular implantation in rats and mice and after intrapleural injection
in ratsl. Bronchial carcinomas were produced in rats after intrabronchial implantation of
strontium chromate and zinc chromate20. Injection-site sarcomas were produced in rats and
mice after intramuscular, intrapleural and subcutaneous injections of chromite ore,
strontium chromate, chromium trioxide, lead chromate and zinc chromate, but few or no
sarcomas were induced by barium chromate, sodium chromate or dichromate, or chromic
acetate. Chromium powder has been tested inadequately in mice, rats and rabbitsl.
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C. Other relevant data
The available evidence indicates that the carcinogenicity of chromium-containing

mate rials can be related to both valency and bioavailability. Trivalent and hexavalent
chromium have markedly different chemical and biological properties. Trivalent chromium
is the more stable oxidation state, and under physiological conditions it may form
complexes with ligands such as nucleic acids, proteins and organic acids. Biological
membranes are thought to be impermeable to trivalent chromium, although phagocytosis of
particulate trivalent chromium can occur. Hexavalent chromium usually forms strongly
oxidizing chromate and dichromate ions, which readily cross biological membranes and are
easily reduced under physiological conditions to trivalent chromium. Trivalent chromium
compounds may be contaminated with hexavalent chromium compounds (and vice
versa)2l. Chromium compounds that are sparingly soluble in water appear to have greater
carcinogenic activity than those substances that are either highly soluble or insoluble.

People occupationally exposed to hexavalent chromium compounds (in chromate
production and in electroplating facto ries) had elevated incidences of chromos omal
aberrations in their peripheral blood lymphocytes; reports on sister chromatid exchange
induction were conflicting. W orkers exposed to chromium compounds during stainless-
steel welding did not show increased incidences of chromos omal aberrations, micronuclei or
sister chromatid exchanges in peripheral blood lymphocytes21.

No data were available on the genetic and related effects of trivalent chromium
compounds in humans.

Hexavalent chromium induced dominant lethal mutations, chromosomal aberrations
and micronuclei in rodents treated in vivo. ln human cells in vitro, it caused chromos omal
aberrations, sister chromatid exchanges and DNA damage. ln cultured rodent cells, it
induced transformation, chromosomal aberrations, sister chromatid exchanges, mutation
and DN A damage. It induced aneuploidy in Drosophila and mitotic recombination in yeast.

. It was mutagenic and caused DN A damage in bacteria21.
There is no consistent evidence that water-soluble trivalent chromium has genetic

activity. The few positive results were obtained only with doses about 100 times higher than
those of hexavalent chromium required to produce such effects21.

Trivalent chromium did not induce micronuclei in bone-marrow ce lis of mice treated in
vivo. ConfIicting results were obtained for the induction of chromosomal aberrations in
human lymphocytes in vitro, and neither sister chromatid exchange nor unscheduled DN A
synthesis was induced in human cells in vitro. ConfIicting results were obtained concerning
the induction of chromos omal aberrations, mutation and sister chromatid exchanges in
rodent cells in culture. Trivalent chromium did not induce mutation in bacteria, but it
induced DNA damage21.

Insoluble crystallne chromium oxide (Cr203) induced sister chromatid exchanges and
mutation in cultured Chinese hamster cells, which were shown to contain particles of the test
material2l.
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eHRYSOIDINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A report of bladder cancer in three amateur anglers with exposure to chrysoidine-dyed
maggots1 stimulated reports of four further cases2,3 and two case-control studies4,5. A study
in Yorkshire, UK, used an existing large-scale bladder cancer case-control study (over 900
pairs) and made further enquiries regarding fishing, maggots and dyes used on or in the
maggots. The relative risks were 0.7 (95% confidence interval, 0.2-2.3) based on five exposed
cases for the use of bronze (surface-coloured) maggots, and 2.0 (0.6-6.2) based on nine
exposed cases for yellow maggots (ready or self-coloured)4. A study in the West Midlands,
UK, was smaller (202 pairs) but showed a higher percentage of use of dyed maggots (14% of
cases, 8% of controls). A three-fold excess risk was noted for the use of bronze maggots for
more than five years5. This study almost certainly included five cases from the previous case
reports that stimulated the case-control studies, but this factor is unlikely to remove the
statistically significant excess risk.

B. Evidence for carcinogenicity to animaIs (limited)

Chrysoidine was tested for carcinogenicity in single experiments in mice and rats by oral
administration only. ln mice, it produced liver-cell adenomas and carcinomas, leukaemia
and reticulum-cell sarcomas. The experiment on rats was inadequately reported6.

c. Other relevant data

No data were available on the genetic and related effects of chrysoidine in humans. It was
mutagenic to bacteria7.
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elSPLATIN (Group lA)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of cisplatin as a single agent was available to the Working
Group. Occasional case reports of exposure to cisplatin, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other pote nt oncotherapeutic drugs, do not constitute evidence of carcino-
genesisl-3.

B. Evidence for carcinogenicity to animaIs (suffcient)

Multiple intraperitoneal administrations of cisplatin to mice significantly increased the
incidence and number oflung adenomas. Similar treatments caused a significant increase in
the incidence of skin papillomas in mice given promoting treatment of croton oil applied to
the skin. The incidences of epidermoid carcinomas and of both malignant and benign
tumours in internaI organs were increased by the same treatment, but were not significantly
different from those in controlsl,4. ln two studies, multiple intraperitoneal injections of
cisplatin to rats induced leukaemia5,6.

C. Other relevant data

ln one study, cisplatin-adriamycin combination chemotherapy induced sis ter chromatid
exchanges in peripheral blood lymphocytes of patients treated with this agent. ln another
study, antigenicity against cisplatin-DNA adducts was demonstrated in blood cells of
treated patients7.

Cisplatin induced structural chromos omal aberrations and sister chromatid exchanges
in ce Ils of rodents treated in vivo, but it did not induce dominant lethal mutations in mice. It
transformed Syrian hamster embryo celIs; it induced chromos omal aberrations, micro-
nuclei and sis ter chromatid exchanges in both human and rodent cells in vitro, and mutation
and DNA damage (including DNA cross-links) in rodent cells in vitro. ln Drosophila,
cisplatin induced aneuploidy and dominant lethal and sex-linked recessive lethal mutations.
It induced chromos omal aberrations and mutation in plants. Cisplatin induced mutation,
gene conversion and DNA damage in fungi and mutation and DNA damage in bacteria7.
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eLOFIBRATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Results of a further four years of follow-up to the clofibrate trial of the World Health
Organization! have become available2. On average, the total follow-up period was 13.2
years, 5.3 of which were during the actual treatment phase (range, four to eight years) and
7.9 thereafter. Three groups of men, divided according to their cholesterol levels, were
studied, comprising 208 000 man-years of observation. The first two groups included
subjects in the upper third of the serum cholesterol distribution, randomly allocated either
to treatment by clofibrate (1.6 g daily) or an olive-oil placebo. The third group was
composed of ha If of the men in the lowest third ofthe distribution, who received an olive-oil

placebo. At the conclusion of foUow-up, the age-standardized death rates from malignant
neoplasms per 1000 per annum were 2.4, 2.4 and 2.3, respectively (based on 206, 197 and i 73
deaths from neoplasms). However, the age-standardized death rates for malignant
neoplasms during the treatment phase had been 1.9 (42 deaths), 1.2 (25 deaths) and 1.7 (30
deaths), respectively.

Reports of two of four other clofibrate trials did not include information on the
occurrence of cancer!. Ofthose which did, one showed no excess of cancer in treated groups
over the six-year period of the trial (eight cancer deaths in aU)3, and, in the other, covering a
foUow-up period of five to 8.5 years, the death rates for aU cancers were 0.9% for the group
receiving c1ofibrate, 0.8% for a group receiving niacin and 0.9% for the placebo group4. Two
further trials of clofibrate showed no excess of cancer in treated groupS2.

ln a single case report, a man who received c10fibrate (among other drugs) for 15 years
developed a jejunal adenocarcinoma2.

B. Evidence for carcinogenicity to animaIs (limited)
Clofibrate was tested in two studies by oral administration to male rats; it produced

hepatoceUular carcinomas, and a few pancreatic exocrine acinar adenomas and carcInomas
were observedl. Clofibrate decreased the incidence of 7,12-dimethylbenz(a)anthracene-

induced mammary carcinomas in rats, but did not affect the carcinogenic action of
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N-methyl-N-nitrosourea5 or of dimethylhydrazine (isomer unspecified)6. ln two studies, it
enhanced N-nitrosodiethylamine-induced liver tumorigenesis7,8, but, in a limited bioassay,
when fed after the induction of liver foci by 2-acetylaminofIuorene, it did not enhance liver
carcinogenesis9.

C. Other relevant data
No data were available on the genetic and related effects of c10fibrate in humans. It did

not indu ce chromosomal aberrations in Chinese hamster fibroblasts in vitro and was not
mutagenic to bacteria1o.
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eLOMIPHENE elTRATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Only case reports of benign and malignant tumours occurring at various sites are

availablel-s. These inc1ude testicular tumours Ìn three young men who had received
c10miphene as part of hormonal treatment for 0ligospermia2, a hepatoblastoma in a female

kajo
Rectangle



COAL GASIFICA TION 173

infant whose mother had received c10miphene citrate as treatment for infertility3, a liver-cell
adenoma in a women who had received clomiphene citrate for 0ligomenorrhoea4, and
unilateral testicular neoplasms in two of 650 oligospermic men who had received monthly
treatments with clomiphene citrate (daily for three weeks followed by a week of rest) for six
to 12 months5.

B. Evidence for carcinogenicity to animaIs (inadequate)
Clomiphene citrate was tested in an inadequate ex periment in newborn rats by single

subcutaneous injection; reproductive-tract abnormalities, including uterine and ovarian
tumours, were reported 1.

C. Other relevant data
No data were available on the genetic and related effects of clomiphene citrate in

humans. It did not induce chromos omal aberrations or micronuclei in bone-marrow cells of
mice treated in viv06.
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eOAL GASIFieATION (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Case reports of tumours of the skin (including the scrotum), bladder and respiratory

tract in association with employment in industries involving the destructive distilation of
coal suggested a link between work in that industry and human cancer. Descriptive
epidemiological studies based on death certificates corroborated these early suggestionsl.

A series of detailed analytical epidemiological studies of the British gas industry add
further weight to the hypothesis that work in such coal gasification plants carries a risk for
tumours of the lung, bladder and scrotum. There appeared to be a relationship between
elevated relative risk of tumours and work in retort houses, particularly when the job had
entailed exposure to fumes emanating from the retortsl.
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B. Other relevant data

No relevant data were available to the Working Group.

References
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eOAL-TAR PITeHES (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
A mortality analysis in the UK from 1946 showed a greatly increased risk for scrotal

cancer among patent-fuel workers; furthermore, a large number of case reports describe the
development of skin (including the scrotum) cancer in workers exposed to coal-tars (see p.
175) or coal-tar pitch1. Several epidemiological studies have shown excesses of lung and
bladder cancer among workers exposed to pitch fumes in aluminium production plants2. A
slight excess of lung cancer was found among furnace and maintenance workers exposed to
coal-tar pitch fumes in a calcium carbide production plant3. A cohort study of US roofers
indicated an increased risk for cancer of the lung and suggested increased risks for cancers of
the oral cavity, larynx, oesophagus, stomach, skin and bladder and for leukaemia. Sorne
support for ex cess risks ofIung, laryngeal and oral-cavity cancer is provided by other studies
of roofers. One study showed a small excess of bladder cancer in tar distilers and in
patent-fuel workers. An elevated risk of cancer of the renal pelvis was seen in workers
exposed to 'petroleum or tar or pitch'l. One study of milwrights and welders exposed to
coal-tars and coal-tar pitch in a stamping plant showed significant excesses of leukaemia
and of cancers of the lung and digestive organs4.

B. Evidence for carcinogenicity to animais (sufficient)
Application of coal-tar pitches and extracts of coal-tar pitches to the skin of mice

produced malignant skin tumours. Extracts of coal-tar pitches had both initiating and
promoting activities in mouse skin1,5,6.

c. Other relevant data

No data were available on the genetie and related effects of coal-tar pitches in humans.

Extracts of coal-tar pitches and 'coal-tar' paints (formulated with coal-tar pitches) were
mutagenic to Salmonella typhimurium in the presence of an exogenous metabolic system.
Extracts of emissions from a roofing-tar pot (coal-tar pitch-based tar) enhanced viral
transformation in Syrian hamster embryo cells but did not cause DNA strand breaks. The
sa me mate rial induced sis ter chromatid exchanges and mutation in cultured rodent cells,
both in the presence and absence' of an exogenous metabolic system, and was mutagenic to
S. typhimurium in the presence of an exogenous metabolic system7.
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CO AL- T ARS (Group i)

A. Evidence for carcinogenicity to hum ans (sufficient)
There have been a number of case reports of skin cancer in patients who used tar

ointments for a variety of skin diseasesl,2. A mortality analysis in the UK from 1946 showed
a greatly increased scrotal cancer risk for patent-fuel workers. Furthermore, a large number
of case reports describe the development of skin (including the scrotum) cancer in workers
exposed to coal-tars or coal-tar pitches (see p. 174)1. Several epidemiological studies have
shown an excess of lung cancer among workers exposed to coal-tar fumes in coal
gasification and coke production3.. One study showed a small excess of bladder cancer in
tar distillers and in patent-fuel workers. An elevated risk of cancer of the renal pelvis was
seen in workers exposed to 'petroleum or tar or pitch'l. One study of milwrights and welders
exposed to coal-tars and coal-tar pitch in a stamping plant showed significant excesses of
leukaemia and of cancers of the lung and digestive organs5.

B. Evidence for carcinogenicity to animaIs (suffcient)
Coal-tars from blast furnaces, coke ovens and co al gasification plants, as well as

pharmaceutical coal-tars, were tested for carcinogenicity by skin application in mice,
producing skin tumours. Pharmaceutical coal-tars and tars from coal gasificationplants
also produced skin tumours when applied to the ears of rabbits. Pharmaceutical coal-tars
applied to the skin of rats produced lung tumours but not skin tumours. Inhalation of tar
from coke ovens produced benign and malignant lung tumours in mice and rats and skin
tumours in micel,3,4.
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C. Other relevant data

An increased frequency of chromosomal aberrations was observed in peripheral
lymphocytes of coal-tar workers, both smokers and nonsmokers. Extracts of urine from
patients undergoing combined treatment with coal-tar preparations and ultraviolet light
were mutagenic to Salmonella typhimurium6.

Coal-tar induced transformation of Syrian hamster embryo cells. Samples of thera-
peutie coal-tar, extracts of coal-tar shampoos, an industrial coal-tar and vapours emitted
from a coal-tar sample at 37°C were mutagenic to S. typhimurium in the presence of an
exogenous metabolic system6.
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eOKE PRODUeTION (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)
ln the first half of the cent ury, case reports of tumours of the skin (including the

scrotum), bladder and respiratory tract, in association with employment in industries
involving the destructive distilation of coal, suggested a lInk between that industry and
human cancer. Despite their methodological shortcomings, descriptive epidemiological
studies based on death certificates corroborated these early suggestions!.

Later studies carried out in Japan, Sweden, the UK and the USA identified the lung as
the site at which the excess cancer rates occurred most commonly among workers in coke
production. AlI but two of the pertinent analytical epidemiologica1.cohort studies provided
evidence that work in coke production carries a significantly elevated risk of lung cancer.
The two studies showing no lung cancer excess suffered from serious methodological
limitations. The risk was evident in comparison with both the general population and
non-coke production workers, and the extent ofthe increased relative risk estimates varied
from three to seven fold. ln those studies in which the relevant information was available,
differences in smoking habits were shown not to have severely confounded the risk
estimates1.
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Excess risk of kidney cancer has been repeatedly associated with work in coke plants. ln
one study in the USA, a seven-fold increase in risk was seen for workers employed for five
years or more at coke ovens. ln single studies, excess risks were reported for cancers of the
large intestine and pancreasl.

The largest study was conducted on a cohort of some 59 000 steel workers in the
Pittsburgh area (USA)I. The study has recently been extended up to 1975 and the dose-
response analysis of exposure to coal-tar pitch volatiles and lung cancer reviewed. Coke-
oven workers (both white and nonwhite) exhibited a large, statistically significant increase
in lung cancer mortality that was strongly associated with duration of exposure to coke-
oven fumes and intensity of exposure, as documented by comparing tops ide- with side-oven
experience. Significantly elevated mortality from prostatic and kidney cancer was also
noted, but without clear evidence of an exposure-response relationship. Non-oven workers
had no excess of lung cancer but a significantly increased mortality from cancer ofthe large
intestine and pancreas. Cumulative exposure indices of exposure to coal-tar pitch volatiles
were calculated and increasing lung cancer risk with increasing estimated exposure was
found2,3. A possible causative agent is coal-tar fumes.

B. Other relevant data
An increase in the incidence of sister chromatid exchanges was observed in cultured

peripheral blood lymphocytes from 12 nonsmoking coke-oven workers in a steel plant,
when they were compared to a group of age-matched controls. Urine samples from
nonsmoking coke-plant workers were mutagenic to Salmonella typhimurium in the
presence of an exogenous metabolic system. ln a second study of coke-plant workers, the
mutagenic activity in S. typhimurium of extracts of urine samples collected after work was
not statistically different from that of samples taken before work. Antigenicity against
benzo(aJpyrene diol epoxide-DNA adducts has been demonstrated in peripheral blood
lymphocytes of coke-oven workers4.
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eREOSOTES (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
ln a number of case reports, the development of skin cancer in workers exposed to

creosotes is described. One study involved a review of 3753 cases of cutaneous epithelioma
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from 1920 to 1945 and showed that 35 cases (12 of which were of the scrotum) had had
exposure to creosotes. Most cases occurred in workers handling creosotes or creosoted
wood du ring timber treatment. A mortality analysis of workers in many occupations
indicated an increased risk of scrotal cancer for creosote-exposed brickmakers!.

B. Evidence for carcinogenicity to animaIs (sufficíent)
Creosotes, creosote oils and anthracene oils were tested for carcinogenicity in mice by

skin application, producing skin tumours, inc1uding carcinomas. One of the creosotes also
produced lung tumours in mice after skin application!.

C. Other relevant data
No occupationally related increase in mutagenicity was detected in the urine of creosote

workers, but urine from rats administered creosote was mutagenic to Salmonella

typhimurium in the presence of an exogenous metabolic system2.
Creosote enhanced transformation of Syrian hamster embryo cells initiated with

benzo(a)pyrene in a two-stage transformation assay, and creosote and a coal-tarjcreosote
mixture gave positive results in the mouse Iymphoma L5 178Y system. Creosote, vapour
emitted from creosote at 370C and a coal-tar j creosote mixture were mutagenic to S. typhi-
murium in the presence of an exogenous metabolic system2.
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eyeLAMATES (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
The evidence that the risk of cancer is increased among users of artificial sweeteners is

inconsistent!. Since the positive report ofHowe et a/.2, reports have become available on six
case-control studies and on one population study of bladder cancer.

The largest was a population-based study in ten areas of the USA, with 3010 bladder
cases and 5783 controls. The relative risk for bladder cancer associated with use of artificial
sweeteners was 1.0 (95% confidence interval, 0.89- 1.1) among men and 1.1 (0.89- 1.3) among
women. Significant trends of increasing risk with increasing average daily consumption
were found in certain subgroups examined a priori on the basis of the results of animal
experiments; these subgroups were female nonsmokers and male heavy smokers3.

Subsequent, independent re-analysis of the same data by a different statistical technique
(multiple logistic regression) confirmed the original findings ove 

raIl but cast doubt on the
significance of the findings in the two subgroups because of inconsistent dose-response
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trends, especially among the male heavy smokers4. ln response, the original investigators
noted that the inconsistency derived from the development of risk scores which, in their
opinion, were not correctly derived, as two relevant variables had been omitted5. ln a
subsequent report on data from one of the areas participating in this study, the use of
hospital and population controls was compared. A higher proportion of hospital controls
was found to have used artificial sweeteners than population controls6. This had been
postulated earlier2 as a possible reason for the negative findings of a hospital-based case-
control study7. Bias resulting from use of prevalent rather than incident cases8 has been

suggested as a possible reason for the negative findings of another hospital-based case-
control study9.

Two other case-control studies have also shown increased risks among subgroups. ln
one, conducted simultaneously in Japan, the UK and the USA, the relative risks among
women in the US component of the study associated with 'any' use of diet drinks and of
sugar substitutes were 1.6 and 1.5, respectively, and 2.6 and 2.1, respectively, for non-
smokerslO. ln the other two areas, however, a history of use of sugar substitutes, primarily
saccharin, was not associated with an elevated bladder cancer riskll. ln the other study,
conducted in West Yorkshire, UK, although elevated risks were found for saccharin takers
(see p. 334) who were nonsmokers, the risks associated with cyc1amate use were not
examinedl2.

Two studies in DenmarkI3,14, one in the USAI5 and a further case-control study in
Canadal6, however, gave negative results. ln one of the Danish studies, incidence ofbladder
cancer at ages 20-34 among people born 1941-1945 (when use of saccharin was high in
Denmark) was compared with that among those born 1931-1940. The risk for men was 1.0

(0.7-1.6) and that for women, 0.3 (0.1-1.0)13. The other two studies were population-based
case-control studies of bladder cancer. ln Denmark, the relative risk for people of the two
sexes combined was 0.78 (0.58-1.05)14. ln a study in the USA of bladder cancer in women
aged 20-49, the odds ratio for regular use of artificially sweetened beverages, table-top
sweetener or both was 1.1 (0.7-1.7)15. ln Canada, the odds ratio for use of cyclamatewas 1.09
(0.60-1.97) in males and 0.92 (0.63-1.36) in femalesl6. ln neither study were the increased
risks seen in subgroups in other studies replicated.

ln the USA, in a study of 1862 patients hospitalized for cancer and of 10 874 control
patients, a greater proportion of artificial sweetener us ers was found only among women
with cancer of the stomach. Little information was available on urinary-tract cancer. No
overall association was found between artificial sweetener use and cancer17.

B. Evidence for carcinogenicity to animais (limited)
Sodium cyclamate was tested for carcinogenicity both alone and in combination with

other chemicals in different animal species and by several routes of administration.
Following its oral administration to two strains of mice, an increased incidence of

lymphosarcomas was observed in female mice of one strain; a few bladder tumours were
seen in rats exposed orally. Several other experiments in mice, rats, hamsters and monkeys
were inadequate for evaluation. A 10: 1 mixture of sodium cyc1amate:sodium saccharin was
given to mice in one multigeneration experiment and to rats in two single-generation
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experiments: transitional-cell carcinomas were induced in the bladders of male rats of one
strain given the highest dosel. ln a similar two-generation ex periment in rats, no treatment-
related tumour was observed 18. Instilation oflow doses of N-methyl-N-nitrosourea into the
bladder of rats fed sodium cyclamate for long periods resulted in a dose-related induction of
transitional-cell neoplasms of the bladder. After subcutaneous injection of rats with sodium
cyclamate, no tumour was observed at the site of injection, the only site for whieh tumour
incidence was reported. A significant increase in the incidence of bladder carcinomas was
observed in mice given bladder implants of pellets containing sodium cyclamatel. Trans-
placental application of cyclamate to rats did not produce an increase in tumour incidence at
any sitel9.

Calcium cyclamate did not alter tumour incidence when tested by oral administration in
a two-generation experiment in rats but produced local tumours in another experiment
following its subcutaneous injection 1.

Cyc10hexylamine was tested by oral administration at several dose levels in different
strains of mice and rats, and in one multigeneration study in mice. No tumour related to
treatment was observedl.

C. Other relevant data

No data were available on the genetic and related effects of calcium cyc1amate, dicyc1o-
hexylamine or cyc10hexylamine in humans. ln a single study, eight persons ingesting sodium
cyc1amate (70 mgj kg per day) did not exhibit chromosomal aberrations in their
lymphocytes2o.

Calcium cyclamate induced chromosomal aberrations in bone-marrow cells of gerbils,
but not in bone-marrow cells or spermatogonia of rats, treated in vivo. It did not induce
dominant lethal mutations in rats or mice or micronuc1ei or sperm abnormalities in mice
treated in vivo. It induced chromos omal aberrations in human lymphocytes but not in rat
kangaroo cells in culture. It did not induce aneuploidy in Drosophila, but contradictory
results were reported in assays for sex-linked recessive lethal mutations and heritable
translocations. Calcium cyclamate was not mutagenic to bacteria20.

Sodium cyclamate did not induce dominant lethal mutations or chromosomal

aberrations in spermatogonia or spermatocytes of mice treated in vivo. It induced sister
chromatid exchanges and chromosomal aberrations in cultured human lymphocytes and
chromosomal aberrations in cultured Chinese hamster cells. It did not induce aneuploidy or
sex-linked recessive lethal mutations in Drosophila or chromos omal aberrations in plants2o.

Cyclohexylamine did not induce dominant lethal mutations in one study in rats, but
contradictory results were obtained in mice. It gave weakly positive results in the mouse spot
test. Cyclohexylamine induced chromosomal aberrations in lymphocytes but not in bone-
marrow cells of hamsters and lambs or in spermatogonia of hamsters and mice treated in
vivo. ln treated rats, chromos omal aberrations were induced in spermatogonia but not in
leucocytes, and contradictory results were obtained for bone-marrow cells. Cyclohexyl-
amine induced sister chromatid exchanges in cultured human lymphocytes, but, again,
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conflcting results were obtained concerning the induction of chromosomal aberrations.
Cyclohexylamine enhanced virus-induced transformation of Syrian hamster embryo cells
and induced chromos omal aberrations in cultured rat kangaroo cells. It did not induce
somatic or sex-linked recessive lethal mutations, aneuploidy or heritable translocations in
Drosophila and was not mutagenic and did not induce prophage in bacteria. ln host-
mediated assays, it did not induce mutation in bacteria or chromosomal aberrations in
human leucocytes2o.

Dicyclohexylamine induced chromos omal aberrations in cultured human lymphocytes.
It was not mutagenic to bacteria20.
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eyeLOPHOSPHAMIDE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Many cases of cancer have been reported following therapy with cyclophosphamide1.
Excess frequencies of bladder cancer following therapy with cyclophosphamide for

nonmalignant diseases have been clearly demonstrated in two epidemiological studies1,2.
Three recent studies confirmed that cyclophosphamide is also a leukaemogen. Among 602
patients treated predominantly with cyclophosphamide for non-Hodgkin's Iymphoma in
Denmark, nine cases of acute nonlymphocytic leukaemia (ANLL) or preleukaemia were
observed, compared to 0.12 expected on the basis of incidence rates in the general.
population3. ln the USA, three cases of ANLL or preleukaemia were observed among 333
women treated only with cyclophosphamide for ovarian cancer; 1.2 were expected4. ln the
German Democratie Republic, a case-control study was carried out of leukaemia arising as
a second primary malignancy following breast or ovarian cancer. Relative risks of 1.5,3.3
and 7.3 were estimated in association with cumulative doses of":l0 g, 10-29 g and ),30 g of
cyc1ophosphamide, respectively5.

Cyclophosphamide is a far less potent leukaemogen than 1,4-butanediol dimethane-
sulphonate (Myleran; see p. 137) when used following surgery for lung cancer6. Similarly,
melphalan (see p. 239) produces a much higher incidence of leukaemia than cyc1o-
phosphamide when used in the therapy of multiple myeloma7 and of ovarian cancer4.

B. Evidence for carcinogenicity to animaIs (sufficient)
Cyc1ophosphamide has been tested for carcinogenicity by oral administration and by

intravenous and intraperitoneal injection in rats and by subcutaneous and intraperitoneal
injection in mice. It produced benign and malignant tumours at various sites, inc1uding the
bladder, in rats after its oral or intravenous administration, and benign and malignant
tumours at the site of injection and at distant sites in mice following its subcutaneous
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injection. There was sorne evidence of its carcinogenicity to mice and rats following
intraperitoneal injection1. A study in which cyclophosphamide was given intraperitoneally
to rats in combination with methotrexate (see p. 241) and 5-fIuorouracil (see p. 210) resulted
in induction of tumours in the nervous system, haematopoietic and lymphatic tissues, the
urinary bladder and adrenal glands; however, because of lack of matched controls, it could
not be concluded whether tumour induction was due to a combined effect of the three
chemicals or of any one of them8.

C. Other relevant data

Cyclophosphamide is metabolized to an alkylating intermediate. Increased incidences of
chromosomal aberrations and sister chromatid exchanges were observed in peripheral
blood lymphocytes and, in one study, in bone-marrow ce Ils of patients treated with
cyc1ophosphamide for a variety of malignant and nonmalignant diseases9.

Cyc1ophosphamide has been tested extensively for genetic effects in a wide variety of
tests in vivo and in vitro, giving consistently positive results. It bound to DNA in kidney,
lung and liver of mice and induced dominant lethal mutations, chromosomal aberrations,
micronuclei, sister chromatid exchanges, mutation and DNA damage in rodents treated in
vivo. ln human ce Ils in vitro, it induced chromosomal aberrations, sister chromatid
exchanges and DNA damage. ln rodent cells in vitro, it induced transformation,
chromos omal aberrations, sis ter chromatid exchanges, mutation and unscheduled DNA
synthesis. ln Drosophila, it induced aneuploidy, heritable translocations and somatic and
sex-linked recessive lethal mutations. ln fungi, it induced aneuploidy, mutation, recombi-
nation, gene conversion and DNA damage. ln bacteria, it induced mutation and DNA
damage. ln bacteria, it induced mutation and DNA damage. ln host-mediated assays, it
induced chromosomal aberrations and sis ter chromatid exchanges in human Iymphoid
cells, mutation and sister chromatid exchanges in Chinese hamster cells, gene conversion in
yeast, and mutation in bacteria. It was active in body-fIuid assays of urine from humans and
rodents exposed in vivo, and in one study using serum from rats9.
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DAeARBAZINE (Group 2B)

Á. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of dacarbazine as a single agent was available to the W orking

Group. Occasional case reports of exposure to dacarbazine, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other potent oncotherapeutie drugs, do not constitute evidence of carcino-
genesisl.

ln a large systematic follow-up of patients with Hogdkin's disease treated with an
intensive chemotherapeutic combination inc1uding dacarbazine (plus adriamycin (see
p. 82), vinblastine (see p. 371) and bleomycins (see p. 134)) but no alkylating agent, pre-
liminary evidence suggested no excess of acute nonlymphocytic leukaemia in the first
decade after therapy2.

B. Evidence for carcinogenicity to animais (suffcíent)
Following its oral or intraperitoneal administration to rats, dacarbazine produced

tumours at various sites, including the mammary gland, thymus, spleen and brain, in as little
as 18 weeks after initial exposurel. After its intraperitoneal administration to rats at the end
of pregnancy, dacarbazine produced tumours, the majority of which were malignant

neurinomas, in offspring3. Dacarbazine produced tumours at various sites, including lung,
haematopoietic tissue and uterus, after intraperitoneal administration to mieel.

C. Other relevant data
Dacarbazine did not induce sister chromatid exchanges in lymphocytes of treated

patients in one study. It gave weakly positive results for induction of sister chromatid
exchanges in Chinese hamster cells in vitro and was mutagenic to cultured rodent cells and
to bacteria4.
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DAPSONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Cases of cancer have been reported in patients treated with dapsone for dermatitis
herpetiformis1 and leprosy2. Several follow-up studies have been undertaken of patients
with leprosy, some of whom were treated with dapsone1,3-6. Increased mortality from
cancer, restricted to males (standardized mortality ratio (SM-R), 1.5; 95% confidence
interval, 1. 1 - 1. 9), has been 0 bserved only in the most recent of them. The excess was most
evident for cancers of the oral ca vit y and bladder and for Iymphoma in males (SMRs, 4.5,
4.0 and 3.0, respectively) and for dapsone users. Possible confounding effects oftobacco and
alcohol intake could not be addressed, but there was no substantial increase in mortality
from lung cancer6.

B. Evidence for carcinogenicity to animaIs (limited)
Dapsone has been tested by oral administration in mice and rats, by intraperitoneal

administration in mi ce and by prenatal and lifetime oral exposure in mice and rats. ln three
different studies in rats, high doses of dapsone induced mesenchymal tumours ofthe spleen
in males (and of the peritoneum in two studies). An increased incidence of tumours of the
thyroid was found in rats of each sex in one study and in males in a further study. The
experiment in mice involving intraperitoneal administration of dapsone could not be
evaluated. The other two experiments in mice did not provide evidence of carcinogenicityl.

C. Other relevant data
No data were available on the genetic and related effects of dapsone in humans. It was

not mutagenic to bacteria7.
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DDT (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Alveolar-cell carcinoma of the lung has been reported in five patients with granulo-
matous disease of the lungs associated with the inhalation of DDT powder1. ln four
studies2-s, tissue levels of DDT were reported -to be higher in cancer patients than in subjects
who died from other causes; no significant difference was found in four other studies2,6-s,
one ofwhich was confined to cancer ofthe breast and included some living patients7. Serum
DDT levels appeared to be elevated in another study of nine cancer patients9, but the study is
difficult to interpret. ln two case-control studies of soft-tissue sarcomalO,ll and in three of
malignant lymphomaI2-14, relative risks for the association ofthese diseases with exposure
to DDT were 1.2, 1.3, 1.6, 1.5 and 1.8, respectively. Some ofthe men in these studies had also
been exposed to chlorophenoxy herbicides (see p. 156) and chlorophenols (see p. 154), for
which there were higher relative risks. Excesses of leukaemia (particularly chronic
lymphocytic leukaemia) were noted in two studies1S,16. A case-control study of colon
cancerl7 showed no increased relative risk for exposure to DDT. A small excess of deaths
from cancer (3 observed, 1.0 expected) was found in forestry foremen exposed to DDT,
2,4-D and 2,4,5-Tls. ln two other cohort studies of men involved in the manufacture of
DDT, there was no increase in mortality from cancer overaUI9,20 (standardized mortality
ratio (SMR), 68 and 95, respectively), although in one20, mortality from respiratory cancer
was increased slightly (SMR, 156; 95% confidence interval, 74-286). An increase in lung
cancer mortality was also observed in agricultural workers who had used DDT and a variety
of other pesticides and herbicides (180 (140-240))21, but a small case-control study of lung
cancer deaths in orchardists showed no excess22. Studies of pesticide applicators, who use
DDT as weIl as a number of other pesticides, showed excesses of lung cancer23,24. ln one of
these studies, the risk for lung cancer increased with duration of holding a licence to nearly
three fold among those licensed for 20 or more years24. Exposure to multiple pesticides in
these studies prevents a clear evaluation of the cancer risk associated with DDT alone.
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B. Evidence for carcinogenicity to animaIs (sufficient)
DDT has been tested for carcinogenicity by oral administration in mice, rats, hamsters,

dogs and monkeys and by subcutaneous injection in mice. After oral administration to
mice, it caused benign and malignant liver neoplasms, Iymphomas and lung neoplasms2,25;
oral administration to rats caused liver neoplasms26,27. Three feeding studies with hamsters
gave negative results2,28,29, and feeding studies with dogs and monkeys were inconc1usive2.
F ollowing subcutaneous injection to mice, it produced liver tumours, Iymphomas and lung
tumours25. Oral administration of DDT enhanced the incidence of liver neoplasms induced
in mice by oral administration of N-nitrosodiethylamine30, and the incidences of liver
preneoplastic lesions induced in rats by oral administration of 3' -methyl-4-( dimethylamino)-
azobenzene31 and of liver tumours induced in rats by oral administration of

N-nitrosodiethylamine32. Feeding of DDT to rats also accelerated the development of
mammary-gland tumours induced by 2-acetamidophenanthrene33.

C. Other relevant data
ln a single study, it was reported that workers exposed to DDT and other pesticides

showed increases in chromatid-type aberrations, but not in chromosomal aberrations, in
peripheral lymphocytes34.

Conflicting results were obtained for the induction of dominant lethal mutations in mice
and rats. DDT induced chromosomal aberrations in bone-marrow cells of mice, but not of
rats, and chromosomal aberrations in spermatocytes of mice treated in vivo; it did not
induce micronuc1ei in bone-marrow ce Ils of treated mice. ln human cells in vitro, it did not
induce chromosomal aberrations, mutation or unscheduled DNA synthesis. It did not
induce mutation, DNA strand breaks or unscheduled DNA synthesis in cultured rodent
cells; conflcting results were obtained for chromosomal aberrations in Chinese hamster
cells. DDT inhibited intercellular communication in human and rodent cell systems. It did
not induce sex-linked recessive lethal mutations in Drosophila, but conflcting results were
obtained with regard to aneuploidy; it caused dominant lethal mutations. It did not induce
mutation in fungi, either after direct exposure or in a host-mediated assay. DDT was not
mutagenic to bacteria and did not induce breakage of plasmid DNA34.
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DIAZEPAM (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
A short-term screening study of 12 961 users of diazepam showed no evidence of excess

of any cancer, and one negative association (lower risks of lymphoma and leukaemia than
expected) was found over a four-year periode The morbidity ratio for aIl cancers was 1.01.
Subsequent studies have tended to concentrate on the suggestion that diazepam acts as a
promoter in cancer2, and most relate to breast cancer. No evidence ofincreased risk ofbreast
cancer with diazepam use was found in a breast cancer screening study. The relative risk for
'ever'use of diazepam was 0.87 (95% confidence interval, 0.7-1.1). For use of diazepam 15 or
more years earlier, the relative risk was 1.1 (0.5-2.4); for three or more years since last use of
diazepam, the relative risk was 0.94 (0.7-1.3)3. Subsequent evaluation of the data from this
study showed a negative association between diazepam use and extent of breast cancer and
lymph node involvement4. These data suggest that diazepam does not act during the late
stages of induction of breast cancer. The hypothesis was further evaluated in two case-
control studies ofbreast cancer5,6. ln one, 1236 cases ofbreast cancer and 728 controls with
other malignancies were evaluated. The relative risk for women who had used diazepam
four days a week for at least six months was 0.9 (0.5- 1.6)5. ln the second study, no increased
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risk from diazepam use was found in 151 breast cancer cases in comparison with 151
hospital controls (relative risk, 0.95)6. ln a further study of women newly diagnosed with
breast cancer, the age-adjusted risk ratio for diazepam use six months prior to diagnosis was
0.9 (0.7-1.3)7. Diazepam use was also studied in relation to malignant melanoma in a
case-control study of 166 cases and 498 controls, using both medical records and
questionnaires. Although 35% of the cases and 33% of the controls did not return
questionnaires, neither data source suggested excess use of diazepam by the cases8.

The evidence that diazepam is not a breast carcinogen could not be described as
'suggesting lack of carcinogenicity' for breast cancer, because of (1) the restricted statistical
power to detect increases after long latent periods or to detect small increases (Le., relative
risks under 2.0), even though these might be expected under reasonable hypotheses, and
(2) the special problems of studying a human cancer closely tied to life events in relation to
usage of a drug given for poorly defined indications.

B. Evidence for carcinogenicity to animaIs (inadequate)

Oral administration of diazepam to mice resulted in an elevated incidence of liver
tuinours in males9. ln rats, a study reported in detail9 and one reported brieflylO showed no
increase in the incidence oftumours of any type compared to controls. ln limited bioassays,
oral administration of diazepam enhanced the occurrence ofliver preneoplastic lesions and
neoplasms induced in mice by N-nitrosodiethylaminell, but not that induced in rats by
3' -methyl-4-( dimethylamino )azobenzene or 2-acetylaminofluoreneI2,13.

C. Other relevant data

A metabolite of diazepam, oxazepam, produced liver tumours in mice after its oral
administration 14.

Neither chromosomal aberrations nor sister chromatid exchanges (one study) were
observed in the lymphocytes of patients receiving treatment with diazepaml5.

Diazepam did not induce chromosomal aberrations in bone-marrow ce lis of Chinese
hamsters treated in vivo, or in human or Chinese hamster cells in vitro. It did not inhibit
intercellular communication in cultured rat hepatocytes. It was not mutagenic to bacteria,
but urine from mice treated with diazepam showed increased mutagenicity as compared to
controlsl5.
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1,2-DIBROMO-3-eHLOROPROPANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Among a cohort of 550 chemical workers exposed to many compounds inc1uding

1 ,3-dibromo-3-chloropropane, a moderate, statistically nonsignificant increase in mortality
from cancers at all sites was found (12 observed, 7.7 expected), due mainly to deaths from
respiratory cancer. The slight excess was not removed after controllng for exposure to
arsenicals1.

A group of some 3500 workers c1assified as having had exposure on a 'routine' or
'nonroutine' basis to several brominated chemicals, including 1,2-dibromo-3-chloro-

propane, was studied in four facilities in the USA. Among the 1034 workers ever exposed to
1,2-dibromo-3-chloropropane, a slightly increased, statistically nonsignificant mortality
rate from cancer was observed. Nine respiratory cancers were observed, whereas 5.0 would
have been expected; of these, seven were due to lung cancer (4.8 expected). Among 238
workers exposed on a 'routine' basis, no cancer death was observed2.

ln view of the numbers involved and the lack of control of confounding factors, the
studies were considered to be inadequate.
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B. Evidence for carcinogenicity to animais (sufficient)

1 ,2-Dibromo-3-chloropropane has been tested by oral administration and inhalation in
mice and rats. After oral administration, it produced squamous-cell carcinomas of the
forestomach in animaIs of each species and adenocarcinomas of the mammary gland in
female rats3. After inhalation, it induced nasal cavity and lung tumours in miee, and nasal
cavity and tongue tumours in rats of each sex and adrenal cortex adenomas in females4.

C. Other relevant data

Several reports indicate that occupational exposure to 1,2-dibromo-3-chloropropane
may result in azospermia5.

1,2-Dibromo-3-chloropropane induced dominant lethal mutations in rats, but not in
mice, and DNA strand breaks in rat testicular cells and unscheduled DNA synthesis in
mouse testicular cells, but not abnormalities in sperm morphology in mice treated in vivo. ln
studies in vitro, it induced chromosomal aberrations and sis 

ter chromatid exchanges in

Chinese hamster cells and DN A strand breaks in rat testicular cells. ln Drosophila, it
induced aneuploidy and sex-linked recessive lethal mutations; heritable translocation was
seen in one study but not in another, although crossing-over was found in the latter. It was
mutagenic to bacteria but did not cause DNA damage5.
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ortho-DieHLOROBENZENE (Group 3) and
para-DieHLOROBENZENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
One report of a series of five cases has suggested an association between leukaemia and

exposure to dichlorobenzenesl.
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B. Evidence for carcinogenicity to animaIs (inadequate for ortho-dichlorobenzene; suffcient
for para-dichlorobenzene)

ortho-Dichlorobenzene was tested in mice and rats by gastric intubation; no evidence of
carcinogenicity was observed2. A study by inhalation in several species was considered
inadequatel.

para-Dichlorobenzene was tested in mice and rats by gastric intubation; it caused renal
tubular-cell adenocarcinomas in male rats and hepatocellular carcinomas in male and
female mice3. It was also tested in mice and rats by inhalation; no increase in the incidence of

tumours was noted, but the duration of exposure was limited4.

C. Other relevant data
No data were available on the genetic and related effects of ortho- or para-dichloro-

benzene in humans. ortho-Dichlorobenzene was not mutagenic to fungi or bacteria.
para-Dichlorobenzene was mutagenic to fungi but not to bacteria5.

References
llARC Monographs, 29, 213-238, 1982
2National Toxicology Programme (1985) Toxicology and Carcinogenesis Studies of 1,2-Dichloro-

benzene (o-Dichlorobenzene) (CAS No. 95-50-1) in F344j N Rats and B6C3F¡ Mice (Gavage
Studies) (NTP TR 255; NIH Pub!. No. 86-2511), Research Triangle Park, NC

3National Toxicology Program (1987) Toxicology and Carcinogenesis Studies of lA-Dichloro-
benzene(CAS No.106-46-7)in F344/ N Rats and B6C3F¡ Mice (Gavage Studies) (NTP TR No.
319; NIH Pub!. No. 87-2575), Research Triangle Park, NC

4Loeser, E. & Litchfield, M.H. (1983) Review of recent toxicology studies on p-dichlorobenzene.

Food chem. Toxicol., 21, 825-832
51ARC Monographs, Supp!. 6, 222-225, 1987

3,3'-DieHLOROBENZIDINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Three retrospective epidemiologieal studies of workers exposed to 3,3'-dichloro-

benzidine gave no evidence of carcinogenicity, but the studies were ofinsufficient quality or
statistical power to permit confident exclusion of this possibility. Because 3,3'-dichloro-
benzidine and benzidine (see p. 123) may be made in the same plant, 3,3'-dichlorobenzidine
may have contributed to the incidence of bladder cancer attributed to benzidinel.

B. Evidence for carcinogenicity to animais (sufficient)
3,3'-Dichlorobenzidine was tested for carcinogenicity in mice, rats, hamsters and

dogs by oral administration, in rats by subcutaneous administration and in mice by
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transplacental exposure. Following its oral administration, it produced liver-cell tumours in
mice, hepatocellular carcinomas in dogs, mammary and Zymbal-gland tumours in rats and
carcinomas of the urinary bladder in hamsters and dogs. Increased incidences of leukaemias
were observed in rats following oral administration and in mice following transplacental
exposurel.

C. Other relevant data
No data were available on the genetic and related effects of 3,3'-dichlorobenzidine in

humans. It has been reported to induce unscheduled DN A synthesis in cultured human cells.
It was mutagenic to bacteria2.

References
IIARC Monographs, 29, 239-256,1982
2lARC Monographs, Suppl. 6, 226-227, 1987

DieHLOROMETHANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
No excess risk of death from malignancies was observed in one proportionate mortality

study of 334 persons or in two cohort studies, one of which was a 13-year cohort mortality
study of75 1 employees exposed to dichloromethane, ofwhom 252 had had at least 20 years
of work exposure, and the other a cohort study of 1271 workers in a fibre production plant
in which dichloromethane was used as a solventl. The first cohort study was later updated
through to 1984 and expanded to comprise 1013 full-time, hourly employees. No
statistically significant excess was observed for such hypothesized causes of mortality as
lung cancer (14 observed, 21 expected) and liver cancer (none observed, 0.8 expected) or for
cancer at any other site2. The proportionate mortality study and the first cohort mortality
study concern partially overlapping populations. The studies had limited power to detect
excess risk i.

B. Evidence for carcinogenicity to animais (sufficíent)
Dichloromethane was tested by oral administration in mice and rats, by inhalation

exposure in mice, rats and hamsters, and by intraperitoneal injection in a lung-adenoma
assay in mice. Exposure by inhalation increased the incidences ofbenign and malignant lung
and liver tumours in mice of each sex, the incidence and multiplicity of benign mammary
tumours in rats of each sex and the incidence of sarcomas located in the neck of male ratsl.
ln another study in rats exposed by inhalation, an increase in the total number of malignant
tumours was found in rats of each sex. After Its oral administration, an increased incidence
of lung tumours was seen in male mice and an increased incidence of malignant mammary
tumours in female rats3. Other studies by oral administration in mice and in male rats and a
study by inhalation in male hamsters gave negative results. Inconclusive results were
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obtained after oral administration to female rats and after exposure by inhalation of female
hamsters. ln a mouse-Iung adenoma bioassay by intraperitoneal injection, negative results
were 0 btained 1.

C. Other relevant data

No data were available on the genetic and related effects of dichloromethane in humans.

It did not induce chromosomal aberrations in bone-marrow cells of rats or micronuclei
in mice treated in vivo. U nscheduled DN A synthesis was not induced in human cens in vitro.
Dichloromethane induced transformation ofvirus-infected Fischer rat and Syrian hamster
embryo cens. It induced chromosomal aberrations, but not mutation or DNA damage, in
rodent cens in vitro; conflcting results were reported for the induction of sister chromatid
exchanges in Chinese hamster cells. It induced sex-linked recessive lethal mutations in
Drosophila. It was mutagenic to plants and induced mutation, mitotic recombination and
gene conversion in Saccharomyces cerevisiae under conditions in which endogenous levels
of cytochrome P450 were enhanced. It was mutagenic to bacteria4.

References
IIARC Monographs, 41, 43-85, 1986
2Hearne, F.T., Grose, F., Pifer, J.W., Fried1ander, B.R. & Raleigh, R.L. (1987) Methylene chIo 
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mortality study: dose-response characterization and animal model comparison. J. occup.
Med., 29, 217-228

3Maltoni, C., Cotti, G. & Perino, G. (1986) Experimental research on methylene chloride

carcinogenesis. ln: Maltoni, C. & Mehlman, M.A., eds, Archives of Research on Industrial
Carcinogenesis, Vol. iV, Princeton, Princeton Scientific Publishing, pp. 1-244

4IARC Monographs, Suppl. 6,228-230, 1987

1,3-DieHLOROPROPENE (TEeHNieAL-GRADE) (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Two cases of malignant histiocytic lymphoma were reported among nine fireman

accidentally exposed to 1,3-dichloropropene six years prior to diagnosisl. Because firemen
are exposed to a large number of chemieals, the role of 1,3-dichloropropene cannot be
evaluated.

B. Evidence for carcinogenicity to animais (suffcient)
Technical-grade 1,3-dichloropropene (containing 1.0% epichlorohydrin (see p. 202)),

administered by gavage, produced tumours of the urinary bladder, lung and forestomach in
mice and of the liver and forestomach in rats. After subcutaneous administration to mice,
the purified cis-isomer produced malignant tumours at the site of injection 1.
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C. Other relevant data

No data were available on the genetic and related effects of 1,3-dichloropropene in
humans. It induced unscheduled DNA synthesis in human cens in vitro and sex-linked
recessive lethal mutations but not reciprocal translocations in Drosophila. Both the
individual cis and trans isomers and a mixture of the two were mutage nie to bacteria2.

. References

llARC Monographs, 41, 113-130, 1986

2lARC Monographs, Suppl. 6, 237-239, 1987

. DIELDRIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Mean tissue levels of dieldrin were reported to be elevated in one necropsy study of 50

cancer patients compared to 42 control subjects1. Mean serum levels were also reported to
be elevated in cancer patients compared with controls in one study2, but not in another3.
Follow-up for four to 29 years (mean, 24 years) of233 workers employed for four to 27 years
(mean, 11 years) in the manufacture of aldrin (see p. 88), dieldrin and endrin revealed ni 

ne

deaths from cancer with 12 expected (standardized mortality ratio (SMR), 75; 95%
confidence interval, 25-125)4,5. ln a similar study, 90% of 1155 men employed in the
manufacture of aldrin, dieldrin and endrin were fonowed for 13 years or more. Mortality
from an cancers was not increased (82; 56- 116), although there were apparent increases in
mortality from cancers of the oesophagus, rectum and liver, based on very small numbers6.

B. Evidence for carcinogenicity to animaIs (limited)
Dieldrin has been tested by oral administration in mice, rats, trout, hamsters, dogs and

monkeys. ln mice, it produced benign and malignant liver neoplasmsl,7-lo; no carcinogenic
effect was observed in feeding studies using several strains of ratsl,8,1i, trout12 and
hamsters 

13 , the latter having been given relatively high doses. Feeding studies in dogs and
monkeys were inadequate for evaluationl. Dietary administration to trout of dieldrin
enhanced the incidence ofliver tumours induced by dietary administration of aflatoxin Bi 12.

C. Other relevant data
ln one study, chromosomal aberrations were not found in peripheral blood lymphocytes

of workers exposed to dieldrinl4.

Dieldrin did not induce dominant lethal mutations in mice or chromosomal aberrations
in bone-marrow cens of Chinese hamsters treated in vivo. It induced unscheduled DNA
synthesis in transformed human fibroblasts but not in rat hepatocytes; it did not induce
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single-strand breaks in Chinese hamster V79 cells. Dieldrin inhibited intercellular commu-
nication in human and rodent cell systems. It did not induce sex-linked recessive lethal
mutations in Drosophila, was not mutagenic to bacteria and did not induce breakage of
plasmid DNA14.
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DIETHYL SULPHATE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
A historical cohort study of 335 process workers and 408 chemical mechanics and

refinery workers at a plant manufacturing isopropyl alcohol (see p. 229) and ethanol in a
petrochemical complex showed excess mortality (standardized mortality ratio, 504) from
upper respiratory (laryngeal) cancers based on four cases. These persons had spent most of
their time working in the strong acid-ethanol plant, which produced high concentrations of
diethyl sulphate1.

B. Evidence for carcinogenicity to animais (sufficient)
Diethyl sulphate produced local tumours in rats following its subcutaneous admin-

istration and produced tumours of the nervous system after prenatal exposure. A few
tumours of the forestomach occurred in rats given diethyl sulphate by gavage2.

C. Other relevant data
Diethyl sulphate is an alkylating agent2. No data were available on the genetic and

related effects of this compound in humans.
Diethyl sulphate induced chromatid breaks in mouse embryos treated transpiacentally

and dominant lethal mutationsin mice. It induced unscheduled DNA synthesis in human
cells in vitro and chromosomal aberrations, micronuc1ei, sis ter chromatid exchanges,

mutation, DNA strand breaks and DNA alkylation in rodent ce Ils in vitro. ln Drosophila, it
induced sex-linked recessive lethal mutations, crossing-over and chromosomal aberrations.
It induced chromosomal aberrations, mutation and DN A damage in plants and mutation in
fungi. It was mutagenic to bacteria3.

References
¡Lynch, J., Hanis, N.M., Bird, M.G., Murray, K.J. & Walsh, J.P. (1979) An association of upper

respiratory cancer with exposure to diethyl sulphate. J. occup. Med., 21,333-341
2IARC Monographs, 4, 277-281, 1974

3IARC Monographs, Suppl. 6,257-259, 1987

3,3'-DIMETHOXYBENZIDINE (ortho-DIANISIDINE) (Group 2B)

A. Evidence for carcinogenicity to humans(inadequate)
3,3'-Dimethoxybenzidine (together with 3,3'-dichlorobenzidine (see p. 193) and ortho-

toluidine (see p. 362)) has been prepared in the same plants as benzidine (see p. 123) and may
therefore have contributed to the bladder cancer risk associated with benzidine1. No case is

on record ilÌ the USSR of an occupational urinary bladder neoplasm produced solely by this
compound2.
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B. Evidence for carcinogenicity to animaIs (suffcient)

Following its oral administration, 3,3'-dimethoxybenzidine produced tumours in rats at
various sites, including the bladder, intestine, skin and Zymbal gland; itproduced
forestomach papilomas in hamsters3.

C. Other relevant data

3,3'-Dimethoxybenzidine has been found in the urine of workers exposed to iP.

No data were available on the genetie and related effects of 3,3'-dimethoxybenzidine in
humans. It induced sister chromatid exchanges in Chinese hamster ce Ils in vitro and
unscheduled DN A synthesis in human ce 

Ils and rat hepatocytes in vitro. It was mutage nie to
bacteria4.

References
lClayson, D.B. (1976) Occupational bladder cancer. Prev. Med., 5,228-244
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DIMETHYLeARBAMOYL eHLORIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
No death from cancer was reported in an investigation of 39 dimethylcarbamoyl

chloride production workers, 26 processing workers and 42 ex-workers aged 17-65 exposed
for periods ranging from six months to 12 years1.

B. Evidence for carcinogenicity to animaIs (suffcient)
Dimethylcarbamoyl chloride was tested for carcinogenicity by skin application and by

subcutaneous and intraperitoneal injection in female mice of one strain; it induced local
tumours1. ln another experiment, exposure of rats and male hamsters to dimethyl-
carbamoyl chloride by inhalation induced a high incidence of nasal-tract carcinomas2.

C. Other relevant data
No data were avaIlable on the genetic and related effects of dimethylcarbamoyl chIo ride

in humans.
Dimethylcarbamoyl chIo ride induced mieronuc1ei but not sister chromatid exchanges in

mice treated in vivo. It did not cause unscheduled DNA synthesis in human fibroblasts
in vitro. It induced transformation of Syrian hamster embryo cells and chromosomal
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aberrations in Chinese hamster cells; confIicting results were obtained with regard to the
induction of sister chromatid exchanges. It was mutagenic to mouse Iymphoma cells; it did
not induce unscheduled DNA synthesis in rat hepatocytes but did indu ce DNA strand
breaks in Chinese hamster cells. Dimethylcarbamoyl chloride did not induce sex-linked
recessive lethal mutations in Drosophila; it induced aneuploidy, mutation, gene conversion
and DNA da mage in yeast. It was mutagenic to bacteria and caused DNA damage3.

References

¡IARC Monographs, 12, 77-84, 1976
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DIMETHYL SULPHATE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
Four cases of bronchial carcinoma were reported in men exposed occupationally to

dimethyl sulphatel. Additional case reports have since appeared: a case of pulmonary
carcinoma in a man exposed for seven years to 'small amounts' of dimethyl sulphate but to
larger amounts ofbis(chloromethyl)ether and chloromethyl methyl ether(see p. 131)2, and a
case of choroidal melanoma in a man exposed for six years to dimethyl sulphate3.

B. Evidence for carcinogenicity to animais (sujJicient)
Dimethyl sulphate produced mai nI y local tumours in rats following its inhalation or

subcutaneous injection; it produced tumours of the nervous system after prenatal
exposurel.

C. Other relevant data
Dimethyl sulphate is an alkylating agent4. No data were available on the genetic and

related effects of this compound in humans.
Dimethyl sulphate induced both structural and numerical chromosomal aberrations in

bone-marrow cells of rats treated in vivo and chromatid breaks in mouse embryos treated
transplacentally. It alkylated DNA in rats treated in vivo and in cultured rodent cells. It
induced sister chromatid exchanges, unscheduled DNA synthesis and DNA strand breaks
in human and rodent cells in vitro, and chromos omal aberrations and mutation in cultured
rodent cells. It induced sex-linked recessive lethal mutations in Drosophila and mutation
and mitotic recombination in yeast. Conflcting results were obtained for chromosomal
aberrations and mutation in plants. It induced mutation and DNA damage in bacteria4.
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1,4-DIOXANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

ln a mortality study of 165 workers who had been exposed to low concentrations of
1,4-dioxane since 1954, seven deaths had occurred by 1975, two ofwhich were from cancerl.

B. Evidence for carcinogenicity to animaIs (sufficient)
Administration of 1 ,4-dioxane in drinking-water at several dose levels to rats and male

guinea-pigs produced adenomas and carcinomas of the liver in rats of each sex, hepatomas
in guinea-pigs, carcinomas of the nasal cavity in male and female rats and carcinomas ofthe

gall-bladder in guinea-pigs. No increase in the incidence of tumours was observed in rats
following its inhalation. It increased the incidence of skin tumours in mice when applied
after 7, 12-dimethylbenz(a)anthracene2. ln a mouse-Iung adenoma assay, 1,4-dioxane
produced a statistically significant increase in the incidence of tumours in males given an
intermediate intraperitoneal dose; no such increase was noted in males given a lower or
higher intraperitoneal dose or in females given three intraperitoneal doses or in either males
or females given 1,4-dioxane orally3.

C. Other relevant data
No data were available on the genetic and related effects of 1,4-dioxane in humans. It

induced DN A strand breaks in rat hepatocytes in vitro. It did not induce sex-linked recessive
lethal mutations in Drosophila or aneuploidy in yeast. It induced chromos 

omal aberrations

in plants. It was not mutagenic to bacteria4.
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Comparison of two routes of chemical administration on the lung adenoma response in strain
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EPICHLOROHYDRIN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

A cohort study of 474 and 389 workers exposed in 1948-1965 and 1955-1965 to

epiehlorohydrin in two facto ries in Texas and Louisiana, USA, showed slight excesses of
lung cancer. ln one of the facto ries, six cases were observed, with 4.2 expected; four of these
workers had also been engaged in the manufacture of isopropyl alcohol (see p. 229). ln the
other, four cases were observed, with 3.1 expected. None ofthese excesses was statistically
significant, even after pooling the data on lung cancerl.

Another cohort study of 606 workers exposed to epichlorohydrin and other chemicals in
four European factories was inconclusive due to small cohort size and short follow-up. The
expected number of aIl cancers was 5.0; four cases were found2.

B. Evidence for carcinogenicity to animais (suffcient)

Epichlorohydrin was tested in rats by oral administration, inducing papilomas and
carcinomas of the forestomach3., and by inhalation, inducing papilomas and carcinomas
of the nasal cavity5. It was also tested in mice by skin application and by subcutaneous and
intraperitoneal injection; it gave negative results after continuous skin painting but was
active as an initiator on skin. It produced local sarcomas after subcutaneous injection6 and
was active in a mouse-Iung tumour bioassay by intraperitoneal injection7.

C. Other relevant data
Epichlorohydrin is a bifunctional alkylating agent. Chromos omal aberrations have been

observed in workers exposed to this compound, although the studies are difficult to
interpret8.

Epichlorohydrin induced sister chromatid exchanges in bone-marrow ce Ils but not
micronuc1ei or dominant lethal mutations in mi ce treated in vivo; equivocal findings were
found for chromosomal aberrations. It induced chromosomal aberrations, sister chromatid
exchanges and unscheduled DNA synthesis in human cells in vitro. Weakly positive results
were obtained in a cell transformation as say in C3H IOTlj2 cells. It induced chromosomal
aberrations, sister chromatid exchanges, mutation and DN A strand breaks in rodent cells in
vitro. Epichlorohydrin induced sex-linked recessive lethal mutations in Drosophila;
aneuploidy, mutation, recombination, gene conversion and DNA damage in fungi; and
mutation and DNA da mage in bacteria8.
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ERIONITE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Descriptive studies have demonstrated very high mortality from malignant meso-

thelioma, mainly of the pleura, in three Turkish vilages where there was contamination
from erionite and where exposure had occurred from birthl.

B. Evidence for carcinogenicity to animaIs (sufficient)
Erionite has been tested in mice by intraperitoneal injection and in rats by inhalation,

intrapleural and intraperitoneal administration, producing high incidences of meso-
theliomasl,2.

C. Other relevant data
Erionite fibres were identified in lung tissue samples in cases of pleural mesothelioma;

ferruginous bodies were found in a much higher proportion of inhabitants in contaminated
vilages in Turkey than in those of two control vilagesl.

No data were available on the genetic and related effects of erionite in humans. It
induced unscheduled DNA synthesis in human cells in vitro and transformation and
unscheduled DNA synthesis in mouse C3H IOTlj2 cells3.
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ETHYLENE DIBROMIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

ln one study, the mortality of 161 men exposed to ethylene dibromide in two factories
since the mid-1920s and 1942, respectively, was investigated. By 1 January 1976,36 workers
had died, seven ofthem from cancer (5.8 expected)I.ln another study, the mortality of25 10
male workers employed at a chemical plant was investigated. Ethylene dibromide was one of
several chemicals used and was apparently a minor component of the mixed exposure. No
statistically significant excess of cancer at any site was found2. An excess of Iymphoma was
detected in a mortality study of grain workers in the USA who may have had exposure to
ethylene dibromide, among other compounds3.

B. Evidence for carcinogenicity to animais (suffcíent)
Ethylene dibromide has been tested for carcinogenicity by oral administration and by

inhalation in mice and rats and by skin application in mice. Following its oral
administration, it produced squamous-cell carcinomas of the forestomach in animaIs of
each species, an increased incidence of alveolar j bronchiolar lung tumours in mice of each
sex, liver carcinomas in female rats, haemangiosarcomas in male rats and oesophageal
papilomas in female mice4-6. Followingits inhalation, ethylene dibromide produced
adenomas and carcinomas of the nasal cavity, haemangiosarcomas of the spleen, mammary
tumours, subcutaneous mesenchymal tumours, an increased incidence of alveolar j bron-
chiolar lung tumours in animaIs of each species7-9, and an increased incidence of peritoneal
mesotheliomas in male rats7. Ethylene dibromide induced skin and lung tumours in miee
after skin application io.

C. Other relevant data
Ethylene dibromide did not induce chromosomal aberrations or sister chromatid

exchanges in exposed pine-tree sprayers and fruit packers11.
Ethylene dibromide did not induce dominant lethal mutations in miee or rats or

chromosomal aberrations or micronuclei in bone-marrow ce Ils of mice treated in vivo;
however, a weak sister chromatid exchange response was observed. It bound covalently to
DNA in rat hepatocytes and induced DNA strand breaks in mouse and rat hepatocytes and
in rat testicular ce lis in studies of rodents treated in vivo. Sister chromatid exchanges,
mutation and unscheduled DNA synthesis were induced in human cells in vitro, and
chromos omal aberrations, sister chromatid exchanges, mutation, DNA strand breaks and
unscheduled DN A synthesis in rodent cells in vitro. Ethylene dibromide induced sex-linked
recessive lethal mutations in Drosophila and chromosomal aberrations and mutation in
plants. It was mutagenic to fungi and bacteria and produced DNA damage in bacteria.
Ethylene dibromide bound covalently to isolated DNAll.
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ETHYLENE OXIDE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Five studiesl,2 have investigated the cancer mortality of workers exposed to ethylene

oxide.
Case reports of two myeloid leukaemias and one morbus Waldenström (later rec1assified

as a non-Hodgkin's lymphoma) were initially found among persons on the work force of a
small Swedish factory who had been exposed primarily to ethylene oxide du 

ring a sterilzing
process. ln a subsequent five-year follow-up, a further death from leukaemia (acute 'blastic')
was reported. Hence, altogether, four deaths from malignancies of the Iymphatic and
haematopoietic system (three leukaemias) occurred among the workers, compared with 0.3
expectedl,2.

Another Swedish study comprising 89 ethylene oxide operators with all-day exposure
and 86 intermittently exposed maintenance workers involved in the production of ethylene
oxide by the chlorohydrin process showed a statistically significant excess of leukaemia,
based on two deaths and two incident cases (two lymphocytic, two myelogenous). The
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expected number was 0.52. There was also a statistically significant excess of deaths from
stomach cancer (5 observed, 0.6 expected; in addition, a sixth incident case was reported).
These excesses were confined to the workers exposed aIl dayl,2. It should be noted that these
workers had been exposed to a mixture of chemical compounds, including dichloromethane
(see p. 194), ethylene chlorohydrin and small amounts of bis(2-chloroethyl)etherl.

A third Swedish cohort consisted of 355 workers exposed at a plant producing ethylene
oxide through oxygenation of ethylene. Of these, 128 workeis had had almost pure
exposure to ethylene oxide. Eight deaths occurred compared with II.6 expected. There was
one case of myelogenous leukaemia (O. 16 expected) and one of lung cancer among men with
mixed exposure2.

The total number of leukaemias observed in the three Swedish studies was thus eight,
with 0.83 expected. Stomach cancer occurred in excess in one plant only (six cases in a group
of 89 workers)2.

ln a cohort study of 767 ethylene oxide production workers in the USA, no case of
leukaemia was found. However, there was only low potential exposure to ethylene oxide
among the workforce and an unusually large deficit in total deaths compared to the number
expected, indicating diluting errors in the design of the studyl.

A cohort study of 602 factory workers in the Federal Republic of Germany exposed to
ethylene oxide, propylene oxide (see p. 328), benzene (see p. 120) and ethylene chlorohydrin
showed a deficit of aIl deaths compared with four different expected figures. There were 14
deaths due to cancer (16.6 expected from national statistics), one of which was a myeloid
leukaemia (0.15 expected) and four of which were stomach cancers (2.7 expected). The
expected numbers used were not calendar period-specific over the whole observation
period, however, and it is not clear whether they were computed on the basis of the 92% of
identified workers or the full cohortl.

ln the light of these data, a causal relationship between exposure to ethylene oxide and
leukaemia is possible, but the five small epidemiological studies so far available suffer from
various disadvantages, especially confounding exposures, which make their interpretation
difficult.

B. Evidence for carcinogenicity to animaIs (sufficient)
Ethylene oxide was tested by intragastric intubation in rats and produced local tumours,

mainly squamous-cell carcinomas, of the forestomach. When rats w~re fed diets fumigated
with ethylene oxide, no increased incidence oftumours was observedI. ln two experiments
in which rats of one strain were exposed by inhalation, ethylene oxide increased the
incidences of mononuc1ear-cell leukaemia, brain tumours and proliferative lesions of the
adrenal cortex in animaIs of each sex and of peritoneal mesotheliomas in malesI,3,. ln mice,
inhalation of ethylene oxide resulted in increased incidences of alveolarjbronchiolar lung
tumours and tumours of the Harderian gland in animaIs of each sex and of uterine
adenocarcinomas, mammary carcinomas and malignant lymphomas in females5. Ethylene
oxide was also tested by subcutaneous injection in mice, producing local tumours, which
were mainly fibrosarcomasl.
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C. Other relevant data

Significant increases in haemoglobin alkylation, in the incidences of chromosomal
aberrations and sis ter chromatid exchanges in peripheral lymphocytes and, in a single study,
micronuc1ei in erythrocytes have been observed in workers exposed occupationally to
ethylene oxide6.

Ethylene oxide induced chromosomal aberrations and sister chromatid exchanges in
peripheral lymphocytes of monkeys exposed in vivo. It alkylated haemoglobin and DNA
and induced chromosomal aberrations, micronuclei, dominant lethal mutations, heritable
translocations and sister chromatid exchanges in rodents treated in vivo. ln human ce Ils in
vitro, it induced sister chromatid exchanges, chromos omal aberrations and unscheduled

DN A synthesis. It enhanced cell transformation in virus-infected Syrian hamster embryo
cells and induced mutation in rodent ce Ils in vitro. Ethylene oxide induced somatic and
sex-linked recessive lethal mutations and heritable translocations in Drosophila. It induced
mutation and chromosomal aberrations in plants. Ethylene oxide was mutagenic to fungi
and bacteria and induced DNA damage in bacteria6.
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ETHYLENE THIOUREA (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

ln one incidence study, 1929 workers were identified as having worked at some time with
ethylene thiourea in one of several rubber manufacturing companies and in one firm
producing ethylene thiourea. No case of thyroid cancer was reported in this group to the
regional cancer registry between 1957 and 1971, although less than one case would have
been expected 1.
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B. Evidence for carcinogenicity to animais (suffcíent)
ln three studies, ethylene thiourea produced high incidences of follcular carcinomas of

the thyroid in rats after its oral administration; animaIs of each sex were affected, although
male rats had a higher incidence. Lower doses produced thyroid follicular hyperplasia2-6. ln
mice, oral administration of ethylene thiourea produced liver tumours; the thyroids ofthese
animaIs were not examined2. ln dosed rats, either shortened survival due to thyroid tumours
or altered body weights may have obscured a potential carcinogenic effect on the liver due to
administration of ethylene thiourea. A feeding study in hamsters showed no effect6.

C. Other relevant data
No data were available on the genetic and related effects of ethylene thiourea in humans.
Ethylene thiourea did not indu 

ce dominant lethal mutations, micronuclei or sis ter
chromatid exchanges in mice or chromosomal aberrations in rats treated in vivo. It did not
induce unscheduled DNA synthesis in human fibroblasts in vitro or chromos omal
aberrations, sister chromatid exchanges, mutation or unscheduled DN A synthesis in rodent
cells in vitro. Ethylene thiourea did not induce sex-linked recessive lethal mutations in
Drosophila, but it induced aneuploidy and mutation in yeast. Studies on gene conversion
and DNA damage in yeast and on mutation in bacteria have given conflcting results7.
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FLUORIDES (INORGANie, USED lN DRINKING-W ATER) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Only studies on water fIuoridation and cancer were reviewed. Comparisons have been

made of mortality from cancers at all sites and from particular types of cancer between areas
with high concentrations of inorganic fluoride in drinking-water (either occurring naturally
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or as a consequence offIuoridation) and areas with low concentrations, or before and after
fIuoridation; the areas or groups of areas most frequently studied are in Australia, Canada,
China, England and Wales, New Zealand, Norway and the USAI-6. When possible,
confounding of fIuoride concentration with relevant variables such as age, sex, race and
ethnie composition of the populations was taken into account. Fluoridation of drinking-
water was introduced in the USA in 19501, and thus the studies in the USA encompass
periods of observation of20 years or more. Studies of areas with different levels of naturally
fluoridation cover longer periods of exposurel,6. The studies have shown no consistent
tendency for people living in areas with high concentrations of fIuoride in the water to have
higher cancer rates than those living in areas with 10w concentrations or for cancer mortality
rates to increase following fluoridation.

ln several studies, trends in cancer incidence or mortality in naturally or artificially
fIuoridated areas and in areas with low natural fIuoride content and no artificially
fIuoridated water were evaluated according to individual cancer sites or groups of sitesl,3,4,6.
Since a large number of comparisons was made, some would be expected by chance alone to
show differences. However, no consistent difference has been seen, and there have been as
many significant negative associations between fIuoridated water supplies and cancer
incidence or mortality as there have been positive associations.

Many studies, therefore, cover the range of doses offIuoride in drinking-water to which
humans are exposed, and these are mutually consistent in not showing a positive association
between exposure to fIuoride and overall cancer rates or rates of different cancers. The
W orking Group noted that the studies involved were of the ecological or correlation type.
The Group was therefore unable to c1assify the evidence for inorganie fIuorides used in
drinking-water as 'suggesting lack of carcinogenicity'.

B. Evidence for carcinogenicity to animais (inadequate)
Sodium fluoride was tested in three experiments in three different strains of mice by oral

administration. The available data are insufficient to allow an evaluation to be madel.

C. Other relevant data
Epidemiological studies have shown no association between the presence offluorides in

drinking-water and the incidence of Down's syndrome7.
Sodium fIuoride did not induce DN A strand breaks in testicular cells of rats treated in

vivo and did not cause chromos omal aberrations in bone-marrow or testicular cells or sis ter
chromatid exchanges in bone-marrow cells of miee treated in vivo. It was reported to induce
unscheduled DNA synthesis in cultured human cells, and conflcting results were obtained
on the induction of chromosomal aberrations; it did not induce sister chromatid exchanges.
It induced transformation, sister chromatid exchanges and chromosomal aberrations in
Syrian hamster embryo cells in vitro. At high doses and 10w cell survival, sodium fIuoride
induced dose-related increases in mutations in cultured mouse lymphoma cells. It did not
induce aneuploidy in Drosophila. It induced chromosomal aberrations in plants. It did not
induce gene conversion in yeast and was not mutagenic to bacteria7.
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Stannous fIuoride, sodium monofluorophosphate and sodium silicofIuoride did not
induce sex-linked recessive lethal mutations in Drosophila, and sodium monofIuoro-
phosphate did not induce dominant lethal mutations in Drosophila7.
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5-FLUOROURAeIL (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of 5-fluorouracil as a single agent was available to the

W orking Group. Occasional case reports of exposure to 5-fIuorouracil, especially in the
presence of concurrent therapy with other putative carcinogens, such as ionizing radiation,
alkylating agents and other potent oncotherapeutic drugs, do not constitute eviàence of
carcinogenesis t.

No increased risk of second malignancies was found among 276 patients with colorectal
cancer randomized to low-dose (20 mgj kg bw) 5-fIuoro-2'-deoxyuridine adjuvant therapy,
followed for 1774 person-years (14 second noncolorectal cancers 0 bserved, 15 expected)2.

B. Evidence for carcinogenicity to animais (inadequate)
5-Fluorouracil was tested by intravenous administration in mi ce and rats and by oral

administration in rats. No evidence of carcinogenicity was found, but the studies suffered
from limitations with regard to duration or dose!. It was reported that ingestion of
5-fIuorouracil prevented or delayed the appearance of spontaneous mammary and pituitary
tumours in old female rats; no histopathological evaluation was made of the tumours that
developed3. A study in which 5-fIuorouracil was given intraperitoneally to rats in
combination with methotrexate (see p. 241) and cyclophosphamide (see p. 182) resulted in
induction of tumours in the nervous system, haematopoietic and Iymphatic tissue, the
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urinary bladder and the adrenal glands; however, because of the lack of matched controls, it
could not be concluded whether tumour induction was due to a combined effect of the three
chemicals or of any one of them4.

C. Other relevant data
Neither chromosomal aberrations (in two patients) nor sister chromatid exchanges (in

three patients) were induced following administration of 5-fIuorouraciI5.

5-Fluorouracil induced micronuc1ei but not specifie locus mutations in mice treated in
vivo. It induced aneuploidy, chromosomal aberrations and sister chromatid exchanges in
cultured Chinese hamster cells. It did not induce sex-linked recessive lethal mutations in
Drosophila, but caused genetic crossing-over in fungi. Studies on mutation in bacteria were
inco ncl usive5 .
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FORMALDEHYDE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
A number of epidemiological studies using different designs have been completed on

persons in a variety of occupations with potential exposure to formaldehydeI-4. Cancers
that occurred in ex cess in more than one study are: Hodgkin's disease, leukaemia, and
cancers of the buccal cavity and pharynx (particularly nasopharynx), lung, nose, prostate,
bladder, brain, colon, skin and kidneyl. The studies reported are not entirely independent;
the plant studied by Liebling et aU and Marshl,3 is also inc1uded in the study by Blair et al. 

4;
the case-control study of Fayerweather et al. 5 includes some subjects who were later studied
by Blair et al.4. Detailed estimates of formaldehyde exposure levels were made in the studies
of British chemical workers6, US formaldehyde producers and users4, Finnish wood
workers7 and US chemical workers5, and for the case-control studies of Vaughan et al.8,9 and
Hayes et al.lO.

ln the study of US producers and us ers of formaldehyde, 11% of the subjects were not
exposed, 12% had an estimated time-weighted average (TW A) exposure of -(0.1 ppm
(-(0.12 mgjm3), 34%a TW A of 0.1,,0.5 ppm 

(O. 12--(0.6 mgjm3),40%a TW A of 0.5--(2 ppm
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(0.6-~2.4 mgj m3) and 4% a TW A of :/2.0 ppm (:/2.4 mgj m3)4. On the basis of the job held
that incurred the highest level of exposure, the distribution among British chemical workers
was: niljbackground, ~0.1 ppm (~O. 12 mgjm3), 25%; 0.1-0.5 ppm (0.12-0.6 mgjm3), 24%;

0.6-2.0 ppm (0.7-2.4 mgjm3), 9%; :/2.0 ppm (:/2.4 mgjm3), 35%; and unknown, 6%6.

Excesses of cancers of the buccal cavity and pharynx have been reported in five
studies2,8,1 1 -13, with a statistically significant excess for cancer ofthe buccal cavity based on
three deathsll in one study and statistically significant excesses for cancer at both sites in
another study, based on two deaths2. Interpretation of the results of the last study is difficult
because the deaths were not obtained systematically from the entire workforce, but rather
were ascertained from worker reports and obituaries. The occurrence of cancer of the
nasopharynx was elevated in a cohort study of industrial workers4 and in case-control
studies8,9,14. Among industrial workers exposed to formaldehyde-containing particulates,
standardized mortality rates (SMRs) for nasopharyngeal cancer rose with cumulative
exposure to formaldehyde: 192 (one death) for ~0.5 ppm(~0.6 mgjm3)-years, 403 (two
deaths) for 0.5-~5.5 ppm(0.6-~6.7 mgj m3)-years and 746 (two deaths) for :/5.5 ppm(:/6.7
mgj m3)-years. There was a similar trend with duration of exposure to formaldehyde, and all
five cases held jobs in which hourly exposures exceeded 4.0 ppm formaldehyde1s. A rising
relative risk (RR) for nasopharyngeal cancer was seen by type of exposure to formaldehyde:
1.7 for occupation alone, 2.8 for living in mobile homes and 6.7 for both occupational and
mobile-home exposures. These risks were unaffected by potentially confounding factors
such as smoking, alcohol use and socioeconomic status8,9. An ex cess of nasopharyngeal
cancer was reported in one study among women (RR, 2.6) exposed to formaldehyde, but not
among men (RR, 0.7)14. Several other studies showed no excessS,6,1i,16, but no death from
this tumour was reported in any of these studies.

Sinonasal cancer was associated with employment in jobs in which there is potential
contact with formaldehyde in case-control studies in Denmark (RR, 2.8 in men and
women)14,17 and in the Netherlands (RR, 2.5 and 1.9 from two independent classifications of

exposure)10. Risk for this tumour increased with level of exposure in the NetherlandslO and
with duration of exposure in Denmark14. Excess risks persisted in both studies when
analyses were restricted to persons without exposure to wood dust (an established risk
factor for this tumour, see p. 380), although they were no longer statistically significant. ln
one of the studies1o, the excess of sinonasal cancer from exposure to formaldehyde was
found to be limited primarily to squamous-cell carcinoma, further differentiating the
formaldehyde-associated excess from that caused by wood dust, with which adeno-

carcinoma predominates. ln another of the studiesl7, however, the excess was not confined
to squamous-cell carcinoma. No excess of sinonasal cancer was found in industrial workers
(SMR, 91), but only two deaths occurred4. Sinonasal cancer was not associated with
occupational or residential exposure to formaldehyde in another study8,9. N one of the other
studies reported any death from sinonasal cancer. The RRs for sinonasal cancer in the
studies of HayeslO and Vaughan8,9 were adjusted for smoking habits.
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Slight excesses in the occurrence of lung cancer have been noted in several
studies2,4,7,12,ls,19. These excesses have shown no consistent pattern with increasing level or
duration of exposure to formaldehyde. A statistically significant excess (SMR, 132) was
reported among wage workers 20 or more years after first exposure. The risk oflung cancer
did not increase among this, or any other group, with either level or duration of exposure4.
ln the UK, the risk oflung cancer rose with level of expOSUfe in one factory from an SMR of
58 among those with low exposure to an SMR of 118 among those with high exposure6. No
such pattern was seen, however, for the other factories6, nor was risk associated with
cumulative exposure20. ln a case-control study of respiratory cancer among Finnish
plywood and partic1e-board workers, an odds ratio of 1.6 (adjusted for smoking) was found
after ten years of latency. RRs, however, decreased with level and duration of exposure to
formaldehyde7. ln a cohort mortality study of 1332 workers in a formaldehyde-resin plant in
Italy, there was an overall excess of lung cancer (SMR, 186). The excess occurred among
those not exposed to formaldehyde (SMR, 148) as weIl as among those exposed (SMR,
136), with the greatest excess among those with uncertain exposure (SMR, 358). Lung
cancer mortality was not clearly associated with duration of exposurel9.

Studies of professional groups have shown rather consistent deficits of lung cancer.
N one of these studies, however, included information on smoking, and the lower prevalence
oftobacco use in these groups would probably lead to such deficits. No excess occurrence of
lung cancer was noted among Danish physicians21 or among persons exposed to formal-
dehyde at a US chemical production facility22.

Mortality from leukaemia andj or cancer of the brain has been found consistently to be
elevated in studies of professional groupsl,12,I3,16,23,24. Except for a very slight excess of

leukaemia reported in one study5 (which was not statistically significant), excesses of these
tumours have not been found among industrial workers exposed to formaldehyde. Among
professionals, gliomas were the predominant cell type of brain cancer, and the leukaemias
were predominantly of the myeloid type. The absence of excesses for these cancers among
industrial workers, however, argues against a role of formaldehyde.

Mortality from prostatic cancer has been found to be elevated among professionalsI3
and among industrial workers4,5, but the excess was statistically significant only among
embalmersI3. This tumour has shown a dose-response gradient in both studies of indus trial
workers, although the test for trend in the study of Blair4 was not statistieally significant.

Slight excesses of mortality from bladder cancer have been reported among profes-
sionalsI3,23 and among industrial workers5. No such ex cess occurred, however, in the other
large industrial cohorts, and none of the excesses was statistically significant. Significant
excesses of colon cancer were noted among professionalsI2,I3 and among industrial
workers2; nonsignificant elevations have also been reported11,16. A significant excess
mortality from cancer of the skin was reported among New York embalmers (proportionate
mortality ratio, 221)12, and a slight excess was noted among indus trial workers (based on
two deaths)ll. Excesses of Hodgkin's disease were seen among white industrial workers in
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two studies, based on 14 deaths (SMR, 142)4 and on one deathll. The risk of Hodgkin's
disease rose with level of formaldehyde exposure among wage and salaried workers alike,
although each stratum had small numbers4.

Although excess occurrence of a number of cancers has been reported, the evidence for a
possible involvement of formaldehyde is strongest for nasal and nasopharyngeal cancer.
The occurrence of these cancers showed an exposure-response gradient in more than one
study, but the numbers of exposed cases were often small and sorne studies did not show
excesses. The nose and nasopharynx could come into direct contact with formaldehyde
through inhalation. Excess mortality from leukaemia and cancer of the brain was generally
not seen among industrial workers, which suggests that the excesses for these cancers among
professionals is due to factors other than formaldehyde. The slight excesses of cancer ofthe
lung noted in several studies generally did not dis play the patterns of increasing risk with
various measures of exposure (i.e., latency, duration, level or cumulative) usually seen for
occupational carcinogens. No other cancer showed a consistent excess across the various
studies.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Formaldehyde was tested for carcinogenicity by inhalation in two strains of rats and in
one strain of mice. Significant increases in the incidence of squamous-cell carcinomas of the
nasal cavity were induced in both strains of rats but not in micel,25. A slight increase in the
incidence of nasal cavity polypoid adenomas was also observed in male rats25. The tumours
in the nasal cavity of rats were 10calized precisely: in the anterior portion of the lateral aspect

ofthe nasoturbinate and adjacent lateral wa1l26. Experiments in which rats were exposed to
both hydrogen chloride and formaldehyde showed that the carcinogenic response to formal-
dehyde does not result from the presence of bis(chloromethyl)ether (see p. 131), which is
formed from the mixture of gases27. Another study in mice and one in hamsters by
inhalation, one in rats by subcutaneous administration and one in rabbits by exposure in
oral tanks were considered inadequate for evaluationl,28,

C. Other relevant data

ln single studies of persons exposed to formaldehyde, increases in the frequencies of
chromos omal aberrations and sister chromatid exchanges in peripheral lymphocytes have
been reported, but negative results have also been published. The interpretation ofboth the
positive and negative studies is difficult due to the small number of subjects studied and
inconsistencies in the findings29.

No increase in the frequency of micronuclei or chromos omal aberrations was observed
in rodents treated with formaldehyde in vivo; assays for dominant lethal mutations and
DNA damage gave inconclusive results. Formaldehyde induced sperm-head anomalies in
rats. It induced DNA-protein cross-links, unscheduled DNA synthesis, chromos 

0 mal

aberrations, sister chromatid exchanges and mutation in human cells in vitro. It induced
transformation of mouse C3 H lOT 1 j 2 cells and chromosomal aberrations, sister chromatid
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exchanges, DNA strand breaks and DNA-protein cross-links in rodent cells in vitro. ln
Drosophila, administration of formaldehyde in the diet induced lethal and visible
mutations, deficiencies, duplications, inversions and translocations and cfossing-over in
spermatogonia. It induced mutation, gene conversion, DNA strand breaks and DNA-
protein cross-links in fungi and mutation and DNA damage in bacteria29.
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HAEMATITE AND FERRie OXIDE:
FERRie OXIDE (Group 3)
HAEMATITE (Group 3)
UNDERGROUND HAEMATITE MINING WITH EXPOSURE TO

RADON (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for haematite and ferric oxide;
sufflcíent for underground haematite mining with exposure to radon)

Underground haematite miners have a higher incidence oflung cancer in the presence of
exposure to radon daughters (although other agents might also contribute to the risk) than
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surface haematite minersl-lI. Haematite mining with low-grade exposure to radon
daughters and silica dust was not associated with excess lung cancer in a relatively large
cohortl2. The importance of exposure to radon daughters in the occurrence oflung cancer in
haematite miners is also suggested by the time trend of lung cancer rates in a mining
population4. One mining population with an increased lung cancer risk but with current low
exposure to radon daughters might have had higher exposures in the past due to poorer
ventilation 13,14.

Sorne studies of metal workers exposed to ferric oxide dusts have shown an increased
incidence of lung cancerl ,15, but the infIuence of factors in the workplace other than ferric
oxide, i.e., soots (see p. 343), silica (see p. 341) and asbestos (see p. 106) in foundry work,
cannot be discounted. ln other studies of metal and chemieal workers exposed to ferric
oxide, the incidence of lung cancer has generally not been increasedl,16.

B. Evidence for carcinogenicity to animaIs (inadequate for haematite; evidence suggesting
lack of carcinogenicity for ferric oxide)

No conclusive carcinogenic effect was observed in mice, hamsters or guinea-pigs given
ferric oxide intratracheally or by inhalation 1. Repeated intratracheal instilation to
hamsters ofbenzo(a)pyrene bound to fine ferric oxide dust particles induced squamous-cell
and anaplastic carcinomasl7. There was no increase in tumour yield in hamsters
administered a constant dose of benzo(a)pyrene and increasing amounts of ferric oxide
intratracheally, indicating that, beyond a certain ratio ofbenzo(a)pyrene to ferric oxide, the
latter does not affect tumour yield 18. Administration of ferric oxide particles alone
occasionally induced interstitial fibrosis, indicating that ferrous oxide particles act as
cofactors in this system, mainly as carriersl9. ln one study, intrapleural inoculation of the
respirable fraction of iron ore mine dust to female BALBj c mice resulted in an increased
incidence of lung adenomas; in a second study, an increased incidence of Iym-
phomaj leukaemia was observed in female C57BLj 61 mice exposed chronically to the sa me
dust. ln neither study was the number of animaIs specified, nor whether the mice were kiled
serially or died; in the second study, the type of exposure was not specified2o. ln several
studies in hamsters, fer rie oxide was not carcinogenic when given alone but enhanced lung
and nasal-ca vit y carcinogenesis induced by N-nitrosodiethylamïne and N-nitroso-
dimethylamine, respectively21-23.

C. Other relevant data

No data were available on the genetic and related effects offerric oxide in humans. It did
not induce transformation of Syrian hamster embryo cells24.
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HEXAeHLOROBENZENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

No report of a direct association between hexachlorobenzene and human cancer is
available. Hepatocellular carcinoma has been associated with porphyrial-. However,
although ab normal porphyrin metabolism persisted at least 20 years after an epidemic of
porphyria cutanea tarda in Turkey, caused by consumption of grain treated with
hexachlorobenzene6, no excess cancer occurrence has been reported in this population 25
years after the accident7.

B. Evidence for carcinogenicity to animais (sufficíent)

Hexachlorobenzene was tested by oral administration in one ex periment in mice and in
one in hamsters. ln mice, it produced liver-cell tumours in animaIs of each sex; in hamsters
of each sex, it produced hepatomas, liver haemangioendotheliomas and thyroid adenomas.
An experiment involving intraperitoneal administration in mice was considered to be
inadequate6. ln a study in rats fed hexachlorobenzene in the diet, hepatomas, hepatocellular
carcinomas, bile-duct adenomas and renal-cell adenomas were observed8. ln a two-
generation feeding study in rats with lower dose levels, increased incidences of parathyroid
adenomas and adrenal phaeochromocytomas were observed in animaIs of each sex and liver
ne op las tic nodules in females of the Fi generation9. After 90 weeks' feeding of hexachloro-
benzene to rats, 100% of surviving females and only 16% of males had developed liver
tumourslO.

C. Other relevant data

No data were available on the genetic and related effects of hexachlorobenzene in
humans. It did not induce dominant lethal mutations in rats treated in vivo. It did not induce
chromosomal aberrations in cultured Chinese hamster cells or mutation in bacteriall.
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HEXACHLOROeyeLOHEXANES (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Four cases of leukaemia were reported in men exposed to ')-hexachlorocyclohexane

(lindane) with or without other chemicalsl,2. Cases of aplastie anaemia have also been
associated with exposure to this compound 1. Mean tissue levels of hexachlorocyclohexanes
were reported to be elevated in two of three studies of autopsy patients; in one of these, in
four liver cancer patients, the level of the ß-isomer was abnormally high3-s. Mean serum
levels of ß-hexachlorocyclohexane were not appreciably higher in four cancer patients than
in three controls6. Exposure to y-hexachlorocyclohexane was recorded in case-control
studies of soft-tissue sarcomas and of lymphomas7,8 but was insufficiently frequent for any
conclusion to be drawn. An increase in lung cancer mortality was observed in agricultural
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workers who had used hexachlorocyc1ohexane (unspecified) and a variety of other
pesticides and herbicides (standardized mortality ratio, 180 (95% confidence interval,
140-240))9.

B. Evidence for carcinogenicity to animaIs (suffcient for technical-grade and the a isomer;
limited for the ß and 'Y isomers)

Technical-grade, a- and ß-hexachlorocyclohexane and the 'Y isomer (lindane) produced
lIver tumours in mice when administered orallyl,IO,II; the technical grade also produced
Iymphoreticular neoplasmslO. ln two studies in rats, an increased incidence ofliver tumours
was observed with the a isomer1,12, and in one study in rats a few thyroid tumours were
observed with the 'Y isomer1; other studies in ratsll,13-15 were considered to be inadequate.
Studies in hamsters Il and dogs16 were also inadequate. Technical-grade hexachloro-

cyc10hexane and the 'Y isomer were tested inadequately by skin application in miee1,1O.

a-Hexachlorocyclohexane enhanced the incidence of liver neoplasms induced in rats by
N-nitrosodiethylamineI2.

C. Other relevant data
ln a single study, chromos omal aberrations were not found in workers involved in the

production of 'Y-hexachlorocyclohexane (lindane)17.
Technical-grade hexachlorocyc1ohexane, but not 'Y-hexachlorocyclohexane, induced

dominant lethal mutations in mice; chromosomal aberrations were not found in bone-
marrow cells of mice exposed to technical-grade or 'Y-hexachlorocyclohexane in vivo.
'Y-Hexachlorocyclohexane did not induce unscheduled DNA synthesis in human cells in
vitro and did not induce micronuclei or chromosomal aberrations in cultured rodent cells; it
induced DNA strand breaks but not unscheduled DNA synthesis. It inhibited intercellular
communication in Chinese hamster V79 cells. It did not induce sex-linked recessive lethal
mutations in Drosophila. a-Hexachlorocyclohexane was not mutagenic to yeast, but the 'Y
isomer induced gene conversion. Neither 'Y- nor ß-hexachlorocyclohexane was mutagenic
to bacteria, and a- and ß-hexachlorocyclohexane did not cause DN A damage in bacteria 17.
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HYDRALAZINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Two studies suggest an association between exposure to hydralazine and cancer. One

was confined to patients with and without signs oftoxicity due to hydralazine, and potential

confounding factors were not controlled for. The other involved a smaIl number of subjects
exposed to hydralazine, but the possibilty of selection bias could not be excluded i.

However, a study of 3988 participants in a hypertensive detection and foIlow-up programme
suggested no increased risk for cancers at aIl sites from use of hydralazine. A logistic
regression estimate of cancer risk after controlling for age, sex, race, smoking behaviour and
concomitant drug therapy was 0.89 (95% confidence interval, 0.45-1.8). It was noted that
this estimate of no excess risk was restricted to a hypertensive population over 40 years of
age, exposed to hydralazine for various periods (no ne longer than five years)2. Another
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study involving women with breast cancer also showed no increased risk with use of
hydralazine (relative risk, 0.9; 0.5-1.7)3.

B. Evidence for carcinogenicity to animaIs (limited)

Hydralazine hydrochloride was tested in one experiment in mice by oral administration.
A significant increase in the incidence of lung tumours was reportedI.

C. Other relevant data

No data were available on the genetic and related effects of hydralazine in humans.

ln a single, limited study, hydralazine did not induce DNA damage in animaIs treated in
vivo. It induced sister chromatid exchanges in human lymphocytes in vitro, whereas assays
for chromosomal aberrations in rodent cells in vitro were inconclusive. Hydralazine
induced unscheduled DNA synthesis in rat and rabbit hepatocytes in vitro and induced
mutation and DNA damage in bacteria4.
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HYDRAZINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Two reports of cancer mortality in workers exposed to hydrazine have appeared in
recent years. Choroidal melanoma was observed in one man who had been exosed to
hydrazine for six yearsI. A preliminary report of an epidemiological study of men engaged in
hydrazine manufacture revealed no unusual excess of cancer. This study comprised 423
men, with a 64% vital status as certain ment. N one of the five cancers reported (three of the
stomach, one prostatic and one neurogenic) occurred in the group with the highest
exposure2. A follow-up study of this cohort3 has extended it to 1982. Mortality from aIl
causes was not elevated (49 observed, 61.5 expected), and the only ex cess entailed two lung
cancer cases within the highest exposure category, with a relative risk of 1.2 (95% confidence
interval, 0.2-4.5).
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B. Evidence for carcinogenicity to animaIs (suffcíent)
Hydrazine has been tested in mice by oral administration, producing liver and mammary

tumours and lung tumours in both P and Fi generations; after intraperitoneal adminis-
tration to mice, it produced lung tumours, leukaemias and sarcomas4,5. After oral

administration to rats, it produced lung and liver tumours4. Wh en tested by inhalation, it
produced benign and malignant nasal tumours in rats, benign nasal polyps, a few colon
tumours and thyroid adenomas in hamsters, and a slight increase in the incidence of lung
adenomas in mice6.

C. Other relevant data
No data were available on the genetic and related effects of hydrazine in humans.
Hydrazine did not induce dominant lethal mutation or micronuclei in bone-marrow

cells of mice treated in vivo. It induced unscheduled DN A synthesis in human cells in vitro.
It did not induce chromosomal aberrations in rat cells in vitro but induced sister chromatid
exchanges in Chinese hamster cells; conflcting results were obtained for the induction of
mutation in mouse Iymphoma cells. It induced DN A strand breaks in rat hepatocytes in
vitro. Hydrazine induced somatic mutation in Drosophila and chromosomal aberrations
and mutation in plants. It was mutagenic to yeast and bacteria and induced DN A damage in
ba:cteria 7.
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IRON AND STEEL FOUNDING (Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
Analytical cohort epidemiological studies offoundry workers conducted in a number of

countries have typically noted risks of lung cancer elevated between 1.5 and 2.5 foldl,2.
Proportionate mortality studies have also shown the proportion of deaths from lung cancer

kajo
Pencil



IRON AND STEEL FOUNDING 225

to be 1.5- to 1.8-fold greater than that in the general population. Associations between
foundry work and lung cancer have similarly been observed in studies of mortality
statistics! .

ln two studies in which site-specifie cancer deaths among iron and steel foundry workers
were compared with corresponding rates for the general population, significantly increased
risks for cancer of the digestive system were observed; in one, the elevated risk was for
cancers in the 'digestive system', in the other, it was for 'stomach cancer'!.

Results of studies of a single cohort of steel foundry workers in the USA showed a
significantly elevated risk of cancer of the genito-urinary system when compared with the
entire steel worker population under study, the risk being significantly elevated also for
sorne specifie sites (prostate and kidney)!.

Elevated lung cancer risks have also been reported in a grey-iron foundry2, in steel
foundries3, in iron and steel foundries2 and among persons living near steel foundries4. No
consistent excess of lung cancer, however, was reported among foundrymen employed in a
nickel-chromium alloy foundry5. Other cancer excesses reported have included leukaemia,
stomach cancer and urogenital cancer2. Despite the absence of information to specify
definitely the carcinogenic substances in the work environment (e.g., polynuclear aromatic
hydrocarbons, silica (see p. 341), metal fumes, formaldehyde (see p. 211)), the consistency of
the excess in studies from around the world shows that certain exposures in iron and steel
founding can cause lung cancer in humans. Most studies lacked information on smoking,
but, when it was available, it did not appear that tobacco use could explain the lung cancer
excess.

B. Other relevant data

Antigenicity against benzo(a)pyrene diol epoxide-DNA adducts has been demonstrated
in peripheral lymphocytes of foundry workers5.
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IRON-DEXTRAN eOMPLEX (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

An early report was made of a woman who had developed an undifferentiated soft-tissue
sarcoma following multiple injections of iron-dextran complex t. ln a report on 196 cases of
sarcoma of the buttock, four of 90 for whom records on drug use were still available had
been given intramuscular injections of iron. ln three of the cases, an interval of at least two
years had elapsed2. A selective tendency to report receiving iron injections may have
introduced bias. A review of reports during the period 1960-1977 indicated that nine

malignancies had been described in five reports. Two were thought to have been foreign-
body reactions to fat necrosis; one was a metastatic carcinoma at the site of an iron-dextran
injection; and one was a reticulum-cell sarcoma with fractures of the pelvis possibly only
coincidentally related to iron injections six years before. Several of the remainder were of
different histological type3. Only one, a poorly differentiated spindle-cell fibrosarcoma, was
believed likely to be related to iron-dextran injections given 14 years previously4. No further
case report or epidemiological study is known to the W orking Group. It seems probable that
the considerable publicity given to the initial case reportt and the tendency to give parenteral
iron therapy intravenously may have considerably reduced human exposure to intra-
muscularly administered iron-dextran complex.

B. Evidence for carcinogenicity to animais (suffcíent)

lron-dextran complex has been tested in mice, rabbits and rats by repeated sub-
cutaneous or intramuscular injections, producing local tumours at the injection sitet,5. The
W orking Group noted that iron-dextran complex accumulates at the site of injection in
rodents, in contrast to its rapid dispersaI after injection in human beings.

C. Other relevant data

No adequate data were available to the Working Group.
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ISONieOTINie AelD HYDRAZIDE (ISONIAZID) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Several early studies showed no significant excess of cancer among patients treated with

isoniazidl. A study of 3842 tuberculosis patients followed for 16-24 years showed slight
excesses of deaths from malignant neoplasms of the bronchus, lung and pleura in 2041
patients treated with isoniazid during 1953- 1 957 and followed through to 1973 (relative risk,
1.6; 95% confidence interval, 1.2-2.1), but none in 655 treated for tuberculosis in 1950- 1 952

when isoniazid was not generally available (0.7; 0.1 - 1.5). An excess of all malignant
neoplasms was seen in patients treated in 1953-1957 (1.4; 1.2-1.7), but also in 145 patients
not treated with isoniazid over thesame period (1.8; 0.7-2.9). Again, no excess was observed
in those treated for tuberculosis in 1950- i 952. No dose-response effect was seen either for
total consumption or for maximum daily dose of isoniazid2. Additional studies of cancer
incidence and mortality among patients treated with isoniazid have shown no excess oflung
cancer, or of cancer as a whole, that could be attributed to treatment3-6. A cancer incidence
study in patients with tuberculosis, involving heavy smokers, showed an excess of lung
cancer among men exposed to isoniazid (3.4, based on 88 cases observed, 26.2 expected) but
also among those not exposed (2.6, based on 18 cases observed, 7.0 expected). The differ-
ence between the two ratios was not statistieally significant. The corresponding figures for
women were 4.6, based on 14 cases exposed, and 0.5, based on one case not exposed7. ln a
preliminary analysis of one-year case records, 72 (4.9%) cancer patients had healed tuber-
culosis compared with 26 (2%) noncancer patients8. Four case-control studies concerning
bladder and kidney cancers9, bladder cancerlO,ll and cancer in childrenl2 have provided no
conclusive evidence of a risk associated with isoniazid therapy. A single case of meso-
thelioma has been reported in a nine-year-old child whose mother was treated with isoniazid
for a positive tuberculin skin test in the second and third trimesters of pregnancy13.

B. Evidence for carcinogenicity to animaIs (limited)
Isoniazid produced lung tumours in mice after its oral, intraperitoneal or subcutaneous

administrationl,8,14-16. Studies in rats were considered inadequate for evaluation. No
tumour was produced in hamsters after oral administration of isoniazidl.

C. Other relevant data
ln the one available study, isoniazid did not induce chromosomal aberrations in lym-

phocytes of treated patientsl7.

Isoniazid did not induce dominant lethal mutations in mice, or chromos omal aber-
rations, sister chromatid ex changes or DNA damage in rodents treated in vivo. Results for
chromosomal aberrations and sis ter chromatid exchanges in human cells in vitro were
inconclusive; it did not induce unscheduled DNA synthesis. ln cultured rodent cells, it
induced chromosomal aberrations and sis ter chromatid exchanges, but not DNA damage.
It did not induce transformation of Syrian hamster embryo cells. It did not induce gene
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conversion in yeast. Isoniazid was mutagenic to Salmonella typhimurium but not, in a single
study, to Escherichia colil7.
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ISOPROPYL ALeOHOL MANUFAeTURE (STRONG-AeID
PROeESS) (Group 1),

ISOPROPYL ALeOHOL (Group 3) and

ISOPROPYL OILS (Group 3)

A. Evidence for carcinogenicity to humans (sufficient for the manufacture of isopropyl
alcohol by the strong-acid process; inadequate for isopropyl alcohol and isopropyl oils)

An increased incidence of cancer of the paranasal sinuses was observed in workers at
facto ries where isopropyl alcohol was manufactured by the strong-acid processl,2. The risk
for laryngeal cancer may also have been elevated in these workersl. It is unc1ear whether the
cancer risk is due to the presence of diisopropyl sulphate, which is an intermediate in the
process, to isopropyl oils, which are formed as by-products, or to other factors, such as
sulphuric acid. Epidemiological data concerning the manufacture of isopropyl alcohol by
the weak-acid process are insufficient for an evaluation of carcinogenicity3. (See also the
summary of data for diethyl sulphate, p. 198.)

B. Evidence for carcinogenicity to animais (inadequate for isopropyl alcohol and isopropyl
oils)

Isopropyl oils, formed during the manufacture of isopropyl alcohol by both the strong-
acid and weak-acid processes, were tested inadequately in mice by inhalation, skin
application and subcutaneous administration. Isopropyl oils formed during the strong-acid
process were also tested inadequately in dogs by inhalation and instillation into the sinusesl.

The available data on isopropyl alcohol were inadequate for evaluation!.

C. Other relevant data

No data were available to the Working Group.
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LEAD AND LEAD eOMPOUNDS:
LEAD AND INORGANie LEAD eOMPOUNDS (Group 2B)
ORGANOLEAD eOMPOUNDS (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Three epidemiological studies of workers exposed to lead and lead compounds were
reviewed previouslyl: one on smelters and battery workers in the USA, one on workers
exposed to tetraethyllead in the USA, and one on copper smelters in the USA; data on the
first ofthese populations have been updated2. A study on battery workers in the UK3 is now
available, and studies of a US lead smelter4 and of a Swedish copper smelter5 have also been
reported. A statistically significant excess of cancers of the digestive system (21 observed,
12.6 expected) was found in the study of battery workers in the UK, spanning 1925-1976,
although the excess was confined to the years 1963- 1 9663. Significant excesses of stomach
cancer (34 observed, 20.2 expected) and of respiratory cancers (116 observed, 93.5 expected)
were seen in the study of US battery plant workers2, although there was a downward trend in
standardized mortality ratio by number of years of employment; in the lead production
facilities, the excesses noted for stomach and respiratory cancers were not significant2. A
nonsignificant excess of respiratory cancer (41 observed, 36.9 expected) was reported in one
of the studies of smelters4, with 28 observed and 25.7 expected in the group with high
exposure to lead. Excesses were also noted in this study for kidney cancer (6 observed, 2.9
expected) and bladder cancer (6 observed, 4.2 expected)4. A small study of workers at a
Swedish smelter5 with long-term exposure to le ad demonstrated a nonsignificant excess of
lung cancers (8 observed, 5 expected). Two cases of kidney cancer in lead smelter workers
have also been reported6,7.

The excesses of respiratory cancer in these studies were relatively small, showed no
c1ear-cut trend with length or degree of exposure, and could have been confounded by
factors such as smoking or exposure to arsenic (see p. 100).

A study ofworkers manufacturing tetraethyllead revealed excesses of respiratory cancer
(15 observed, i 1.2 expected) and brain cancer (3 observed, 1.6 expected)8.

B. Evidence for carcinogenicity to animaIs (sufficient for 'inorganic lead compounds;
inadequate for organolead compounds)

Lead acetate and lead subacetate were tested for carcinogenicity by oral, subcutaneous
and intraperitoneal administration in rats, lead phosphate was tested by subcutaneous and
intraperitoneal administration in rats, and lead subacetate was tested by oral administration
in mice. Renal tumours were produced in animaIs of each species by each route of
administration. Rats given lead acetate or lead subacetate orally developed gliomas. Lead
subacetate also produced an increased incidence of lung adenomas in mice after its
intraperitoneal administration!. Oral administration of lead dimethyldithiocarbamate
(ledate) increasedthe incidence of reticulum-cell sarcomas in male mice of one strain9 but
was not carcinogenic to mice or rats in another experimentlO.
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Synergistic effects were reported 1,1 I-4 in the kidneys of rats given le ad acetate and
N-nitroso- N-(hydroxyethyl)ethylamine, N-( 4' -fluoro-4-biphenyl)acetamide or 2-(nitroso-
ethylamine)ethanol orally and in the lungs of hamsters given lead oxide with benzo-

(a)pyrene intratracheally. Lead subacetate given in the diet enhanced the incidences of liver
and kidney tumours induced in rats by 2-acetylaminofluorene given in the dietl.

The lead compounds tested for carcinogenicity in animaIs are almost aIl soluble salts
that were selected on the basis of ease of administration. Metallic lead, lead oxide and lead
tetraalkyls have not been tested adequately.

C. Other relevant data

Studies of chromosomal aberrations in people exposed to lead have given conflicting
results: positive reports have been published concerning workers in lead-battery industries
and lead smelters, but other studies of workers under comparable conditions have given
negative results. Increased incidences of sister chromatid exchanges have been reported in
the peripheral blood lymphocytes of workers exposed to lead but not in those of children
exposed to high levels of lead in the environment. An increased incidence of sperm
abnormalities was seen in men exposed occupationally to leadl5.

Although a few studies in rodents treated with lead salts in vivo have shown small (but
significant) increases in the frequency of chromos omal aberrations and micronuclei in
bone-marrow cells, most studies showed no increase. Lead salts caused morphological
sperm abnormalities in mice but not in rab bits. Sister chromatid exchanges and un-
scheduled DN A synthesis were not induced in cells of animaIs treated with lead salts in vivo.
Lead salts did not induce chromosomal aberrations in human lymphocytes in vitro.
Conflicting results have been obtained in assays for transformation in cultured rodent cells.
Lead salts did not cause aneuploidy in Drosophila, mutation or gene conversion in yeast or
mutation or DNA damage in bacterial5.

Tetraethyl- and tetramethyllead did not induce mutation in bacterial5.
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LEATHER INDUSTRIES:
BOOT AND SHOE MANUFAeTURE AND REPAIR (Group 1)

Evidence for carcinogenicity to humans (suffcíent)
Nasal adenocarcinoma has been caused by employment in boot and shoe manufacture

and repair. Relative risks weIl in excess of ten fold have been reported from studies in the
boot and shoe manufacturing industry in England and in Italy. There is also evidence that an
increased risk exists for other types of nasal cancerl-3. Afar higher risk of nasal cancer was
found for people who worked in the dustiest operations, and for those classified into the
category of 'heavy' exposure to leather dust, strongly suggesting a role for exposure to
leather dust2,3. Thus, in comparison with the 'nonexposed' category, the sex-adjusted
standardized odds ratio for the 'uncertain or light exposure' category was 7.5, and for the
'heavy exposure' category, 121.0. A similar, highly significant pattern was noted when only
adenocarcinomas were considered. Exposure to solvents or to tobacco smoking could not
account for the noted increased risk3. A mortality study of over 5000 men known to have
been employed in the boot and shoe manufacturing industry in three towns in the UK in
1939 showed a large, significant excess of deaths from nasal cancer (10 observed, 1.9
expected). An observed:expected ratio of 14 was found among workers in the finishing
room4. The elevated nasal cancer risk was almost totally confined to employees in the
preparation and finishing rooms, where most of the dusty operations occurred. It was
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estimated that the risk to those men was 4.5 relative to that in other operations, and 9.8
relative to that of men resident in the area who had never been employed in the footwear
industry2.

Case reports have also suggested an association between exposure to leather, including
during shoe manufacture, and mucinous adenocarcinoma of the nose and ethmoidal cancer
in Switzerland and France, respectively5,6.

One mortality study conducted in London, UK, showed no association between nasal
cancer deaths occurring between 1968 and 1978 and occupation in the boot and shoe
industry, as recorded on death certificates7. A proportionate mortality analysis of 3754
deaths among US shoeworkers revealed no death from nasal cancer, whereas 2.2 were
expected on the basis of data for the general populations. Similar results were obtained from
a study of 2798 deaths between 1954 and 1974 in a shoe and leather industry area in
Massachusetts, USA; detailed occupational information was available, however, for only
289 of the deceased9.

Early death certificate surveys showed an increased risk of bladder cancer among
shoemakers and repairers. Later studies provided evidence of an increased risk associated
with employment in the leather industry. Although boot and shoemakers were inc1uded in
these studies, it was not possible to determine whether the risk was related to them in
particularl. A nonsignificant increased risk for bladder cancer was reported in association
with work in the boot and shoe industry in a case-control study based on deaths of male
residents in certain London boroughs from 1968-1978. When data for these workers were
combined with those for leather workers, the estimated risk became significant7. A
significant association of leather work (leather or tanning industry, manufacture of leather
goods, or shoemaking) with cancer of the lower urinary tract was found in a collaborative
case-control study in the USA and the UK, but not in JapanlO. A statistieally significant
increase was found among female shoe workers (7 deaths observed and 2.8 expected) in
another, independent study in the USA. Male shoeworkers and leather workers showed no
excess of bladder cancer in this study9. ln Sweden, an increase in the incidence of bladder
cancer (22 cases observed, 14.5 expected) was reported among shoe factory workersll. An
elevated risk that was not statistically significant was also found among boot and shoe
repairers in a British county. Smoking did not appear to account for the increasel2. ln
another study in the UK, in a cohort of 5108 boot and shoe workers, 32 deaths from bladder
cancer were observed, with 39.2 expected13.

A possible increase in risk for kidney cancer among shoe workers was suggested by a
study in SwedenlI. However, a large cohort study among boot and shoe workers in the UK
did not support this hypothesis13. Three cases of mesothelioma were reported among 3806
deaths in shoe workersl4; it has further been reported that a female shoemaker (whose
husband was also a shoemaker) died of mesotheliomal5.

The occurrence of leukaemia among shoemakers exposed to benzene (see p. 120) has
been weIl documentedl,16, and this association has been supported further by a recent

mortality study in one town in the UK4.

Surveys conducted in the The Netherlands, the UK and the USA have suggested positive
associations between boot and shoe manufacturej repair and cancers ofthe lung, oral cavity
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and pharynx and stomach1. These suggestions were later confirmed bya mortality survey in
the USA, whieh also showed a significant increase in the proportion of deaths due to cancers
of the rectum and of the liver and gall-bladder, in people of each sexs. Excess mortality from
rectal cancer was also found among boot and shoemakers in two towns in the UK; the excess
was significant for workers in the lasting and making room, who were probably exposed to
solvents, glues and leather dust4. Exposure to solvents, dyes or metallc compounds in the
footwear industry, among nonfactory shoemakers and repairers and among operatives
making leather and leather products, was deemed to be associated with the increased risk of
bowel cancer noted in a US study17. An increased proportion of cancer ofthe digestive tract

among male shoeworkers was found in another US study; however, it was suggested that
factors other than their occupation could have been responsible for the excess noted9. ln a
study of gall-bladder cancer occurring in Sweden between 1961 and 1969, in which
information on occupation was drawn from 1960 census data, the incidences of cancers of
the gall-bladder and of the biliary tract were found to be significantly elevated among men
employed in shoemaking and repairls. ln view of the exploratory nature and design of these
studies, the findings were considered to be inadequate for a definite evaluation.

No indication of a link between Hodgkin's disease and work in 'textile, shoes, leather'
industries emerged from investigations in Italyl9.
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LEATHER GOODS MANUFAeTURE (Group 3)

Evidence for carcinogenicity to humans (inadequate)
A few cases of leukaemia have been reported following exposure to benzene (a known

human carcinogen1; see p. 120) during the manufacture of leather goods other than boots
and shoes. The number of cases of nasal cancer reported is insufficient to make an
association with employment in the manufacture of leather goods (other than boots and
shoes)2. A positive association between bladder cancer and employment in the leather
products industry is suggested by a number of studies. A case-control study in West
Yorkshire, UK, showed a statistically nonsignificant risk of bladder cancer associated with
employment in leather goods production (as weIl as tanning, and boot and shoe repairing)3.
Indications of an association with dusty leather occupations (not only shoemaking) came
from a similar study ¡n London4. ln two of three areas in which a collaborative study of
environmental risk factors for bladder cancer was conducted, a significant association with
employment in 'Ieather' was found; the term 'Ieather' comprised the manufacture of leather
goods, the leather and tanning industries and shoemaking5. Leather goods manufacture was
most probably included in the leather exposure found to be statistically significantly
associated with bladder cancer in another study in the USA6. None ofthe studies provides
sufficient grounds to evaluate the specifie role of the production of leather goods in the
established association of leather work and cancer risk to humans.
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LEATHER TANNING AND PROeESSING (Group 3)

Evidence for carcinogenicity to humans (inadequate)

Ear1y studies of cancer risks possibly associated with leather industries provide little
information specifically related to workers in tanneries. There was no evidence to suggest an
association between leather tanning and nasal cancerl. Following the observation of an
increased risk of nasal cancer among boot and shoe manufacturers, possibly associated with
exposure to dust from leather tanned by a particular process2, a study was designed to

examine the possible cancer risk carried by different methods of leather tanning. The
mortality experience of two groups of men working in tanneries in 1939 was compared to
that of the population of England and Wales, and for no cause of death was a statistically
significant increase above expectation found. Among the 573 men employed in tanneries
using a process with vegetable extracts, one death from nasal cancer was observed (0.21
expected); among 260 employees using a tanning process with chromium salts (tri- and
hexavalent; see p. 165), one death from soft-tissue tumour (0.07 expected) was reported3.

ln a Swedish study, a slight increase in mortality from stomach cancer and a three-fold,
significantly increased risk for cancer of the pancreas were found to be associated with the
occupational titles 'tanners' and 'tannery workers' as recorded in the registry of deaths and
burials of a parish where a tannery had been in operation from 1873 to 1960. Tannery work
involved exposure to chromium and, probably, to chlorophenols (see p. 154); smoking was
an unlikely explanation for the findings, but the contribution ofvarious dietary habits could
not be ruled out4. Suggestions of increased risks for intestinal cancer and lung cancer and for
cancer of the tonsils were imputed by a mortality study of workers employed in a tannery
plant using chromium salts and synthetic tannins5. An association between lung cancer and
tanning was also suggested by a study of incident cases in the UK6 and by a study of cancer
deaths among shoe and leather workers in the USA, in which the estimated risk for tannery
workers relative to a group of workers classified as nonexposed was 4.2, which was
statistically significant. Chromium and arsenicals (see p. 100) were mentioned as possibly
contributing to the excess of lung cancer7. Significantly increased lung cancer morta1ity was
also found among a group of fur tanners in the USA, who had probably been exposed to
chrome (hexavalent) tanning agents8.
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ln a study of bladder cancer and occupation, a relative risk of 1.5 was found for leather
tanners, which is not statistically significant 1. No significant excess of bladder cancer was
found in another study oftanners in the UK9. ln two ofthree areas in which a collaborative
study of environmental risk factors for bladder cancer was conducted, a significant
association with employment in 'Ieather' was found; the term 'Ieather' comprised the leather
and tanning industries, the manufacture of leather goods and shoemakinglO.

ln a cohort of 1629 leather tanners in Sweden, eight cases of kidney cancer were

observed, while 3.4 would have been expected from regional rates1 1. The hypothesis of this
association was not supported by another study12.
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MAGENTA (Group 3) and

MANUFAeTURE OF MAGENTA (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for magenta; sufficient for the
manufacture of magenta)

The manufacture of magenta * was first reported to be associated with bladder tumours
in 1895. One study in the UK in 1954 showed an association between magenta production
and an increased incidence ofbladder cancer, with three deaths (0.13 expected)l. An excess
of bladder tumours was also noted in one Italian plant manufacturing new fuchsin ('new'
magenta) and safranine T (5 observed deaths, 0.08 expected). ln addition to magenta, the
suspected agents inc1ude the precursors ortho-toluidine (see p. 362), 4,4'-methylene bis(2-
methylaniline) (see p. 246) and ortho-nitrotoluene2.

B. Evidence for carcinogenicity to animaIs (inadequate for magenta)

Magenta products were tested for carcinogenieity in mice, rats and hamsters by
subcutaneous and oral administration. Subcutaneous administration of para-magenta, a
component of commercial magenta, induced local sarcomas in ratsl. Oral administration of
magenta or para-magenta to rats and hamsters for life at the maximum tolerated dose
produce no treatment-related tumour3.. ln one limitedstudy in mice, there was no increase
in tumour incidence following oral administration of commercial magenta!.

C. Other relevant data

No data were available on the genetic and related effects of magenta in humans5.

Technical-grade magenta consists of a mixture of magenta 1, para-magenta and related
compounds. ln the studies considered below, one ofthese isomers was assayed rather than
the complete mixture5. para-Magenta did not induce transformation of Syrian hamster
embryo cells or unscheduled DNA synthesis in rat hepatocytes in vitro. It did not induce
recombination in yeast. para-Magenta and magenta 1 were mutagenic to bacteria. para-
Magenta did not induce prophage5.
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MELPHALAN (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Epidemiological studies of patients with ovarian carcinomal-3, multiple myeloma4,5 or

breast cancer6 have consistently shown very large excesses of acute nonlymphocytic
leukaemia in the decade following therapy with melphalan. The relative risk was consis-
tently estimated to be in excess of 100, to increase with increasing dose, and to be roughly the
same with and without radiotherapy7.

B. Evidence for carcinogenicity to animaIs (sufficient)

Melphalan has been tested in mice and rats by intraperitoneal injection, producing
Iymphosarcomas and a dose-related increase in the incidence of lung tumours in mice and
peritoneal sarcomas in rats8.

C. Other relevant data
Melphalan is a bifunctional alkylating agent. Patients treated therapeutically with

melphalan had increased frequencies of chromos omal aberrations and sister chromatid
exchanges in their peripheral lymphocytes9.

Melphalan induced chromos omal aberrations in bone-marrow ce Ils of rats treated in
vivo. The compound induced chromosomal aberrations, sister chromatid exchanges and
DNA damage in human cells in vitro. It induced transformation of C3H lOTlj2 cells. ln
cultured rodent cells, it induced chromos omal aberrations, sister chromatid exchanges,
mutation and DNA damage. It induced aneuploidy and sex-linked recessive lethal
mutations in Drosophila and mutation in bacteria9.
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6-MEReAPTOPURINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of 6-mercaptopurine as a single agent was available to the
W orking Group. Occasional case reports of exposure to 6-mercaptopurine, especially in the
presence of concurrent therapy with other putative carcinogens, such as ionizing radiation,
alkylating agents and other potent oncotherapeutic drugs, do not constitute evidence of
carcinogenesis1.

B. Evidence for carcinogenicity to animais (inadequate)
6-Mercaptopurine was tested by intraperitoneal administration and by skin painting

(followed by croton oil) in mice and by intraperitoneal, subcutaneous and intravenous
injection in rats. Limitations to the data in aIl the reports precluded evaluation of the
possible carcinogenicity of this compound 1.

C. Other relevant data
6-Mercaptopurine induced chromosomal aberrations and sister chromatid exchanges in

lymphocytes of treated patients in single studies2.
ln rodents treated in vivo, 6-mercaptopurine induced dominant lethal mutations,

chromosomal aberrations and micronuclei, but not aneuploidy. The corn pound induced
chromos omal aberrations in human lymphocytes in vitro. It induced mutation in cultured
rodent ce lis and chromosomal aberrations and sister chromatid exchanges but not
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aneuploidy in Chinese hamster cells in vitro. It did not transform mouse C3H lOTI j 2 cells.
6-Mercaptopurine was mutagenic to and caused DN A damage in bacteria2.
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METHOTREXATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
The relationship between methotrexate treatment and subsequent malignancy has been

investigated in one cohort of 457 patients (3522 person-years) treated for trophoblastic
tumours (2 observed, 3.5 expected)l and in a cohort of248 patients treated for psoriasis (10
observed, 22 expected)2. A case-control study of treatment for psoriasis has also been
performed, in which 26 cases of noncutaneous cancer (104 matched controls) and 80 cases of
nonmelanoma skin cancer (297 matched controls) were studied; relative risks were 1.0 and
1.2, respectively3. ln each comparison, no excess (significant or otherwise) or subsequent
malignancy was observed.

B. Evidence for carcinogenicity to animais (inadequate)
Methotrexate was tested by oral administration in mice and hamsters, by intraperitoneal

injection in mice and rats, and by intravenous injection in rats. One study in mice by oral
administration showed a high incidence of lung carcinomas, but the study design did not
include matched controls. No other study revealed a carcinogenic effect, but the significance
of several was limited because of deficiencies in experimental design or reporting of data4.
A study in which methotrexate was given intraperitoneally in combination with cyclo-
phosphamide (see p. 182) and 5-fluorouracil (see p. 210) to rats resulted in induction of
tumours in the nervous system, haematopoietic and lymphatic tissues, the urinary bladder
and adrenal glands; however, because of lack of matched controls, it could not be concluded
whether tumour induction was due to a combined effect of the three chemicals or to any one
of them5.

C. Other relevant data
ln patients treated with methotrexate, chromos omal aberrations were observed in

bone-marrow cells, and, in one of two studies, sister chromatid exchanges were induced in
lymphocytes6.

Methotrexate induced micronuclei in mice, but neither aneuploidy in mouse oocytes nor
DN A strand breaks in granuloma cells of rats treated in vivo. It induced chromos omal
aberrations in human and rodent cells in vitro and sister chromatid exchanges in rodent but
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not in human cells in vitro. It did not induce unscheduled DNA synthesis in human cells in
vitro. It caused transformation ofC3H lOTI j2 cells but not of Syrian hamster embryo cells
and was mutagenic to mouse Iymphoma ce Ils but not to Chinese hamster cells in vitro.
Methotrexate induced genetic crossing-over but not sex-linked recessive lethal mutations in
Drosophila. It was not mutagenic to Salmonella typhimurium but gave conflicting results in
Escherichia coli and was mutagenic to Bacilus subtils. It did not induce DN A damage in
bacteria6.
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5-METHOXYPSORALEN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

ln a survey of 87 persons employed in the production of bergamot oil (of which

5-methoxypsoralen is a constituent), 19% of 79 exposed workers. and 16% of a comparison
group of 31 people resident in the same area were observed to have 'keratomas' or

'epitheliomas' of the skin. Possible confounding effects of age, sex and outdoor employment
were not considered in this analysis1.

B. Evidence for carcinogenicity to animais (suffiáent)

5-Methoxypsoralen was tested in mice by skin application in combination with
ultraviolet A radiation or solar-simulated radiation, producing skin papilomas and
carcinomas; in these studies, no or few skin tumours were observed with ultraviolet A
radiation or solar-simulated radiation alone. The studies were inadequate to evaluate the
local and systemic carcinogenic effects of the compound itself1.
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C. Other relevant data

No data were available on the genetic and related effects of 5-methoxypsoralen in
humans.

ln the presence of ultraviolet A radiation, 5-methoxypsoralen induced chromos omal
aberrations, sister chromatid exchanges and unscheduled DN A synthesis in human cells in
vitro; sister chromatid exchanges, mutation and DN A cross-links in rodent cells in vitro;
mutation, gene conversion and DN A cross-links in yeast; and mutation and prophage in
bacteria2.

5-Methoxypsoralen, tested in the absence of ultraviolet A radiation, was reported to be
weakly mutagenic to bacteria2.
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8-METHOXYPSORALEN (METHOXSALEN) PLUS ULTRAVIOLET
RADIATION (Group 1)

A. Evidence for carcinogenicity to humans (sufficíent)

The development of nonmelanocytic skin cancer (basal- and squamous-cell skin
cancers) has been reported in patients treated with 8-methoxypsoralen and long-wave
ultraviolet light (UV A) (PUV A) for psoriasis or mycosis fungoidesl-s. Three cases of
malignant melanoma of the skin have been reported in patients with psoriasis treated with
PUV A6,7. The strongest evidence for a causal association between PUV A treatment and
nonmelanocytic skin cancer comes from the follow-up of 1380 psoriatic patients treated in
the USA. The standardized incidence ratio (SIR) for squamous-cell carcinoma increased
from 4. 1 (95% confidence interval, 2.3-6.8) at low doses to 22.3 (13.5-34.1) at medium doses /
and 56.8 (42.7-74.2) at high doses; this effect was independent of possible confounding
effects of therapy with ionizing radiation and topical tar. The effect on basal-cell cancer
incidence was much weaker (high doses: SIR, 4.5; 2.8-6.9)8. One cohort study of 525
psoriatic patients treated with PUV A did not suggest an increase in the incidence of skin
cancer (mean follow-up period, 2.1 years)9. This 'negative' result could have been due to lack
of statistical power and to the low doses used in the study. Another study with a five-year
follow up showed no skin tumour in 94 patients treated with PUV A for psoriasis or mycosis
fungoides1o.

8-Methoxypsoralen alone did not alter the incidence of new skin cancer over two years in
two small controlled trials of its use as a prophylactic for skin cancerl.
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B. Evidence for carcinogenicity to animais (sufficíent)

8-Methoxypsoralen was tested by oral and intraperitoneal administration and by skin
applieation in combination with ultraviolet A radiation in mice, producing epidermal and
dermal tumoursl,Il-15. When it was tested alone in mice by intraperitoneal administration13
or by skin applicationI2,13, it did not induce skin tumours. The studies were inadequate to
evaluate the systemic carcinogenicity of 8-methoxypsoralen.

C. Other relevant data

ln patients treated with PUV A, neither chromos omal aberrations (one study) nor sister
chromatid exchanges were observedl6.

8-Methoxypsoralen in combination with ultraviolet A radiation induced sister chromatid
exchanges in epithelial cells of cheek pouches of hamsters treated in vivo. ln a large number
of studies, it induced chromosomal aberrations, sister chromatid exchanges, mutation,
DNA da mage and DNA cross-links in human ce Ils in vitro. It transformed mouse
C3H lOTlj2 cells. ln rodent cells in culture, it induced chromosomal aberrations, micro-
nuc1ei, sister chromatid exchanges, mutation, unscheduled DN A synthesis and DNA cross-
links. It induced mitotic recombination and mutation in fungi and mutation and DNA
damage in bacterial6.

8-Methoxypsoralen in the absence of ultraviolet A radiation induced mutation in
bacteria, but inconclusive results were obtained with respect to chromosomal aberrations
and sister chromatid exchanges in human cells in vitro, gene mutation and DNA damage in
rodent cells in vitro and mutation in yeastl6.
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METHYL BROMIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Two cohort studies mention exposure to methyl bromide. ln both study populations,

exposure to a great number of other chemical compounds occurred, and, therefore, the
slight excesses of some cancers found cannot be interpreted in terms of exposure to methyl
bromidel.

B. Evidence for carcinogenicity to animais (limited)
ln one 90-day study by oral administration in rats, methyl bromide was reported to

produce squamous-cell carcinomas of the forestomachl. ln a second, 25-week study, it was
found that early hyperplastic lesions of the forestomach regressed after discontinuation of
treatment; one early carcinoma (1 j 1 1) developed after 25 weeks of continuous treatment by
gavage2.

C. Other relevant data
No data were available on the genetic and related effects of methyl bromide in humans.
Micronuclei were induced in the bone-marrow and peripheral blood cells of rats and

mice following exposure to methyl bromide by inhalation. After treatment of mice with
methyl bromideby different routes, DN A methylation of liver and spleen was observed.
Methyl bromide induced sis ter chromatid exchanges in human lymphocytes in vitro and
mutation in mouse Iymphoma cells in vitro. It did not induce unscheduled DNA synthesis in
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rat hepatocytes. Methyl bromide induced sex-linked recessive lethal mutations in Drosophila
and was mutagenic to plants and bacteria3.
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METHYL eHLORIDE (Group 3)

A. Evidence for carcinogenicity to hum ans (inadequate)
ln a small study of852 but yI rubber manufacturing workers exposed to methyl chloride,

there was a total of 30 deaths from cancer, which was fewer than expected on the basis of US
mortality data. The study is uninformative for assessing the carcinogenicity of methyl
chloridel.

B. Evidence for carcinogenicity to animais (inadequate)
A study in which methyl chIo ride was tested for carcinogenicity in mice and rats by

inhalation was reported only in an abstract and could not be evaluated i.

C. Other relevant data
No data were available on the genetic and related effects of methyl chloride in humans.
Methyl chIo ride induced sister chromatid exchanges and mutation but not DNA strand

breaks in human lymphocytes in vitro. It enhanced transformation ofvirus-infected Syrian
hamster embryo cells. It induced chromos omal aberrations in plants and was mutagenic to
bacteria 2.
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4,4'-METHYLENE BIS(2-eHLOROANILINE) (MOeA) (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
ln a review, a higher than expected incidence of bladder cancer was reported among

workers in a UK plant manufacturing MOCA 1. An earlier study of workers manufacturing
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this compound in the USA, who were followed up for less than 16 years, failed to reveal any
bladder tumour2.

B. Evidence for carcinogenicity to animaIs (sufficient)

After oral administration of MOCA, mice developed haemangiosarcomas and hepa-
tomas2,3; rats developed lung, liver, mammary gland and Zymbal gland tumours and
haemangiosarcomas2-5; and dogs developed urinary bladder tumours6. Tumours of the lung
and liver were produced after subcutaneous injection of rats2.

C. Other relevant data

MOCA is an aromatic amine with structural similarities to benzidine, which is causally
associated with cancer in humans (see p. 123).

No data were available on the genetic and related effects of MOCA in humans.

MOCA induced micronuclei in bone-marrow cells of mice treated in vivo. Conflcting
results were obtained for the induction of sister chromatid exchanges in Chinese hamster
cells in vitro; it induced unscheduled DN A synthesis in rodent hepatocytes. ln yeast, MOCA
induced aneuploidy, gave equivocal results in assays for gene conversion and did not cause
mutation. It was mutagenic and induced prophage in bacteria7.
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4,4'-METHYLENE BIS(2-METHYLANILINE) (Group 2B)

A. Evidence for carcinogenicity to hum ans (inadequate)
A study of an Italian cohort of 906 dyestuffs workers employed between 1922 and 1970

revealed an impressive excess of deaths from bladder cancer (36 observed, 1.2 expected).
W orkers were classified into ten exposure categories. Among 53 workers employed in the
manufacture of new fuchsin ('new' magenta (see p. 238)) and safranine T, five died froID
bladder cancer, whereas 0.08 would have been expected. Their minimum length of employ-
ment was 12 years. Three of the five deaths occurred among workers engaged in the
synthesis of ortho-toluidine (see p. 362) and 4,4'-methylenebis(2-methylaniline), used as
precursors in the production of new fuchsin and safranine T, which was carried out in a
separate building within the plant 1.

B. Evidence for carcinogenicity to animaIs (sufficíent)
4,4' -Methylene bis(2-methylaniline) was tested for carcinogenicity by oral administration

in rats and dogs, inducing high incidences of hepatocellular carcinomas in animaIs of each
species; neoplasms of the lung, mammary gland and skin in rats and of the lung in dogs were
also reported2-4.

C. Other relevant data
No data were available to the W orking Group.
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N-METHYL-N' -NITRO- N-NITROSOGUANIDINE (MNN G)
(Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
Three cases of brain tumour (gliomas) and one of colon cancer have been reported froID

a genetics laboratory over a 13-year period. AlI the subjects were likely to have been exposed
to MNNG for at least six to 15 years prior to death, but other carcinogens had been used in
the laboratoryl,2.
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B. Evidence for carcinogenicity to animais (sujJicient)

MNNG has been tested for carcinogenicity in mice, rats, hamsters, rabbits and dogs,
producing tumours at many sites. It has a predominantly local carcinogenic effect and is
carcinogenic in single-dose experiments. Following its oral administration, papillomas and
squamous-cell carcinomas of the oesophagus and forestomach, adenocarcinomas of the
stomach, small intestine and large bowel, and sarcomas of the gastrointestinal tract were
reported3. These findings have been extended in more recent studies after oral adminis-
tration to rats4-7, hamsters8,9 and dogs10,I 1. After subcutaneous injection of mice, it
produced lung and liver tumours and haemangioendotheliomasI2; after intrarectal instill-
ation in rats and guinea-pigs13-15 and after intrauterine and intravaginal application to rats,

it produced local tumoursl6.

C. Other relevant data

MNNG is an alkylating agentl7. No data were available to evaluate the genetic and
related effects of this compound in humans.

MNNG induced DN A strand breaks in various organs of rats treated in vivo. It did not
cause dominant lethal mutations in mice, but it gave positive results for mutation in the
mouse spot test; it induced chromosomal aberrations and micronuclei in bone-marrow cells
of mice and sister chromatid exchanges in bone-marrow ce ils of mice and Chinese hamsters
treated in vivo. It induced chromosomal aberrations, sister chromatid exchanges, DN A
strand breaks and unscheduled DNA synthesis in human and rodent ce Ils in vitro and
induced mutation in cultured rodent cells. It gave positive results in several assays for cell
transformation. MNNG induced somatic and sex-linked recessive lethal mutations in
Drosophila. It caused chromosomal aberrations, sister chromatid exchanges and mutation
in plants and recombination and mutation in fungi. It was mutagenic to and caused DNA
da mage in bacteria, and gave positive results in host-mediated assays using bacteria or yeast
as indicators and mice as hostsl7.
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METRONIDAZOLE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Two epidemiological studies1,2 of women treated with metronidazole showed sorne

excesses of cancers of the uterine cervix, a neoplasm that has risk factors in common with
vaginal trichomoniasis, the main indication in women for treatment with this drug. ln one
studyl, a greater excess of cervical cancer was observed in women with trichomoniasis who
were not exposed to metronidazole than in those who were (relative risk, 2.1 vers us 1.7). An
excess oflung cancer (4 observed, 0.6 expected) seen in one ofthese studies1 was not found in
the other (2 observed, 2.6 expected)3. ln the former, the excess was mainly of adeno-
carcinoma (3 j 4 cases) and was concentrated after at least ten years from first use of

metronidazole (3 observed, 0.3 expected)4. Further follow-up and analysis of these data
have suggested that the ex cess could be explained entirely by confounding with smoking5.
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Another study in which 12280 users of metronidazole were followed up for two and one-half
years gave a relative risk of 0.9 (95% confidence interval, 0.5-1.9) for aIl cancers6.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Metronidazole has been tested for carcinogenicity by oral administration to mice and
rats. It significantly increased the incidences of lung tumours in mice of each sex, of
lymphomas in female mice7,8 and of mammary, pituitary, testicular and liver tumours in
rats7,,IO. It increased the incidence of colonie tumours induced in rats by subcutaneous
administration of 1 ,2-dimethylhydrazinel 1,12.

C. Other relevant data
Studies on bone-marrow ce Ils and lymphocytes from a series of patients treated with

metronidazole showed no increase in the incidence of chromosomal damage. Metronidazole
was active in body fluid assays using sweat, faeces and urine from humans exposed in vivo
and urine from rodents exposed ín vívoI3.

Metronidazole did not induce micronuclei in bone-marrow ce Ils of mice or rats, sister
chromatid ex changes in bone-marrow cells of Chinese hamsters or unscheduled DN A
synthesis in germ ce Ils of male rabbits treated ín vivo. Human cells exposed to
metronidazole in vitro did not show increased incidences of chromosomal aberrations,
whereas results with respect to sister chromatid exchanges were inconclusive. Metronidazole
did not induce sis ter chromatid exchanges in cultured hamster cells; conflicting results were
reported for the induction of mutation and DN A damage in rodent ce Ils ín vitro. It did not
induce sex-linked recessive lethal mutations in Drosophila or recombination in yeast. It
induced mutation in fungi and bacteria and induced prophage in bacteriaI3.
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MINERAL OILS:
UNTREATED AND MILDLY-TREATED OILS (Group 1)
HIGHLY-REFINED OILS (Group 3)

A. Evidence for carcinogenicity to humans (sufficíent for untreated and mildly-treated oils;
inadequate for highly-refined oils)

Exposure to mineraI oils that have been used in a variety of occupations, including
mulespinning, metal machining and jute processing, has been associated strongly and
consistently with the occurrence of squamous-cell cancers of the skin, and especially of the
scrotum 1. Production processes for these oils have changed over time, and with more recent
manufacturing methods highly-refined products are produced that contain smaller amounts
of contaminants, such as polycyclic aromatic hydrocarbons.

Excess mortality or morbidity from gastrointestinal malignancies was seen in two out of

three cohort studies of metal workers (stomach cancer in two studies, large-bowel cancer in
one); however, the only significant excess was for the sum of stomach cancer plus large-
bowel cancer in one study. Four cases of scrotal cancer were detected in one relatively small
cohort study of metal industry workersl. Among 682 turners with five or more years of
exposure to mineraI oils, five cases of squamous-cell carcinoma of the skin (four of the
scrotum) occurred, with 0.3 expected2. ln a case-control study, a relative risk of 4.9 was
reported for the association of scrotal cancer with potential exposure of metal workers to
mineraI oils. Neither the actual levels of exposure nor the classification of the mineraI oil to
which the machine workers were potentially exposed was available in the reports of the
epidemiological studiesl.

ln a case-control study, an ex cess of sinonasal cancers was seen in toolsetters, set-up men
and toolmakersl. ln a series of 344 cases of scrotal cancer from 1936 to 1976, 62% had held
occupations in which exposure to mineraI oils was likely to have occurred. The median
latent period was 34 years3.

An examination of the incidence of second primary cancers among men wIth scrotal
cancer demonstrated excesses ofrespiratory, upper alimentary tract and skin cancers; when
the occupations were grouped, the excess was largely confined to those with exposure to oH 1.
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Excesses of bladder cancer have been reported in case-control studies in several
countries among machinists and engineers, who were possibly exposed to cutting oils
containing aromatic amines as additives'.

With regard to printing pressmen, one of two cohort studies addressing lung cancer

showed an excess and one of two proportionate mortality studies showed a small,
statistically nonsignificant excess of lung cancer among newspaper press men but no excess
among non-newspaper pressmen; the other study did not address lung cancer. One of three
proportionate mortality studies on manual workers in the printing industry, not specifically
addressing printing press men, did not show an increased lung cancer risk, whereas the other
two studies found a statistically significant excess. One of two proportionate mortality
studies of printing pressmen indicated a statistically significant increase of deaths from
rectal cancer, and the other showed a statistically nonsignificant increase of deaths from
colon cancer; the cohort study considering colorectal cancers did not show an increased
occurrence. One proportionate mortality study among newspaper and other commercial
printing press men showed a statistically significant excess of mortality from cancers of the
buccal cavity and pharynx, whereas no such excess was observed in a cohort study. One
case-control study indicated a statistically significant excess of cancers of the buccal cavity
and pharynx. The findings regarding other malignancies were inconsistent; scrotal cancers
were not mentioned. The type and amount of exposure were usually not described; exposure
to both mineraI oils and carbon blacks (see p. 142) would probably have been involvedl.

ln mortality statistics from the UK and from Washington State, USA, excesses of lung
and skin cancer have been registered for jobs entailing exposure to mineraI oils'.

B. Evidence for carcinogenicity to animaIs (sufficíent for untreated and mildly-treated oils;
inadequate for highly-refined oils)

Vacuum-distillate fractions, acid-treated oils, mildly-treated solvent-refined oils, mildly-
treated hydrotreated oils, solvent extracts (aromatic oils) and sorne cutting oils produced
skin tumours after repeated skin applications to mice. Similar treatment with high-boiling,
catalytically-cracked oils produced skin tumours in rabbits and rhesus monkeys. Some
severely solvent-refined oils did not produce skin tumours in mice. Highly-refined food-
grade mineraI oils did not produce skin tumours when applied to the skin of mice, although
after intraperitoneal injection they produced plasma-cell neoplasms and reticulum-cell
sarcomas in certain strains of micel. It was agreed that, in accordance with the previous
evaluation, 'the significant latter finding is difficult to interpretl.

C. Other relevant data
An increase in the frequency of chromosomal aberrations was observed in the peripheral

blood lymphocytes of glass workers exposed to mineraI oil mists. Urine from workers in a
cold-rolling steel plant exposed to oil mists of solvent-refined oils was mutage nie to

Salmonella typhimurium in the presence of an exogenous metabolic system4.
Special test protocols may be necessary to evaluate mineraI oils adequately in short-term

tests. Vacuum distilates from oil refining were reported to be mutagenic to S. typhimurium
in the presence of an exogenous metabolic system. Positive findings were also obtained
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when the concentration of the exogenous metabolic system was five to ten fold that used
generally. Acid-treated oils were not mutagenic to S. typhimurium in the presence of an
exogenous metabolic system; solvent-refined oils were reported to be mutagenic in the
presence of an exogenous metabolic system. Hydrotreated oil was reported to be mutagenic
to S. typhimurium in the presence of an exogenous metabolic system, while white oils,
highly-refined steel-hardening oil and solvent-refined steel-rollng oils were not. Unused
crankcase oil was mutagenic to S. typhimurium in the presence of an exogenous metabolic
system, while in other studies no mutagenic activity was found. Used crankcase oil from
both gasoline and diesel engines was mutage nie to S. typhimurium both in the presence and
absence of a metabolic system4.

Two insulation oils from highly-refined mineral-base oils induced transformation of
Syrian hamster embryo cells and enhanced transformation of mouse C3H lOTlj2 cells.
Unused new, re-refined and used crankcase oils induced transformation in Syrian hamster
embryo cells4.
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MOPP AND OTHER eOMBINED eHEMOTHERAPY INCLUDING
ALKYLATING AGENTS (Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
ln 1972, roughly five years after the introduction of intensive combined chemotherapy

for Hodgkin's disease, the first report of subsequent acute nonlymphocytic leukaemia
(ANLL) appearedl. Since then, investigators in more than 15 clinical centres and
collaborative treatment groups in Europe and North America have performed a series of
studies leading to the conclusion that the association is probably causaL.

These studies are not easily compared with one another. The groups and subgroups of
study subjects differ in distribution by age, stage at diagnosis, timing of initial therapy (both
radiological and chemotherapeutic), interval between diagnosis and intensive chemo-
therapy, composition of the chemotherapeutic regimen and length of follow-up. Further,
the methods of counting and allocating patients or person-years at risk, the criteria for
diagnosis, the method of validating the separate identity of a second malignancy, the

kajo
Rectangle



MOPP AND OTHER COMBINED CHEMOTHERAPY 255

'unexposed' group used as a reference standard, the method of statistical analysis, and the
index used to summarize risk differences vary greatly from study to study. FinaIly, the
extent to which such specifie details are clearly described in the published reports is also
variable.

N onetheless, these reports are consistent in describing a strongly increased risk of ANLL
after intensive treatment with combined chemotherapeutic regimens, particularly those
containing alkylating agents. The most recent reports2-18 describe a total of over 11 000
patients, reported roughly a decade after diagnosis, among whom more than 170 cases of
ANLL have thus far occurred. About one-quarter ofthese patients had received no intensive
combined chemotherapy, yet aU but a few leukaemia cases have occurred among those
patients who did. Summary estimates of the relative risk of ANLL after intensive
chemotherapy (relative to reasonably appropriate healthy populations) have been calcu-
lated to vary from 911 through 404,10 to weIl over 1006,9,16, precluding meaningful

comparisons between studies, and estimates of the absolute (actuarial) risk observed in the
first ten years range from 2_3%3,4,10,14 through 5_6%5,7-9,12 to 9- 10%2,13, again prec1uding

direct comparisons between estimates. Observed variations in both relative risk and
actuarial risk are probably due to differences in both methodology and exposure.

Although cases of leukaemia have been observed after radiotherapy in the absence of
chemotherapy for Hodgkin's disease, the magnitude of the risk ratio is much lower, and may
not even be elevated6,19. ln contrast, the risk for ANLL is consistently high after
chemotherapy even in the absence of radiation7-9. Although few untreated patient-years
have been analysed recently, the relative absence of ANLL as an observed sequel of
Hodgkin's disease prior to the era of intensive combined regimens20,21, the absence of any

relationship to histological subtype13, and the appearance of ANLL during complete
remission5 emphasize the etiological role of chemotherapy, although interactions with stage
of disease, with radiation or with factors important in the pathogenesis of Hodgkin's disease
itself cannot be ruled out completely.

The only specifie drug combination that has been used with sufficient frequency that it
can be clearly linked to ANLL is MOPP (nitrogen mus tard (see p. 269), vincristine (see

p. 372), procarbazine (see p. 327) and prednisone (see p. 326)), although several reports
describe excess cases not attributable to MOpp9,11,14,16, and excesses of ANLL have
appeared after treatment with other alkylating agent-containing combinations. The

predominance of combined chemotherapy also precludes the identification of risk from
individual constituents. Preliminary experience does indicate that risk for ANLL may be
lower with some specifie combinations, such as ABVD (adriamycin, bleomycin, vinblastine
and dacarbazine )14,22,23.

Solid tumours, especially non-Hodgkin's lymphomaslO,24-27 and lung cancer3,6,12,28,29,
but including sarcomas, melanoma, malignancies of the central nervous system and
carcinomas of the thyroid and gastrointestinal system, have also been reported in
abundance after combined chemotherapy for Hodgkin's disease3,6,7,10,12,29-32, but compar-
isons of observed to expected frequencies have not yielded consistent results. ln contrast to
leukaemia, solid tumours are more common in the general population, increase rapidly in
frequency with age (and therefore the passage of time after treatment), are more diverse in
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known etiology, and are considered to appear with greater frequency after intensive
radiotherapy6. Moreover, they are observed to appear with increasing frequency only after
longer average duration of follow-up32. Some reports have shown increased risk after
intensive chemotherapylO, and the plausibility of a relationship is further suggested by
multiple case reports of second malignancies that are unusual because of their rarity, either
at an age33 or on an absolute basis9,24,31. At present, it would appear that solid tumours occur
among survivors of Hodgkin's disease in excess of the expected frequency; but, because too
few patients have been followed into the second decade after treatment, it is too early to
determine whether the increase can be better attributed to chance or to factors other than
chemotherapy32.

Combined chemotherapy containing alkylating agents for non-Hodgkin's Iymphoma
may also lead to ANLL34-37, although the reports are not consistent and the documentation
is less complete.

Treatment of nonhaematological malignancies may also cause second tumours, but
most reported cases have occurred after the use of single agents38, and combination
regimens are less commonly used. Intensive combination therapy inc1uding alkylating
agents for small-cell carcinoma ofthe lung39,40, and possibly for cancer of the testis41, may

increase the risk for ANLL.

B. Evidence for carcinogenicity to animaIs (inadequate)

No data on MOPP were available to the Working Group. Combined treatment with
cyc1ophosphamide (see p. 182), methotrexate (see p. 241) and 5-fluorouracil (see p. 210)
induced carcinogenic responses in several organs in rats42. See also the summaries of data on
individual compounds: adriamycin (see p. 81), bleomycins (see p. 134), chlorambucil (see
p. 144), cyc1ophosphamide, 5-fluorouracil, methotrexate, nitrogen mustard (see p. 269),
prednisone (see p. 326), procarbazine hydrochloride (see p. 327), vinblastine sulphate (see
p. 371) and vincristine sulphate (see p. 372).

C. Other relevant data

For data on genetic and related effects, see the summaries on individual compounds,
listed above.
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MUSTARD GAS (SULPHUR MUSTARD) (Group 1)

A. Evidence for carcinogenicity to hum ans (sufficíent)

The mortality of British and American veterans who were exposed to mustard gas
during the First World War has been compared with that of other veterans who experienced
respiratory infections; the effect of smoking could not be directly controlled for in either
group. Cumulative lung cancer risk was not affected in UK veterans and was only modestly
elevated (relative risk, 1.5, compared with the effect of cigarette smoking, roughly 10) in US
veterans! .

ln contrast, mustard gas production workers in Japan during the Second World War
have been found to have experienced an increase in the proportion of deaths attributed to
lung cancer (three fold) compared to the local population!,2, and especially in respiratory
cancer (40 fold) in comparison with the general population!. Although sophisticated
analytical methods were not used, the prevalence of smoking appeared to be comparable in
the exposed and unexposed groups, and there was increased risk with increased duration of
exposure3. British workers engaged in mus tard gas production during the Second W orld
War have also been followed up. Among 511 individuals, 11 cases of cancer (nine of the
larynx and two of the pharynx) were identified, whereas one would have been expected4.
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B. Evidence for carcinogenicity to animaIs (limited)

Mustard gas was tested for carcinogenicity in mice, producing lung tumours after its
inhalation or intravenous injection and local sarcomas after its subcutaneous injection 1.

C. Other relevant data

M us tard gas is a bifunctional alkylating agents. No data were available on its genetic and
related effects in humans.

Evidence of covalent binding to cellular DNA, RNA and protein in vivo was obtained in
mice injected intraperitoneally with 3sS-labelled mustard gas. It induced chromos omal
aberrations and DNA damage in rodent cells in vitro and mutation in mouse lymphoma
cells in vitro and in a host-mediated assay. It induced aneuploidy, heritable translocations,
dominant lethal mutations and sex-linked recessive lethal mutations in Drosophila. It was
mutagenic to fungi and induced DNA damage in bacterias.
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I-NAPHTHYLAMINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
An excess occurrence of bladder cancer was observed in workers who had been exposed

to commercial 1 -naphthylamine for five or more years who had not also been engaged in the
production of2-naphthylamine or benzidine. However, commercial I-naphthylamine made
at that time may have contained 4-10% 2-naphthylamine (see p. 261)1. Among a cohort of
906 men employed for at least one year between 1922 and 1970 in a dyestuffs plant in Italy, a
considerable excess of bladder cancer deaths (27 observed, 0.19 expected) was observed
among 151 workers involved in the manufacture of 1- and 2-naphthylamine and benzidine
(see p. 123)2. A case-control study of bladder cancer in the UK showed a significant,
exposure-related increased risk for dyestuffs workers. I-Naphthylamine was plausibly
concerned, but it was not possible to single out any compound from the combined exposure
to arylamines3.
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ln view of the contamination of the commercial product and the mixed nature of the
exposures investigated, it is not possible to assess the carcinogenicity of 1 -naphthylamine
alone.

B. Evidence for carcinogenicity to animais (inadequate)
I-Naphthylamine was tested for carcinogenicity in mice, hamsters and dogs by oral

administration and in newborn mice by subcutaneous injection. No carcinogenic effect was
observed following oral administration to hamstersl or dogsl,4,5 or in a lung adenoma
bioassay in mice6. Inconclusive results were obtained after oral administration to adult mice
and after subcutaneous injection of newborn micel.

C. Other relevant data
No data were available on the genetic and related effects of 1 -naphthylamine in humans.
I-Naphthylamine did not induce micronuclei in bone-marrow cells of mice treated in

vivo; it induced DNA strand breaks in mice, but not in rats. I-Naphthylamine increased the
incidence of chromosomal aberrations in cultured rodent cells, but the results for sister
chromatid exchanges, mutation and DNA damage were inconclusive; no cell trans-
formation was induced in Syrian hamster embryo cells. It did not induce sex-linked
recessive lethal mutations in Drosophila. It induced aneuploidy but not mutation in yeast;
results for mitotic recombination were conflcting. It was mutagenic to bacteria7.
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2-NAPHTHYLAMINE (Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
Case reports and epidemiological studies conducted independently in the 1950s and

1960s showed that occupational exposure to 2-naphthylamine, either alone or as an

impurity in other compounds, is causally associated with the occurrence of bladder cancerl.
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Two studies in the USA examined cancer incidence and mortality in a group of chemical
workers exposed mainly to 2-naphthylamine. ln one, a remarkable and significantly
increased incidence of bladder cancer was found (13 observed, 3.3 expected), which was not
explained by smoking habits2. Investigation of mortality failed to pinpoint this increased
risk and suggested an excess of oesophageal cancer, which, however, was not considered to
be associated with the occu pational exposure3. Two reports on one occupational population
at a dyestuffs plant in Italy documented a very high bladder cancer risk linked specifically to
2-naphthylamine production (6 deaths observed, 0.04 expected) and a clear exposure-
response relationship of the risk to exposures in the plant4,s. Incidence studies from Japan
dealing with exposure to both 2-naphthylamine and benzidine (see p. 123) showed

apparently increased risks of cancer of the urinary tract and bladder and, possibly, an
increased occurrence of second primary cancers at several sites, including the liver6-8. Case
reports and ecological studies also documented the relationship between exposure to
2-naphthylamine, as weIl as to benzidine, and bladder cancer risk9,io. 2-Naphthylamine was
most probably involved in the exposure to aryl amines reported in a UK study as producing
a significantly increased bladder cancer risk, whieh was not accounted for by smoking
habitsll .

B. Evidence for carcinogenicity to animaIs (suffcíent)

2-Naphthylamine was tested for carcinogenicity by oral administration in many animal
species and by the mouse-Iung adenoma bioassay. Following its oral administration, it
induced bladder neoplasms in hamstersl, dogsi,12-l4 and nonhuman primatesl, and liver
tumours in micel. A low incidence ofbladder carcinomas was observed in rats after its oral
administrationls. ln a lung-adenoma bioassay in mice by intraperitoneal injection, 2-naph-
thylamine produced positive resultsl6.

C. Other relevant data
No data were available on the genetic and related effects of 2-naphthylamine in humans.
Mice and rabbits treated with 2-naphthylamine had increased incidences of sister

chromatid exchanges; micronuclei were not induced in bone-marrow cells of mice treated
in vivo. 2-Naphthylamine was mutagenic in the mouse spot test and induced DNA strand
breaks in hepatocytes of treated rats. It formed DNA adducts in bladder and liver cells of
dogs in vivo. It induced unscheduled DNA synthesis in human cells in vitro and chro-
mosomal aberrations, sister chromatid exchanges, DNA strand breaks and unscheduled
DNA synthesis in rodent cells in vitro. Equivocal results were obtained for mutation, but it
caused morphological transformation in Syrian hamster embryo and virus-infected rat
cells. 2-Naphthylamine induced aneuploidy in Drosophila, but equivocalresults were found
for sex-linked recessive lethal mutations. It caused aneuploidy, mutation and mitotic
recombination in yeast and was mutagenic to plants and bacterial7.
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I-NAPHTHYLTHIOUREA (AN TU) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Cases of bladder tumours have been reported among rat catch ers exposed to ANTU

(containing up to 0.2% 2-naphthylamine (see p. 261))1.
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B. Evidence for carcinogenicity to animais (inadequate)

ANTU was tested for carcinogenicity in mice and rats by administration in the diet. The
studies were considered to be inadequate for evaluation2.

C. Other relevant data
No data were available on the genetic and related effects of ANTU in humans. It did not

induce unscheduled DNA synthesis in rat hepatocytes in vitro. It was mutagenic to
bacteria3.

References
1 Davies, J.M., Thomas, H.F. & Manson, D. (1982) Bladder tumours among rodent operatives

handling ANTU. Br. med. J., 285,927-931
2/ARC Monographs, 30, 347-357, 1983
3/ARC Monographs, Suppl. 6,415-416, 1987

NieKEL AND NieKEL eOMPOUNDS (Group 1*)

A. Evidence for carcinogenicity to humans (suffcient)
Early epidemiological studies of populations of workers in nickel refineries in different

countries c1early demonstrate excess incidences of cancers of the nasal ca vit 

Y and lung and,
possibly, excesses of cancer ofthe larynx. Although the carcinogen(s) could not be specified,
the cancer hazards seemed to be associated primarily with the early stage of nickel refining.
Nickel carbonyl was considered unlikely to be involved, while nickel subsulphide and nickel
oxide emerged as the strongest candidatesl.

Later reports from Canada and the USA confirmed the increased risks for lung and
sinonasal cancers carried by exposure during nickel refining operations, where the primary
exposure was to nickel sulphides (including subsulphide) and nickel oxides2-4. The early
studies of nickel refinery workers in Wales (UK) and Norway were extended and updated.
Amongworkers in South Wales, the elevated risks for cancers of the lung and nasal sinuses
persisted until 19305. For both lung cancer (137 cases before 1925) and nasal cancer (56 cases
before 1925), the increased risk was significantly associated with employment in calcining
and at furnaces and with copper sulphate and nickel sulphate production6,7. ln Norway, the
highest incidence rates for cancers of the respiratory organs occurred among workers
employed in roasting, smelting and electrolysis departments. The increased incidence of
nasal cancers (21 cases; relative risk, 26.3) exhibited a very steep decrease with more recent

-This evaluation applies to the group of chemIcals as a whole and not necessarily to ail individual chemicals within the group (see
also Methods, p. 38). After the meeting of the W orking Group, the Secretariat became aware of epidemiological and experimental
studies in progress on the carcinogenicity of nIckel and nickel compounds.
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year of first employment; the incidence of lung cancer (82 cases; relative risk, 3.7) gave no
indication of a consistent decrease during the period 1916-1959. A slight, statistically
nonsignificant excess of laryngeal cancer (5 cases observed, 2.4 expected) was also
reported8,9.

Reports of an increased occurrence of lung cancer among nickel smelting workers have
also come from New Caledonia, Slovakia and the USSRIO-16.

There have been three case reports of cancers of the respiratory tract in workers who
were involved in nickel plating and grinding operationsl.

Three investigations that examined the possible cancer risk associated with exposure to
nickel and nickel compounds in nickel alloy plants showed no significant increase in
mortality from cancerI7-19. ln one ofthese, excess mortality from lung cancer was noted in
maintenance workers; however, it was unc1ear whether the risk was directly associated with
nickel exposuresl8. W orkers at a gaseous diffusion plant who were exposed to high-purity
met allie nickel powder did not exhibit any increase in mortality from respiratory-tract
cancers20,21. An incidence study at a hydrometallurgical nickel refining plant in Canada did

not indicate an increased risk of cancer. Exposure was to metallic nickel and nickel
concentrate dust22.

Other investigations have addressed more complex and mixed exposure conditions and
thus provide little evidence to evaluate the specifie role of nickel and nickel compounds23-3o.

The association of specifie types of cancer with nickel exposure has also been examined
by means of case-control investigations. One study of cancer of the larynx supported an
association with nickel exposure31, but another did not32. Studies of sinonasal cancer and
lung cancer yielded contradictory results; all suffered from inadequate description of the
exposure to nickeP3-36. ln one of these35, the risk was high in welders with nickel exposure
(relative risk, 3.3, 95% confidence interval, 1.2-9.2); however, exposure to nickel com-
pounds was so highly correlated with the presence of chromium that the observed exposure
to nickel could have reflected a confounding effect of chromium (see p. 165). A study at, an
aircraft-engine factory showed no association between lung cancer deaths and exposure to
nickel oxides, sulphate, chloride or alloys37.

It is stil not possible to state with certainty which specifie nickel compounds are human
carcinogens, and whieh are not. A large amount of evidence has accrued that nickel refining
carries a carcinogenic risk to workers. The risk is particularly high in those exposed during
certain processes, mainly entailing exposure to nickel (sub)sulphides and oxides. The lung
and nasal sinuses are the most clearly established target organs.

B. Evidence for carcinogenicity to animaIs (suffcient)
Nickel subsulphide produced malignant tumours in rats after its inhalationl or

intramuscularl ,38,39, intrarenaI4o,41, intratesticular42 or intraocular43 administration and
after its insertion into heterotransplanted tracheas44; it also produced local sarcomas in mice
and rabbits after intramuscular administrationl,45-47. Nickel powder, nickel oxide,
hydroxide and carbonate, nickelocene and nickel-iron sulphide matte produced local
sarcomas in mice, rats, hamsters and rabbits when given intramuscularlyl,38,48. Intravenous
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administration of nickel carbonyl increased the incidences of various tumours in ratsl, and
inhalation of nickel carbonyl produced a low incidence oflung tumours in ratsl. Nickelous
acetate administered intraperitoneally to mice produced an excess of lung adenomas and
carcinomas49. Nickel sulphide produced renal tumours in rats when injected intrarenally5o.

With few exceptions, the nickel compounds tested produced sarcomas andj or
carcinomas at the tissue sites where they were deposited. Bioavailability and persistence in
the tissues appear to be important in nickel carcinogenesis.

C. Other relevant data

Studies of the uptake, content and release of nickel in nasal mucosa indicate that
workers exposed to water-insoluble nickel salts (e.g., roasting and smelting workers) retain
more nickel than those exposed to soluble compounds (e.g., electrolysis workers). Nickel
accumulated during active work is retained in the mucous membrane for years after
retirement5 1 -53.

W orkers exposed to nickel in one refinery had slight excesses of chromos omal
aberrations (mainly gaps) in their peripheral lymphocytes, but no increase in the incidence
of sister chromatid exchanges was seen54.

Nickel compounds did not induce dominant lethal mutations in mice. Soluble nickel
compounds caused DNA strand breaks and cross-links in rats treated in vivo, and particles
of crystallne niekel sulphide bound to DNA in Chinese hamster cells in vitro. Nickel
compounds were weakly active in inducing chromosomal aberrations and sister chromatid
exchanges in human lymphocytes and rodent cells in vitro. They induced transformation in
several rodent cell systems in vitro. Particles of crystallne nickel sulphides induced

mutation in a protozoan. ln general, negative results were obtained in bacterial mutation
assays; nickel compounds induced prophage in bacteria. Insoluble nickel compounds
bound to isolated DNA54.
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NITROGEN MUS TARD (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
No epidemiological study of nitrogen mustard as a single agent was available to the

Working. Group. However, it is the principal alkylating agent in leukaemogenic combi-
nation chemotherapy given for Hodgkin's disease, and other alkylating agents are clearly

~.,"-~..__._.-
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leukaemogenic (see p. 254). The many case reports of cancer following topical application of
nitrogen mustard cannot be interpreted with certainty because concurrent treatment with
radiation and other potent drugs has been the rule rather than the exception, and

occasionally such associations would be expected by chance.

Squamous-cell carcinomas of the skin following long-term topical application of
nitrogen mustard alone or in combination with systemic therapy for mycosis fungoidesl-4

and psoriasiss-7 have been observed to appear on skin surfaces not exposed to the sun.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Nitrogen mustard, administered mainly as the hydrochloride, has been tested for carcino-
genicity in mice and rats by subcutaneous, intravenous and intraperitoneal administration
and by skin painting. It produced mainly lung tumours and lymphomas in mi ce after
subcutaneous, intravenous and intraperitoneal administration. Intravenous injection of
nitrogen mustard to rats induced tumours in different organs8. Application by skin painting
produced local tumours in mice in a dose-dependent manner9,lO.

C. Other relevant data
Nitrogen mustard is a bifunctional alkylating agent. ln one study, it induced chro-

mosomal aberrations in lymphocytes of treated patients!!.
Nitrogen mustard induced dominant lethal mutations and induced micronuclei in

bone-marrow cells of mice exposed in vivo and alkylated DNA of ascites cells in exper-
imental animaIs treated in vivo. It induced chromos omal aberrations, sister chromatid
exchanges and unscheduled DNA synthesis in human cells in vitro. ln rodent cells in vitro, it
induced sister chromatid exchanges, chromos omal aberrations and DN A damage; studies

on the induction of mutation were inconclusive. It transformed mouse C3H lOTlj2 cells.
Nitrogen mustard induced aneuploidy and somatic mutation and recombination in
Drosophila, chromosomal aberrations in plants, mitotic recombination and mutation in
fungi, and mutation and DNA damage in bacterialI.
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oeHRATOXIN A (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Incidence of and mortality from urothelial urinary-tract tumours have been correlated

with the geographical distribution of Balkan endemic nephropathy in Bulgaria and
Yugoslavia. A relatively high frequency of contamination of cereals and bread with
ochratoxin A has been reported in an area of Yugoslavia where Balkan endemic

nephropathy is present. No report of a direct association between ochratoxin A and human
cancer is availablel.

B. Evidence for carcinogenicity to animais (limited)
When ochratoxin A was administered in the diet of mice for 24 months, renal adenornas

and carcinomas were observed in males and sorne hepatocellular carcinomas were observed
in females in one study2 andhepatomas and renal-cell tumours in male miee in another
study3. Other studies by oral administration and studies by subcutaneous injection to mice
and rats were inadequate in terms ofthe numbers of animaIs used and survival rates!.

C. Other relevant data
No data were available on the genetic and related effects of ochratoxin A in humans.
Ochratoxin A did not induce sister chromatid exchanges in bone-marrow cells of

Chinese hamsters treated in vivo or mutation in rodent cells treated in vitro; conflcting
results were obtained for induction of unscheduled DNA synthesis in rodent hepatocytes.
Ochratoxin A did not induce mutation in yeast or bacteria4.
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OESTROGENS, PROGESTINS AND COMBINATIONS

1. INTRODUCTORY REMARKS

IARC Monographs Volume 2II should be consulted for a general discussion of sex
hormones and cancer. The principles considered in that volume remain applicable.
Attention is drawn to specifie points previously noted therein as 'General Conclusions on
Sex Hormones':

'Steroid hormones are essential for the growth, differentiation and function of many
tissues in both animaIs and humans. It has been established by animal experimentation that
modification of the hormonal environment by surgical removal of endocrine glands, by
pregnancy or by exogenous administration of steroids can increase or decrease the
spontaneous occurrence of tumours or the induction of tumours by applied carcinogenic
agents.... The incidence of tumours in humans could be altered by exposure to various
exogenous hormones, singly or in combination. '

These statements make explicit the facts that oestrogens and progestins occur naturally,
and that the hormonal milieu and dose-effect relationships are generally inextricably
involved in the carcinogenic effects of oestrogens and progestins.

ln this section, we describe the human epidemiology, carcinogenicity studies in animaIs,
and other relevant data for oestrogens and progestins alone and in combination. The human
epidemiological data reflect the patterns of use of oestrogens and progestins and their
combinations in medical practice, i.e., the available information concerns specifie products
used for particular indications. Although man y of the products have the same constituents
(or a similar c1ass of constituents), doses vary among products and the compounds and
doses have changed over time. The operating principle is to determine the ability of the
chemical to produce cancer or other genetic and related effects without the strictures of
mode of human use or the magnitude of the doses. Thus, there is a basic incongruity between
the human data and the animal carcinogenicity data. As noted earlier, however, the effects
of these chemicals in humans appear, at least in most cases, to be linked to the hormonal
mileu.

ln this section, the current status of'evidence for carcinogenicity to humans'is described
only for diethylstilboestrol, oestrogen replacement therapy, medroxyprogesterone acetate,
sequential oral contraceptives, combined oral contraceptives and oestrogen-progestin
replacement therapy. There is little evidence that various oestrogens and progestins differ in
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their effects on cancer risk when the effect is an oestrogenicj progestinic effect, and the
reader should therefore consult the descriptions of other oestrogens and progestins.

The reader should also be aware that diethylstilboestrol, dienoestrol, hexoestrol and
chlorotrianisene are nonsteroidal oestrogens, and their carcinogenic effects may not be due
solely to their oestrogenic action.

Reference
¡IARC Monographs, 21, 131-134, 1979

II. OESTROGENS

NONSTEROIDAL OESTROGENS (Group i *)

Evidence for carcinogenicity to humans (suffcient)

Diethylstilboestrol (Group i)

A. Evidence for carcinogenicity to hum ans (sufficient)
Diethylstilboestrol (DES) causes c1ear-cell adenocarcinoma of the vagina and cervix in

women exposed in utero. There is sufficient evidence that administration of oestrogens for
the control of symptoms of the climacteric is causalIy related to an increased incidence of
endometrial carcinoma; DES is no different from other oestrogens in this respectl.

There is also c1ear evidence that administration of DES in large doses during pregnancy
increases the subsequent risk of breast cancer and that DES increases the risk of testicular
cancer in males exposed in utero.

ln four folIow-up studies2-s of exposed and nonexposed groups of women, the possible
effects of DES exposure during pregnancy on subsequent breast cancer risk have been
evaluated. AlI have shown an increased risk in exposed women. Two were randomized
trials2,3. ln one2, there were 32 (4.6%) breast cancers among 693 women exposed to an
average total dose of 12 g DES, and 21 (3.1%) breast cancers among 668 control (placebo)
women. ln the other3, there were four (5.0%) breast cancers among 80 women exposed to an
average total dose of DES of 16 g (plus ethisterone, average total dose, 14 g), compared to
none of 76 controls; alI 156 women were diabetie. ln two studies, an exposed group and a
'matched' unexposed group were followed Up4,S. One4 showed 1 18 (4.4%) breast cancer cases
in 2680 women exposed to a mean DES dose of 5 g, and 80 (3.1%) among 2566 control
women. The others similarly showed 38 (2.5%) breast cancer cases among 1531 women
exposed to amean DES dose of2g, and 24(1.7%) cases amongthe 1404 control women. The
overall relative risk from these four studies is 1.5 (p = 0.001).

A further group of 408 DES-exposed women (median dose, 1.5 g) was followed up, and
the eight breast cancer cases found were contrasted to the 8.1 cases expected on the basis of

.This evaluation applies to the group of chemicals as a whole and not necessarily to aIl individual chemicals within the group (see
also Methods, p. 38).
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local breast cancer incidence rates6. Ifthis study is considered together with the four studies
described above, the overaH relative risk is 1.4 (p = 0.0016).

ln aH five papers2-6, the possibilty is discussed that there may be a long (15-20 years)
'latent' period before the first 'DES-induced' breast cancer would be seen. Clear evidence
was found in a study4 in which there was no difference in the breast cancer rates of exposed
and nonexposed women until 22 years after exposure, but an increasing difference
thereafter. Similarly, in another study3, there was no case in the exposed group in the first 18
years after exposure. ln a further study5, the relative risk was 1.3 before age 50 and 1.7
thereafter; and, in another6, three cases were reported with 5.1 expected before age 50 and
five cases versus 3.0 expected thereafter. ln contrast, however, a randomized study2 showed
11 exposed cases and five nonexposed cases during the first 15 years offollow-up, compared
to 21 exposed cases and 16 nonexposed cases thereafter. Further data are required to settle
this issue.

The four foHow-up studies2-5 of exposed and nonexposed women also inc1uded
information on other possibly 'hormone-related' cancers. The occurrence of endometrial
cancer was not increased in any study. The study2 of 693 women exposed to DES and 668
controls showed increases in the occurrence of cancer of the ovary (4 exposed, 1

nonexposed), cancer of the cervix (7 exposed, 3 nonexposed) and cancer of the colon-
rectum (2 exposed, 1 nonexposed); there was also a risk for cancer at these sites in the study
of 1531 women exposed to DES and 1404 controls5 (6 exposed, 2 nonexposed; 9 exposed, 6
nonexposed; 11 exposed, 7 nonexposed for the three sites, respectively). A third study4
showed, in contrast, no elevation of rates for cancer at any other site, and there were seven
deaths from cervical cancer in the control group and none in theexposed group, suggesting
that matching in the control group was 'inadequate'; the authors could not ide 

nt if y the
matching problem, and, in particular, they found that the two groups were weH matched on
educational leveL. The data are too few to draw any firm conclusions.

A greater frequency of abnormalities of the reproductive tract has been found in males
exposed prenataHy to DES in comparison with nonexposed controls, although the data are
few. Cryptorchidism, a major risk factor for testicular cancer, is one of the associated
lesions1. Cancer of the testis has been investigated in five case-control studies of fetal
exposure to DES7-1I. One7 showed that 5.1% (4j78) of cases and 1 % of controls had been
exposed to hormones (in aH likelihood DES) for bleeding; the seconds similarly found that
5.8% (11 j 190) versus 2.3% (7 j 304) had had such exposure; the third9 found 1.9% (2j 108)
versus 0 (Oj 108) exposed to DES; the fourthlO found 1.0% (2j202) versus 1.0% (2j206)
exposed to DES; and the fifth11 found 1.9% (4j21 1) vers us 0.9% (2j214) exposed to DES.
The combined relative risk is 2.5 (p = 0.014).

A number ofunusual tumours have been reported in women exposed to DES in utero: a
fatal adenocarcinoma of the endometrium at age 2612; a pituitary adenoma at age 1813; an
invasive squamous-ceH carcinoma ofthe cervix at age 21 14; an invasive adenosquamous-cell
carcinoma of the cervix at age 2715; and an ovarian teratoma at age 1216.

There has been no further report to add to the six cases of primary breast cancer in males
with prostatic cancer treated with DES1. A case has been reported of a Leydig-cell tumour
developing in a man treated with DES at 1 mg per day for 2.5 yearsl7. There has been a case
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report of hepatic angiosarcoma in a man treated over a long period with DES for prostatic
cancerl,18, and a second case report of a hepatoma in a prostatic cancer patient treated with
DES at 3 mg per day for 4.5 years (to diagnosis of hepatoma)I,19. Three renal carcinomas
have been reported after exposure to DES for prostatic cancer20,21.

B. Evidence for carcinogenicity to animais (suffcíent)

DES has been tested in mice, rats, hamsters, frogs and squirrel monkeys, producing
tumours principally in oestrogen-responsive tissuesl. Female newborn mice injected with
DES developed epidermoid carcinomas and granular-cell myoblastomas of the cervix and
squamous carcinomas of the vagina22. Mice treated prenatally with DES developed
adenocarcinomas of the uterus, cervix and vagina, epidermoid carcinomas of the uterine
cervix and vagina and ovarian and mammary tumours23-28. Female mice fed diets
containing DES developed cervical and endometrial adenocarcinomas, mammary adeno-
carcinomas, osteosarcomas and mesotheliomas29-33. Mice treated subcutaneously with

DES had a slightly increased incidence oflymphomas and subcutaneous fibrosarcomas34,35.
Prenatal exposure to DES potentiated mammary tumorigenesis in rats given 7, 12-di-
methylbenz( a )anthracene at about 50 days of age36. Rats given DES by subcutaneous pellet
developed mammary and pituitary tumours. When these animaIs were also treated with
X-rays or neutrons, they developed a higher incidence of mammary tumours37-39. ln other
studies (subcutaneous, transplacental, oral), rats treated with DES developed mammary,
hepatic and pituitary tumours40-44. Wh en hamsters were treated prenatally with DES,
females developed endometrial adenocarcinoma, squamous-cell papilomas of the cervix
and vagina, and a mixed Mullerian tumour of the cervix (myosarcoma); in males, a
leiomysarcoma of the seminal vesicles and a Cowper's gland adenoma were found45. Male
hamsters castrated as adults and given DES subcutaneously developed renal tumours46,47.

C. Other relevant data

No data were available on the genetic and related effects of DES in humans.

DES induced chromosomal aberrations in bone-marrow cells of mice treated in vivo,
but data on induction of sister chromatid exchanges and micronuclei were equivocal; it
induced sister chromatid exchanges in one study in rats. Unusual nuc1eotides were found in
kidney DNA following chronic treatment of hamsters with DES. Aneuploidy was induced
in human cells in vitro, but data on induction of sister chromatid exchanges, chromosomal
aberrations and mutation were inconclusive; it induced DNA strand breaks, but not
unscheduled DN A synthesis, except in a single study. Tests for transformation in rat and
Syrian hamster embryo cells gave positive results, while results for mouse cells were
negative. Aneuploidy and DNA strand breaks were induced in rodent cells in vitro, but
results for chromosomal aberrations, mieronuc1ei and sister chromatid exchanges were
equivocal; DES did not induce mutation or unscheduled DNA synthesis, except in a single
study in Syrian hamster embryo cells. It did not inhibit intercellular communication of
Chinese hamster V79 cells. It induced aneuploidy in fungi, but, in most studies, it did not
induce mutation, recombination or gene conversion. It did not induce mutation in a variety
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of bacterial and insect systems, but it was mutage nie in plants. DNA damage was not
induced in fungi or bacteria. DES induced single-strand breaks in bacteriophage DN A in
the presence of a horseradish peroxidase activation system48.
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Dienoestrol

A. Evidence for carcinogenicity to animaIs (limited)
Dienoestrol was tested in female guinea-pigs by subcutaneous injection and in female

mi ce by intravaginal administration. Although these experiments indicated induction of
'uterine tumours' in guinea-pigs and of ovarian tumours in mice, they were regarded as
inadequatel. Renal tumours were produced by administration of a-dienoestrol in male
namsters castrated as adults2,3. ln noninbred rats, dienoestrol given prenatally and neo-
natally did. not increase tumour incidence4.
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B. Other relevant data

No data were available on the genetic and related effects of dienoestrol in humans.
There are two stable stereoisomers of dienoestrol - Z,Z-dienoestrol (cis,cis-dienoestrol,

ß-dienoestrol) and E,E-dienoestrol (trans,trans-dienoestrol, a-dienoestrol). E,E-Dien-
oestrol is the principal constituent of dienoestrol-containing medications, whereas Z,Z-dien-
oestrol is a metabolite of diethylstilboestrol. Z,Z-Dienoestrol induced sister chromatid
exchanges in human fibroblasts in vitro. Z,Z-Dienoestrol, but not E,E-dienoestrol,
transformed cultured hamster cells. Z,Z-Dienoestrol produced single-strand breaks in
hamster cells in the absence of an exogenous metabolic system, whereas both Z,Z- and
E,E-dienoestrol gave weakly positive results in tests for unscheduled DN A synthesis in
hamster cells, only in the presence of a metabolic system. Z,Z-Dienoestrol did not induce
single-strand breaks in bacteriophage DN A in the presence of a horseradish peroxidase
activation system. Z,Z-Dienoestrol and E,E-dienoestrol were not mutagenic to bacteria5.
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Hexoestrol

A. Evidence for carcinogenicity to animais (sufficient)
Hexoestrol was tested for carcinogenicity in intact male hamsters and in males castrated

as adults by subcutaneous implantation as a pellet, producing renal tumours, some ofwhich
were described as renal carcinomas, in 85-100% of tested animalsl-.

B. Other relevant data
No data were available on the genetic and related effects of hexoestrol in humans.

Unusual nuc1eotides were found in kidney DNA of hamsters treated with hexoestrol in vivo.
The compound was not mutagenic to bacteria4.
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Chlorotrianisene

A. Evidence for carcinogenicity to animais (inadequate)
Chlorotrianisene was tested in only one experiment in rats by oral administration. The

data were insufficient to evaluate the carcinogenicity of this compoundl.

B. Other relevant data
No data were available to the Working Group.
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STEROIDAL OESTROGENS (Group i *)

Evidence for carcinogenicity to humans (sufficíent)

Oestrogen replacement therapy (Group i)

A. Evidence for carcinogenicity to humans (sufficíent)
A number of studies, utilizing a variety of designs, have shown a consistent, strongly

positive association between exposure to a number of oestrogenic substances and risk of
endometrial cancer, with evidence of positive dose-response relationships both for strength
of medication and duration of usel. Consistent findings have also been seen in more recent
studies2-16. The rise and fall of incidence of endometrial cancer in several areas of the USA
was compatible with trends in oestrogen usel,15.

Of the 20 epidemiological studies of oestrogen replacement therapy and breast cancer
risk 16-35, nine show a positive relation between oestrogen use and breast cancerl 7-20,22-24,28,33.

The increased risks tend to be small; for example, a 50% increase was found with 20 years of
menopausal oestrogen replacement therapy use24. AlI except one33 of the positive studies
involved use of population controls (eight ofthe nine studies with population controls gave
positive results), and most showed increased risk after prolonged use or after ten or more
years since initial exposure. One study showed a positive association with current oestrogen
use28.

*
This evaluation applies to the group of chemicals as a whole and not necessarily to ail individual chemicals within the group (see

also Methods, p. 38).

kajo
Rectangle



OESTROGENS, PROGESTINS AND COMBINA TIONS
281

One possible reason that studies with hospital controls gave negative results and those
with population controls positive results is that oestrogen replacement therapy may be used
more frequently in hospitalized women than in the general population. However, in two
studies involving use of both hospital and population control groups, one giving positive29

and the other largely negative25 results, similar results were obtained when hospital and
population controls were used to estimate the relative risk. Three of the studies with negative
results26,27,34 probably did not permit the authors to address satisfactorily the question of

long-term use of oestrogen replacement therapy. The large hospital-based study that
showed a positive finding used as controls subjects with a large spectrum of acute conditions
ullelated to any of the known or suspected risk factors for breast cancer33.

One cohort study of 1439 women initially treated for benign breast disease showed
increased risk for women who took exogenous oestrogens after biopsy, but not for those
who had taken them before biopsy. The increased risk in the former group appeared to be
associated with epithelial hyperplasia or calcification in the initial lesion35.
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Conjugated oestrogens

A. Evidence for carcinogenicity to animaIs (limited)

Conjugated oestrogens were tested inadequately in rats by oral administration in one
studyl. ln male hamsters castrated as adults, equilin administered as a subcutaneously
implanted pellet produced renal tumours in 6j8 treated animaIs. ln contrast, d-equilenin
administered similarly did not induce renal tumours2,3.

B. Other relevant data

No data were available on the genetic and related effects of conjugated oestrogens in
humans.

A commercial preparation of conjugated oestrogens did not induce chromosomal
aberrations in human lymphoblastoid cells in vitro or in Chinese hamster V79 cells exposed
in diffusion chambers implanted into mice after oestrogen treatment. It was not mutagenic
to bacteria4.
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Oestradiol-17 ß and esters

A. Evidence for carcinogenicity to animaIs (sufficient)

Oestradiol- 1 7 ß and its esters were tested in mice, rats, hamsters and guinea-pigs by oral
and subcutaneous administration. Administration to mice increased the incidences of
mammary, pituitary, uterine, cervical, vaginal, testicular, lymphoid and bone tumoursl-5. ln
rats, there was an increased incidence of mammary andj or pituitary tumoursl,6. Oestradiol-
17 ß produced a nonstatistically significant increase in the incidence of foci of altered
hepatocytes and hepatic nodules induced by partial hepatectomy and administration of
N-nitrosodiethylamine in rats 7. ln hamsters, a high incidence of malignant kidney tumours
occurred in intact and castrated malesl,8-10 and in ovariectomized females, but not in intact

females1. ln guinea-pigs, diffuse fibromyomatous uterine and abdominal lesions were
o bserved 1 .

B. Other relevant data

No data were available on the genetic and related effects of oestradiol- 1 7 ß in humans.

Oestradiol- 1 7 ß did not indu ce chromos omal aberrations in bone-marrow cells of mi 
ce

treated in vivo. Unusual nucleotides were found in kidney DNA of treated hamsters. It
induced micronuclei but not aneuploidy, chromosomal aberrations or sister chromatid
exchanges in human cells in vitro. ln rodent cells in vitro, it induced aneuploidy and
unscheduled DN A synthesis but was not mutagenic and did not induce DN A strand breaks
or sis ter chromatid exchanges. Oestradiol-17 ß was not mutagenic to bacteria 11.

References

¡IARC Monographs, 21,279-326, 1979

2 Huseby, R.A. (1980) Demonstration of a direct carcinogenic effect of estradio1 on Leydig cells of the

mouse. Cancer Res., 40, 1006-1013

3Highman, B., Roth, S.I. & Greenman, D.L. (1981) Osseous changes and osteosarcomas in mice
continuous1y fed diets containing diethy1stilbestro1 or 17 ß-estradiol. J. natl Cancer Inst., 67,

653-662

kajo
Rectangle



OESTROGENS, PROGESTINS AND COMBINA TIONS 285

4Highman, B., Greenman, D.L., Norvell, M.J., Farmer, J. & Shellenberger, T.E. (1980) Neoplastic

and preneoplastic lesions induced in female C3H mice by diets containing diethylstilbestrol or
17 ß-estradioL. J. environ. Patho/. Toxicol., 4, 81-95

5Nagasawa, H., Mori, T. & Nakajima, Y. (1980) Long-term effects of progesterone or diethyl-
stilbestrol with or without estrogen after maturity on mammary tumorigenesis in mice. Eur. J.
Cancer, 16, 1583-1589

6Inoh, A., Kamiya, K., Fujii, Y. & Y okoro, K. (1985) Protective effects of progesterone and tamoxifen

in estrogen-induced mammary carcinogenesis in ovariectomized W / FU rats. Jpn. J. Cancer
Res. (Gann), 76,699-704

7Yager, J.D., Campbell, H.A., Longnecker, D.S., Roebuck, B.D. & Benoit, M.C. (1984) Enhancement

of hepatocarcinogenesis in female rats by ethinyl estradiol and mestranol but not estradioL.

Cancer Res., 44, 3862-3869

8Li, J.J., Li, S.A., Klicka, J.K., Parsons, J.A. & Lam, L.K.T. (1983) Relative carcinogenic activity of

various synthetic and natural estrogens in the Syrian hamster kidney. Cancer Res., 43,5200-5204

9Li, J.J. & Li, S.A. (1984) Estrogen-induced tumorigenesis in hamsters: roles for hormonal and
carcinogenic activities. Arch. Toxicol., 55, 110-118

lOLiehr, J.G., Stancel, G.M., Chorich, L.P., Bousfield, G.R. & Ulubelen, A.A. (1986) Hormonal
carcinogenesis: separation of estrogenicity from carcinogenicity. Chem.-biol. Interactions, 59,
173-184

IIIARC Monographs, Suppl. 6,437-439, 1987

Oestriol

A. Evidence for carcinogenicity to animaIs (limited)

Oestriol was tested by subcutaneous implantation in castrated mice and in rats and
hamsters. It increased the incidence and accelerated the appearance of mammary tumours
in both male and female mice and produced kidney tumours in hamsters!.

B. Other relevant data

No data were available on the genetic and related effects of oestriol in humans. It did not
induce aneuploidy in cultured lymphocytes from one pregnant woman; results for induction
of sister chromatid exchanges were inconc1usive. No effect was seen in lymphocytes from
one man2.
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Oestrone

A. Evidence for carcinogenicity to animais (sufficient)

Oestrone was tested in mice by oral administration, in mice, rats and hamsters by
subcutaneous injection and implantation, and in mice by skin painting. Its administration
resulted in an increased incidence of mammary tumours in mice, in pituitary, adrenal and
mammary tumours in rats, and in renal tumours in both castrated and intact male
hamsters!. Oestrone implanted subcutaneously as a pellet produced renal tumours in 80% of
treated male hamsters castrated as adults2,3.

B. Other relevant data

No data were available on the genetic and related effects of oestrone in humans. It was
not mutagenic to Chinese hamster ce Ils in vitr04.
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Ethinyloestradiol

A. Evidence for carcinogenicity to animais (sufficient)

Ethinyloestradiol was tested in mice, rats, dogs and monkeys by oral administration and
in rats by subcutaneous injection. ln mice, it increased the incidences of pituitary tumours
and of malignant mammary tumours in both males and females and produced malignant
tumours of the uterus and cervix in females!. ln rats, it increased the incidence of liver-cell
tumours1,2, pituitary chromophobe adenomas2 and mammary adenocarcinomas2,3. Ethinyl-
oestradiol administered as a subcutaneous injection of 

pellets produced a low but increased
incidence of renal tumours in hamsters castrated as adults4,5. ln rats, it induced foci of
altered hepatocytes, a presumed preneoplastie lesion; when administered following initia-
tion of hepatocarcinogenesis with N-nitrosodiethylamine, ethinyloestradiol enhanced the
development of foci of altered hepatocytes and of hepatic nodules6. ln female rats given
partial hepatectomy and treated with N-nitrosodiethylamine, ethinyloestradiol potentiated
the development of foci of altered hepatocytes and of hepatocellular carcinomas7. ln
N-nitrosodiethylamine-initiated rats, ethinyloestradiol increased the number of y-glutamyl
transpeptidase-positive hepatic foci8. Dietary administration of ethinyloestradiol combined
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with subcutaneous injections of 3,2'-dimethyl-4-aminobiphenyl caused a high incidence of
prostatic carcinomas in male rats9. ln rats, ethinyloestradiol significantly enhanced the
development of tumours of the liver and kidneys induced by several agentslO.

B. Other relevant data

No data were available on the genetic and related effects of ethinyloestradiol alone in
humans. See, however, the summary of data for combined oral contraceptives (p. 297).

Ethinyloestradiol did not induce chromos 
omal aberrations in human lymphocytes,

chromosomal aberrations or mutation in Chinese hamster cells or unscheduled DNA
synthesis in rat hepatocytes in vitro. Studies on cell transformation were inconc1usive. It was
weakly active in an assay for inhibition of intercellular communication in Chinese hamster
V79 cells. It did not induce sex-linked recessive lethal mutations in Drosophila or mutation
in yeast and did not induce mutation or DNA damage in bacteriall.
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Mestranol

A. Evidence for carcinogenicity to animais (sufficíent)

Mestranol was tested in mice, rats, dogs and monkeys by oral administration. It
increased the incidence of pituitary tumours and malignant mammary tumours in mice1,2
and increased the incidence of malignant mammary tumours in female rats. Studies in
monkeys were still in progress; although no tumour had been observed after seven years, no
conclusive evaluation could be made1. Feeding of mestranol to rats following partial
hepatectomy and treatment with N-nitrosodiethylamine enhanced the development of foci
of altered hepatocytes and of hepatocellular carcinomas3.. No significant increase in
mammary tumour occurrence was seen in dogs treated with mestranoI5,6.

B. Other relevant data

No data were available on the genetic and related effects of mestranol alone in humans.
See, however, the summary of data for combined oral contraceptives (p. 297).

Mestranol did not induce DNA strand breaks in hepatocytes of rats or chromosomal
aberrations in bone-marrow cells of mice treated in vivo. It did not induce chromosomal
aberrations in human lymphocytes in vitro. It was weakly active in an assay for inhibition of
intercellular communication in Chine se hamster V79 cells. It did not induce unscheduled
DNA synthesis in cultured rat hepatocytes or sex-linked recessive lethal mutations in
Drosophila. It was not mutage nie to bacteria7.
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III. PROGESTINS (Group 2B)

Evidence for carcinogenicity to humans (inadequate)

Medroxyprogesterone acetate (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
The results of one cross-sectional study of the development of breast nodules in women

given medroxyprogesterone acetate was difficult to interpret because of methodological
considerationsl. Two small cohort studies in the USA showed relative risks (and 95%
confidence limits) of breast cancer in women exposed to medroxyprogesterone acetate of
0.69 (0.3- 1.4)2 and 1.1 (0.5-2.4)3, but both included only women with short-term exposure
and limited duration offollow-up. A case-control study of30 women with breast cancer and
179 controls4 yielded a relative risk of 1.0 (no confidence limits given) for use of medroxy-
progesterone acetate at sorne time. Preliminary analyses of a collaborative case-control
study in Thailand, Kenya and Mexico sponsored by the W orld Health Organization5, based
on 427 cases (39 'ever' users) and 5951 controls (557 'ever' users), provided estimates of
relative risk (and 95% confidence limits) for breast cancer of 1.0 (0.7-1.5) in women who
'ever' used medroxyprogesterone acetate, 1.1 (0.7-1.9) for users for 1-12 months, 1.2
(0.7-2.2) for users for 13-36 months and 0.8 (0.4- 1. 7) for users for ;:37 months.

Medroxyprogesterone acetate causes reversible changes in the endometrium, from
proliferative to secretory or suppressed4. ln one small cohort study, one case of uterine
leiomyosarcoma was found, with 0.83 cancers of the uterine corpus expected, giving a
relative risk of 1.2 (0.03-6.7)2. ln the collaborative study5, the estimated relative risk for
endometrial cancer in 'ever' users of medroxyprogesterone acetate was 0.3 (0.04-2.4), based
on 57 cases, only one of which was exposed, and 316 matched controls (30 exposed).

ln one small cohort study2, one ovarian cancer case occurred in a medroxyprogesterone
acetate user, with 1.16 expected, giving a relative risk of 0.86 (0.02-4.6). Preliminary analysis
of data from the collaborative study5, based on 105 cases (seven exposed) and 637 matched
controls (74 exposed) yielded a relative risk for ovarian cancer ofO. 7 (0.3- 1.7) in 'ever' users
of medroxyprogesterone acetate.

The results of two cohort studies of dysplasia and of carcinoma in situ of the uterine
cervix in women given medroxyprogesterone acetate were conflcting and difficult to
interpret because of methodological problemsl. Preliminary results from the collaborative
study5, based on 920 cases of invasive cervical carcinoma (126 exposed to medroxy-
progesterone acetate) and 5833 controls (545 exposed) yielded estimated relative risks of 1.2

(0.9- 1.5) in 'ever' users, after controlling for parity, history of vaginal discharge, age at first
sexual relationship, number of sexual partners, number of prior Pap smears and use of an
intrauterine device and oral contraceptives. Relative risks in users for 1 - 1 2, 13-24,25-60 and
;:61 months were estimated to be 1.4 (1.0-2.0), 1.2 (0.7-2.0), 0.6 (0.4-1.1) and 1.4 (0.9-2.2),
respectively.

Preliminary analyses of data from the collaborative study5 showed the relative risk for
primary liver cancer (aIl histological types combined) in women who had ever used
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medroxyprogesterone acetate to be 1.0 (0.4-2.8), based on 57 cases (seven exposed) and 290
controls (34 exposed).

B. Evidence for carcinogenicity to animaIs (suffcient)

Medroxyprogesterone acetate was tested by intramuscular injection in dogs and by
subcutaneous implantation in mice. It induced adenocarcinomas of the mammary gland in
one study in female mice6, and produced malignant mammary tumours in dogsl. After four
years of intramuscular treatment of dogs with a human contraceptive dose, a dose-related
increase in the incidence of mammary nodules was seen; the incidence of mammary-gland
nodules at that time was comparable with that seen in dogs given progesterone at 25 times
the canine luteal leveF. Female dogs treated with medroxyprogesterone acetate for at least
one year had a significant increase in the incidence of large and small mammary nodules as
compared with control animaIs in one study8, and a dose-related increase in the incidence of
large mammary nodules was found in another after intramuscular administration9.

C. Other relevant data

No data were available on the genetic and related effects of medroxyprogesterone
acetate alone in humans. See, however, the summary of data for combined oral
contraceptives (p. 297). Medroxyprogesterone acetate induced sister chromatid exchanges
in mouse cells in vitro10.

References

¡IARC Monographs, 21, 417-429, 1979
2Liang, A.P., Levenson, A.G., Layde, P.M., Shelton, J.D., Hatcher, R.A, Potts, M. & Michelson,

M.J. (1983) Risk of breast, uterine corpus, and ovarian cancer in women receiving medroxy-
progesterone injections. J. Am. med. Assoc., 249,2909-2912

3Danielson, D.A, Jick, H., Hunter, J.R., Stergachis, A. & Madsen, S. (1982) Nonestrogenic drugs
and breast cancer. Am. J. Epidemiol., 116,329-332

4Greenspan, AR., Hatcher, R.A., Moore, A., Rosenberg, M.J. & 

Ory, H.W. (1980) The association of
depo-medroxyprogesterone acetate and breast cancer. Contraception, 21, 563-569

5Special Programme of Research, Development and Research Training in Human Reproduction

(1986) Depot-medroxyprogesterone acetate (DMP A) and cancer. Memorandum from a WHO
meeting. WHO Bull., 64, 375-382

6Lanari, c., Molinolo, A.A & Pasqualini, C.D. (1986) Induction of mammary adenocarcinomas by

medroxyprogesterone acetate in BALB/ c female mice. Cancer Lett., 33,215-223
7Frank, D.W., Kirton, K.T., Murchison, T.E., Quinlan, W.J., Coleman, M.E., Gilbertson, T.J.,

Feenstra, E.S. & Kimball, F.A (1979) Mammary tumors and serum hormones in the bitch
treated with medroxyprogesterone acetate or progesterone for four years. Fertil. Steril., 31,
340-346

8van Os, J.L., van Laar, P.H., Oldenkamp, E.P. & Verschoor, J.S.c. (1981) Oestrus control and the
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Chlormadinone acetate

A. Evidence for carcinogenicity to animais (limited)

Chlormadinone acetate was tested in mice, rats and dogs by oral administration. ln
dogs, it produced mammary tumours in one studyl and increased the incidence of
mammary-gland hyperplasia and mammary nodules in another2.

B. Other relevant data

No data were available on the genetic and related effects of chlormadinone acetate alone
in humans. See, however, the summary of data for combined oral contraceptives (p. 297).
Chlormadinone acetate did not induce chromosomal aberrations in cultured human
lymphocytes and was not mutagenic to bacteria3.
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Dimethisterone

A. Evidence for carcinogenicity to animais (inadequate)

Dimethisterone was reported to have been tested in monkeys in one study. No increase in
tumour incidence was found 1.

B. Other relevant data

No data were available on the genetic and related effects of dimethisterone in humans. It
did not induce chromos omal aberrations in cultured human lymphocytes2.
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Ethynodiol diacetate

A. Evidence for carcinogenicity to animais (limited)

Ethynodiol diacetate was tested in mice and rats by oral administration. It increased the
incidence of benign liver tumours in male mice and of mammary tumours in castrated male
mice, and produced benign mammary tumours in male ratsl.

B. Other relevant data

No data were available on the genetic and related effects of ethynodiol diacetate alone in
humans. See, however, the summary of data for combined oral contraceptives (p. 297).
Ethynodiol diacetate did not induce sex-linked recessive lethal mutations in Drosophila2.
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17a-Hydroxyprogesterone caproate

A. Evidence for carcinogenicity to animaIs (inadequate)

17 a-Hydroxyprogesterone caproate was tested in rabbits by repeated intramuscular
injection, giving inconc1usive resultsl. It was reported to have accelerated the growth of a
transplantable cervical tumour line in mice2.

B. Other relevant data

No data were available to the W orking Group.
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Lynoestrenol

A. Evidence for carcinogenicity to animaIs (inadequate)

Lynoestrenol was tested by oral administration in mice and rats. It induced a slight
increase in the incidence of benign liver-cell tumours in male mice and of malignant
mammary tumours in female mice. ln female rats, a slight but nonsignificant increase in the
incidence of malignant mammary tumours was 0 bserved after administration of
lynoestrenol1.

B. Other relevant data

No data were available to the Working Group.
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Megestrol acetate

A. Evidence for carcinogenicity to animaIs (limited)

Megestrol acetate was tested by oral administration in mice, rats, dogs and monkeys. It
produced nodular hyperplasia, and benign and malignant mammary tumours in dogs1. No
tumour was reported in monkeys2.

B. Other relevant data

No data were avaIlable on the genetic and related effects of megestrol acetate alone in
humans. See, however, the summary of data for combined oral contraceptives (p. 297).
Megestrol acetate did not induce chromosomal aberrations in cultured human
lymphocytes3.
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N orethisterone

A. Evidence for carcinogenicity to animais (sufficient)

N orethisterone and its acetate were tested by oral administration in mice and rats, and
by subcutaneous implantation in mice. ln mice, norethisterone and its acetate increased the
incidence of benign liver-cell tumours in males; norethisterone increased the incidence of
pituitary tumours in females and produced granulosa-cell tumours in the ovaries offemales.
N orethisterone increased the incidence of benign liver-cell tumours and benign and
malignant mammary tumours in male ratsl. Rats fed 3-4 mgj kg bw per day norethisterone
acetate (about 100 times the daily human dose) for two years had an increased incidence of
neoplastic nodules of the liver; an increase in the incidence of uterine polyps was seen in
females2. ln rats given weekly intramuscular injections for 104 weeks of norethisterone
enanthate at doses of 10, 30 and 100 mgj kg bw (20, 60 and 200 times the daily human
contraceptive dose), there was a dose-related increase in pituitary-gland tumours in males,
whereas in females no effect on pituitary glands was observed with the lowest dose and a
reduction in pituitary tumours was observed with the highest dose. Benign mammary
tumours were observed in males at aIl doses, but there was little effect in females; the
incidence of malignant mammary tumours was greatly increased in both males and females
given the two higher dose levels and was dose-related. A dose-related increase in the
incidence of liver tumours was also seen in animaIs of each sex3.

B. Other relevant data

No data were available on the genetic and related effects of norethisterone alone in
humans. See, however, the summary of data for combined oral contraceptives (p. 297).

Aneuploidy was observed in oocytes of mice treated with high doses of norethisterone
acetate. ln a test for dominant lethal mutations in which female mice were exposed orally to
norethisterone acetate, no increase was seen in one. strain of mice, and a second strain
showed an increase only when females were mated within two weeks after treatment. The
compound did not induce aneuploidy or chromos omal aberrations in cultured human
lymphocytes. Neither norethisterone nor its acetate was mutagenic to bacteria4.
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N orethynodrel

A. Evidence for carcinogenicity to animais (limited)

N orethynodrel was tested by oral administration in mice and rats and by subcutaneous
implantation in mice. It increased the incidence of pituitary tumours in mice of each sex and
that of mammary tumours in castrated males of one strain. It also increased the incidence of
benign andmalignant liver-cell, pituitary and mammary (benign and malignant) tumours in
male ratsl. Feeding of norethynodrel to rats following partial hepatectomy and treatment
with N-nitrosodiethylamine increased the number of l'-glutamyl transpeptidase-positive
hepatic foci at four months, but there was no significant difference by nine months2.

B. Other relevant data

No data were available on the genetic and related effects of norethynodrel alone in
humans. See, however, the summary of data for combined oral contraceptives (p. 297).
N orethynodrel did not induce aneuploidy in human cells in culture or unscheduled DN A
synthesis in rat hepatocytes in vitro. It inhibited intercellular communication in Chinese
hamster V79 cells. The compound was not mutagenic to bacteria3.
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Norgestrel

A. Evidence for carcinogenicity to animais (inadequate)
N orgestrel was tested by oral administration in mice and rats. No increase in the

incidence of tumours was observed in either speciesl.

B. Other relevant data
No data were available on the genetic and related effects of norgestrel alone in humans.

See, however, the summary of data for combined oral contraceptives (p. 297). Norgestrel
gave inconclusive results in tests for sex-linked recessive lethal mutations in Drosophila. It
was not mutagenic to bacteria2.
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Progesterone

A. Evidence for carcinogenicity to animais (sufficient)

Progesterone was tested by subcutaneous and by intramuscular injection in mice,
rabbits and dogs, and by subcutaneous implantation in mice. It increased the incidences of
ovarian, uterine and mammary tumours in mice. Neonatal treatment with progesterone
enhanced the occurrence of precancerous and cancerous lesions of the genital tract and
increased mammary tumorigenesis in female mice1. Dogs treated with progesterone for four
years at one to 25 times the luteal-phase levels for that species developed a dose-related
incidence of mammary-gland nodules2.

B. Other relevant data
No data were available on the genetic and related effects of progesterone in humans.
Progesterone did not induce dominant lethal mutations in mice or chromosomal

aberrations in rats treated in vivo. It did not induce chromos 
omal aberrations or sis ter

chromatid exchanges in cultured human cells, nor chromos omal aberrations or DN A
strand breaks in rodent cells. Studies on transformation of rodent cells in vitro were
inconclusive: a c1early positive result was obtained for rat embryo cells, a weakly positive
result for mouse cells and a negative result for Syrian hamster embryo cells. Progesterone
was not mutagenic to bacteria3.
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iv. OESTROGEN-PROGESTIN COMBINATIONS

SEQUENTIAL ORAL CONTRACEPTIVES (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)
Case reports of endometrial cancer occurring at an unusually young age in users of

sequential oral contraceptives provide evidence that these preparations can cause endo-
metrial cancer!. Three case-control studies have provided the following estimates of the
relative risk (and 95% confidence intervals) for endometrial cancer in women who had used
sequential oral contraceptives: 2.2 (0.6-7.3)2,2.1 (0.8-5.8)3 and (1.9 (0.7-5.3))4. One study2
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showed a relative risk of 7.3 (1.4-38.8) in users of a preparation that contained a relatively
large amount of a potent oestrogen (0.1 mg ethinyloestradiol) and only a weak progestin
(25 mg dimethisterone); another4 showed a relative risk of 4.6 in users of more than two
years' duration. The finding of an increased risk for endometrial cancer in relation to
sequential oral contraceptives is in contrast with a reduction in risk for endometrial cancer
found in association with the use of combined oral contraceptives (see below).

B. Evidence for carcinogenicity to animais (inadequate for dimethisterone in combination
with ethinyloestradiol)

Dimethisterone and oestrogen

When dimethisterone and ethinyloestradiol were given sequentially to female dogs by
oral administration, a few palpable mammary nodules were reported to have occUfred in
treated (4j 16) and in untreated animaIs (2j 16)5.

C. Other relevant data
No adeq uate data were available on the genetic and related effects of seq uential oral

contraceptives in humans. See, however, the summaries of data on individual compounds
commonly found in sequential oral contraceptives: chlormadinone acetate (p. 291),
dimethisterone (p. 291), ethinyloestradiol (p. 286) and mestranol (p. 288).
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51ARC Monographs, 21, 233-255,377-385,1979

COMBINED ORAL CONTRACEPTIVES (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
There is sufficient evidence that combined oral contraceptives cause benign and

malignant liver tumours. There is also conclusive evidence that these agents protect against
cancers of the ovary and endometrium.

Liver cancer
Numerous case reports and series ofhepatic-cell adenomas occurring almost exclusively

in women who had used combined oral contraceptives strongly suggest that such benign
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tumours may result from exposure to these productsl. Two case-control studiesl have
shown that risk of hepatic-cell adenomas increases strongly with duration of use and have
provided estimates of the relative risk in users for more than seven and nine years duration
of 5002 and 253, respectively. The many reports of focal nodular hyperplasia occurring in
users of oral contraceptives could also represent a causal relationship, but these lesions also
occur in men and older women, and no case-control study on these populations has been
conducted.

Reports ofhepatocellular carcinomas occurring in conjunction with liver-cell adenomas
in users of oral contraceptives have been published 1. ln addition, three case-control studies
of hepatocellular carcinomas, one in the USA4 and two in the UK5,6, have shown strong
trends of increasing risk with duration of use. Relative risks (95% confidence limits) in the
three studies in users of more than five, eight and eight years' duration, respectively, were
estimated to be (13.5 (1.2-152.2))4, 7.2 (2.0-25.7)5 and 20.1 (2.3-175.7)4, respectively. When
data for aIl three studies are combined, relative risks of2.5 (1.1-5.5) and 10.0 (3.7-27.2) in
'ever' users and us ers for more than five to eight years (depending on the study) were derived
by the W orking Group. Although aIl three case-control studies of liver cancers and oral
contraceptives are small and have methodological deficiencies that could have resulted in
biased results, the magnitude of the relative risks and the consistency of the results provide
strong evidence that the results are not spurious. Case reports of cholangiocarcinoma in
users of oral contraceptives have also been published, but one case-control study of 1 1 cases6

showed no association with use of oral contraceptives ((relative risk, 0.3 in women who ever
used oral contraceptives; 0.9 in us ers of four or more years))

Ovarian cancer

Ten case-control studies have provided the following estimates of the relative risk (95%
confidence limits) for ovarian cancer in women who had ever used combined oral
contraceptives: 0.6 (0.3- 1. 1 r, (0.7 (0.4- 1. i ))8,0.8 (0.4- 1.5)9,0.5 (0.2- 1.5)10,0.6 (0.4- 1.0)11, 0.7

(0.4-1. 1)12, 0.4 (0.2-1.0)13, 0.6 (0.4-0.9)14, 0.6 (0.4-0.9)15 and 0.6 (0.4-1.0)16. Six of these
studies assessed risk in relation to duration of use, and five provide at least some evidence
that the risk declines with years of exposure, although this trend is less striking than that for
endometrial cancer (see below). Relative risks in women who had used combined oral
contraceptives for up to or more than five, five, seven and nine years were found in four
different studies to be 0.3 (0.1-0.8)14, 0.4 (0.2-0.6)15, 0.6 (0.3-1.4)8 and 0.4 (0.2-1.3)".

Endometrial cancer

Five case-control studies have provided the following estimates of the relative risk (95%
confidence limits) for endometrial cancer in women who had ever used combined oral
contraceptives: 0.5 (0.1-1.0)17, 0.4 (0.2-0.8)18, 0.4 (0.2-1.2)19, 0.5 (0.3-0.8)20 and 0.6 (0.2-
1.3)16. Three oftheseI8-20, and two others21,22, assessed risk in relation to duration of use, and
aIl showed a decline in risk with duration of exposure. Relative risks in users of five or more
years' duration were estimated in two studies to beO.3 (0.1-1.3)19 and 0.6 (0.4-0.9)20, and one

study showed a relative risk of O. i 22 in women with six or more years of use.
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Cervical cancer
Four case-control studies23-26 of cervical squamous dysplasia provide estima tes of

relative risk in women who had ever used combined oral contraceptives ranging from 1.2 to
3, and the lower limit of the 95% confidence limits of two of the estimates was greater than
1.0. Relative risks (95% confidence limits) from three cohort studies were (5.0 (1.2-20.8))1,
1.5 ((0.8-2.6))27 and 1.1 ((0.8-1.7))28. Relative risks for squamous dysplasia were found to
increase with duration of use in tw024,26 of three case-control studies in which risk in relation

to length of exposure was considered, and those for women who had used oral
contraceptives for more than four years were found in two cohort studies to be (4.9
(1. 1 -2 1.8)1) and 2.0 (( 1. 1 -3.6))27.

Four case-control studies of cervical carcinoma in situl,23-25 provide estimates of relative
risk in women who had ever used combined oral contraceptives ranging from 0.6 to 1.125,
with 95% confidence limits that include 1.0; but one additional such study yielded an
estimated relative risk of (1.6 (1.2-2.0))1, and estimates from three cohort studies were (3.7

(1.5-9.0))1, 1.6 ((0.8-3.0))27 and 1.2 (0.8-1.7)28. One case-control study showed a strong
increase in risk for carcinoma in situ with duration of use24, but two others did notl,25.

Relative risks in users of more than four years' duration were estimated in two cohort studies
to be (5.4 (2.1-13.7))1 and 1.7 ((0.9-3.2))27. Another cohort studyl showed the risk of
progression from dysplasia to carcinoma in situ to be six times greater in users than in
nonusers of oral contraceptives.

Three case-control studies of invasive cervical cancer yielded relative risks in women
who had ever used combined oral contraceptives of 1.2 (1.0-1.4)29,1.5 (1.1-2.1)30 and 1.7

(0.8-3.6)16; and three cohort studies gave incidence rates of invasive cervical cancer per 1000
women years in users and nonusers of oral contraceptives of 0.20 and 027, O. 15 and 0.0731 and
0.12 and 028. AlI three case-control studies also showed that risk increased with duration of
use; and the two in which relative risks were assessed in women who had used oral
contraceptives for more than five years gave vaiues of 1.5 (1.1-2.1)29 and (1.9 (1.3-2.7))30.

There is evidence that one or more sexualIy transmitted, infective agents play an
important role in the development of cervical cancer. Since ihis agent(s) has not been
unequivocally identified, and, in particular, was not considered in the studies under review,
surrogate measures were used to reflect degree of sexual activity and to adjust for this. Any
observed effect of oral contraceptives on risk of cervical cancer may therefore be
confounded by an association of oral contraceptive use with exposure to the putative
infective agent. Since the specifie factor by which the analysis should be adjusted is not
known, the W orking Group considered that adjusting for age at first intercourse and
number of sexual partners may not be sufficient to remove the confounding and, therefore,
that they could not regard a causal association of oral contraceptives and cervical cancer as
proven.

Breast cancer
Relative risks for breast cancer in women who had ever used combined oral

contraceptives have been assessed in 18 case-control studiesl,16,32-43 and in seven cohort
studies1,44-47. AlI provide point estimates of relative risk close to unit y, with 95% confidence
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intervals that include 1.0. Six case-control studies have provided estimates of the relative
risk in women who had used combined oral contraceptives for more than a decade:
four36,39,4o,43 yield relative risks between 0.7 and 1.1 with 95% confidence limits that included
1.0 in users of ten or more years' duration; another48 provides a relative risk estimate of 2.2
(1.2-4.0) in users of 12 or more years' duration; and one42 gives a relative risk of 0.6 (0.4-0.9)
in women who had used oral contraceptives for 15 or more years. Eight case-control
studiesI6,36-38,40,42,43,8 and two cohort studies44,45 give estimated relative risks for breast

cancer ten or more to 20 or more years after initial exposure to combined oral contracep-
tives, and aIl are close to 1.0, with 95% confidence intervals that include unity. Eleven
case-control studies have assessed risk for breast cancer among women who had used
combined oral contraceptives before their first full-term pregnancy. The results are
inconsistent, six studies39,40,43,47,9,50 showing no significant elevation in risk, three34,37,51

showing a significant trend of increasing risk with duration of use, and tw048,52 showing an

increased risk without a significant trend. The reasons for these discrepant findings have not
been identified. Five case-control studies have assessed risk in women who had used
combined oral contraceptives before 25 years of age. The initial study ofthis issue showed a
strong trend of increasing risk with years of use before age 2553. A subsequent study from
Sweden54 showed a relative risk of 3.3 in women who had ever used oral contraceptives at
age 20-24, but ascertainment of prior use was not comparable for cases and controls,
rendering this finding suspect. Another study from Norway and Sweden48 gave a relative
risk of 2.7 in women who had used oral contraceptives for eight or more years before the age
of25, but the confidence limits for this included 1.0 (0.7-11.0), and no consistent trend of
increasing risk with duration ofuse was observed. The fourth study, from New Zealand43,
showed a nonsignificant (p = 0.4) trend of declining risk with duration of use before age 25
and estimated the relative risk in users of six or more years to be 0.6. The fifth study50 gave
relative risks of 1.0 to 1.3 in six categories of duration ofuse (':12, 13-48 and ):48 months in
women less than 20 and in women 20-24 years of age) but no trend of increasing risk with
duration of use. Risk was also initially reported to be particularly enhanced by use before
age 2553 of oral contraceptives with a high progestogen potency, but the authors'
classification has been disputed; and results from a large collaborative study in the USA do
not confirm their findings50.

Other tumours

The relative risk for malignant melanoma in women who had ever taken oral
contraceptives has been estimated in eight case-control1,55-61 and three cohort55,62,63 studies.
Values from aIl the case-control studies were close to unit y , with 95% confidence limits that
included 1.0. Values from the three cohort studies were 0.3 (O. 1-0.8)55,1.5 (0.7-2.9)62 and 3.5

(1.4-9.0)63. The reasons for these widely discrepant results are unknown. Trends of in-
creasing risk with duration of use have been observed in some investigations but not in
others. The two case-control studies in which analyses were performed to estimate the
relative risk in users of more than tw056 and five59 years' duration, ten or more years after
initial exposure, showed elevated risks of 2.3 (0.8-6.9) and 1.5 (1.0-2.1), respectively. Two
case-control studies showed trends of increasing risk specifically for supedicial spreading
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melanoma with increasing duration of use57 ,60, although a third did not63. Also, two studies
have shown relative risks for superficial spreading-type melanoma to be increased in users of
five or more years' duration after latent periods of over ten59 and 1257 years: (1.6 (1.0-2.6))

and 4.4 (2.0-9.7), respectively.

Two case-control studies and two prospective studies have shown no increase in risk for
pituitary adenomas1,64,65.

W omen who took oral contraceptives after evacuation of a hydatidiform mole were
reported in one studyl subsequently to have developed trophoblastic tumours more
frequently than women who had used other methods of contraception after a molar
evacuation, but this was not confirmed in another investigation66.

A single case-control study showed a reduction in risk for carcinomas of the colon and
rectum with duration of use of combined oral contraceptives67, but two cohort studies
showed no alteration in risk for these neoplasms in users63,68.

A protective effect of combined oral contraceptives against both fibroadenoma and
fibrocystic disease of the breast has been found in many investigations1,63,69-72, although a
single recent study found an increase in risk for the latter condition in postmenopausal
women73. One study showed no protective effect of oral contraceptives against fibrocystic
disease with atypical histological features1, but one subsequent investigation did70.

A reduction in risk for retention cysts of the ovary has been documented in two cohort
studies and in one case-control studyl. A reduction in risk for uterine leiomyoma has been
documented in one case-control study74.

B. Evidence for carcinogenicity to animaIs (sufficient for norethynodrel in combination
with mestranol; limited for chlormadinone acetate in combination with mestranol or
ethinyloestradiol, for ethynodiol acetate in combination with mestranol or ethinyl-
oestradiol, for megestrol acetate in combination with ethinyloestradiol, for norethisterone
in combination with mestranol or ethinyloestradiol, for progesterone in combination with
oestradiol- 17 ß, and for investigational contraceptives; inadequate for lynoestrenol in
combination with mestranol and for norgestrel in combination with ethinyloestradiol)

Chlormadinone acetate and oestrogens

Chlormadinone acetate, in combinat ion with mestranol, was tested for carcinogenicity
by oral administration to mice; an increased incidence ofpituitary tumours was observed in
animaIs of each sex. Oral administration of chlormadinone acetate in combination with
ethinyloestradiol to mice resulted in an increased incidence of mammary tumours in intact
and castrated males75.

Ethynodiol diacetate and oestrogens
Following oral administration of ethynodiol diacetate plus mestranol to mice, increased

incidences of pituitary tumours were observed in animaIs of each sex. Ethynodiol diacetate
plus ethinyloestradiol was tested for carcinogenicity by oral administration to mice and rats.
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ln mice, it induced increased incidences of pituitary tumours in animaIs of each sex and of
malignant tumours of connective tissues of the uterus. ln rats, malignant mammary
tumours were produced in animaIs of each sex76.

Lynoestrenol and oestrogens

Lynoestrenol, in combination with mestranol, was tested in mice and female rats by oral
administration. A slight, nonsignificant increase in the incidence of malignant mammary
tumours was observed in female mice77.

Megestrol acetate and oestrogens

Megestrol acetate plus ethinyloestradiol was tested for carcinogenicity by oral
administration to mice and rats. ln mice, increased incidences of malignant mammary
tumours were observed in animaIs of each sex. No increase in tumour incidence was

observed in rats78.

Norethisterone and oestrogens

N orethisterone acetate plus ethinyloestradiol was tested for carcinogenicity by oral

administration to mice, rats and monkeys. ln mice, pituitary tumours were observed in
animaIs of each sex. ln rats, increased incidences of benign mammary tumours were found
in males in one study and ofbenign liver-cell and mammary tumours in animaIs of each sex
in the other79. Norethisterone acetate plus ethinyloestradiol administered oraHy to rats
induced endometrial carcinomas80. Oral administration of norethisterone acetate plus
ethinyloestradiol to female rats for 12 months resulted in hyperplastic nodules of the liver in
aH animaIs and a hepatocellular carcinoma in one (preliminary results)81. Norethisterone
acetate and ethinyloestradiol given orally to monkeys for ten years did not produce
malignant tumours82.

N orethisterone plus mestranol was tested for carcinogenicity in mice and rats by oral
administration. ln mice, pituitary tumours developed in animaIs of each sex. ln rats, an
increased incidence of malignant mammary tumours was found in females. N orethisterone
plus ethinyloestradiol, tested in mice by oral administration, induced an increased incidence
of pituitary tumours in females79.

Norethynodrel and oestrogens

Norethynodrel in combination with mestranol was tested for carcinogenicity in mice,
rats, hamsters and monkeys orallyand by subcutaneous implantation. Increased incidences
of pituitary, mammary, vaginal and cervical tumours were found in female mice and of
pituitary tumours in male mice. ln castrated male mice, the combined treatment resulted in
an increase in the incidence of mammary tumours. ln rats, benign liver-cell tumours were
observed in males and pituitary tumours and malignant mammary tumours in animaIs of
each sexe A study of hamsters was of too short a duration to be considered for evaluation.
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The combined treatment given to Macaca mulatta monkeys for five years did not increase
the incidence of mammary tumours83.

Norgestrel and oestrogens

N orgestrel plus ethinyloestradiol was tested for carcinogenicity in mice and rats by oral
administration. No increase in the incidence of tumours was observed in either species84.

Progesterone and oestrogen

N eonatal exposure of mice to progesterone plus oestradiol- 1 7 ß resulted in an increased
incidence of mammary tumours85.

lnvestigational oral contraceptives
Three investigational oral contraceptives (ethynerone, chloroethynyl norgestrel or

anagestone acetate plus mestranol) were tested for carcinogenicity by oral administration to
dogs. An increased incidence of malignant mammary tumours was 0 bserved after treatment
with chloroethynyl norgestrel plus mestranol or with anagestone acetate plus mestranol; no
difference in the total number of mammary-gland nodules was observed with these two
contraceptives. One dog given ethynerone plus mestranol had 14 malignant mammary
fibrosarcomas86.

C. Other relevant data
The results reported ln the available studies relate to a variety of different oral

contraceptives.
Several studies showed no increase in the incidence of structural chromosomal changes

in lymphocytes taken from women after oral contraceptive use (norethisterone with
mestranol or ethynodiol diacetate with mestranol). ln contrast to an earlier report, no
increase in the incidence of sister chromatid exchanges was observed in 52 women ta king
oral contraceptives as compared with 63 controls when results were adjusted for smoking87.

No significant difference in the frequency of abnormal karyotypes or in sex ratio was
seen in a study of spontaneous abortuses of women who had taken oral contraceptives; the
contraceptives used were norgestrel, norethisterone acetate or medroxyprogesterone
acetate in combination with ethinyloestradiol; or ethynodiol diacetate, megestrol acetate or
Iynoestrenol in combination with mestranol. Similarly, a large cohort study showed no
increase in risk for chromos omal anomalies in live births and abortuses of oral contra-
ceptive users87.

High doses of one oral contraceptive (lynoestrenol and mestranol) administered to two
strains of female mice induced dominant lethal mutations, whereas high doses of another
(norethisterone and ethinyloestradiol) did not. ln a later report using even higher doses of
the oral contraceptive that induced dominant lethal mutations and another (norethisterone
acetate and ethinyloestradiol), the same authors reported no increase in the incidence of
dominant lethal, recessive lethal or visible mutations in mice. Combinations of progestins
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(norethynodrel and ethynodiol diacetate) and oestrogens (mestranol and ethinyloestradiol)
did not induce sex-linked recessive lethal mutations in Drosophila87.
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OESTROGEN-PROGESTIN REPLACEMENT THERAPY (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Progestins, when administered for at least ten days per 28-day oestrogen replacement

therapy cycle, prevent adenomatous hyperplasia, a precursor of endometrial carcinoma,
and cause regression of pre-existing adenomatous hyperplasia in some patientsl. When
administered alone, progestins are effective in the treatment of carcinoma in situ of the
endometrium2 and of more advanced disease3,.

Progestins increase the conversion of oestradiol- i 7 ß to oestrone, a biologically less
active oestrogen5, and they reduce the concentration of oestrogen receptors6. Maximal
mitotic activity in the endometrium occurs during the follcular phase of the cycle; luteal-
phase progesterone effectively stops mitotic activity and causes differentiation of endo-
metrial ce Ils to a secretory state7.

kajo
Pencil

kajo
Pencil

kajo
Pencil



OESTROGENS, PROGESTINS AND COMBINA TIONS
309

Support for a protective effect of progestins against endometrial cancer risk is obtained
from the results of studies of the effects of oral contraceptives on endometrial cancer risk
(see p. 298). Case-control studies have consistently shown that, whereas ingestion of
sequential oral contraceptives containing an oestrogen alone throughout most of the
menstrual cycle increases risk, ingestion of combined oral contraceptives, in which each pil
contains an oestrogen and a progestin, substantially decreases risk.

The effect of progestins on the breast is markedly different from that on the
endometrium. Endometrial cancer risk is considerably reduced with combined oral
contraceptives (see p. 298), but there is no evidence of a reduced risk of breast cancer, even
after long periods of combined oral contraceptive use8. Maximal mitotic activity in breast
tissue occurs during the luteal phase of the normal menstrual cycle in the face of maximal
progesterone levels9. These results concerning the effects of combined oral contraceptives
suggest strongly that progestins do not have an antioestrogen, anticancer effect on the
breast. A number of studieslO-12 have addressed the relationship between oestrogen-
progestin replacement therapy and cancer, but in each instance either the small size of the
study or apparently inadequate study design or data analysis prevent conclusions from
being drawn.

B. Other relevant data

No data were available to the Working Group.
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PHENAeETIN (Group 2A) and
ANALGESie MIXTURES eONTAINING PHENACETIN (Group 1)

A. Evidence for carcinogenicity to humans (limited for phenacetin; sufficíent for analgesic
mixtures containing phenacetin)

There have been many case reports of renal pelvic and other urothelial tumours in
patients who had used large amounts of phenacetin-containing analgesicsl-3. Case-control
studies have been consistent in showing a positive association between cancer of the renal
pelvis and cancer of the bladder and use of phenacetin-containing analgesics, with relative
risks varying from 2.4 to over 6; these associations have not been explained by confounding
with other causes of urothelial cancer, and, where looked for, a positive dose-response

relationship has been evidentI4-19. ln one studyl4, use of nonphenacetin-containing anal-
gesics appeared to increase the risk of cancer of the renal pelvis to the sa me extent as did
phenacetin-containing analgesics. This result was not obtained in other studiesls,17,18.

B. Evidence for carcinogenicity to animais (sufficíent for phenacetin; limited for analgesic
mixtures containing phenacetin)

Phenacetin given orally induced benign and malignant tumours of the urinary tract in
mice20 and ratsl,21 and of the nasal cavity in rats!. When given in combination with aspirin
and caffeine to rats or mice, no significant association was found with the incidence of
tumoursl. ln rats, phenacetin alone or in combination with phenazone slightly increased the
incidences of renal-cell and renal-pel vic tumours; rats treated with phenacetin, phenazone
and caffeine in combination developed hepatomas22. Also in rats, phenacetin enhanced the
incidence of urinary bladder tumours induced by N-nitrosobutyl-N-(4-hydroxybutyl)-
aminel, and prevented the induction of hepatocellular carcinomas by 2-acetylamino-

fluorene23.

C. Other relevant data
No data were available on the genetic and related effects of phenacetin in humans.
The results of studies on the induction of chromosomal aberrations, sister chromatid

exchanges and micronuclei in rodents treated with phenacetin in vivo were equivocaL.

Phenacetin induced chromos omal aberrations in Chinese hamster cells in vitro but not
DNA strand breaks in rat hepatocytes. It did not induce sex-linked recessive lethal
mutations in Drosophila. Phenacetin was mutagenic to bacteria when tested in the presence
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of a metabolic system derived from hamster but not mouse or rat liver. The urine from
phenacetin-treated Chinese hamsters, but not that from rats, was mutagenic to bacteria24.
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PHENAZOPYRIDINE HYDROCHLORIDE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
ln one limited epidemiological study, no significant excess of any cancer was observed

among 2214 patients who received phenazopyridine hydrochloride and were followed for a
minimum of three yearsl.

B. Evidence for carcinogenicity to animais (suffcíent)
Oral administration of phenazopyridine hydrochloride increased the incidence of

hepatocellular adenomas and carcinomas in female mice and induced tumours of the colon
and rectum in ratsl.

C. Other relevant data
No data were available on the genetic and related effects of phenazopyridine

hydrochloride in humans. It did not induce sex-linked recessive lethal mutations in
Drosophila and was not mutagenic to bacteria2.
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PHENELZINE SULPHATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A liver angiosarcoma was reported in one person who had taken phenelzine sulphate for
six years preceding tumour diagnosisl.
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B. Evidence for carcinogenicity to animaIs (limited)

When phenelzine sulphate was administered to mice in drinking-water for life,
incidences oflung and blood-vessel tumours were significantly increased in female but not in
male animaIs 1 .

C. Other relevant data

No data were available on the genetic and related effects of phenelzine sulphate in
humans. It did not induce DNA strand breaks in mice treated in vivo. ln bacteria, it was
mutagenic and induced DNA damage2.
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PHENOBARBITAL (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
Phenobarbital has been associated with increased frequencies of several cancersl.

Excesses of brain tumours have been reported in studies of epileptics, most of whom were
treated with phenobarbital, often in combination with other drugs2,3. The role of

anticonvulsant therapy in the origin of these brain tumours is not c1ear, however, since the
tumours may have been the precipitating cause or secondary to the cause ofthe epilepsy. ln
the largest study2., there was an almost 1 2-fold excess ofbrain tumours in the first ten years
offollow-up (45 observed, 3.8 expected), but this decreased with duration offollow-up to 1.3
(2 observed, 1.5 expected) 30 or more years following admission. A case-control study
involving 84 children with brain tumours5 showed a two-fold increase in the incidence of
these tumours associated with prenatal or childhood exposure to barbiturates (mostly
phenobarbitaI6). ln a study of 1 1 169 matched case-control pairs of childhood cancers and
controls, epilepsy was reported by 39 mothers of cases and 22 mothers of controls (20 and
12, respectively, having used phenobarbital). The number of brain tumours among the 39
cancers was not reported7.

Lung cancer was reported in excess in 5834 members of a prepaid health plan prescribed
phenobarbital during 1969-1973 and followed to 1976. The standardized mortality ratio
(SMR) was 1.5 (95% confidence interval, 1. 1-1.9). Excesses were also found in us ers of
pentobarbital sodium and secobarbital sodium. When users of the three drugs were
considered together, the excess oflung cancer was found in both men and women, appeared
to be accounted for only partly by cigarette smoking and persisted when cases diagnosed
during the first two years of follow-up were excluded. There was no apparent relation with
duration ofuse8. Small increases in lung cancer incidence were also observed in two cohort
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studies of epileptics3,, 'Iargely ascribable to tobacco' in one study4, although the effects of
smoking were not studied. ln the larger of the tw04, the SMR was 1.3 (1.0-1 .6); in the other3,
it was 1.4 (0.9-2.1).

Liver cancer occurred in ex cess in the larger cohort study of epileptics4 (SMR, 3.8
(2.7-4.9)). However, ten of the 13 observed cancers occurred in individuals exposed to
thorotrast. Histology was available for ni ne of these: two were reported to be haemangio-
sarcomas, four, cholangiocarcinomas, one, a hepatocellular carcinoma, and two, adeno-
carcinomas2. ln the other cohort study with data available3, no primary liver tumour was
observed although 0.6 cases of cancer of the liver and gall-bladder were expected.

B. Evidence for carcinogenicity to animais (sufficíent)
Phenobarbital produced benign and malignant hepatocellular tumours in mice and

hepatocellular tumours in rats after its oral administrationl,9,1O. Experiments with mice and
rats in which phenobarbital was studied for its promoting activity included comparison
groups given phenobarbital alone. Oral administration of phenobarbital enhanced the
incidences of liver tumours induced in mice by N-nitrosodimethylamine11 or N-ethyl-N-
nitrosourea12 and of benign and malignant liver tumours induced in rats by 2-acetylamino-
fluorene13-16 N-nitrosodiethylamine17,ls 2-methyl-N N-dimethyl-4-aminoazobenzene19, " ,
benzo(a)pyrene20, cycasin21, N-hydroxy-N-formyl- or -acetylaminobiphenyl22, N-nitroso-
N-( 4-hydroxybutyl)butylamineI6 or N-nitrosomorpholine23. ln rats, oral administration of
phenobarbital in combination with DDT resulted in a high incidence of liver tumours24.
Phenobarbital enhanced the development ofthyroid tumours25,26 and ofliver foci26 induced
in rats by N-nitrosodi(2-hydroxypropyl)amine and enhanced the incidences of liver foci,
thyroid adenocarcinomas and forestomach carcinomas induced in rats by N-methyl-N-
nitrosourea27.

C. Other relevant data
No data were available on the genetic and related effects of phenobarbital in humans.
Neither phenobarbital nor its sodium salt induced sister chromatid exchanges,

chromosomal aberrations, micronuc1ei or sperm abnormalities in mice treated in vivo.
Phenobarbital induced chromosomal aberrations and mutation but not sister chromatid
exchanges in cultured human cells. Both positive and negative results were obtained for
transformation in rodent ce lis in vitro. Phenobarbital enhanced transformation of vIrus-
infected rat embryo cells initiated with 3-methylcholanthrene in a two-stage transformation
assay. It induced sister chromatid exchanges and chromosomal aberrations in cultured
Chinese hamster celIs, but not in cultured rat liver celIs; micronuclei and aneuploidy were
not induced in Chinese hamster cells. Phenobarbital induced mutation in Chinese hamster
celIs, but conflicting or negative results were obtained in other rodent cells. Phenobarbital
and its sodium salt did not induce DN A strand breaks, and phenobarbital did not induce
unscheduled DNA synthesis, in cultured rodent cells. Phenobarbital inhibited intercellular
communication in human hepatoma cells and both phenobarbital and its sodium salt did so
in rodent systems. Phenobarbital induced neither somatic mutation nor recombination in
Drosophila; the sodium salt did not induce sex-linked recessive lethal mutations.
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Phenobarbital induced aneuploidy but not mutation or gene conversion in fungi.
Conflcting results were obtained concerning the mutagenicity of these compounds in
bacteria 28.
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PHENYLBUTAZONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Cases ofleukaemia have been reported in patients following phenylbutazone therapyl,2,

but their significance cannot be evaluated, given the widespread use of phenylbutazonel. No
significant ex cess ofleukaemia or other malignancy was observed during 1969- 1 976 among
3660 members of a prepaid health plan prescribed phenylbutazone during 1969-19733. ln a
case-control study of 409 patients with leukaemia or lymphoma and a subset of 127 patients
with myelocytic leukaemia, who were compared with equal numbers of hospital controls
and with a second control series of members of a prepaid health plan, prior use of
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phenylbutazone was more frequent in cases than in members of the health plan (relative risk,
1.26; 95% confidence interval, 0.86- 1.86). This appeared to be explained by an association of
musculo-skeletal disease with these cancers. There was no c1ear association between the
amount or duration of phenylbutazone therapy and risk ofleukaemia4. ln a cohort study of
489 patients with rheumatoid arthritis, followed for an average of 12.2 years, seven patients
developed non-Hodgkin's Iymphoma compared to 0.29 expected from regional rates
(relative risk, 24.1 (20.4-27.9)), two developed Hodgkin's disease, one, a chronic Iymphatic
leukaemia and one, an acute myeloid leukaemia. A study of hospital charts indicated that
60% ofthose with malignancies had received phenylbutazone compared to 3% of 

the wholecohort; however, the author considered it likely that far more than 3% of the whole cohort
had received phenylbutazone. Those patients with malignancies had also received other
drugs: 40% had received gold, 20%, steroids and 10%, chloroquine, but none had received
cytotoxic agents or radiotherapy. Further, 30% were believed not to have received any of

these agents (inc1uding phenylbutazone)5. Lymphoproliferative mal 

ignan ci es have beenrecognized as a complication of other immune disorders, and it is possible that phenyl-
butazone therapy did not play a causal role in this study.

B. Evidence for carcinogenicity to animaIs

No data were available to the Working Group.

C. Other relevant data

ln one study of patients given high doses of phenylbutazone, no chromosomal aber-
ration was found in bone-marrow cells6.

Phenylbutazone did not induce dominant lethality, micronuclei or chromos 

omal anom-
alies in bone-marrow cells of mice treated in vivo. It induced chromos 

omal aberrations in
cultured Chinese hamster fibroblasts, but did not induce sis 

ter chromatid ex changes orchromosomal aberrations in cultured human cells. Phenylbutazone was not mutagenic to
bacteria 6.
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N-PHENYL-2-NAPHTHYLAMINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
No excess of bladder tumours was found among men in a rubber processing factory with

known exposure to N-phenyl-2-naphthylamine (which contained small amounts of2-naph-
thylamine (see p. 261)); however, a study of rubber workers who were not exposed to
2-naphthylamine did show an increased incidence of bladder tumours. ln the latter study,
the men were exposed to several compounds, which probably included N-phenyl-2-naph-
thylaminel.

B. Evidence for carcinogenicity to animais (limited)
N-Phenyl-2-naphthylamine was tested for carcinogenicity by oral administration in

mice, rats, hamsters and dogs. No carcinogenicity was reported in most experimentsl-4. ln
one experiment, the total tumour incidence and the incidence of hepatocellular tumours
were increased in male mice of one strain 1. ln another experiment, two rare kidney tumours
were seen in female mice2. Subcutaneous administration to mice increased the total tumour
incidence! and the incidences of lung5 and liver neoplasmsl. Repeated subcutaneous
injection after previous unilateral nephrectomy in mice resulted in a significant increase in
the total tumour incidence and in the incidences ofhaemangiosarcomas ofthe kidney and of
carcinomas of the lung6,7. Following exposure of mice by inhalation in one study, lung
carcinomas were reported8.

C. Other relevant data
There is sorne evidence from one study of 19 human volunteers that up to 0.03% of a

single lü-mg dose of N-phenyl-2-naphthylamine is converted to 2-naphthylamine. Simi-
larly, the urine of workers exposed to N-phenyl-2-naphthylamine was found to contain
2-naphthylamine, indicating that N-phenyl-2-naphthylamine is dephenylated in the human
body!. No data were available on the genetic effects of N-phenyl-2-naphthylamine in
humans. It was reported not to be mutagenic to bacteria9.
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PHENYTOIN (Group 2B)

A. Evidence for carcinogenicity to humans (limited)

Cases of cancer, mainly neuroblastoma, were reported in ten children under the age of
four years who had been diagnosed as having an unusual constellation of congenital
abnormalities (fetal hydantoin syndrome) thought to be induced by prenatal exposure to
phenytoin or who had just received prenatal exposure to phenytoinl-9. Although the
number of patients is small, the concordance of rare events suggests that phenytoin may be a
transplacental carcinogen in humans. There is also one report of malignant mesenchymoma
in an 18-year-old patient with phenytoin-associated malformations 10. ln a large case-control
studyll of II 169 pairs of childhood cancer cases (about 8% of which would have been
neuroblastomasl2) and matched controls, epilepsy was reported among the mothers of 39
cancer cases compared with 22 controls (relative risk (RR), i. 77 (95% confidence interval,
1.02-3.10)). Review of available antenatal records indicated that 37% of case mothers had
used phenytoin during pregnancy (RR, 1.57 (0.56-4.48)) and 67% had used phenobarbital
(RR, 1.67 (0.78-3.62)).

There have been a number of case reports of lymphomas among individuals receiving
phenytoinl,13-21 with or without other antiepileptic drugs. No significant excess of lym-

phoma, however, was reported in two follow-up studies of epilepsy patients: the observed
and expected numbers oflymphoma-Ieukaemia were 23 and 23.7 in the larger survey22, and
6 and 4.7 in the smaller survey23. An excess of brain and other neurological tumours d uring
1969- 1 976 (8 observed, 0.5 expected) was reported among 954 people prescribed phenytoin
during 1969- 1 97324. The excess is similar to that reported among epileptics (see summary of
data on phenobarbital, p. 313) and may reflect the underlying disease rather than use of 

thedrug per se. There was also no appreciable excess of phenytoin use in cases of Hodgkin's
disease in a small case-control study25.

B. Evidence for carcinogenicity to animaIs (limited)
Phenytoin and its sodium salt have been tested for carcinogenicity in mice by oral and

intraperitoneal administration, producing lymphomas and leukaemiasl,26,27. The effects of
oral administration varied with the strain of mouse: no effect was observed in the resistant
C3Hfstrain; in the C57BL strain, thymielymphomas were produced in 12% oftreated mice,
starting at about eight months of age, as compared with 4% in control mice starting at about
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18 months of age; 25% of SJLj J mice had thymic Iymphomas early in the study, but late in
the study the majority of both treated and control SJLj J mice had extrathymic tumours26.
The experiments were complicated by the use of a liquid diet. Studies by oral administration
in rats were considered to be inadequate1.

C. Other relevant data

Conflicting results have been obtained concerning the induction of sister chromatid
exchanges in patients treated with phenytoin; no increase in the incidence of chromosomal
aberrations was found28.

Phenytoin induced sperm abnormalIties and micronuc1ei but not dominant lethal
mutations in mice treated in vivo; it did not induce chromos omal aberrations in bone-
marrow cells of rats. It did not induce chromosomal aberrations in cultured human
lymphocytes. It enhanced virus-induced transformation of Syrian hamster embryo cells and
was a weak inhibitor of intercellular communication in Chinese hamster V79 cells.
Phenytoin induced prophage but was not mutagenic to bacteria28.

References

¡IARC Monographs, 13,201-225, 1977
2Seeler, R.A, Israel, J.N., Royal, J.E., Kaye, C.I., Rao, S. & Abulaban, M. (1979) Ganglioneuro-

blastoma and fetal hydantoin-alcohol syndromes. Pediatries, 63, 524-527
3Allen, R.W., Jr, Ogden, B., Bentley, F.L. & Jung, AL. (1980) Fetal hydantoin syndrome,

neuroblastoma and hemorrhagie disease in a neonate. J. Am. med. Assoc., 244, 1464-1465
4Ehrenbard, L.T. & Chaganti, R.S.K. (1981) Cancer in the fetal hydantoin syndrome. Lancet, ii,97

5Taylor, W.F., Myers, M. & Taylor, W.R. (1980) Extrarenal Wilms' tumour in an infant exposed to
intrauterine phenytoin. Lancet, ii, 481-482

6Jimenez, J.F., Brown, R.E., Seibert, R.W., Seiberg, J.J. & Char, F. (1981) Melanotie neuro-
eetodermal tumor of infaney and fetal hydantoin syndrome. Am. J. pediatr. Hematol.j Oncol.,
3, 9-15

7Ramilo, J. & Harris, V.J. (1979) Neuroblastoma in a ehild with the hydantoin and fetal alcohol
syndrome. The radiographie features. Br. J. Radiol., 52, 993-995

8Bostrom, B. & Nesbit, M.E., Jr (1983) Hodgkin disease in a ehild with fetal alcohol-hydantoin
syndrome. J. Pediatr., 103, 760-762

9Lipson, A & BaIe, P. (1985) Ependymoblastoma associated with prenatal exposure to diphenyl-
hydantoin and methylphenobarbitone. Cancer, 55, 1859-1862

IOBlattner, W.A, Henson, D.E., Young, R.C. & 
Fraumeni,J.F., Jr(1977) Malignantmesenehymoma

and birth defects. Prenatal exposure to phenytoin. J. Am. med. Assoc., 238, 334-335

IISanders, B.M. & Draper, G.J. (1979) Childhood cancer and drugs in pregnancy. Br. med. J., i,

717-718
12Bithell, J.F. & Stewart, AM. (1975) Pre-natal irradiation and childhood malignaney: a review of

British data from the Oxford survey. Br. J. Cancer, 31, 271-287

I3Isobe, T., Horimatsu, T., Fujita, T., Miyazaki, K. & Sugiyama, T. (1980) Adult T-eell lymphoma
following diphenylhydantoin therapy. Acta haematol. jpn., 43, 711-714

kajo
Rectangle



POL YBROMINA TEO BIPHENYLS 321

14Creixenti, J.B., Porta, F.S., Xarau, S.N., Marin, E.S. & San Miguel, J.G. (1980) Hodgkin's disease
following treatment with hydantoins. Report of a case and review of the literature (Sp.). Med.
clin. (Barce/ona), 75, 24-26

15Aymard, J.P., Lederlin, P., Witz, F., Colomb, J.N., Faure, G., Guerci, O. & Herbeuval, R. (1981)

Multiple myeloma after phenytoin therapy. Scand. J. Haemato/., 26, 330-332
16Gabrys, K., Medras, E., Kowalski, P. & Gola, A. (1983) Malignant lymphoma in the course of

antiepi1eptic therapy (PoL.). Po/sk. Tyg. Lek., 38,505-507
17Guerin, J.M., Tibourtine, O., Segrestaa, J.M., Nemeth, J. & Wassef, M. (1983) Hodgkin's disease in

an epileptic treated with hydantoins (Fr.). Presse méd., 12, 1491

18Gyte, G.M.L., Richmond, J.E., Williams, J.R.B. & Atwood, J.L. (1985) Hairy cellieukaemia

occurring during phenytoin (diphenylhydantoin) treatment. Scand. J. Haemato/., 35,358-362
19Pereira, A., Cervantes, F. & Rozman, C. (1985) Folie acid deficiency with macrocytic anaemia and

non-Hodgkin's lymphoma associated with pro1onged diphenylhydantoin therapy (Sp.). Med.
Clin. (Barce/ona), 85, 503-505

2°R ubinstein, N., Weinrauch, L. & Matzner, Y. (1985) Generalized pruritis as a presenting symptom of

phenytoin-induced Hodgkin's disease. lnt. J. Dermatol., 24, 54-55
21Rubinstein, 1., Langevitz, P. & Shibi, G. (1985) Isolated malignant lymphoma of the jejunum and

long-term diphenylhydantoin therapy. Onc%gy,42, 104-106
22Clemmesen, J. & Hjalgrim-Jensen, S. (1981) Ooes phenobarbital cause intracranial tumors? A

follow-up through 35 years. Ecotoxicol. environ. Sai, 5,255-260
23White, S.J., McLean, A.E.M. & Howland, C. (1979) Anticonvulsant drugs and cancer. A cohort

study in patients with severe epilepsy. Lancet, ii, 458-461

24Friedman, G.O. & Ury, H.K. (1980) Initial screening for carcinogenicity of commonly used drugs.

J. nat/ Cancer lnst., 65, 723-733
25Kirchhoff, L.V., Evans, A.S., McClelland, K.E., Carva1ho, R.P.S. & Pannuti, C.S. (1980) A

case-control study of Hodgkin's disease in BraziL. I. Epidemiologie aspects. Am. J. Epidemio/.,
112,595-608

26Krueger, G.R.F. & Bedoya, V.A. (1978) Hydantoin-induced lymphadenopathies and lymphomas: .

experimental studies in mice. Recent Results Cancer Res., 64,265-270
27Bedoya, V. & Krueger, G.R.F. (1978) Ultrastructural studies on hydantoin induced lymphomas in

mice. Z. Krebsforsch., 91, 195-204

28lARC Monographs, Supp/. 6,463-465, 1987

POL YBROMINATED BIPHENYLS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
The mortality has been studied of a cohort of over 3500 male workers with potential

exposure to several brominated compounds, inc1uding polybrominated biphenyls, who
were employed between 1935 and 1976 at chemieal plants. Due to a lack of quantitative
data, potential exposures of workers to polybrominated biphenyls were categorized as

'routine' and 'nonroutine'. Of the 91 workers potentially exposed on a 'routine' basis, none
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died during the study period; among the 237 'nonroutinely' exposed, two deaths were
observed, with 6.4 expected, one of which was due to cancer of the large intestine!.

B. Evidence for carcinogenicity to animais (suffcient)

The carcinogenicity of a commercial preparation of polybrominated biphenyls

(FireMaster FF-l, various lots), composed primarily of hexabromobiphenyl with smaller
amounts of penta- and heptabrominated isomers, was tested by oral administration in mice
and rats. ln mice, it produced malignant liver tumours. ln five studies in rats, it produced
benign and malignant hepatic tumours, including cholangiocarcinomas, depending on the
exposure conditions. Oral administration of polybrominated biphenyls enhanced the
incidence of liver nodules induced by N-nitrosodiethylamine2, but cutaneous application
did not increase the incidence of skin tumours induced by 2-acetylaminofluorenel.

C. Other relevant data

No data were available on the genetie and related effects of polybrominated biphenyls in
humans.

Polybrominated biphenyls did not induce chromosomal aberrations in bone-marrow
cells of rats or mice nor in rat spermatogonia and did not induce micronuclei in mice treated
in vivo. They did not induce mutation in human or rodent cells in vitro or unscheduled DNA
synthesis in rodent hepatocytes in vitro. Polybrominated biphenyls were not mutagenic to
bacteria in vitro or in a host-mediated assay3.

2,4,5,2' ,4' ,5' -Hexa bromo biphenyl, 2,3,4,5,2',4',5' -heptabromo biphenyl and
2,3,4,5,2',3',4',5'-octabromobiphenyl inhibited intercellular communication in Chinese
hamster V79 cells; other congeners tested were only weakly active or were inactive3.
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POLyeHLORINATED BIPHENYLS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Information on the possible carcinogenic risk of human exposure to polychlorinated

biphenyls (PCBs) comes from studies of occupational populations and of populations
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exposed to the compounds accidentaIly. PCB mixtures may be contaminated with
polychlorinated dibenzofurans and polychlorinated dibenzodioxins (see, e.g., p. 350).

A slight increase in the incidence of cancer, particularly melanoma of the skin, was
reported in a small group ofmen exposed to Aroclor 1254, a mixture ofPCBsl. ln a study of
over 2500 US workers exposed to a similar mixture of PCBs during the manufacture of
electrical capacitors, five deaths due to cancer of the liver and biliary passages were
observed, whereas 1.9 would have been expected. This increase was sustained mainly by
female workers in one of the two plants in the study (four of the five deaths), and aIl five
workers had first been employed before the early 1950s2,3. Another study of workers in a
capacitor plant was conducted in Italy. Exposure in the early years of production (until
1964) was to PCB mixtures containing 54% chIo ri ne (mainly Aroc1or 1254 and Pyralene
1476), which were later replaced by mixtures containing 42% chlorine (mainly Pyrale ne
3010 and 3011). Early results showed a significant ex cess of aIl cancers among male workers,
which was due mainly to cancers of the digestive system and of the Iymphatic and
haematopoietic tissues. Among female workers, a slight increase in mortality from cancer of
the Iymphatic and haematopoietic tissues was reported4. The study was later enlarged and
extended to include 2100 workers and to coyer the period 1946-1982. Both male and female
workers exhibited significantly increased cancer mortality in comparison with rates for the
local population (14 observed, 7.6 expected; and 12 and 5.3, respectively, for men and
women). Among male workers, cancers of the gastrointestinal tract (two stomach, two
pancreas, one liver and one biliary passages) taken together were significantly increased
(6 observed, 2.2 expected). Female workers showed a significant increase in deaths from
haematological neoplasms (4 observed, 1.1 expected)5. ln Sweden, among 142 male workers
employed between 1965 and 1978 in a capacitor manufacturing plant when PCB mixtures
containing up to 42% chlorine had been used, no significant excess of cancer deaths was
noted. Cancer incidence was also examined: the number of cases observed corresponded
well to that expected. One individual in a subgroup with higher exposure developed two
relatively rare tumours, both of which occurred ten years after the start of exposure: a
slow-growing mesenchymal tumour (desmoid) and a malignant lymphoma6.

After contamination of cooking oil with a mixture of PCBs (Kanechlor 400) in Japan in
1968, a large population was intoxicated ('Yusho' disease). An early report on mortality
from 1963- 1 983 showed a significantly increased risk of aIl cancers, and an almost five-fold

significantly elevated risk of primary liver cancer. The edible rice oil had also been
contaminated by polychlorinated quaterphenyls and polychlorinated dibenzofurans. Dose-
response relationships were not c1arified7. A further comprehensive study of 887 male
'Y usho' patients showed statistically significantly increased mortality from aIl malignancies
(33 observed, 15.5 expected), from liver cancer (9 observed, 1.6 expected) and from lung
cancer (8 observed, 2.5 expected). Use of local rather than national rates in calculating
expected number of deaths decreased the observed:expected ratio for liver cancer from 5.6
to 3.9, which was stil statistically significant. A c10ser look at the geographical distribution
of liver cancer cases did not allow exclusion of factors other than PCB poisoning as a
possible explanation for this finding. For the 874 female patients examined, none of the
noted observed:expected ratios was significant8. ln a series of ten autopsies of 'Yusho'
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patients, two adenocarcinomas of the liver were found, with no indication of a direct
association with exposure to PCBs9. Ultrasonic and tumour marker examination of two
series of 79 and 125 patients with 'Y usho' disease in 1983 and 1984, respectively, did not
reveal any case ofhepatic-cell carcinomalO. Two studies ofthe PCB content offat tissues and
cancer occurrence were available. An association was suggested between PCB concen-
trations in subcutaneous abdominal adipose tissue and the occurrence of cancers of the
stomach, colon, pancreas, ovaries and prostate11. No indication emerged of a relationship
between PCB content in extractable breast fat tissue and the occurrence of breast cancerl2.

The available studies suggest an association between cancer and exposure to PCBs. The
increased risk from hepatobiliary cancer emerged consistently in different studies. Since,
however, the numbers were smaIl, dose-response relationships could not be evaluated, and
the role of compounds other than PCBs could not be excluded, the evidence was considered
to be limited.

B. Evidence for carcinogenicity to animais (sufficient)
Certain PCBs (particularly with greater than 50% chlorination) produced benign and

malignant liver neoplasms in mice and rats after their oral administration1,13,14. Oral
administration of Aroclor 1254 to rats yielded hepatocellular adenomas and carcinomas as
weIl as intestinal metaplasia and a low, statistically nonsignificant incidence of stomach
adenocarcinomasl5. PCBs were inadequately tested in mice for induction of skin
tumoursI6,17. ln several studies, oral or intraperitoneal administration of PCBs enhanced
the incidences of preneoplastic lesions18-20 and of neoplasms21,22 of the liver induced in rats

by N-nitrosodiethylamine or 2-acetylaminofluorene. ln one study, intragastric adminis-
tration of PCBs to mice increased the incidence of lung tumours induced by intraperitoneal
administration of N-nitrosodimethylamine23.

C. Other relevant data
No data were available on the genetic and related effects of PCBs in humans.

Dominant lethal effects were not induced in rats administered PCBs orally, but were
produced in rats nursed by females that had received PCBs orally. PCBs did not induce
chromosomal aberrations in bone-marrow cells or spermatagonia of rats treated in vivo;
micronuclei were not induced in bone-marrow cells of mice in one study, while equivocal
results were obtained in a second study in which the PCBs were administered in corn oil.
They did not transform Syrian hamster embryo cells in vitro. PCBs induced DNA strand
breaks and unscheduled DNA synthesis in rat hepatocytes in vitro. Neither chromosomal
breakage noraneuploidy was induced in Drosophila. PCB mixtures did not induce SOS
repair and were not mutagenic to bacteria24.

2,2',5,5'-Tetrachlorobiphenyl induced DNA strand breaks in mouse ce 
lis in vitro.

2,4,5,2',4',5'-Hexachlorobiphenyl but not 3,4,5,3',4',5'-hexachlorobiphenyl inhibited inter-
cellular communication in Chinese hamster V79 cells. Purified 2,4,2',4'-, 2,5,2',5'- and
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3,4,3',4'-tetrachloro- and 2,4,6,2',4',6'-hexachlorobiphenyl were not mutagenic to
bacteria24.
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PREDNISONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Many case reports of cancer include a mention of previous treatment with prednisone, as

would be expected by chance alone in view of the very wide use of this drug in many different
disorders. Prednisone is a common drug, prescribed for long periods in the treatment of
many chronic conditionsl. Patients treated with prednisone for rheumatoid arthritis appear
to havt, if anything, a lower than expected cancer risk. Over an average follow-up period of
12 years, 11% of 153 deaths that occurred in patients who had received prednisone were due
to malignancies, compared to 20% of 74 deaths among patients who had not received
prednisone2. The strong link between combination therapy for Hodgkin's disease and
subsequent second malignancies (see summary of data on MOPP and other chemotherapy
inc1uding alkylating agents, p. 254) is much more plausibly explained on the basis of
concurrent administration of clearly carcinogenic agents than of prednisone.

A study of cancers that appeared within four years after documented use of common
drugs showed that prednisone was among the 53 (of 95) drugs associated positively with
cancer at least once. However, the excess consisted of 12 cases of lung cancer (31 observed,
19 expected), known to be largely related to cigarette smoking (which was not measured)
and known to occur after a latent period mu ch longer than the interval under observation.
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Of more interest is the absence of those neoplasms, such as acute nonlymphocytic leukaemia
and non-Hodgkin's Iymphoma, which have been linked to chemotherapy and immuno-
suppression3.

Thus, the evidence for a carcinogenic action of prednisone was not compellng. The
evidence did not, however 'suggest lack of carcinogenicity', because there is no well-designed
analytical study of prednisone alone.

B. Evidence for carcinogenicity to animaIs (inadequate)
Prednisone was tested for carcinogenicity in mice and rats by intraperitoneal adminis-

tration. A significant increase in the total number of tumours was reported in female rats,
but the study suffered from limitations in both design and reporting'.

C. Other relevant data
No data were available on the genetic and related effects of prednisone in humans. It did

not induce chromosomal aberrations in bone-marrow ce Ils of rats treated in vivo. It was not
mutagenic to bacteria4.
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PRoeARBAZINE HYDROeHLORIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of procarbazine as a single agent was available to the W orking

Group. ln various combinations with other chemotherapeutic agents, given for Hodgkin's
disease, procarbazine use has repeatedly been shown to lead to the appearance of acute
nonlymphocytic leukaemia. These combinations usually also include nitrogen mustard (see
p. 269), an alkylating agent which is also a potent animal carcinogen, and these many
observations do not permit conclusions about the independent effect of either drug'.

B. Evidence for carcinogenicity to animaIs (suffcient)
Procarbazine hydrochloride administered by repeated intraperitoneal injections

produced malignant tumours ofthe nervous system and haematopoietic system in mice and
rats of each sex and adenocarcinomas of the mammary gland in rats onlyl. Repeated
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intravenous injections induced malignant tumours in different organs of ratsl. Oral adminis-
tration produced pulmonary tumours and leukaemias in micel,2 and mammary tumours in
ratsl,3. Leukaemias, haemangioendothelial sarcomas and osteogenic sarcomas were
induced in rhesus, cynomolgus and African green monkeys of each sex by intraperitoneal,
subcutaneous, intravenous or oral administration of procarbazine hydrochloridel,4.

C. Other relevant data
Procarbazine generates an alkylating speciesl.
No data were available on the genetic and related effects of procarbazine hydrochloride

in humans.
Procarbazine gave positive results for germinal mutation in the mouse specifie-locus test

and caused mutation in the mouse spot test. It induced micronuclei and structural
chromos omal aberrations in mice treated in vivo, but conflcting results were obtained in
tests for dominant lethal mutations and negative results in the heritable-translocation test. It
induced sister chromatid exchanges in mice and Chinese hamsters and caused DNA damage
in rodents treated in vivo. Procarbazine did not transform Syrian hamster embryo cells. It
induced mutation but not sister chromatid exchanges in rodent cells in vitro. It induced
aneuploidy, dominant lethal mutations, sex-linked recessive lethal mutations and somatic
mutation and recombination in Drosophila, but did not cause heritable translocations. It
induced mutation, gene conversion and mitotic recombination in fungi. Conflcting results
were obtained for mutation in bacteria, both in vitro and in host-mediated assays; it induced
DNA damage in bacteria5.

References
IIARC Monographs, 26, 311-339, 1981
2Bacci, M., Cavaliere, A. & Fratini, D. (1982) Lung carcinogenesis by procarbazine chlorate in

BALBlc miceo Carcinogenesis, 3, 71-73
3Bacci, Mo, Cavaliere, A. & Amorosi, A. (1984) Procarbazine hydrochlorate earcinogenesis in

Osborne-Mendel rats. Oncology, 41, 106-108
4Adamson, RoH. & Sieber, S.M. (1982) Studies on the oncogenicity of procarbazine and other

compounds in nonhuman primates. ln: Rosenberg, S. & Kaplan, Ho, eds, Malignant
Lymphomas: Eliology, Immunology, Pathology, Treatment (Bristol-Myers Cancer Symposia
Series Vol. 3), Orlando, FL, Academie Press, pp. 239-257

5IARC Monographs, Suppl. 6,474-478, 1987

PROPYLENE OXIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
ln a cohort study of 602 workers, some of whom were exposed to propylene oxide, as

well as to ethylene oxide (see p. 205) and a mixture of other chemicals (inc1uding benzene
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(see p. 120) and ethylene chlorohydrin), there was no statistically significant excess of cancer
deaths. The study is uninformative in relation to the carcinogenicity of propylene oxide1.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Propylene oxide was tested by oral gavage in rats and produced local tumours, mainly
squamous-cell carcinomas and papillomas of the forestomachl. When tested by inhalation
in mice and in rats, it produced haemangiomas and haemangiosarcomas of the nasal
submucosa in mice and an increased incidence of papilary adenomas of the nasal turbinates
in ratsl,2. ln one ex periment by inhalation in male rats, an increased incidence of adrenal
pheochromocytomas and of peritoneal mesotheliomas was observed 1. Propylene oxide was
also tested by subcutaneous administration in mice, inducing local sarcomas, mainly
fibrosarcomasl.

C. Other relevant data

Propylene oxide is structurally related to ethylene oxide.

No data were available on the genetic effects of propylene oxide in humans.
Haemoglobin alkylation was observed in exposed workers3.

Propylene oxide induced micronuclei in mice but did not cause dominant lethal
mutations in mice or rats exposed in vivo. It induced chromosomal aberrations in human
cells in vitro and DNA strand breaks, mutation, sister chromatid exchanges and
chromosomal aberrations in rodent cells in vitro. It induced sex-linked recessive lethal
mutations in Drosophila, mutation in fungi and bacteria and DN A damage in bacteria3.
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PROPYLTHIOURAelL (Group 2B)

A. Evidence for carcinogenicity to hum ans (inadequate)

ln one survey of 331 hyperthyroid patients treated with antithyroid drugs, including
propylthiouracil, and later with thyroidectomy, four thyroid cancers (an excess of
unspecified proportion) were diagnosed more than one year after the beginning of drug
therapy'. There has been one case report of acute myeloblastic leukaemia following
propylthiouracil treatment2.
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B. Evidence for carcinogenicity to animais (suffcient)

Propylthiouracil produced thyroid tumours in mice, rats, hamsters and guinea-pigs and
pituitary adenomas in mice after its oral administration3. When administered orally to rats
with N-methyl-N-nitrosourea given intravenously4 or N-nitrosobis(2-hydroxypropyl)-
amine intraperitoneally5, it induced malignant thyroid tumours.

C. Other relevant data

No adequate data were available to the Working Group.
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RESERPINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Sixteen case-control and three cohort studies on the relationship between reserpine and

breast cancer were available to the Working Groupl-6. Between and within studies,
estimates of relative risk for different degrees of reserpine use varied from 0.6 to over 3.
Many of the positive findings were not coherent with one another; and the studies
considered to be most satisfactory methodologically showed little or no evidence of
increased risk. However, a recent, large case-control study of breast screening participants
showed that, although use of rauwolfia (reserpine) was not significantly associated with an
overall increase in risk (odds ratio, 1.2; 95% confidence interval, 0.9- 1.8), users for ten years
or more had a risk ratio of 4.5 (2.3-11.6)7. A study of prolactin levels in 15 women who had
taken reserpine for five years or longer showed only 50% greater elevation of levels than in
15 women ta king non-reserpine-containing medications and in 15 women ta king no
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hypertensive medication. Elevated prolactin levels have been postulated as the mechanism
for increased breast cancer risk following reserpine use, and the authors postulated that the
increase in prolactin observed would probably cause only small increases in breast cancer
risk8.

B. Evidence for carcinogenicity to animais (limited)

Reserpine was tested for carcinogenicity in three experiments in mice by oral
administration; in two experiments, it induced malignant mammary tumours in females,
and in one ex periment it induced carcinomas of the seminal vesic1es in malesl,9. It was tested
in four experiments in rats by oral administration; in two, it increased the incidence of
phaeochromocytomasl,9. An increase in tumour incidence was observed after repeated
subcutaneous injections to mice and rats9.

When reserpine was administered orally either prior to and concurrently with or
following treatment with 3-methylcholanthrene, it had a protective effect against the
induction of mammary tumours in rats 10. Concurrent subcutaneous administration of
reserpine reduced mammary tumour multiplicity and increased the percentage of well-
differentiated tumours induced in rats by N-methyl-N-nitrosourea given intravenouslyll; its
intravenous administration decreased skin tumour growth in 3-methylcholanthrene-treated
micel2.

c. Other relevant data

No data were available on the genetic and related effects of reserpine in humans.

Reserpine did not induce dominant lethal mutations in mice in vivo. ln human cells in
vitro, it did not induce chromosomal aberrations or sister chromatid exchanges. It did not
induce chromosomal aberrations in cultured rodent cells or unscheduled DNA synthesis in
rat hepatocytes. Reserpine was not mutagenic to bacteria 13.
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THE RUBBER INDUSTRY (Group 1)

A. Evidence for carcinogenicity to humans (suficient)
A large number of studies have been conducted on rubber industries in Canada, China,

Finland, Norway, Sweden, Switzerland, the UK and the USAi-9. Workers employed in the
industry before 1950 have a high risk of bladder cancer, probably associated with exposure
to aromatic amines. Leukaemias have been associated with exposure to solvents and with
employment in back processing, tyre cu ring, synthetic rubber production and vulcanization.
Excess occurrence of Iymphomas has been noted among workers exposed to solvents in
such departments as footwear and in tyre plants20. Other cancers, including those of the
lung, renal tract, stomach, pancreas, oesophagus, liver, skin, colon, larynx and brain, have
been reported as occurring in excess in workers in various product areas and departments,
but no consistent excess of any of these cancers is seen across the various studies.

B. Evidence for carcinogenicity to animaIs (inadequate)
ln one inadequately reported experiment, three groups of rats were kept either in the

compounding room or in the mixing or mastication area of a Banbury mil at a tyre factory.
Increased incidences of respiratory and digestive carcinomas were found in rats maintained
for two years at the latter two locations when compared with control rats maintained in the
institute laboratoryl7.

C. Other relevant data
No increase in the incidence of chromos omal aberrations was observed among 55 rubber

workers as compared to 35 control subjects, with the exception of a small group of
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nonsmokers involved in weighing rubber chemicals. Increased frequencies of sister
chromatid exchanges were observed both in smoking and nonsmoking weighers and in
mixers who smoked, compared with unexposed controls; the frequency of sister chromatid
ex changes in vulcanizers was not statistically significantly increased. Negative results for
chromosomal aberrations and sis ter chromatid exchanges were also obtained in another
study of vulcanizers21.

Urine samples from 55 workers in two rubber factories and from 35 controls were
analysed for mutagenicity in bacteria in the presence of an exogenous metabolic system.
Mutagenic activity was observed in the urine of workers involved in weighing and mixing
ru bber components and in the urine of sorne vulcanizers. Similar results were reported in an
extension ofthis study. No increase in bacterial mutagenicity was observed in urine samples
from 72 tyre builders in a rubber factory and from 23 controls21.
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SAeCHARIN (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
The evidence that the risk of cancer is increased among users of artificial sweeteners is

inconsistentl. Since the positive report of Howe et aU, reports have become available on
seven case-control studies and on one population study of bladder cancer.

The largest was a population-based study in ten areas of the USA, with 30 io bladder
cancer cases and 5783 controls. The relative risk for bladder cancer associated with use of
artificial sweeteners was 1.0 (95% confidence interval, 0.9-1. 1) among men and 1. 1 (0.9-1.3)
among women. Significant trends of increasing risk with increasing average daily
consumption were found in certain subgroups examined a priori on the basis of the results of
animal experiments; these subgroups were female nonsmokers and male heavy smokers3.
Subsequent, independent re-analysis of the same data by a different statistical technique
(multiple logis tic regression) confirmed the original findings overall but cast doubt on the
significance of the findings in the two subgroups because of inconsistent dose-response
trends, especially among the male heavy smokers4. ln response, the original investigators
noted that the inconsistency derived from the development of risk scores which, in their
opinion, were not correctly derived, as two relevant variables had been omitted5. ln a
subsequent report on data from one of the areas participating in this study, the use of
hospital and population controls was compared. A higher proportion of hospital controls
was found to have used artificial sweeteners than population controls6. This had been
postulated earlier2 as a possible reason for the negative findings of a hospital-based case-
control study7. Bias resulting from use of prevalent rather than incident cases8 has been
suggested as a possible reason for the negative findings of another hospital-based case-
control study9.
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Three other case-control studies have also shown increased risks among subgroups. ln
one, conducted simultaneously in Japan, the UK and the USA, the relative risks among
women in the US component of the study associated with 'any' use of diet drinks and of
sugar substitutes were 1.6 and 1.5, respectively, and 2.6 and 2.1, respectively, for
nonsmokerslO. ln the other two areas, however, a history of the use of sugar substitutes,
primarily saccharin, was not associated with an elevated bladder cancer riskll. ln a second
study, conducted in West Yorkshire, UK, elevated risks were found for saccharin takers who
were nonsmokers. ln men, the relative risk was 2.2 (95% confidence interval, 1.3-3.8); that in
women was 1.6 (0.8-3.2)12. ln a third study, conducted in a rural district of Denmark, a
relative risk of 2.5 (1.0-6.6) was reported for saccharin consumption in men and women
combined. This risk was not reduced after controllng for tobacco use and industrial workI3.

Two studies in DenmarkI4,15, one in the USAI6 and a further case-control study in
Canadal7, however, gave negative results. ln one of the Danish studies, incidence ofbladder
cancer at ages 20-34 among people born 1941 - 1 945 (when use of saccharin was high in
Denmark) was compared with that among those born 1931-1940. The risk for men was 1.0

(0.7- 1.6) and that for women, 0.3 (0.1 - 1.0). This study indirectly assessed intrauterine
exposure to saccharinl4. The other two studies were population-based case-control studies
of bladder cancer. ln Denmark, the relative risk for people of each sex combined was 0.8
(0.6-1.1)15. ln a study in the USA ofbladder cancer in women aged 20-49, the odds ratio for
regular use of artificially sweetened beverages, table-top sweetener or both was 1. 1 (0.7-
1.7)16. ln Canada, the odds ratio for use of saccharin was 1.0 (0.9-1.2) in men and 1.0
(0.8-1.2) in womenl7. The increased risks seen in subgroups in other studies were not
replicated in either study.

ln the USA, in a study of 1862 patients hospitalized for cancer and of io 874 control
patients, a greater proportion of artificial sweetener users was found only among women
with cancer of the stomach. Little information was available on urinary-tract cancer. No
overall association was found between artificial sweetener use and cancerl8.

B. Evidence for carcinogenicity to animaIs (suffcient)
Saccharin (unspecified or commercial) has been tested for carcinogenicity by oral

administration to mice, rats and hamsters. ln mice, saccharin produced no difference in
tumour incidence between treated and control animaIs in one single- and in one multi-
generation study. Two further studies by oral administration in mice and three in rats were
considered to be inadequate for evaluation. A study in hamsters by oral administration and
one study in mice by skin application could not be evaluated. A study in mice by bladder
insertion provided evidence for the induction of bladder carcinomasl. Oral administration
to mice produced thyroid tumoursl9.

Sodium saccharin has been tested for carcinogenicity by oral administration to mice,
rats and monkeys. One study in mice was inadequate for evaluationl. One single-generation
study in rats showed an increased incidence ofbladder tumours in males; two further studies
showed a few bladder tumours; another study showed no difference in tumour incidence
between treated and control animaIs; and two others were inadequate for evaluationl. ln
four two-generation studies in rats, sodium saccharin produced a statistically significant
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increase in the incidence of bladder tumours in Fi males fed either 5% or 7.5% sodium
saccharin1,20. ln a further two-generation study of rats, a dose-related increase in the

incidences ofbenign, malignant andj or combined bladder neoplasms was observed in males
treated with doses ranging from 4-7.5% in the diet, while no tumorigenic effect was observed
with 1%21,22. Transplacental exposure of rats to sodium saccharin and to saccharin

(commercial) did not produce any treatment-related neoplasm21,23. Sodium saccharin has

also been tested in mice by bladder insertion: it increased the incidence of bladder
carcinomas. Experiments in which it was tested by oral administration to monkeys and by
intraperitoneal administration to mice were considered to be inadequate for evaluation1.

The combination of sodium saccharin with sodium cyclamate in a ratio of 1: 10 has been
tested by oral administration in a multigeneration experiment in mice and in single
experiments in rats. ln one study in rats, transitional-cell carcinomas in the bladder were
produced in male animaIs given the highest dose; in two further studies in rats and in the
study in mice, there was no difference in tumour incidence between treated and control
animals1,24. Another study in rats was inadequate for evaluation1.

Pretreatment with a single instilation into the bladder of a low dose of N-methyl-N-
nitrosourea or feeding of N-( 4-(5-nitro-2-furyl)-2-thiazolyl)formamide and subsequent oral
administration of sodium saccharin for long periods increased the incidence of bladder
neoplasms in rats over that induced by the nitrosourea or the amide alone1. Simultaneous
administration of N-nitroso-N-(4-hydroxybutyl)butylamine and sodium saccharin signif-
icantly enhanced the induction of bladder papilomas over that seen after treatment with the
nitro sa mine alone25. Commercial saccharin preparations enhanced lung tumour induction
in mice when given before or during intraperitoneal administration of urethane26. ln rats,
oral administration of sodium saccharin significantly increased the incidence of bladder
neoplasms induced by ulceration of bladder mucosa27,28. Other studies of simultaneous or
consecutive treatment with saccharin and known carcinogens were inadequate for
evaluation1.

ortho-Toluenesulphonamide was tested for carcinogenicity by oral administration in
rats in a two-generation study: no increase in bladder tumour incidence was noted in
animaIs of either generation. ln one of two single-generation studies in rats, benign and
malignant bladder tumours were foundl.

C. Other relevant data

No data were available on the genetic and related effects ofsaccharin, sodium saccharin
or ortho-toluenesulphonamide in humans29.

it should be noted that many studies do not differentiate between saccharin ('insoluble'
form) and sodium saccharin. Additionally, when it is reported that 'saccharin' (presumably
sodium saccharin) causes a positive response, primarily in assays for chromos omal effects,
the effect is seen only with very high concentrations, at which simple salts also give
responses29.
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Treatment of mice with saccharin did not induce micronuclei or chromos 

omal
aberrations in bone-marrow ce Ils or spermatocytes; conflcting results were obtained for the
induction of dominant lethal mutations. A commercial preparation (of unknown purity)
caused somatic mutations in the mouse spot test. Injection of radioactive saccharin into rats
revealed no DNA binding in the liver or bladder, nor did treatment of rats result in DNA
damage in bladder tissue. Saccharin did not indu ce sister chromatid exchanges in cultured
human lymphocytes. Negative results were obtained in assays for transformation in
cultured rodent cells, but saccharin enhanced transformation of virus-infected rat embryo
cells and of C3H IOTlj2 mouse embryo ce Ils initiated with 3-methylcholanthrene in
two-state transformation assays. Results obtained with rodent cell systems were inconclusive
with regard to inhibition of intercellular communication. It caused DN A strand breaks in
rat hepatocytes but no chromosomal aberration in Chinese hamster cells. Saccharin
induced aneuploidy but not recombination or gene conversion in yeast. It was not
mutagenic and did not induce prophage in bacteria29.

Treatment of mice with sodium saccharin did not induce micronuclei, somatic
mutations (in the spot test) or sperm abnormalities. Treatment of Chinese hamsters did not
induce chromosomal aberrations in bone-marrow cells or spermatogonia but induced sister
chromatid exchanges in bone-marrow cells. Treatment of mice with commercial sodium
saccharin resulted in the induction of dominant lethal mutations, but treatment with a
preparation 'purified' by undefined criteria did not. Sodium saccharin induced chromo-
somal aberrations and sister chromatid exchanges in cultured human lymphocytes and
induced sister chromatid exchanges and chromos omal aberrations in cultured Chinese
hamster cells but no mutation in mouse Iymphoma cells. It did not induce transformation of
BALBj c 3T3 cells. Contradictory results have been reported concerning the ability of
sodium saccharin to induce sex-linked recessive lethal mutations in Drosophila, and it did
not cause a significant increase in heritable translocations. Sodium saccharin induced
mutation, gene conversion and recombination in yeast, but was not mutagenic to bacteria29.

ortho-Toluenesulphonamide did not induce micronuclei or somatic mutation (in the
spot test) in mi ce treated in vivo. Contradictory results have been obtained for the induction
of sex-linked recessive lethal mutations in Drosophila. It was not mutagenic to bacteria29.
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SHALE-OILS (Group 1)

A. Evidence for carcinogenicity to humans (sufficíent)

The association between shale-oils and skin cancers, particularly of the scrotum, was
demonstrated by analyses of 65 cases of skin cancer, including 31 of the scrotum, from the
Scottish shale-oil industry. ln the UK, over 2000 cases of skin cancer ('mule-spinners'
cancer') were recorded among cotton-textile workers and others exposed to lubricating oils
(many ofwhich are believed to have been shale-derived). The occupational etiology ofthese
cases is supported by occupational mortality statistics for the UK and by an occupational
comparison with fatal cases of penile cancer. ln contrast, one study showed very few scrotal
cancers among US cotton-textile workers employed in mills where shale-derived lubricants
were not used. A cohort study of shale-oil workers in western USA showed statistically
significant excesses of aIl cancers and of colon cancer, although data on duration and time
since first exposure were not available. A cohort study of shale-oil workers in Estonia
showed a significant excess of skin cancer but not of cancers at other sites!. A follow-up of
6064 men who had worked in the Scottish oil-shale industry between 1950 and 1962 showed
a significant excess of skin cancer2. A case-control study of lung cancer in the shale area
showed no association with work in the shale industry2.

Two basal- and two squamous-cell carcinomas were found among 325 workers
employed at an oil-shale demonstration facility during 1948-1969 in Utah, USA. The
incidence was about that expected3.
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B. Evidence for carcinogenicity to animais (suffcient)
Inhalation of either raw oil shale or spent oil shale produced lung tumours in rats.

Application of an extract of spent oil shale produced skin tumours in micel.
Skin application of crude oils from both low- and high-temperature retorting induced

skin tumours in mice and rabbits; the high-temperature retorted oils had greater
carcinogenic activity. A low-temperature crude oil produced lung tumours in mice after
intratracheal instilation 1.

Various fractions of shale-oils were carcinogenic when applied to the skin of mice and
rabbitsl.

Shale-oil distilates, residues, blends and commercial products of the oil-shale industry
were tested in mice by skin application, producing skin tumours. Distilation fractions from
less highly refined shale-oils were more carcinogenic than the more highly refined productsl.

C. Other relevant data
No data were available on the genetic and related effects of shale-oils in humans.

AlI shale-derived materials assayed in tests for genetic and related effects came from
sources in the USA and were therefore all produced by low-temperature processes4.

Chromos omal aberrations were induced in bone-marrow cells of rats following
administration by gavage of a suspension of raw oil-shale. ln-vitro tests of extracts of raw
oil-shale in cultured rodent celIs, yeast and bacteria gave negative results4.

Preparations of spent oil-shale yielded negative results in an assay for chromos omal
aberrations in vivo and in mutation assays with eukaryotic ce Ils in vitro; contradictory
results were obtained in bacterial mutation assays4.

Preparations of shale-derived crude oils from various sources and retort processes gave
both positive and negative results in assays for chromosomal effects in rodents in vivo. Two
crude shale-oil preparations induced sister chromatid exchanges in cultured human
lymphocytes; three others did not induce mitotic gene conversion in yeast. Shale-derived
crude oils were mutagenic to cultured rodent cells, yeast and bacteria folIowing metabolic or
photoinduced activation4.

As compared with the corresponding crude shale-oils, preparations ofhydrotreated oils
showed less activity or gave negative results in various short-term tests4.

Oil-shale retort process-waters induced chromosomal aberrations, but not sister
chromatid exchanges, in celIs of mice treated in vivo, chromosomal aberrations in cultured
rodent cells and mutation and DN A damage in cultured rodent celIs and bacteria following
metabolic activation or photoactivation4.

Extracts of oil-shale ash were not mutagenic to fungi but were mutagenic to bacteria in
the absence of a metabolic system4.
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SILI eA:
eRYSTALLINE SILieA (Group 2A)
AMORPHOUS SILieA (Group 3)

A. Evidence for carcinogenicity to humans (limited for crystalline silica; inadequate for
amorphous silica)

A number of studies have shown that persons diagnosed as having silicosis after
occupational exposure to dust containing crystalline silica have an increased risk for dying
from lung cancerl,2. This increase has been seen among miners, quarry workers, foundry
workers, ceramic workers, granite workers and stone cutters.

W orkers in the granite industry have shown increased risks for lung cancer in some
studies; the excesses were of the order of 10-30% and were not usually statistically
significant 1. An extended follow-up of Finnish granite workers showed 22 lung cancer cases,
with 17.1 expected. When allowingfor a latency of 15 years, 21 cases were observed, whereas
nine were expected (p c( 0.0 1; Poisson distribution). Smoking habits were similar to those of
the active Finnish male population, and exposures to radon and asbestos were considered
unlikely to have occurred3. A recent joint Nordic register linkage study, combining lung
cancer mortality and incidence data from the cancer registries with census-based records on
previous occupation of20-64-year-old males, showed an elevated risk oflung cancer among
stone cutters in Finland and Denmark, but not in Sweden or Norway. Excess risk was also
seen for Finnish males in excavation work, whereas no such risk was evident in the other
countries4.

Three epidemiological studies of workers in the ceramics, glass and refractory brick
industries, using different designs, have shown a roughly two-fold increase in mortality from
lung cancer. Only one case-referent study took smoking into accountl. The Nordic register
study also found an excess of lung cancer for Danish glass-workers, but workers in the
ceramics industry did not have an elevated risk in any of the countries4. A US cohort study
of pottery workers exposed to silca and talc showed a nonsignificant standardized

mortality ratio of 137 for workers exposed to high levels of silica dust with no talc exposure5.

Several studies of metal miners have shown mortality rates from lung cancer some
20-50% higher than expectedl. ln the Nordic register study4, relative risks from 1.0
(Norwegian metal miners) to 5.0 (Finnish nonferrous ore miners) were seen. The largest
group was Swedish iron ore miners; their relative risk was 3.2 (95% confidence interval,
2.9-3.5), based on 124 observed cases. However, in repeated cohort studies of workers in a
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go Id mine, no excess lung cancer risk was seen 1,6. The contribution of radon has not in
general been assessed.

Coal miners appear not to be at increased risk of lung cancerl.

Studies of foundry workers (see p. 224) have consistently shown moderate increases in
mortality from lung cancer!,7. The Nordic register study also showed lung cancer risk to be
elevated for foundry workers in all N ordic countries4. However, several contaminants other
than silica dust occur in the foundry environ ment, inc1uding polycyclic aromatic
hydrocarbons.

Epidemiological studies of both exposed populations and silicotics give indications of
the carcinogenicity of a working environment contaminated with crystallne silica, par-
ticularly in combination with other exposures. ln most industries studied, such an effect
cannot be separated from those of other concomitant carcinogenic exposures, but in the
granite and stone industry the exposure to silica is fairly pure. Few studies provide data on
smoking. It is not c1ear whether the mechanisms of a possible carcinogenic effect of
crystallne silica requires a fibrotic process.

No adequate epidemiological study or case report was available to evaluate the
carcinogenicity of amorphous silica to humans.

B. Evidence for carcinogenicity to animaIs (sufficient for crystallne silica; inadequate for
amorphous silica)

Various forms and preparations of crystalline silica produced adenocarcinomas and
squamous-cell carcinomas of the lung in rats after inhalation or repeated intratracheal
instilation. Thoracic and abdominal malignant Iymphomas developed in rats after single
intrapleural and intraperitoneal injections of suspensions of several types of quartz.
Malignant Iymphomas developed after intrapleural injection of cristobalite and tridymite.
No tumorigenic response was observed in hamsters after repeated intratracheal instilation
of quartz dusts or in a mouse-Iung adenoma assay with one sample of quartzl.

Tests of different preparations of amorphous silica administered by various routes to
mice and rats either gave negative results or were inadequate. ln two limited tests (one by
intraperitoneal injection and one by inhalation) in miee, increased incidences of Iympho-
sarcomas in the abdominal cavity and of lung tumours, respectively, were observed!.

C. Other relevant data

No data were available on the genetic and related effects of silica in humans.

Quartz did not induce micronuclei in mice treated in vivo. ln Syrian hamster embryo
cells in vitro, it induced cell transformation and micronuclei; it did not induce sister
chromatid exchanges in Chinese hamster cells. Quartz did not inhibit intercellular
communication in Chinese hamster ceUs in vitro. Silca was not mutagenic to bacteria8.
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SOOTS (Group 1)

A. Evidence for carcinogenicity to humans (sullicient)
The carcinogenicity of soot is demonstrated by numerous case reports, dating back over

200 years, of skin cancer, particularly of the scrotum, among chimney-sweeps. More recent
cohort studies of mortality among chimney-sweeps in Sweden and Denmark have shown a
signifieantly increased risk of lung cancer. Supporting evidence for an association with lung
cancer was provided by two earlier epidemiological studies in the German Democratic
Republic and the UK. The potentially confounding and interactive effects of smoking could
not be evaluated; however, cigarette smoking is not believed to have seriously biased these
estimates. ln addition to lung cancer, statistically significant excess mortality from
oesophageal cancer, primary liver cancer and leukaemia was found among chimney-sweeps
in one studyl.

B. Evidence for carcinogenicity to animaIs (inadequate for soots; suffcient for soot

extracts)
Coal soot was tested in two experiments in mice by whole-body exposure, but the studies

were inadequate for evaluation. Coal-soot extracts applied to the skin of mice produced skin
tumours in two studies. A wood-soot extract applied to the skin of mice was inadequately
tested. ln limited studies, subcutaneous implants of wood soot in female rats produced a few
local sarcomas; similar implants in the scrotal sac of rats did not. An extract of fuel-oIl soot
was inadequately tested by application to the skin of mice. Extracts of soot from the
combustion of oil shale produced skin tumours in mice after dermal application and lung
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tumours in rats after intratracheal instillation. Extracts of soot from the combustion of a
heating oH produced from shale-oil produced skin tumours in mice in two experiments when
applied to the skinl.

C. Other relevant data

No data were available on the genetic and related effects of soots in humans.

Extracts of soot sam pIes from domestic sources were mutagenic to Salmonella

typhimurium both in the presence and absence of an exogenous metabolic system. Extracts
of experimentally-derived soots were mutagenic in forward mutation assays in S. ty-
phimurium and in cultured human Iymphoblasts in the presence of an exogenous metabolic
system. Extracts of particulate emissions from wood combustion were shown to indu ce
sister chromatid exchanges in Chinese hamster ovary cells, transformation of Syrian
hamster embryo cells and mutation in S. typhimurium. An experimentally-derived, intact
particulate soot and an extract ofthis mate rial were mutagenic in a human lymphoblastoid
cell line2.
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SPIRONOLAeTONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Cases ofbreast cancer have been reported in women who had used spironolactone. Four
analytical studies, however, showed no consistent evidence of an associationl.

B. Evidence for carcinogenicity to animais (Iimited)

Spironolactone was tested for carcinogenicity by oral administration in two experiments
in rats. Increased incidences of thyroid and testicular tl,mours were reported in one
experiment but not in another experiment of longer duration with 10wer dosesl.

C. Other relevant data

No data were available to the W orking Group.
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STYRENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Three studies have suggested an association between leukaemia and Iymphomas and
exposure to styrene. ln a mortality analysis of2904 US workers exposed to low or moderate
levels of styrene (not exceeding 100 ppm (420 mgj m3)), six cases ofleukaemia (3.4 expected;
standardized mortality ratio (SMR), 176) and seven cases of Iymphoma (5.3 expected;
SMR, 132) were observed. When the incidence was analysed, seven cases of lymphatic
leukaemia (1.6 expected), four cases of all other leukaemias (2.9 expected) and four cases of
multiple myeloma (1.6 expected) were found. However, six of the leukaemia cases occurred
in a group with concomitant exposure to colourants; moreover, a subset of the cohort had
also been exposed to benzene in the pastl.

ln a cohort study of 622 men exposed for at least one year in the production,
polymerization and processing of styrene in the UK, three deaths from non-Hodgkin's
lymphoma were found (0.6 expected; Pu = 0.02, upper tail). Two ofthem occurred in the age
group 15-44 years (0.3 expected; Pu = 0.032). A cancer incidence study of the same group
revealed a further case of Iymphatic leukaemia (0.2 expected), and three cases oflaryngeal
cancer (0.5 expected; p = 0.041). Two of the men were under 45 years of age (0.1 expected).
The men with lymphoma and leukaemia had had potential exposure to other agents, i.e.,
acrylonitrile (see p. 79), benzene (see p. 120), ethylene oxide (see p. 205) and dyestuffs, but
styrene was the main agent to which they were exposed2.

A slight excess of cancers of the lymphatic and haematopoietic tissues (SMR, 155; not
significant) was found in a US cohort of 1662 men employed for at least six months in
styrene-butadiene rubber production. A subset of workers employed in the early 1940s had
an SMR of212 (9 observed, 4.3 expected;p c( 0.05); for leukaemias alone, the SMR was 278
(5 observed, 1.8 expected; pc( 0.05). ln another plant where exposure to styrene had been
about twice as high, no such excess was seen. The mean levels of exposure to styrene had,
according to measurements carried out at the end of follow-up, been approximately 1 -2 ppm

(4.2-8.4 mgj m3); however, this level was probably not representative of that during the
whole period. Concomitant exposure to 1,3-butadiene (see p. 136) and to low levels of
benzene renders it difficult to single out styrene or any other agent as the causative factor3.

A UK cohort study of 7949 men and women employed during 1947-1984 in eight
companies manufacturing glass-reinforced plastics involving high exposure to styrene
showed no excess mortality from cancer (181 observed, 223.7 expected). There was a deficit
of deaths from Iymphoid and haematopoietic cancer (6 observed, 14.9 expected). Only one
death from lymphoma and none from leukaemia was found among 3494 workers with the
highest exposure. An additional eight cases of lymphoma and leukaemia occurred in
workers stil alive or who had died from other causes. A small excess of lung cancer (89
observed, 80.1 expected) was not statistically significant. Analysis by level of exposure gave
some indication of a dose-response relationship, but there was no clear relationship with
time since first exposure. Concomitant exposure to asbestos could not explain the findings.
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Smoking habits were not controlled for, but a low mortality from respiratory and
cardiovascular diseases suggests that smoking rates were not excessively high4.

Two cohort studies showed no excess oflymphoma or leukaemia, or of any other cancer.
Both studies had low statistical power because the cohorts had a young age structure and
there had been short follow-up since the commencement of exposure; they will provide
useful information only when updateds,6.

Two other studies are uninformative because of diluting errors in design and analysis 7,8.
There is an anecdotal report of three deaths from leukaemia and two from lymphoma
among a group of workers exposed to styrene, benzene and butadiene, but the study
population was ill-defined9.

ln a case-referent study, designed to investigate a possible connection between

background radiation and acute myeloid leukaemia, three cases out of 59 (rate ratio, 18.9;
95% confidence interval, 1.9-357) and one referent out of 354 reported past exposure to
styrenelO .

B. Evidence for carcinogenicity to animais (limited)
Styrene has been tested for carcinogenicity by oral administration to dams and to

offspring of two strains of miee and of one strain of rats. ln mice, it increased the incidence of
lung tumours in male and female offspring of one strain after administration of a high dose.
ln rats, no statistically significant increase in tumour incidence was observed9. ln exper-
iments by oral administration to mice and rats, an increased incidence of lung tumours was
observed only in male micel 1. ln an inadequately reported study in rats, exposure to styrene
by inhalation or ingestion was associated with a small, nonstatistically significant increase in
the incidence ofbrain tumoursii. A further study in rats by oral administration usinga small
number of animaIs gave equivocal resultsl3.

There is sufficient evidence for the carcinogenicity in experimental animaIs of styrene
oxide, a metabolite of styrene in ViVOI4.

C. Other relevant data
Styrene is metabolized in humans and mammals to styrene oxide. ln humans exposed to

styrene, chromosomal aberrations and micronuclei were induced in peripheral lymphocytes;
a slight increase in the incidence of sister chromatid exchanges was noted in one study, while
no increase was reported in several othersls.

ln animaIs treated in vivo, styrene induced micronuclei, sister chromatid ex changes and
DN A strand breaks; however, conflcting results were obtainedfor chromos~mal aberrations.
Styrene bound covalently to DNA in mice in vivo. ln human lymphocytes in vitro, styrene
induced chromos omal aberrations, micronuclei and sister chromatid exchanges. ln Chinese
hamster cells in vitro, it induced chromos omal aberrations, sister chromatid exchanges (the
latter only when epoxide hydratase was inhibited) and mutation, and, in rat hepatocytes,
DNA strand breaks. It induced sex-linked recessive lethal mutations but not sex-
chromosome loss or nondisjunction in Drosophila. Styrene induced mutation and mitotic
recombination in yeast and chromosomal aberrations in plants. It was mutage nie to
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bacteria when the test protocol was adjusted for the volatility of styrene or the metabolic
system was depleted of epoxide hydratasel5.
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SULFAFURAZOLE (SULPHISOXAZOLE) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
No significant association with cancer at any site was observed during 1969-1916 among

Il 659 members of a prepaid health plan prescribed sulfafurazole during 1969-19731.
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B. Evidence for carcinogenicity to animais (inadequate)

Sulfafurazole was tested for carcinogenicity in mice and rats by oral administration; no
increase in tumour incidence was observed2.

C. Other relevant data

No data were available to the Working Group.
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SULFAMETHOXAZOLE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Although no increase in the incidence of cancers at aIl sites combined was noted during

1969-1976 among 1709 members of a prepaid health plan prescribed sulfamethoxazole
during 1969-1973, significant increases in the incidences of nasopharyngeal carcinoma
(3 observed, 0.1 expected; relative risk, 30.0 (95% confidence interval, 23.7-36.3)) and of
cancer of the cervix after a two-year lag period (7 observed, 2.2 expected; relative risk, 3.2
(1.8-4.5)) were observed. However, a significant deficit of colon cancer was also seen (none
observed, 4.7 expected)l.

B. Evidence for carcinogenicity to animais (limited)
Sulfamethoxazole produced thyroid tumours in rats following its oral administration;

no information on other tumour types was reported2.

C. Other relevant data
ln a single study, sulfamethoxazole did not induce chromosomal aberrations in human

lymphocytes in vivo or in vitro. It was not mutagenie to bacteria3.
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TALe NOT eONTAINING ASBESTIFORM FIBRES (Group 3) and
TALe eONTAINING ASBESTIFORM FIBRES (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for talc not containing asbestiform
fibres; sufficíent for talc containing asbestiform fibres)

Evaluation of the effects of talc is confused by the fact that talc deposits may be
contaminated with various other mineraIs, including carbonates, quartz (see p. 341),
serpentines and amphiboles (asbestiform (see p. 106) and nonasbestiform)l.

Case studies have suggested an association between mesothelioma and exposure to talc
containing asbestiform fibresl.

A proportionate mortality study of miners and milers of talc containing asbestiform
tremolite has shown an excess of lung cancer and one case of mesothelioma. Another cohort
study ofworkers mining and milling talc containing tremolite, anthophyllite and serpentine
mineraIs revealed significant excess mortality from lung cancer and from nonmalignant
respiratory disease. Mortality from lung cancer increased with latencyl.

Several mortality studies have assessed cancer risk among miners and millers of talc that
was reported to contain no more than trace amounts of asbestos. A cohort mortality study
of talc miners and millers showed an excess of lung cancer among underground miners but
not among milers; a contributory etiological role of radon daughters to the lung cancer risk
in miners could not be excluded. The three other studies published suffered from
methodological limitations and could not be interpreted 1.

A cohort study of pottery workers exposed to silica and talc showed an excess risk of
lung cancer (standardized mortality ratio (SMR), 143; 52 observed, 36.3 expected). Among
those exposed to high levels of silica, an SMR of 254 (21 observed, 8.3 expected;p.: 0.05)
occurred among those with exposure to nonfibrous talc in contrast to an SMR of 137 (18
observed, 13.2 expected;p? 0.05) among those without talc exposure. Mortality from lung
cancer increased with duration of exposure to talc (SMR, 364 for those with ~15 years of
exposure), but not with duration of exposure to silica2.

A case-control study has suggested an approximate doubling in relative risk for ovarian
cancer among women with perineal use of talc, but the possibility of recall bias cannot be
ruled outl.

B. Evidence for carcinogenicity to animais (inadequate for talc not containing asbestiform
fibres and for talc containing asbestiform fibres)

Talc of different grades was tested for carcinogenicity in miee, rats and hamsters by
various routes of administration, including intraperitoneal, intrathoracic and intrapleural
routes. Most of these studies were inadequate. No tumour was induced in rats following
either a single intrapleural administration or four intraperitoneal injections of talc, or
following administration of talc in the diet. No local tumour developed in mice following a
single subcutaneous injection of talcl.

kajo
Rectangle



350 lARe MONOGRAPHS SUPPLEMENT 7

C. Other relevant data

No data were available on the genetic and related effects of talc in humans.

Talc did not induce dominant lethal mutations or chromosomal aberrations in bone-
marrow cells of rats treated in vivo, or chromosomal aberrations in human cells in vitro.
Talc was not mutagenic to yeast or to bacteria in a host-mediated assay3.

References
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2,3,7,8-TETRAeHLORODIBENZO-para-DIOXIN (TCDD) (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
The epidemiological studies and case reports considered with regard to producers and

users of 2,4,5-trichlorophenol and 2,4,5-trichlorophenoxyacetic acid (2,4,5- T) (see also
summaries on chlorophenols and chlorophenoxy herbicides, pp. 154 and 156) also relate to
TCDD exposure, since those products may contain TCDD as an impurity. Only studies of
particular relevance to TCDD exposure are considered here.

Aggregation of six relatively small cohortsl-6 shows 37 deaths from cancer, with 33.3
expected, among 956 men likely to have been exposed to TCDD during the manufacture or
use of2,4,5-trichlorophenol andj or 2,4,5-T. The total number of deaths was 135, with 157.3

expected. Two of the deaths were from Hodgkin's Iymphoma and two from soft-tissue
sarcoma. Five more cases of soft-tissue sarcoma have been reported in men with potential
exposure to TCDD during the manufacture of 2,4,5-trichlorophenol or 2,4,5-T7-9. A
histological review and a reassessment of the exposure in seven of the cases in these various
reports indicated that only five were actually soft-tissue sarcomas, and that only two of the
cases had had definite exposure to 2,4,5-trichlorophenol or ~,4,5- T; the population
background for these two cases was assumed to be fewer than 1000 workerslO.

Three other small cohorts with potential exposure to TCDD have been studied. ln one,
there were two non-Hodgkin's Iymphomas, with 0.3 expected, in 158 individuals with
chloracnell, whereas another, similar group of 79 individuals with chloracne had no
cancerl2. ln the third group of 55 individuals with chloracne, there were two lung cancers 

13 .

A cohort study of 2189 men involved in the manufacture of 2,4,5-trichlorophenol and
2,4,5-T showed no excess of deaths from all cancers (61 observed, 63.5 expected;
standardized mortality ratio (SMR), 96), but five non-Hodgkin's lymphomas were seen
(SMR, 238; 95% confidence interval, 77-556), although there was no dose-response
relationship with TCD D exposurel4. ln the USA, 14 cases of soft-tissue sarcoma among the
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employees of a large chemical company showed no association with potential TCDD
exposure in reference to nine controls per case from the same company15.

ln Seveso, Italy, 15 cases of soft-tissue sarcoma were observed in polluted and 44 cases in
unpolluted areas, resulting in rates of 5.7 and 3.2 per 100 000 inhabitants, respectively.

However, the rate in the polluted area was high even before the accident, possibly reflecting
earlier emissions16. Three cases of soft-tissue sarcoma have been reported in Viet Nam
veterans who had been in contact with TCDD-containing defoliants17.

ln view of these findings and with regard to chlorophenoxy herbicides, it may be noted
that sorne excesses of soft-tissue sarcoma, nasal cancer and non-Hodgkin's Iymphoma,
respectively, have been observed in two cohort and one case-control studies, in which no
substantial TCDD exposure was likely to have occurred18-20. No association between
soft-tissue sarcoma and military service in Viet Nam could be demonstrated in the published
studies in this respect, despite potential exposure to the heavily TCDD-contaminated
chlorophenoxy herbicides that were used21,22.

B. Evidence for carcinogenicity to animaIs (suffcient)

TCDD was tested in several studies in mice and rats by oral administration and in mice
by skin application, but no evaluation of its carcinogenicity could be made23. ln subsequent,
more complete reports and in other studies in mice, oral administration ofTCDD alone or,
in one study, in combination with 2,4,5-trichlorophenoxyethanol increased the incidence of
liver tumours24-26 and, in one study, produced thyroid tumours in female mice26. ln rats, oral
administration of TCD D increased the incidences of a variety of tumours, inc1uding
hepatocellular carcinomas, squamous-cell carcinomas of 

the lung and tumours of the hardpalate j nasal turbinates, tongue and thyroid26-29. Application of TCD D to the skin of mice
was associated with an increased incidence of fibrosarcomas in the integument in females3o.

Intraperitoneal administration ofTCDD to infant mice induced thymic lymphomas and
liver tumours. Oral administration ofTCDD to infant mice increased the incidence ofliver
tumours31.

ln female rats, TCDD given subcutaneously enhanced the incidences of foci of altered
hepatocytes and ofhepatocellular carcinomas induced by N-nitrosodiethylamine32. TCDD
did not increase skin carcinogenesis when applied to the skin of mice before administration
of polycyc1ic aromatic hydrocarbons33,34 or after administration of 7, 

12-dimethylbenz(a)-
anthracene35, but it enhanced the incidence of subcutaneous tumours induced by 3-methyl-
cholanthrene36.

C. Other relevant data
Conflicting results have been reported from studies of chromos omal aberrations in

peripheral blood lymphocytes of individuals exposed to TCDD occupationally or as a result
of industrial accidents. No convincing evidence for the induction of chromosomal
aberrations was obtained in a study of abortuses of women accidentally exposed to

TCDD37.
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TCDD did not induce dominant lethal mutations, chromosomal aberrations, micronuclei
or sister chromatid exchanges in rodents treated in vivo. It did not induce transformation of
mouse C3 H lOT 1 j 2 cells in vitro but did enhance transformation induced by N-methyl- N'-
nitro-N-nitrosoguanidine. ln another study using the same cell type, it did not inhibit
intercellular communication. It was mutagenic to mouse Iymphoma cells but did not induce
unscheduled DNA synthesis in rat hepatocytes in vitro. TCDD was not mutagenic to
bacteria37.

References
lAxelson, O., Sundell, L., Andersson, K., Edling, c., Hogstedt, C. & Kling, H. (1980) Herbicide

exposure and tumor mortality. An updated epidemiologic investigation on Swedish railroad
workers. Scand. J. Work Environ. Health, 6, 73-79

2Cook, R.R., Townsend, J.C., Ott, M.G. & Silverstein, L.G. (1980) Mortalityexperienceofemployees

exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). J. OCCUp. Med., 22,530-532

3Hogstedt, C. & Westerlund, B. (1980) Cohort studies of cause of death of forest workers with and

without exposure to phenoxy acid preparations (Swed.). Läkartidningen, 77, 1828-1831

40tt, M.G., Holder, B.B. & OIson, R.D. (1980) A mortality analysis of employees engaged in the
manufacture of 2,4,5-trichlorophenoxyacetic acid. J. OCCup. Med., 22, 47-50

sThiess, A M., Frentzel-Beyme, R. & Link, R. (1982) Mortality study of persons exposed to dioxin in a

trichlorophenol-process accident that occurred in the BASF AG on November 17, 1953. Am. J.
ind. Med., 3, 179-189

6Zack, J.A. & Suskind, R.R. (1980) The mortality experience of workers exposed to tetrachloro-
dibenzodioxin in a trichlorophenol process accident. J. OCCup. Med.,22, 11-14

7Cook, R.R. (1981) Dioxin, chloracne, and soft-tissue sarcoma. Lancet, i, 618-619

8 Moses, M. & Selikoff, I.J. (1981) Soft tissue sarcomas, phenoxy herbicides, and chlorinated phenols.

Lancet, i, 1370

9Johnson, F.E., Kugler, M.A & Brown, S.M. (1981) Soft tissue sarcomas and chlorinated phenols.
Lan cet , ii, 40

IOFingerhut, M.A., Halperin, W.E., Honchar, P.A, Smith, AB., Groth, D.H. & Russell, W.O. (1984)
An evaluation of reports of dioxin exposure and soft tissue sarcoma pathology among chemical
workers in the United States. Scand. J. Work Environ. Health, JO, 299-303

llBishop, C.M. & Jones, A.H. (1981) Non-Hodgkin's lymphoma ofthe scalp in workers exposed to
dioxins. Lancet, ii, 369

12May, G. (1982) Tetrachlorodibenzodioxin: a survey of subjects ten years after exposure. Br. J. ind.

Med.,39, 128-135

13Pazderova-Vejlupková, J., Némcova, M., pÍcková, J., Jirásek, L. & Lukáš, E. (1981) The

development and prognosis of chronic intoxication by tetrachlorodibenzo-p-dioxin in men.
Arch. environ. Health, 36,5-11

14Cook, R.R., Bond, G.G., OIson, R.A., Ott, M.G. & Gondek, M.R. (1986) Evaluation of the
mortality experience of workers exposed to the chlorinated dioxins. Chemosphere, 15,

1769-1776
lsSobel, W., Bond, G.G., Skowronski, B.J., Brownson, P.J. & Cook, R.R. (1986) Soft-tissuesarcoma:

case-control study. J. OCCup. Med., 28, 804,806, 808

kajo
Rectangle



2,3,7,8- TETRACHLORODIBENZO-para-DIOXIN 353

16Puntoni, R., Merlo, F., Fini, A., Meazza, L. & Santi, L. (1986) Soft tissue sarcomas in Seveso.
Lancet, ii, 525

I7Sarma, P.R. & Jacobs, J. (1982) Thoracic soft-tissue sarcoma in Vietnam veterans exposed to Agent

Orange. New Engl. J. Med., 306, 1109

18Lynge, E. (1985) A follow-up study of cancer incidence among workers in manufacture of phenoxy

herbicides in Denmark. Br. J. Cancer, 52, 259-270

19Coggon, D., Pannett, B., Winter, P.D., Acheson, E.D. & Bonsall, J. (1986) Mortality of workers

exposed to 2 methyl-4 chlorophenoxyacetic acid. Scand. J. Work Environ. Health, 12,448-454

2°Riihimäki, V., Asp, S. Pukkala, E. & Hernberg, S. (1983) Mortality and cancer morbidity among

chlorinated phenoxyacid applicators in Finland. Chemosphere, 12, 779-784

2lGreenwald, P., Kovasznay, B., Collns, D.N. & Therriault, G. (1984) Sarcomas of soft tissues after

Vietnam service. J. natl Cancer lnst., 73, 1107-1109

22Kang, H.K., Weatherbee, L., Breslin, P.P., Lee, Y. & Shepard, B.M. (1986) Soft tissue sarcomas and

military service in Vietnam: a case comparison group analysis of hospital patients. J. occup.
Med.,28, 1215-1218

23lARC Monographs, 15,41-102, 1977

24Tóth, K., Sugár, J., Somfai-Relle, S. & Bence, J. (1978) Carcinogenic bioassay of the herbicide,
2,4,5-trichlorophenoxyethanol (TCPE) with different 2,3,7 ,8-tetracWorodibenzo-p-dioxin (dioxin)
content in Swiss mice. Progr. Biochem. Pharmacol., 14,82-93

25Tóth, K., Somfai-Relle, S., Sugár, J. & Bence, J. (1979) Carcinogenicity testing of herbicide
2,4,5-trichlorophenoxyethanol containing dioxin and of pure dioxin in Swiss mice. Nature, 278,
548-549

26N ational T oxicology Program (1982) Carcinogenesis Bioassay 012,3, 7,8- Tetrachlorodibenzo-p-dioxin

(CAS No. 1746-01-6) in Osborne-Mendel Rats and B6C3F1 Mice (Gavage Study) (Tech. Rep.
Ser. No. 209; NIH Pub!. No. 82-1765), Bethesda, MD

27Van Miller, J.P., Lalich, J.J. & Allen, J.R. (1977) Increased incidence of neoplasms in rats exposed

to low levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Chemosphere, 6, 537-544

28Kociba, R.J., Keyes, D.G., Beyer, J.E., Carreon, R.M., Wade, C.E., Dittenber, D.A., Kalnins, R.P.,

Frauson, L.E., Park, C.N., Barnard, S.D., Hummel, R.A. & Humiston, c.G. (1978) Results ofa
two-year chronic toxicity and oncogenicity study of 2,3,7 ,8-tetrachlorodibenzo-p-dioxin in rats.
Toxicol. appl. Pharmacol., 46, 279-303

29Kociba, R.J., Keyes, D.G., Beyer, J.E. & Carreon, R.M. (1979) Toxicologie studies 012,3,7,8-
tetrachlorobenzo-p-dioxin (TCDD) in rats. ln: Deichmann, W.B., ed., Toxicology and
Occupational Medicine, New York, ElsevierlNorth-Holland, pp. 281-287

30N ational T oxicology Program (1982) Carcinogenesis Bioassay 012,3, 7,8- Tetrachlorodibenzo-p-dioxin

(CAS No. 1746-01-6) in Swiss- Webster Mice (Dermal Study) (Tech. Rep. Ser. No. 201; NIH
Publ. No. 82-1757), Bethesda, MD



354 IARC MONOGRAPHS SUPPLEMENT 7

31 Della Porta, G., Dragani, T.A. & Sozzi, G. (1987) Carcinogenic effects of infantile and long-term

2,3,7,8-tetrachlorodibenzo-p-dioxin treatment in the mouse. Tumori (in press)

32Pitot, H.C., Goldsworthy, T., Campbell, H.A. & Poland, A. (1980) Quantitative evaluation of the
promotion by 2,3,7 ,8-tetrachlorodibenzo-p-dioxin of hepatocarcinogenesis from diethyl-
nitro sa mine. Cancer Res., 40, 3616-3620

33DiGiovanni, J., Berry, D.L., Gleason, G.L., Kishore, G.S. & Slaga, T.J. (1980) Time-dependent
inhibition by 2,3,7 ,8-tetrachlorodibenzo-p-dioxin of skin tumorigenesis with polycyclic hydro-
carbons. Cancer Res., 40, 1580-1587

34DiGiovanni, J., Decina, P.C. & Diamond, L. (1983) Tumor initiating activity of9- and lO-fluoro-

7,1 2-dimethylbenz( a )anthracene (D MBA) and the effect of2,3, 7 ,8-tetrachlorodibenzo-p-dioxin

on tumor initiation by monofluoro derivatives ofDMBA in SENCAR mice. Carcinogenesis,4,
1045- 1 049

35Berry, D.L., DiGiovanni, J., Juchau, M.R., Bracken, W.M., Gleason, G.L. & Slaga, T.J. (1978)

Lack of tumor-promoting ability of certain environmental chemicals in a two-stage mouse skin
tumorigenesis assay. Res. Commun. chem. Pa/hol. Pharmacol.,20, 101-108

36Kouri, R.E., Rude, T.H., Joglekar, R., Dansette, P.M., Jerina, D.M., Atlas, S.A., Owens, LS. &
Nebert, D.W. (1978) 2,3,7,8-Tetrachlorodibenzo-p-dioxin as cocarcinogen causing 3-methyl-
cholanthrene-initiated subcutaneous tumors in mice genetically 'nonresponsive' at Ah locus.
Cancer Res., 38, 2777-2783

37 IARC Monographs, Suppl. 6, 508-510, 1987

1,1,2,2- TETRAeHLOROETHANE (Group 3)

A. Evidence for carcinogenicity to hum ans (inadequate)
The only epidemiological study available evaluated the mortality experience of Second

W orld War army personnel engaged in treating c10thing as a defence against gas warfare. ln
one treatment process, tetrachloroethane was the solvent used for the impregnate. Of the
3859 persons assigned to this process, 1099 whites and 124 blacks had had job duties with
probably exposure to the solvent. Among these persons, no statistically significant excess
mortality from cancer occurred. Slight excesses were reported for leukaemia (standardized
mortality ratio (SMR), 272; based on four deaths) and cancer of the genital organs (SMR,
158; based on three deaths)l.

B. Evidence for carcinogenicity to animaIs (limited)
1,1,2,2- Tetrachloroethane was tested for carcinogenicity in one experiment in mice and

in one in rats by oral administration. ln male and female mice, it produced hepatocellular
carcinomas. No significant increase in the incidence of tumours was observed in rats of
either sex. The compound was inadequately tested in one experiment in mice by
intraperitoneal injection2.
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C. Other relevant data

No data were available on the genetic and related effects of 1,1 ,2,2-tetrachloroethane in
humans.

1,1,2,2- Tetrachloroethane did not transform BALBj c 3T3 cells and did not induce
sex-linked recessive lethal mutations in Drosophila. It induced recombination, gene
conversion and mutation in Saccharomyces cerevisiae under conditions in which endo-
genous levels of cytochrome P450 were enhanced. It was not mutagenic to bacteria but
caused DNA damage3.
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TETRAeHLOROETHYLENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Tetrachloroethylene has been studied by observing laundry and dry-cleaning workers,
who may also have been exposed to other solvents, especially trichloroethylene (see p. 364),
but also petroleum solvents. ln several cohort and proportionate mortality studies, excesses
have been reported of lymphosarcomas1, leukaemias2 and cancers of the skini,2, colon3,
lungM and urogenital tract 1 -5, although in one study no excess of urogenital cancer was seen
among persons exposed mainly to tetrachloroethylene5. Some excess of Iymphomas and of
cancers of the larynx and bladder was seen in a large cohort of dry cleaners6. A familal
cluster of chronic lymphocytic leukaemia has also been related to dry-cleaning7. A large
case-control study ofbladder cancer did not show any clear associationwith dry-cleaning8.
ln other case-control studies, dry-cleaning appeared to be a risk factor for pancreatic
cancer9 and for liver cancerlO. Some excess of liver cancer was also seen in one of the
proportionate mortality studies2. ln two case-control studies of liver cancerii,12, an
increased risk with occupational exposure to organic solvents (in one of the studies in
women only12) was observed; in the first study, one case and no control had had exposure to
tetrachloroethylene; in the second, one of six female cases was in dry-cleaning workers.
Even if there is some consistency in several studies with regard to an association between
lymphatic malignancies and urogenital cancers, taken together, and exposure to tetrachloro-
ethylene, this broad grouping and the small numbers involved do not permit any definite
conclusion to be drawn about any causal connection.
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B. Evidence for carcinogenicity to animais (sufficient)
Tetrachloroethylene was tested for carcinogenicity in mice and rats by oral adminis-

tration and by inhalation. ln mice, it produced hepatocellular carcinomas in animaIs of each
sex by each route of administrationl3,14. One experiment in rats by oral administration was
considered to be inadequatel3. Exposure of rats by inhalation produced an increased
incidence of leukaemias14; the other experiment by inhalation was inadequatel3. Tetra-

chloroethylene was also tested inadequately by intraperitoneal injection in micel3.

C. Other relevant data
ln one study, tetrachloroethylene did not induce chromosomal aberrations or sister

chromatid exchanges in lymphocytes from pers ons occupationally exposed to low
concentrations15.

Tetrachloroethylene induced DN A strand breaks in liver and kidney cells of mice treated
in vivo. It induced transformation ofrat embryo cells but not ofBALBj c 3T3 cells; it did not
induce unscheduled DNA synthesis in rat hepatocytes. It induced sex-linked recessive lethal
mutations in Drosophila. Tetrachloroethylene induced gene conversion and mitotic
recombination in yeast in one study under conditions in which endogenous levels of
cytochrome P450 were enhanced. It was mutagenic to plants but not to yeast in vitro or in a
host-mediated assay or to bacteria15.
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TOBAeeo PRODUeTS, SMOKELESS (Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
ln North America and western Europe, case reports indicate an association between

tobacco chewing and oral cancer at the site where the quid was placed habitually. ln those
case-control studies in which an association between tobacco chewing and cancer of the oral
cavity, pharynx and larynx has been observed, confounding by tobacco smoking or a1cohol
consumption could not be exc1uded. A slight increase in the incidence of oesophageal cancer
related to tobacco chewing has been seen in four case-control studiesl.

Case reports indicate an association between oral use of snuff and oral cancer. Four
case-control studies imply a causal association between snuff use and oral, and possibly
pharyngeal, cancer. That oral use of snuff increases the risk of nasal-sinus cancer was
suggested in one case-control studyl.

Three case series also show a high relative freq uency of smokeless-tobacco use (chewing
tobacco or oral snuff, unspecified) among oral cancer patients. Four case-control studies
have shown an association between smokeless-tobacco use and the risk of oral cancer. Two
cohort mortality studies provide evidence of a positive association with oesophageal cancer,
and one suggests an increased risk for oral and pharyngeal cancerl.

Two large case-control studies from Pakistan and India reported substantial increases in
the risk for oral cancer related to tobacco-lime (khaini) chewingl. ln addition, evidence is
available from various studies in which cancer risks were studied in relation to unspecified
habits of betel-tobacco-lime chewing2.

Case series have indicated an association between use of shammah and nass and oral
cancer. Oral cancer was found to develop at the site at which nass was placed habitually.
Two case-control studies showed substantial increases in the risk of oral cancer associated
with nass use and one with naswar use; however, in these studies positive confounding by
smoking and other factors could not be excluded. Oral cancer in users of mishri and
gudakhu was studied in a prevalence survey; no case was found 1. A study of 64 patients with
squamous-cell carcinoma of the head and neck in Saudi Arabia showed that 81% were
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alshammah users and 34% were alqat users, but only 14% were cigarette smokers; none used
alcohol to excess3.

No association has been seen between nasal use of snuff and oral cancer. ln two
case-control studies an association between snuff inhaling and nasal-sinus cancer has been
reported. One case-control study reported snuff inhaling to be more common among
patients with cancers of the oesophagus, hypopharynx or oropharynx than among
controlsl.

B. Evidence for carcinogenicity to animaIs (inadequate)

Various chewing tobaccos and unburnt cigarette tobaccos and their extracts were tested
for carcinogenicity by oral administration in mice, by topical application to the oral mucosa
of mice, rats and hamsters, and by subcutaneous administration, skin application, in-
halation, intravesicular implantation and intravaginal application to mice. AlI of these
studies suffered from certain deficienciesl.

ln a two-stage mouse-skin assay, applieations oftobacco extract followed by treatment
with croton oil induced papilomas and squamous-cell carcinomas of the skin. ln further
two-stage mouse-skin assays, application oftobacco extracts following initiation by 7,12-
dimethylbenz(a)anthracene resulted in papilomasl.

A commercial Swedish snuff was tested for carcinogenicity in rats by topical
administration in a surgically-created oral canal, alone or in combination with herpes
simplex type 1 infection. Two squamous-cell carcinomas ofthe oral cavity were observed in
the group receiving both treatments, but this result was not statistically significant 1. A
commercial North American snuff was tested in rats by the same route. One squamous-cell
carcinoma and two papilomas of the oral cavity were found, but this result was not
statistically significant4.

An aqueous extract of a commercial North American snuff was also tested by topical
application to the oral mucosa in rats, alone or enriched with the tobacco-specific

nitrosamines, N' -nitrosonornicotine and 4-( nitrosomethylamino)- 1 -(3-pyridyl)- 1 -buta-
none. Some papilomas of the oral cavity were observed in rats treated with the enriched
snuff extract, but this result was not statistically significant4.

Snuff was tested by oral administration in hamsters, alone and in combination with
calcium hydroxide, but the data were insufficient for evaluation. Several studies in hamsters
in which snuff was administered as single or repeated applications into the cheek pouch or
fed in the diet yielded insufficient data for evaluation. Subcutaneous injection of ethanol
extracts of snuff to rats did not produce an increase in tumour incidencel.

Nass was tested for carcinogenicity in hamsters by administration into the cheek pouch
or by skin application. No tumour was found at the site of application. Although nass
administration was associated with an apparent excess of liver tumours in various groups
receiving cheek-pouch administration, which may be indicative of carcinogenicity, defi-
ciencies in reporting do not allow an evaluation to be madel.
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C. Other relevant data
An increased incidence of micronuclei was observed in exfoliated epithelial cells from

chewers of khaini and nass. Saliva collected from chewers of Indian tobacco induced
chromosomal aberrations in Chinese hamster ovary cells in vitr05.

Ethanol extracts of Indian chewing tobacco induced micronuclei in bone-marrow cells
of Swiss mice treated in vivo and were mutagenic to Chinese hamster V79 cells in vitro, both
in the presence and absence of an exogenous metabolic system, and to Salmonella ty-
phimurium. Both ethanol and ethyl acetate extracts of Sri Lankan chewing tobacco induced
transformation of Syrian hamster embryo cells. Ethyl acetate extracts induced sister
chromatid ex changes in cultured human cells, but not mutation in Chinese hamster V79
cells when tested in the absence of an exogenous metabolic system5.

Aqueous extracts of nass and khaini induced chromos omal aberrations in Chinese
hamster ovary cells. Powdered tobacco fed to larvae of Drosophila did not induce sex-
linked recessive lethal mutations, autosomal translocations or sex-chromosome loss5.

Chloroform extracts of shammah induced transformation in mouse C3H lOTI j 2 cells.
The same extracts also induced aberrant colonies and gene conversion in yeast and were
mutagenic to S. typhimurium, both in the presence and absence of an exogenous metabolic
system5.

Extracts of North American oral snuff (at pH 3.0) and extracts of North American
chewing tobacco treated with sodium nitrite under acidic conditions were mutagenic to
S. typhimurium in the presence and absence of a metabolic system. Organic solvent extracts
of snuff induced a dose-related increase in the frequency of sis ter chromatid exchanges in
human peripherallymphocytes in vitro in the absence of a metabolic system5.

References
¡IARC Monographs, 37,37-136,1985
21ARC Monographs, 37, 141-209, 1985

3Ibrahim, E.M., Satti, M.R, Al Idrissi, H.Y., Higazi, M.M., Magbool, G.M. & Al Quorain, A. (1986)
Oral cancer in Saudi Arabia: the role of alqat and alshammah. Cancer Detect. Prev., 9,215-218

4Hecht, S.S., Rivenson, A., Braley, J., DiBello, J., Adams, J.O. & Hoffmann, D. (1986) Induction of
oral cavity tumors in F344 rats by tobacco-specific nItrosamInes and snuff. Cancer Res., 46,
4162-4166

51ARC Monographs, Suppl. 6,519, 1987

TOBAeeo SMOKE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Cigarette smoking has been shown to cause lung cancer, bladder cancer, cancer of the

renal pelvis (and possibly renal adenocarcinoma), cancer of the lip, and oropharyngeal,
hypopharyngeal, laryngeal, oesophageal and pancreatic cancers. ln some studies, increased
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risks of cancers of the stomach, liver and cervix have been noted, but the data were
inadequate to decide whether the association is causal or not. The risk for lung cancer due to
cigarette smoking is substantially increased in conjunction with exposure to radon
daughters or asbestos (see p. 106). An increase in the incidence of lung cancer also results
from smoking other forms of tobacco, i.e., pipe, cigars and bidis. Pipe and cigar smoking
probably increase the risk ofbladder cancer, but at lower levels than that caused by cigarette
smoking. They also increase the risks of oral, oropharyngeal, hypopharyngeal, laryngeal
and oesophageal cancers to approximately the same extent as cigarette smoking, and, as
with cigarette smoking, the risk is substantially augmented in conjunction with high-dose
exposure to alcoholl.

Tobacco smoke affects not only people who smoke but also those who are exposed to the
combustion products of other people's tobacco (passive smokers). The most numerous
observations hitherto available concern lung cancer, and the results of most ofthe 13 main
epidemiological studies2 carried out so far are compatible with either an increased risk from
passive smoking or an absence of risk. However, the aggregate evidence from these studies,
taken together with knowledge of the nature of sidestream and mainstream smoke, of the
mate rials absorbed during passive smoking and of the quantitative relationships between
dose and effect that are commonly observed after exposure to carcinogens, leads to the
conclusion that passive smoking does carry sorne risk for lung cancer.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Cigarette smoke has been tested for carcinogenicity by inhalation in mice, rats, hamsters
and dogs. Exposure of hamsters and rats to whole smoke produced malignant respiratory-
tract tumoursl. ln mice, inhalation of whole tobacco smoke resulted in a slightly increased
incidence of alveologenic lung tumours, but this was not statistically significant in some of
the studiesl,3. An increased incidence of lung tumours has also been reported in dogs
exposed to cigarette smoke, but the data were insufficient for evaluation. More tumours of
the respiratory tract occurred in rodents exposed to both cigarette smoke and 7,1 2-dimethyl-
benz(a)anthracene than to either one alone; the same is true for concomitant exposure to
benzo(a)pyrene or radon daughtersl.

Cigarette-smoke condensate induced benign and malignant skin tumours in mice and
rabbits after application to the skin. Following its topical administration to oral mucosa, it
resulted in an increased incidence of lung tumours and tumours of other organs, primarily
lymphomas, in one strain of mice. ln rats, cigarette-smoke condensate produced lung cancer
after intrapulmonary injection. ln two-stage mouse-skin assays, a single topical adminis-
tration of cigarette-smoke condensate induced changes resulting in benign and malignant
skin tumours after additional application of croton oil. Skin tumours were also produced
when cigarette-smoke condensate was applied chronically subsequent to a single treatment
with other agents, such as 7,1 2-dimethylbenz( a )anthracenel.

C. Other relevant data
Structural chromos omal aberrations, sister chromatid exchanges and micronuc1ei have

been observed in peripheral blood lymphocytes of tobacco smokers. Although in sorne
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studies there was no increase in the incidence of sis ter chromatid exchanges, in several others
a dose-response relationship was reported between the amount and duration of cigarette
smoking and the frequency of sister chromatid ex change. Long-term heavy smokers

generally also had higher frequencies of chromosomal aberrations In peripheral blood
lymphocytes. ln a large study, a significant dose-response relationship was found between
the frequency of structural chromosomal aberrations and the estimated daily uptake of
condensate. ln a single study, it was reported that DNA adducts associated with cigarette
smoke were detected in the bronchus of one smoker and in the larynx of another, but not in
the bronchus of a nonsmoker. ln another study, one of several DNA adducts detected in
16j 17 placentas from smokers and 3j 14 placentas from nonsmokers was claimed to be
related to maternaI smoking. Antigenicity against polycyc1ic aromatic hydrocarbon-DNA
adducts has been demonstrated in peripheral lymphocytes and lung samples from cigarette
smokers, although the occurrence of these adducts could not be correlated with cigarette
smokingt .

Extracts of urine from smokers induced chromosomal aberrations in Chinese hamster
ovary cells and were mutagenic to bacteria in the presence of an exogenous metabolic
system. Passive exposure to tobacco smoke has also been reported to increase urinary
mutagenicity. ln studies of amniotic fIuid samples from smoking and nonsmoking mothers,
more mutagenicity to Salmonella typhimurium was reported in samples taken at term from
heavy smokers as compared to nonsmokers, but not in samples taken at 16 weeks by
amniocentesis. One study of the mutagenicity of cervical mucus from smoking and non-
smoking women was difficult to interpret due to inadequate reporting4.

Tobacco smoke inhibited DNA repair capacity in mice and increased the frequency of
sister chromatid exchanges in bone-marrow cells of mice exposed in vivo and in human
lymphocytes in vitro; it also induced single-strand breaks in cultured human cells. It induced
sex-linked recessive lethal mutations in Drosophila and mitotic recombination, gene
conversion and mutation in yeast. The urine of rats and baboons exposed to cigarette smoke
was mutagenic to bacteria4.

Tobacco smoke and ex tracts of particulate matter collected on filters in rooms
containing cigarette smoke were mutagenic to bacteria. The ex tracts also induced sister
chromatid exchanges in cultured Chinese hamster ovary cells4.

Tobacco condensates induced mutation, sister chromatid exchanges and transfor-
mation in rodent cells in culture, sex-linked recessive lethal mutations in Drosophila and
mutation and gene conversion in fungi. Tobacco-smoke condensate inhibited intercellular
communication of Chinese hamster V79 cells. AlI tobacco-smoke condensates tested were
mutagenic to bacteria4.
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ortho-TOLUIDINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

There are numerous studies of dyestuffs workers, dating back to the c1assical cohort
studies in 1954. Although an excess of bladder tumours has often been found in workers
exposed to varying combinations of dyestuffs and dyestuff intermediates, no population of
workers exposed to ortho-toluidine alone has been describedl. Occasional cases ofbladder
tumours have been reported in workers classified as being exposed primarily to ortho-
toluidine, but either insufficient data or insuffcient follow-up time have prevented a c1ear
association being made with the exposure. An excess of bladder tumours was noted in
workers exposed to toluene, ortho-nitrotoluene, ortho-toluidine and 4,4'-methylene bis(2-
methylaniline) (see p. 248) during the manufacture of new fuchsin ('new' magenta, see p.
238) and safranine TI,2.

B. Evidence for carcinogenicity to animaIs (sufficient)

ortho-Toluidine hydrochloride was tested for carcinogenicity in mice and rats by oral
administration, producing neoplasms at various sites in both species; in particular, vascular
tumours were induced, including tumours of the spleen and other abdominal haemangio-
sarcomasl,3. Following subcutaneous injection in a limited study in hamsters, no treatment-
related neoplasm was observed4. Experiments in rabbits and guinea-pigs by subcutaneous
administration were inadequate for evaluationl.

C. Other relevant data

No data were available on the genetie and related effects of ortho-toluidine in humans.

ortho-Toluidine did not induce micronuc1ei in miee treated in vivo; equivocal results
were obtained for sister chromatid exchanges in Chinese hamsters. It induced sister
chromatid exchanges, mutation and unscheduled DN A synthesis in human cells in vitro. It
induced transformation, aneuploidy and chromos omal aberrations in cultured rodent cells;
conflcting results were obtained for sister chromatid exchanges, mutation and DN A
damage. ortho-Toluidine caused somatic mutation in Drosophila. Conflcting results were
obtained for mutagenicity to yeast; it induced aneuploidy, but not mitotic recombination.
ortho- T oluidine was mutage nie to bacteria when larger amounts of an exogenous metabolic
system were used than in the standard assay5.
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TREOSULPHAN (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

ln one epidemiological study of 553 patients with ovarian cancer treated only with
treosulphan and followed for nine years (over 1700 person-years) after treatment, 13
patients developed acute nonlymphocytic leukaemia, mostly within five years after the start
of chemotherapy; the expected number of cases among the patients was less than O. 1, giving
a relative risk in excess of 100. There was a significant correlation between cumulative dose
of treosulphan and risk of leukaemia1,2.

B. Evidence for carcinogenicity to animais
No data were available to the W orking Group.

C. Other relevant data
Treosulphan is a bifunctional alkylating agent. No data were available on the genetic

and related effects of this compound in humans. It induced chromos omal aberrations in
plant cells3.
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TRieHLOROETHYLENE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Three cohort studies have been reported, two ofwhich showed no excess of cancer1,2; the
third3, in an extended and updated version4, showed slightly increased incidences of cancer
of the bladder (3 observed, 0.8 expected) and prostate (4 observed, 2.4 expected) and of
lymphoma (2 observed, 0.3 expected). Two case-control studies of Iymphoma have been
reported: one on Hodgkin's lymphoma, in which three of 25 cases and none of 50 controls
had had exposure to trichloroethyleneS, and the other on Hodgkin's and non-Hodgkin's
Iymphomas combined in which seven of 169 cases and three of 338 controls had been
exposed6. Four studies of liver cancer have indicated no clear association with exposure to
trichloroethylene7-1O. A few more cases than controls were exposed in two of the studies,
especially when the two studies were analysed together7.. ln a proportionate mortality
study of polishers and platers with potential exposure to trichloroethylene, but also to
chromates (see p. 165) and nickel (see p. 264), there were excesses of oesophageal and
primary liver cancers. There were also slight excesses of cancers of the buccal cavity and
pharynx, pancreas and larynx and oflymphoma (Hodgkin's and non-Hodgkin's Iymphomas
combined, 13 observed, 9.3 expected)l1.

Exposure to trichloroethylene may occur to some extent in laundry and dry-cleaning
work, although exposure to tetrachloroethylene (see p. 355) probably predominates.
Decaffeinated coffee, which is often extracted with trichloroethylene, appeared to be a risk
factor for pancreatic cancer in one study, as did dry-cleaning12.

The inconsistent relationship between liver cancer and dry-c1eaning is considered in the
summary on tetrachloroethylene. Even if there is some consistency among several studies
with regard to an association between Iymphatic malignancies and exposure to trichloro-
ethylene, the small numbers involved do not permit any definite conclusion to be drawn
about a causal association.

B. Evidence for carcinogenicity to animaIs (limited)
Trichloroethylene was tested for carcinogenicity by oral administration in mice in one

experiment and in rats in two experiments. ln mice, it produced hepatocellular carcinomas
and lung tumours in both males and females. One study in rats was considered to be
inadequate, and the other showed equivocal evidence of carcinogenicity3. Inhalation studies
with trichloroethylene have been conducted in mice, rats and hamsters13,14. ln one study in
female mice, it caused lung tumours13, but it gave negative results in the other study in mice
and in rats and hamsters. Administration by skin painting and by subcutaneous injection to
mi ce also gave negative results1S. ln inhalation experiments using two strains of mice,
trichloroethylene increased the incidences of liver tumours in males of one strain and in
males and females of the other strain, and of lung tumours in males of one strain and in
females of the other. ln rats, a low incidence of adenocarclnomas of the renal tubules was
observed following exposure to trichloroethylene by inhalationl6. ln mice, oral adminis-
tration of trichloroethylene containing epichlorohydrin (see p. 202) as a stabilizer induced
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forestomach carcinomas but no liver or lung carcinoma 17. Pure trichloroethylene was tested
by oral administration in mice and rats. Hepatocellular carcinomas were induced in male
and female mice; none were induced in female rats, and the experiment in male rats was
considered inadequatel8. A study by oral administration was conducted in four strains of
rats, but it was inadequate because of toxicity and poor survival19.

C. Other relevant data
Oral administration of trichloroethylene to mice induced hepatic peroxisome proli-

feration; however, no such effect was observed in rats20.
No adequate data were available on the genetic and related effects oftrichloroethylene in

humans.
Many commercial preparations of trichloroethylene contain stabilizers which are

known to be mutage nie. As a mIe, the purities of the preparations tested are not given.
Trichloroethylene induced micronuclei, somatie mutation (in the spot test), sperm
anomalies and DNA strand breaks in the kidney and liver, but not lung, of mice treated in
vivo; it did not induce dominant lethal mutations. It induced sister chromatid exchanges
and unscheduled DNA synthesis in human lymphocytes in vitro. It induced transformation
of mouse and rat cells but not of Syrian hamster cells; it did not induce sister chromatid
ex changes in Chinese hamster cells in vitro or unscheduled DN A synthesis in rat
hepatocytes. It was mutagenic to plant cells and induced mutation, gene conversion and
mitotic recombination in Saccharomyces cerevisiae both in vivo and in host-mediated
assays, but mutation was not induced in Schizosaccharomyces pombe in vitro or in a
host-mediated assay. It was mutagenic to bacteria when tested as a gas but not when tested
as a liquid, except in one study using a mouse-liver metabolie system21.
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4,5',8-TRIMETHYLPSORALEN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Malignant melanoma was diagnosed in a 30-year-old male shortly after commencement

oftreatment with 4,5',8-trimethylpsoralen for vitiligo. No skin cancer was observed during
two to 14 months offollow-up in 57 patients withpsoriasis treated for one to 23 months with
4,5',8-trimethylpsoralen 1.
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B. Evidence for carcinogenicity to animais (inadequate)

No skin tumour was observed in mice given thrice-weekly skin applications of 4,5',8-
trimethylpsoralen followed by low doses of ultraviolet A irradiation for ni ne monthsl,2.

C. Other relevant data

No data were available on the genetic and related effects of 4,5',8-trimethylpsoralen in
humans.

ln combination with ultraviolet A radiation, 4,5',8-trimethylpsoralen bound covalently
to DNA in guinea-pig skin in vivo. It induced sister chromatid exchanges and unscheduled
DN A synthesis in human ce Ils in vitro, and DN A cross-links in human and rodent cells in
vitro. It induced mutation in yeast and DN A da mage in bacteria. Results on the induction of
mutation in bacteria were inconclusive3.

ln the absence of ultraviolet A radiation, 4,5',8-trimethylpsoralen did not induce sister
chromatid exchanges in human lymphocytes in vitro; results for induction of unscheduled
DNA synthesis were equivocal. Mutagenicity studies in bacteria were inconclusive3.
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TRIS( AZIRID INYL )-para- BEN ZOQ VIN 0 NE (TRIAZI QUO NE)

(Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study oftriaziquone as a single agent was available to the Working
Group. Occasional case reports of exposure to triaziquone, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other pote nt oncotherapeutic drugs, do not constitute evidence of carcino-
genesisl.

B. Evidence for carcinogenicity to animais (limited)
Triaziquone produced a small number of different types of malignant tumours in rats

after repeated intravenous injections or after repeated intravenous injections followed by
repeated intraperitoneal injectionsl.
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C. Other relevant data
Triaziquone is an alkylating agent2. No data were available on its genetic and related

effects in humans.
Triaziquone induced dominant lethal mutations, heritable translocations, chromosomal

aberrations and micronuclei in bone-marrow cells of mice and chromosomal aberrations in
oocytes of mice and hamsters treated in vivo. ln human cells in vitro, it induced
chromosomal aberrations and sister chromatid exchanges. ln Chinese hamster cells in vitro,
triaziquone induced chromosomal aberrations, micronuc1ei and sister chromatid exchanges;
it induced unscheduled DN A synthesis in mouse testicular cells. It induced aneuploidy,
chromosomal aberrations and sex-linked recessive lethal mutations in Drosophila,
mutation in plant cells, gene conversion in yeast and mutation and DN A damage in
bacteria 2.
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TRIS(l-AZIRIDINYL)PHOSPHINE SULPHIDE (THIOTEPA)
(Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
Occasional case reports of exposure to Thiotepa, especially in the presence of concurrent

therapy with other putative carcinogens, such as ionizing radiation, alkylating agents and
other potent oncotherapeutic drugs, do not constitute evidence of carcinogenesisl.

No increased risk of second malignancies was found among 470 patients with colorectal
cancer randomized to low-dose (four doses of 0.2 mgj kg bw) adjuvant therapy with
Thiotepa, followed for 3102 person-years (30 second noncolorectal malignancies observed,
31.4 expected)l. No increased risk of second malignancies was found among 90 patients with
breast cancer randomized to adjuvant therapy with Thiotepa for one year (0.8 mgj kg bw in
divided doses followed by 0.2 mgj kg bw weekly maintenance); after an average follow-up of
approximately five years, five nonskin, nonbreast cancers had occurred in 5819 person-
years among 90 treated subjects compared with six in 4746 person-years among the 77
nonexposed patients2.

B. Evidence for carcinogenicity to animaIs (suffcient)
Thiotepa was tested for carcinogenicity in mice by intraperitoneal injection and in rats

by intraperitoneal and intravenous injection, producing a variety of malignant tumours3,4,5.

C. Other relevant data
Thiotepa is an alkylating agent. An increased frequency of chromosomal aberrations

was observed in one study of cancer patients receiving therapeutic doses ofthis compound6.
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Thiotepa induced dominant lethal mutations, chromosomal aberrations, micronuclei
and sis ter chromatid exchanges in rodents treated in vivo. It induced sister chromatid
exchanges and chromosomal aberrations in human and rodent cells in vitro and
transformation of C3H lOTI j 2 mouse cells. It was mutagenic to Chinese hamster ce Ils in
vitro and to mouse lymphoma cells in a host-mediated assay. Thiotepa induced sex-linked
recessive lethal mutations in Drosophila, caused sister chromatid exchanges and chromo-
somal aberrations in plant ce Ils and was mutagenic to fungi and to bacteria in vitro and in
host-mediated assays6.
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TRIS(2,3-DIBROMOPROPYL) PHOSPHATE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)
ln a cohort mortality study in the USA ofworkers with multiple exposures, exposure to

tris(2,3-dibromopropyl) phosphate was considered. A group of 628 male workers was
c1assified as exposed either on a 'routine' or 'nonroutine' basis; 36 deaths occurred in this
group (35 expected), seven of which were due to cancer compared to 6.6 that would have
been expected i.

B. Evidence for carcinogenicity to animais (sufficient)
Tris(2,3-dibromopropyl) phosphate was tested for carcinogenicity in miee and rats by

oral administration. ln mice, it produced tumours of the forestomach and lung in animaIs of
each sex, benign and malignant liver tumours in females and benign and malignant tumours
of the kidney in males2. ln rats, it produced benign and malignant tumours of the kidney in
males2,3 and benign kidney tumours in females2. ln a study of limited duration in male rats,
benign colon tumours were reported3. After skin application to female mice, it produced
tumours of the skin, lung, forestomach and oral cavity2.
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C. Other relevant data
No data were available on the genetic and related effects of tris(2,3-dibromopropyl)

phosphate in humans.

Tris(2,3-dibromopropyl) phosphate induced micronuclei in bone-marrow cens and
sperm abnormalities in mice treated in vivo. It induced sis ter chromatid ex changes and
DNA damage in human cens in vitro. It transformed Syrian hamster embryo and mouse
C3 H lOT 1 j 2 cens and induced chromosomal aberrations, sister chromatid exchanges and
mutation in cultured rodent cens. It induced heritable translocations in Drosophila and
DNA da mage and mutation in bacteria4.
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URACIL MUS TARD (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of uracil mustard as a single agent was available to the

W orking Group. Occasional case reports oftreatment with uracil mustard, especially in the
presence of concurrent therapy with other putative carcinogens, such as ionizing radiation,
alkylating agents and other potent oncotherapeutic drugs, do not constitute evidence of
carcinogenesisl-.

B. Evidence for carcinogenicity to animaIs (sufficíent)
Intraperitoneal administration of uracil mustard to mice of three strains induced lung

adenomas and adenocarcinomas in a dose-dependent incidence; in one of the strains, liver,
ovarian and Iymphatic tumours were also observed. ln rats, intraperitoneal administration
induced peritoneal sarcomas and Iymphomas and tumours in the pancreas, ovary and
mammary gland6.

C. Other relevant data
U racil mustard is an alkylating agent7. No data were available on its genetic and related

effects in humans.
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U racil mustard did not induce dominant lethal mutations in mice in one study using low
doses. It induced mutation in mouse Iymphoma cells in vitro, aneuploidy and sex-linked
recessive lethal mutations in Drosophila and mitotic recombination in yeast. It caused DNA
damage and was mutagenic in bacteria7.
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VINBLASTINE SULPHATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of vinblastine sulphate as a single agent was available to the

W orking Group. Occasional case reports of exposure to vinblastine sulphate, especially in
the presence of concurrent therapy with other putative carcinogens, such as ionizing
radiation, alkylating agents and other potent oncotherapeutic drugs, do not constitute
evidence of carcinogenesisl.

ln a large systematic follow-up of patients with Hodgkin's disease treated with an
intensive chemotherapeutie combination inc1uding vinblastine (plus adriamycin (see p. 81),
bleomycins (see p. 134) and dacarbazine (see p. 184)) but no alkylating agent, preliminary
evidence suggested no excess of acute nonlymphocytic leukaemia in the first decade after
therapy2,3.

B. Evidence for carcinogenicity to animaIs (inadequate)
No evidence of carcinogenicity was found after intraperitoneal administration of

vinblastine sulphate to mice and rats or after its intravenous administration to rats, but it
has not been adequately tested at high dosesl.
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C. Other relevant data
No data were available on the genetic and related effects of vinblastine sulphate in

humans.
Vinblastine sulphate weakly induced micronuclei in a single study using low doses, but it

did not induce dominant lethal mutations in mice treated in vivo. It induced chromos omal
aberrations but not mutation in Chinese hamster ce Ils in vitro and was not mutagenic to
bacteria4.
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VINeRISTINE SULPHATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
No epidemiological study of vincristine sulphate as a single agent was available to the

W orking Group. Intensive combination chemotherapy with regimens including vincristine
has been shown to result in increased risks for acute nonlymphocytic leukaemia (ANLL).
(See also the summary of data on MOPP and other combined chemotherapy inc1uding
alkylating agents, p. 254.) Such combinations usually include procarbazine (see p. 327)
together with an alkylating agent such as nitrogen mustard (see p. 269), both of which are
potent animal carcinogens, suggesting more plausible explanations for the association
between combination chemotherapy and ANLL. ln the presence of concurrent therapy with
other putative carcinogens, inc1uding ionizing radiation and other potent drugs, occasional

case reports of exposure to vincristine sulphate do not constitute evidence of carcino-

genesisl.

B. Evidence for carcinogenicity to animais (inadequate)
ln limited studies in mi ce and rats, no evidence of carcinogenicity was found after

intraperitoneal administration of vincristine sulphatel.

C. Other relevant data
No data were available on the genetic and related effects of vincristine sulphate in

humans.
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Vincristine sulphate induced micronuclei in bone-marrow cells of mice and hamsters
treated in vivo. Conflcting results were obtained for induction of sister chromatid

exchanges in human lymphocytes in vitro. It induced aneuploidy in and transformation of
Syrian hamster embryo cells, but it did not transform mouse C3H lOTI j 2 cells. It did not
induce chromosomal aberrations, sister chromatid exchanges or unscheduled DNA
synthesis in rodent cells in vitro. It induced mutation in mouse Iymphoma ce Ils but not in
other rodent cells. It did not induce sex-linked recessive lethal mutations in Drosophila and
was not mutagenic to bacteria2.
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VINYL eHLORIDE (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)
Vinyl chloride has been associated with tumo~rs of the liver, brain, lung and

haematolymphopoietic system1. A large number of epidemiological studies2-2 and case
reports13-25 have substantiated the causal association between vinyl chloride and angio-

sarcoma of the liver. Several studies also confirm that exposure to vinyl chloride causes
other forms of cancer, i.e., hepatocellular carcinoma13,19,23,26, brain tumoursll,27, lung

tumoursI2,28-30 and malignancies of the Iymphatic and haematopoietic systemll,29,31.
Exposure to polyvinyl chIo ride dust was associated with an increased incidence of lung
tumours in one study; the authors suggested that trapped vinyl chloride monomer was
responsible3o. Melanoma occurred in excess in one studyl2 but has not been mentioned in
others. Slightly elevated risks for gastric29 and gastrointestinal cancer (other than liver
cancer)32 were indicated in sorne studies, but these were not confirmed in others.

B. Evidence for carcinogenicity to animaIs (sufficient)
Vinyl chloride administered orally or by inhalation to mice, rats and hamsters produced

tumours in the mammary gland, lung, Zymbal gland and skin and angiosarcomas of the
liver1. Similar findings were made in more recent studies33-39. ln one, a combination of oral
administration of ethanol and inhalation of vinyl chloride resulted in more liver tumours
(including angiosarcomas) than after treatment with vinyl chloride alone40.

C. Other relevant data
Chromos omal aberrations were induced in peripheral blood lymphocytes of workers

exposed to vinyl chloride at levels of 5-500 ppm (13- 1300 mgj m3). Two studies reported
negative results for sister chromatid ex changes in exposed workers, while in another study a
weakly positive response was found41.
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Vinyl chloride induced chromosomal aberrations, sister chromatid ex changes and
micronuclei in rodents exposed in vivo but did not induce mutation in the mouse spot test or
dominant lethal mutations in rats or mice. It alkylated DNA in several tissues of mice and
rats exposed in vivo. Vinyl chloride induced sister chromatid exchanges in human
lymphocytes in vitro. It induced mutation in Chinese hamster cells and unscheduled DNA
synthesis in rat hepatocytes in vitro and induced transformation of BALBj c 3T3 ceUs and
virus-infected Syrian hamster ceUs. It induced sex-linked recessive lethal mutations, but not
aneuploidy, heritable translocations or dominant lethal mutations in Drosophila. It was
mutagenic to plants and to Schizosaccharomyces pombe but not to other fungi; it induced
gene conversion in yeast. It caused DNA damage and mutation in bacteria. Vinyl chloride
bound covalently to isolated DNA in the presence of a metabolic system41.
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VINYLIDENE eHLORIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
ln one epidemiological study of 138 US workers exposed to vinylidene chloride, no

excess of cancer was found, but follow-up was incomplete, and nearly 40% of the workers
had less than 15 years' latency since first exposure!. ln a study in the Federal Republic of
Germany of 629 workers exposed to vinylidene chloride, seven deaths from cancer (five
bronchial carcinomas) were reported; this number was not in excess of the expected value.
Two cases ofbronchial carcinoma were found in workers, both ofwhom were 37 years old,
whereas 0.07 were expected for persons aged 35-39 years!,2. The limitations of these two
studies do not permit assessment of the carcinogenicity of the agent to humans. No specifie
association was found between exposure to vinylidene chloride and the excess oflung cancer
noted previously in a US synthetic chemicals plant!.

B. Evidence for carcinogenicity to animaIs (Iimited)
Vinylidene chloride was tested for carcinogenicity in mice and rats by oral adminis-

tration and by inhalation, in mice by subcutaneous administration and by topical

application, and in hamsters by inhalation. Studies in mice and rats by oral administration
gave negative results. ln inhalation studies, no treatment-related neoplasm was observed in
rats or hamsters. ln mice, a treatment-related increase in the incidence of kidney

adenocarcinomas was observed in male mice, as were increases in the incidences of
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mammary carcinomas in females and of pulmonary adenomas in male and female mice. ln
skin-painting studies in femaJe mice, vinylidene chloride showed activity as an initiator, but,
in a study of repeated skin application, no skin tumour occurred. No tumour at the injection
site was seen in mice given repeated subcutaneous administrations!.

C. Other relevant data

No data were a vailable on the genetic and related effects of vinylidene chloride in
humans.

Vinylidene chloride did not induce dominant lethal mutations in mice or rats and did not
induce chromosomal aberrations in bone-marrow cells of rats treated in vivo; however, it
induced unscheduled DNA synthesis in treated mice. It did not induce chromos omal
aberrations or mutation in Chinese hamster cells in vitro but did induce unscheduled DNA
synthesis in rat hepatocytes. Vinylidene chloride was mutagenic to plant ce Ils and induced
mutation and gene conversion in yeast. It was mutagenic to bacteria3.
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WOLLASTONITE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
ln a small cohort mortality study of 192 male and 46 female workers exposed to

wollastonite who were followed from first employment during the period 1923-1980, 79

deaths had occurred by the end of 1980, with 96 expected. Death was due to cancer in ten
men (15.6 expected) and two women (3.0 expected). Four Jung cancer cases (5.0 expected)
were found among the men and none among the women. A rare malignant mesenchymal
tumour ofthe retroperitoneum was reported in one woman!. The limited power ofthis study
does not allow any conclusion as to the carcinogenicity of wollastonite.

B. Evidence for carcinogenicity to animais (limited)
ln one experiment in rats, a significant increase in the incidence of pleural sarcomas was

observed after intrapleural implantation ofwollastonite fibres)'4 tLm in length and 0(0.5 tLm

in diameter!.
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C. Other relevant data

No data were available to the Working Group.
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WOOD INDUSTRIES:
eARPENTRY AND JOINERY (Group 2B)

Evidence for carcinogenicity to humans (limited)

The epidemiological data available suggest that there may be a carcinogenic risk
connected with employment as a carpenter or joiner, although some of the studies produced
negative resultsl.

The connection between nasal cancer other than adenocarcinoma and exposure to wood
dust among carpenters and joiners, found in some studies, iftrue, cannot be ascribed to any
specifie exposure. Carpenters and joiners usually work with impregnated wood, use a
variety of types of wood and are exposed to many chemicals used in carpentryl.

Several studies raise the possibility of an increased risk of Hodgkin's disease. A number
of studies suggest an association between work as ajoiner and nasal adenocarcinoma, but it
is possible that the workers involved may have worked in the furniture industryl.

There is also sorne evidence of an association between nasal carcinomas other than
adenocarcinoma and work as a carpenter. ln a case-control study based on an analysis of
occupational data in the hospital records of 121 men seen for nasal cancer in British
Columbia, Canada, between 1939 and 1977, a relative risk of2.5 (adjusted for smoking and
ethnie origin) was associated with exposure to wood. There was an increased risk for most
histological types of epithelial tumour, except for transitional tumours. Of the 28 wood
workers with nasal cancer, 16 had worked in the forestry industry, seven had been
carpenters, four had been construction workers and one had been a cabinet-maker2.

A case-control study on nasal and sinonasal cancer in Denmark, Finland and Sweden
found a connection with exposure to spruce, pine and birch dust and the cancers studied,
especially epidermoid and anaplastic carcinomas. There were 13 cases with exposure only to
these types of wood versus four controls (relative risk, 3.2; 95% confidence interval, i. 1-9.4).
Of the cases, five were in construction carpenters and one in a cabinet-maker with no
exposure to hardwood; there were two construction carpenters among the controls3.
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ln a Norwegian study of 70 cases of nasal carcinoma, three cases of squamous-cell
carcinoma had had exposure to pine and spruce dust in joinery and carpentry versus 1.5
expected on the basis of the occupational distribution in Norway according to the 1946
census4. ln France, carpenters were not found to have an increased risk of nasal cancer, but
no quantitative data were given5. A case-control study of nasal cancer from North Carolina
and Virginia, USA, showed a nonsignificant relative risk of 1.6 for carpentry6.

ln a national study of nasal cancer in England and Wales in 1963-1967, the occupations
of 925 men were studied, using postal questionnaires and data from hospital and death
records. Among wood workers, the standard incidence ratios (SIRs) for cabinet- and
chairmakers, machinists and 'other' wood workers were 966, 616 and 293, respectively. For
carpenters and joiners, the SIR was 1497. Another case-control study8 showed no signif-
ieantly increased risk for 'woodworkers and carpenters' residing in certain areas of London,
selected for the study because of high incidences of nasal and bladder cancer.

A Swedish register-linkage study gave a two-fold excess of adenocarcinoma, based on
five cases, among carpenters andjoiners but no overall excess ofnasal cancer in this group9.

A cohort study comparing the experience of 10 322 men employed in wood-working
industries with that of 406 798 non-wood workers showed no excess for aIl cancers
combined. ln the subcohort of carpenters and joiners, 36 cases of stomach cancer were
found, yielding a standardized mortality ratio (SMR) of 170 (p ~ 0.01). There were lOi
deaths from lung cancer, resulting in a SMR of 120 (p ~ 0.05). Nonsignificantly elevated
SMRs were found for cancers of the liver, biliary ducts and gall-bladder (11 cases; SMR,
121), nonmelanocytic skin cancer (4 cases; SMR, 333) and melanoma (5 cases; SMR, 161).
There were two cases of nasal cancer (SMR, 333; nonsignificant)lo.

A proportionate mortality study showed an elevated risk for death from all cancers
(proportionate mortality ratio (PMR), 112; p ~ 0.01), stomach cancer (PMR, 128; po: 0.01)

and non-Hodgkin's lymphoma (PMR, 139; p ~ 0.05) among woodworkers (including
carpenters, cabinet-makers and furniture workers, lumber graders and scalers, sawyers in
sawmills and woodworkers not classified elsewhere). ln this mixed category, there was no
death from sinonasal cancerl 1.

A Dutch case-control studyii of 1 16 male patients with primary sinonasal malignancies
of epithelial origin showed an increased risk of adenocarcinoma for those employed in
joinery and carpentry work in factories (odds ratio, 16.3; 90% confidence interval, 2.8-85.3).
This work inc1uded production of doors and window frames; hence, exposure to oak dust
was likely.
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FURNITURE AND eABINET-MAKING (Group 1)

A. Evidence for carcinogenicity to humans (sufficíent)
Employment in the furniture-making industry has been associated with nasal adeno-

carcinoma; an increased risk for other nasal cancers has also been suggestedI. Subsequent
case reports2-1 1 and epidemiological studiesI2-18 have c1early corroborated an increased risk
of nasal adenocarcinoma among workers in the furniture and cabinet-making industry.

A study was made of the incidence of and mortality from cancer in 5371 men employed
in the Buckinghamshire, UK, furniture industry and followed for an average of 19 years
since commencing work. The incidence of nasal adenocarcinoma was about 100 times that
expected from the local population. For cancer of the bronchus, the standard registration
ratio was 82 (95% confidence interval, 61-107), based on 53 cases, and the SMR (corrected
for the Oxford region) was 79 (59- 1 05). However, a significant trend of increasing SMR with
increasing dustiness of work was found. A trend of increasing SMR for bronchial cancer
with increasing duration of work (not significant) was also found. A sample of the work-
force alive in 1969 contained a lower percentage of current smokers than the general
population, and there were slightly fewer smokers among the men in the dustiest jobs than in
the less dusty jobSI2. However, an update of the same study at the end of 1982 found no
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significant increase in mortality nor any trend towards increasing mortality with increased
dustiness of work for cancer at any site apart from the nasal cavityl6.

A Swedish pilot case-control study found an odds ratio of 4.1 (1.6- 1 0.6) for respiratory
cancer other than nasal cancer in relation to wood work. This ratio was based on six exposed
cases, four ofwhich were in furniture workers (odds ratio, 6.0)19. ln another Swedish study,
8141 furniture workers were followed for 19 years. Nasal adenocarcinoma was 63.4 times
more common than expected, but no increased risk was found for laryngeal cancer, lung
cancer or sinonasal cancer other than adenocarcinomal7.

A cohort study of the Danish carpenters' and cabinet-makers' union20 gives SMRs for
lung cancer of 96 (68- 1 14) in men aged 20-64 and 1 10 (92- 127) in men aged 65-84.

Mortality from multiple myeloma among furniture workers was investigated in a US
case-control study of 301 male cases and 858 controls who had died from other causes.
Employment in the furniture industry was associated with a nonsignificant excess risk (odds
ratio, 1.3) of multiple myeloma. The risk was somewhat higher for those who had died
before age 65 (odds ratio, 1.7) and for those born before 1905 (odds ratio, 1.5), and was
significantly elevated for those born before 1905 and who had died before age 65 (odds ratio,
5.4; based on five cases; p 0: 0.05)21.

A proportionate mortality study showed an elevated risk for death from all cancers
(PMR, 1 12;pO:O.0l), stomach cancer 

(PMR, 128;p0: 0.0l) and non-Hodgkin's lymphoma
(PMR, 139; p 0: 0.05) among woodworkers (inc1uding carpenters, cabinet-makers and
furniture workers, lumber graders and scalers, sawyers in sawmils and woodworkers not
classified elsewhere). ln this mixed category, there was no death from sinonasal cancer22.

Epidemiological data reported here and previouslyl thus provide suffcient evidence that
nasal adenocarcinomas have been caused by employment in the furniture-making industry.
The excess risk occurs (mainly) among those exposed to wood dust.

According to Acheson et al.B, the fact that woodworking machinists (who saw timber)
and cabinet- and chain makers (who shape, finish, sand and assemble furniture) experience
similar risks makes it unlikely that the tumours are due to a chemical agent applied to the
wood at a particular stage ofthe process, but that they are more probably due to a substance
in wood itself. Beech and oak, especially, have been incriminated, but the possibility that
other hardwoods are carcinogenic cannot be ruled out. The carcinogenic substances in
hardwood are, however, unknown.

B. Evidence for carcinogenicity to animaIs (inadequate)
Among hamsters exposed by inhalation to fine particles ofbeech wood dust, one animal

out of 22 had a nasal tumour. ln these limited studies, inhalation of wood dust did not
increase the incidence of nasal or respiratory-tract tumours induced by N-nitroso-
diethylamine23,24.

C. Other relevant data
A fraction of a methanol extract of beech-wood dust was mutagenic to Salmonella

typhimurium in the presence of an exogenous metabolic system25.
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LUMBER AND SA WMILL INDUSTRIES (INCLUDING
LOGGING) (Group 3)

Evidence for carcinogenicity to humans (inadequate)
Information on the occurrence of cancer in lumber and sawmil workers is limited. The

available epidemiological data come primarily from surveys of statements of occupation on
death certificates. Nasal tumours, malignant Iymphomas and leukaemias and soft-tissue
sarcomas have been linked with work in the lumber and sawmill industries, but the results
are not consistent!.

ln a case-control study based on an analysis of occupational data in the hospital records
of 121 men seen for nasal cancer in British Columbia, Canada, between 1939 and 1977, a
relative risk of2.5 (adjusted for smoking and ethnie origin) was found to be associated with
exposure to wood. There was increased risk for rnost histological types of epithelial tumour,
except for transitional tumours. Of the 28 woodworkers with nasal cancer, 16 had worked
in the forestry industry, seven had been carpenters, four had been construction workers and
one had been a cabinet-maker2.

ln a case-control study based on 167 cases of nasal or sinonasal cancer and 167 controls
from Denmark, Finland and Sweden, exposure mainly to softwood dust (pine and spruce,
but also sorne birch) was associated with epidermoid and anaplastic carcinomas, but not
with adenocarcinomas. There were 13 cases with exposure only to softwood versus four
controls (odds ratio, 3.3; 95% confidence interval, 1. 1 -9.4). Of these, four cases (all with
epidermoid carcinoma) and two controls had been sawmil workers. Only two of the four
cases had had potential exposure to chlorophenols (see p. 154)3.

ln a N orwegian study based on 70 cases of various forms of sinonasal cancer (4 observed,
0.4 expected in saw- and planingmil workers; 3 observed, 1.8 expected in forestry workers),
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three cases of non-Hodgkin's Iymphoma were associated with employment in saw- and
planingmill firms. The comparison was made between the number of cases observed in
different occupations and the expected number of cases according to the 1946 cens us data of
workers in these occupations4.

A case-control study of Hodgkin's disease5, using death certificates from North
Carolina, USA, counties with a 'significant proportion' of the population employed in the
furniture industry and in lumbering, showed an excess risk only among occupational groups
with exposure to wood or paper. Carpenters and lumberers had a relative risk of 4.2 for
Hodgkin's disease (95% confidence interval, 1.4-12.5). ln Oregon, USA, a case-control
study on leukaemia (ICD-9 codes 204-208)6 showed a three-fold increase in risk for patients
who had worked for ten years or more in the sawmill industry (p = 0.017), based on nine
exposed cases.

ln a proportionate mortality study of the causes of death of375 union-affilated Swedish
lumberjacks who had died between 1968 and 1977, there were fewer deaths from cancer than
expected (PMR, 88; 69-111). A marked deficiency of deaths from lung cancer (SMR, 33)
and excesses of deaths from kidney cancer (SMR, 193; 92-407) and from cancers of the
lymphatic and haematopoietic systems (S MR, 191; 105-349) were found. No information
was given about the histology of these two groups of tumours. The mortality experience of
Swedish males during that period was used as the standard for comparison7.

A cohort study comparing the mortality experience of 10 322 men employed in wood-
working industries with that of 406 798 non-wood workers showed no ex cess risk for aIl
cancers combined. ln the subcohort of lumber and sawmil workers, there was no statis-
tically significant increase in the incidence of cancer at any site. No case of nasal cancer was
reported8.

A nested case-control study9, based on an average of 25 years' follow-up of 3805 men
working in the Finnish particle-board, plywood, sawmil or formaldehyde glue industries
between 1944 and 1965, showed no clear connection between respiratory cancer incidence
and most of the exposures studied, although some odds ratios were statistically significantly
increased. For example, exposure to pesticides (in wood dust) and phenol was associated
with elevated odds ratios, which became more marked among workers with more than ten
years' exposure to pesticides. The raised odds ratios for exposure to phenol were partly
explained by smoking and exposure to pesticides. Because ofthe mixed exposure, no single
pesticide could be linked with respiratory cancer. Exposure to terpenes and other products
of coniferous wood was also significantly associated with respiratory cancer when the
duration of exposure exceeded five years. None ofthe odds ratios for exposure to wood dust
and chlorophenols was statistically significant.

A proportionate mortality study showed an elevated risk for death from aIl cancers
(PMR, ii2;p~0.01), stomach cancer (PMR, 128;p~0.0l)and non-Hodgkin's lymphoma

(PMR, 139; p ~ 0.05) among woodworkers (inc1uding carpenters, cabinet-makers and
furniture workers, lumber graders and scalers, sawyers in sawmills and woodworkers not
classified elsewhere). ln this mixed category, there was no death from sinonasal cancer10.

The epidemiological data reported here and previouslyl are not sufficient to make a
definite assessment of the carcinogenic risks of employment in the lumber and sawmil

kajo
Rectangle



PULP AND P APER MANUFACTURE 385

industries. It should also be noted that these two industries differ greatly with regard to
exposures other than wood dust. Sorne studies suggest that the incidences of nasal cancers,
lung cancer and Hodgkin's and non-Hodgkin's Iyrnphoma may be increased. The patterns
are not consistent, the results are based on few cases, and, in some studies, work in furniture
manufacture has not been excluded sufficiently weIL. The hypothesis of a link with
Hodgkin's disease is not adequately supported. Soft-tissue sarcomas and histiocytic
Iyrnphomas have been reported following exposure to chlorophenols and phenoxyacetic
acid herbicides (see pp. 154 and 156), but the risk to sawmil and lumber workers was not
quantified directly. Stomach cancer incidence was slightly elevated in these occupational
groups in six mortality series; however, this might be related to nonoccupational factors.
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PULP AND PAPER MANUFAeTURE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Excess incidences of oral and pharyngeal andj or laryngeal cancers were reported in two

studies designed to generate hypotheses. These cancer forms have not been evaluated in
independent studies1.
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Sorne studies, based on a few cases, suggest that an increased risk oflymphoproliferative
neoplasms, particularly Hodgkin's disease, may be linked to employment in the pulp and
paper industriesl-.

ln a prospective cohort study of viscose workers exposed to carbon disulphide, 343 pulp
and paper workers served as the reference group. During 15 years of follow-up, nine pulp
and paper workers had died oflung cancer, compared with four viscose workers (rate ratio,
2.2; (95% confidence interval, 0.7-6.7)). The pulp and paper workers smoked slightly less
than the viscose workers4. When national rates were used as the reference, the SMR was 154
(70-292). However, a US proportionate mortality study3 comprising 2113 deaths revealed
no excess of lung cancer among pulp and paper workers.

A US cohort study of 3572 pulp and paper mil workers employed for at least one year
between 1945 and 1955 and followed until 1977 showed statistically nonsignificant excesses
of lymphosarcoma and reticulosarcoma (10 cases; SMR, 169; 92-287) and of stomach
cancer (17 cases; SMR, 123; 78-185). There was no excess of lung cancer. The excess of
lymphosarcoma and reticulosarcoma was present only for men who had worked in sulphate
mils (6 observed; SMR, 207; 90-408), whereas the excess of stomach cancer occUfred in
sulphite mils (11 observed; SMR, 149; 83-246)5.

Excesses of cancers at miscellaneous sites have been mentioned in some studies on pulp
and paper workers,,3,6-8. The findings may be due to chance, because the cases were
generally few and the patterns inconsistent.

A case-control study of the paternal occupations of 692 children who had died of cancer
in Massachusetts, USA, showed that paternal employment as a pulp or paper mill worker
was associated with tumours of the brain and other parts of the nervous system (six cases
observed; relative risk, 2.8); however, as many comparisons were made, this may weIl be a
chance finding9.

B. Other relevant data

W orkers employed for two to 30 years in a paper factory and exposed intermittently to
high levels offormaldehyde (see p. 21 1) for short periods showed a significant increase in the
incidence of structural chromos omal aberrations associated with mean exposure to
formaldehyde; however, no increase in the incidence of sister chromatid exchanges was
observed as compared with controls. An increase in the incidence of chromosomal and
chromatid-type aberrations was reported among seven workers involved in boilng pulp and
handling sulphuric acid in a sulphite factory, as compared to six workers exposed to
chlorine during the bleaching of pulp, six workers exposed to dust in a paper mil and 15
control subjects; but the results remain uncertain due to methodological problemslO.
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ADDITIONAL SUMMARIES AND EVALUATIONS OF EVIDENCE
FOR eARelNOGENielTY lN EXPERIMENTAL ANIMALS, AND
SUMMARIES OF OTHER RELEVANT DATA, FOR SELECTED

AGENTS FOR WHICH THERE ARE NO DATA ON
eARelNOGENielTY lN HUMANS

The Working Group also examined the available experimental data on chemicals
evaluated by previous W orking Groups as being suffcient evidence of carcinogenicity to
experimental animaIs, but for which there are no data on humans. The W orking Group
confirmed the evaluation of sufficient evidence of carcinogenicity for these chemicals,
except in one case (gyromitrin), for which the evidence for carcinogenicity, on the basis of
the present criteria, was considered to be limited. A new summary of the data on this
chemical was prepared (see p. 391).

The Working Group also reviewed the data on certain chemicals for which there are no
data in humans but for which the evidence of carcinogenicity in experimental animaIs had
previously been evaluated as being limited. Taking into account new data, the evidence for
four chemicals (acetamide,para-aminoazobenzene, griseofulvin and sodium ortho-phenyl-
phenate was re-evaluated as representing sufficient evidence of carcinogenicity in experi-
mental animaIs, and new summaries were prepared for these chemicals (see below and
pp. 390,391 and 392). Thus, there are now 123 agents for which no human data are available
but for which there is suffcient evidence of carcinogenicity in experimental animaIs.

ln addition, the W orking Group re-evaluated the available experimental data as given in
the M onographs on 1 1 chemicals previously evaluated by IARC working groups as
representing no evidence of carcinogenicity to experimental animaIs. On the basis of the
present criteria for evidence suggesting Jack of carcinogenicity in experimental animaIs, as
given in the Preamble, the evidence for two chemicals (caprolactam and methyl parathion)
was re-evaluated as meeting the criteria for placement in this category. For the data on the
remaining nine chemicals, an evaluation of inadequate evidence was adopted. Summaries of
the available data on the two chemicals evaluated as representing evidence suggesting Jack
of carcinogenicity were prepared (see pp. 390 and 392).

AeETAMIDE

Evidence for carcinogenicity to animais (suffcient)
Acetamide produced benign and malignant liver tumours in rats following its oral

administration i -3. ln male mice, an increased incidence of malignant lymphomas was also
observed3.
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2Flaks, B., Trevan, M.T. & Flaks, A. (1983) An electron microscope study of hepatocellular changes in

the rat during chronic treatment with acetamide. Parenchyma, foci and neoplasms. Carcino-
genesis,4, IL 17-1125

3Fleischman, R.W., Baker, J.R., Hagopian, M., Wade, G.G., Hayden, D.W., Smith, E.R.,
W eisburger, J. H. & W eisburger, E. K. (1980) Carcinogenesis bioassay of acetamide, hexanamide,
adipamide, urea and p-tolylurea in mice and rats. J. environ. Pa/hol. Toxicol.,3, 149-170

para-AMINOAZOBENZENE

Evidence for carcinogenicity to animais (sufficient)
para-Aminoazobenzene produced liver tumours in rats following its oral administration

and produced epidermal tumours in rats after application to the skinl. ln mice, hepatomas
were found in 50- 100% of males after one or four intraperitoneal injections of para-
aminoazobenzene, compared to 3% in controls and in females. ln two other strains of mice,
93% and 46% of males had hepatomas at 1 1 months of age after a single intraperitoneal
injection of the compound2. When pregnant and newborn male and female mice were
administered high doses ofpara-aminoazobeni:ne by subcutaneous injection, there was a
borderline increase in the incidences of tumours of the liver and of the haematopoietic and
lymphoid tissues in mice treated transplacentally and a statistically significant increase in
the incidence of these tumours in neonates3.

References
IIARC Monographs, 8, 53-60, 1975
2Delclos, K.B., Tarpley, W.G., Miller, E.C. & Miler, J.A. (1984) 4-Aminoazobenzene and N,N-

dimethyl-4-aminoazobenzene as equipotent hepatic carcinogens in male C57BL/ 6 x C3H/ HeF1
mice and characterization of N-( deoxyguanosin-8-yl)-4-aminoazobenzene as the major

persistent hepatic DNA-bound dye in these mice. Cancer Res., 44,2540-2550
3Fujíi, K. (1983) Induction of tumors in transplacental or neonatal mice administered 3'-methyl-4-

dimethylaminoazobenzene or 4-aminoazobenzene. Cancer Leu., 17,321-325

eAPROLAeTAM

A. Evidence for carcinogenicity to animais (evidence suggesting lack of carcinogenicity)
Caprolactam was tested adequately by oral administration in the diet of mice and rats.

There was no increase in tumour incidence over that in controlsl.
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B. Other relevant data
Caprolactam gave negative results in a wide range of in-vitro short-term tests: it did not

induce DN A damage, DN A repair, point mutation, sister chromatid exchange, micronuclei,
aneuploidy or polyploidy in cultured mammalian cells, recombination or aneuploidy in
fungi or mutation in Salmonella typhimurium in the presence or absence of an exogenous
metabolic system. Results of borderline positivity were obtained in tests for morphological
transformation in cultured mammalian cells and for gene conversion in yeast. Caprolactam
induced somatic-cell mutations in Drosophila melanogaster. There is some evidence that it
induces chromosomal aberrations in cultured human ce Ils and point mutations in yeastl.

Reference
IIARC Monographs, 39, 247-276, 1986

GRISEOFUL VIN

Evidence for carcinogenicity to animais (suffcíent)
Griseofulvin induced liver tumours following its oral administration to adult micel-3 or

its subcutaneous administration to infant male micel. When given orally to rats and
hamsters, it produced a significant increase in the incidence of thyroid tumours in rats but
had no carcinogenic effect in hamsters2.

References
IIARC Monographs, 10, 153-161, 1976
2Rustia, M. & Shubik, P. (1978) Thyroid tumours in rats and hepatomas in mice after griseofulvin

treatment. Br. J. Cancer, 38, 237-249

3Chlumská, A.A. & Janoušek, V. (1981) Hepatomas after long-term administration of griseofulvin

(Czech.). Cesk. Patol., 17, 83-87

GYROMITRIN

Evidence for carcinogenicity to animais (limited)
ln one study, gyromitrin was administered by intragastric intubation to miee, producing

increased incidences of tumours of the forestomach, clItoral gland and lung in females and
of tumours of the preputial gland in malesl.

Reference
I/ARC Monographs, 31,163-170, 1983
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METHYL PARATHION

A. Evidence for carcinogenicity to animais (evidence suggesting lack 01 carcinogenicity)
Methyl parathion was tested adequately by oral administration in the diet of mice and

rats. There was no increase in tumour incidence over that in controlsl.

B. Other relevant data
The incidences of chromosomal aberrations and of dominant lethal mutations were not

increased in mice treated in vivo with methyl parathion. ln mammalian cells, sis ter
chromatid exchange and presumed gene mutations were induced, but neither chromos omal
aberration nor unscheduled DNA synthesis was elicited. Methyl parathion was weakly or
nonmutagenic in Drosophila melanogaster and in bacterial systems, but it was mutagenic in
yeasts1.

Reference
¡IARC Monographs, 30, 131-152, 1983

SODIUM ortho-PHENYLPHENATE

Evidence for carcinogenicity to animais (sulficíent)

Sodium ortho-phenylphenate produced urinary bladder carcinomas in rats following its
oral administrationl-3. It increased the incidences ofhaemangiosarcomas of the liver and of
hepatocellular carcinomas in male mice after its oral administration4. When given in the diet
to rats, it enhanced the incidence ofbladder cancer induced by oral administration of N-nitroso-
N-( 4-hydroxybutyl)-N-butylamine5.

References
IIARC Monographs, 30,329-344, 1983
2Fujii, T. & Hiraga, K. (1985) Carcinogenicity testing of sodium ortho-phenylphenate in F344 rats

(Jpn.). J. Saitama med. School, 12,277-287
3Fujii, T., Mikuriya, H., Kamiya, N. & Hiraga, K. (1986) Enhancingeffect ofthiabendazole on urinary

bladder carcinogenesis induced by sodium o-phenylphenate in F344 rats. Food chem. Toxicol.,
24, 207-211

4Hagiwara, A., Shibata, M., Hirose, M., Fukushima, S. & Ito, N. (1984) Long-term toxicity and
carcinogenicity study of sodium o-phenylphenate in B6C3F1 mice. Food chem. Toxicol.,22,
809-814

SFukushima, S., Kurata, Y., Shibata, M., lkawa, E. & Ito, N. (1983) Promoting effect of sodium
o-phenylphenate and o-phenylphenol on two-stage urinary bladder carcinogenesis in rats.
Gann, 74,625-632
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Appendix 1. Summary of data on genetic and related effects

Agent 00nrnarnmaliari ~Y:'lf:mS \Ianimalian systt-m::

Pro ka- Lower Plants Insects ln vitro ln vivo
ryo tes eukaryotes

Animal cells H uman cells Animais Il umans

0 G D R G A 0 G C R (; C A 0 G S M C A T 1 D G S 1\ C A T 1 0 G S 'v C DL A D S ~I C A

Acetaldehyde + + + + +* +* - * +* + + + +*
Acrolein + - * -* +* ? -*

Acrylonitrile +* + + + +* +* - + + + + +* + - + +* +* +* +* - + - * - - -
Actinomycin 0 - - -* ? +* - * +* + + + + -' +* +* + ..~

Adriamy dn + + +* + +* + + + + +* + + +* + + + + + +* + +*
Aflatoxin B + + + + +* + + + + + + + + +* + + + + + +* +*1

-* *Aflatoxin B - + - + - +* +* -* +*2
-*Aflatoxin G + + ' +

+ +* +* + +* +*1

Aflatoxin (; - ? - * + - + - *
2

Aflatoxin M + +*
i -'Aldrin - +* - *

? +" ? +* +* - * +* - *

4.Aminobiphenyl +* + + + + +"
Amitrole - - ? ? + + - -"

? +* + .. - * -
Aniline - - -' - * -' - + +* +* - + + - *

Arsenic, trivalent - - +* - * -' -' - + -' + + ? + + +* +* - ? ?

Arsenic, pentavaIent - +* -' - - 'l -' + + -"
? +

Asbestos - - ? + +* + + + - - * - ? -* -* ?
Attapulgite - -'
Auramine +* + +* + -* +* +* +* +* -*

Azathioprint + +* +* 't - + -' + + +* .. * ?

Benzal chloride +* +

Benzene +" 7.- + + +" + +* ? - + + - -' + + + - " + ? + + + + - * +

Benzidine - + +* +" - +* + ? + ? + + + +* + + +

Benzotrichloride +* +

Benzoyl chloride - -
Benzyl chIoride + + + + + - + + + + + ? +* ? - -
Beryllium and beryllium cornpounds ? - - ? +* +* + +* ?

N,N -B is(Z-c hloroe th y 1)- Zona ph th Y 1-
+'amine (ChIomaphazine) + +* + + +* ?

BiHchloroethyl nitrosourca (BeNU) + + +* +* + + + + + + + +' +
Bis( chloromcthyl )ethcr + +* - +*
Bleomycins + + + + + +* + +' +* + + ? + + +* + ? + +* ? + +*
1,3-Butadicne + +" +'
1 ,4-Butanediol dimethanesulphonate

(MyJeran) + +* + +* + + + + - * + + + + +"

1

~
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Agent \onrnammalian ::y~teni:: Mamiiwlian systems

Pro ka- Lower Plants Inseets ln vitro
ln vivoryotes eukaryotes

Animal ceUs H uman cells AnimaIs Humans
D G D R G A D G C R G C A D G S ~i C A T 1 D G S \1 C A T 1 D G S .\1 C DL A D S \1 C .-\

Cadmium and cadmium compounds -* - +* -* - - + ? - + + + - * ? - - - ? -*
?Carbon tetraehloride - + + -* -* +* - -

Chlorambucil + +* +* +* + +* + + +* + ?Chloramphenicol - - - * + - - +* - * + + ?Chlordane -' - +* +* - .,
+ ? - +* -

Chlormadinoiie aeelate -* -'
Chlorod if1uoromt' thane + -* - * +* - - * .- - *
I-(:2-Chloroeth"8.3-cy clohex y"I.I.

nitrosourea ( C!\ l') +* + + + +* + + +* +*
Chloroform - - +* +* +* - - - - - +* - * -' - . -
Chloromethyl melhyl eiher +* +* +*
('l-Chloro.2.metliy 1 plien ox Y" )acdic

* -*acid (\ICPA) - +* +* . +* +* -. ."Chloroprene +* +* - +* +* + +
Cholesterol - -'
Chromium (n) + + + - * .' +* + + + + + + . + ? + + +* ? * +*
Chromium (II) + - " ., " - * .. ? .'
Clirysoidine +*

Cisplatiii + + +* +* + +* + +* +* +* + + + +* + + + +* + + + - * +* +*
Clofibrate -' -
Clomiphene citrate

- * -*
Conjugated oestrogens .' - .
C,.clamalt', calcium - ., ., - . + - * +* -
Cyclamate, sodium - * - .' +* +* + .. - .
C"cloliexylamiii' - - . . - +* +* +* ? +' '! ?

Cyclophosphamide + + +* + + + + +* +* T + + + + + + + + + + + + + + +
Cyclopropaiie -
Dacarbazine + + +* -*
Oapsonc -
DDT - - . - +' ? - . ? + - . * - + - * + ? ?Diazepam - - * - * - - ? -* ? -* -
l ,2.0 ibromo.3-chloropropane -* + +* + ? +* + +* + + +
ort ho -Dichlorobenzene - -*
para.Dichlorobenzene - +*

3,3' -Dichlorobenzidine +
?

Dichloromethane + +* +* +* +* - - ? + + - -* -*

w
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Agcnt Nonmammalian systems -' lanimalian s)'sti'rns

Proka. Lower rIants " Insects ln vitro ln vivo

ryotes eukal)'otcs
Animal ccUs H uman ccll, AnimaIs Humans

D G D R G A D G C R G C A D G S ~I C A T 1 D G S \1 C A T 1 D G S \1 C DL A D S \1 C A

2,4.Dichlorophenol - * - *

2,4.Dichlorophenoxyacetic acld
(2,4-D) - + +* t t ., .. t* - * .,* t* .,* t .. - - * .. * -

I,3.Dichloropropeiie + t* - * t'"

Dicyclohexylamine - t*

Dicldrin -* - .. * .. .,* t* ., *- - -
Dienot'strol - * - t +* +*

Diethyl ('ther - * - * . *

Diethylstilboestrol ? .. - * - - t +* ? - ., _. "' ., " ., t " " " ? + ., ? 'f t
Diethyl sulphate t t* +* +* +* +* + ., + t t* +* +* + t* +

Dimethisteroii(' ..

3,3'.Dimethoxybenzidiii., (ortho.
Dianisidine) t +* +* +*

Dimethylcarbamoyl chlorid(' + + +* + + +* .. * t* t* ., t* +* * +

Dimethyl sulphate + + +* +* ?
" t* + t + + + + -Y. +* + t*

i ,4-Dioxane - - * .,* .. * t*
Direct Black 38 t
Direct Blue 6 t* +*

Direct Brown 93 + "..* .,*

Divinyl ether +* +*

Enflurane - - * ..*

Epichlorohydrin + + +* + + +* + +* t ~ + ...¡. + + + t* ? .. +

Erionite t* +* +*

Ethinyloestrodiol - - - * - * -* -* - * 'f +* ..

Ethylene dibromide + + + t t + t t t* +* +* +* t* t +* - * -* .. .. -
Ethylene oxide +* + - * t t t t t + +* +* t t* + + t + + t +* +

Ethylene thiourea ? ? ? t t* .. * - * - - .. - * .. * .. ". * uu

Ethynodiol diacetale - *

F erric oxide .. *

Fluorides (inorganic)

Sodium fluoride - -* + ? '1 + t* +* t* ? ".* ? * *.. .. -
Sodium monofluorophosphate - * -
Sodium silieofluoride -*

Stan nouS fluoride - *

5-Fluorouracil ? +* - * t* + +* - + - -
Fluroxcne + t*

Formaldehyde + + + +* + +* t + + + + + +* + + + + ? . * - - ? ? ?

Halothane - +* +* ? ? .. * * - * - * ..-
Heptachlor -' - -* +* - * - -' + t* *..

Hexachlorobenzene -* -' -

~~
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Agcnt ;\onmanimalian systems Mammalian 'l'stems
ì

Proka- Lower Plants Insccts ln vitro
ln viL'oryotes eukaryotcs

HumansAnimal cells Human cells AnimaIs

0 G 0 R G A 0 G C R G C A 0 G 5 M C A T 1 0 G 5 \1 C A T 1 0 G 5 M C DL A 0 5 \1 C A

!H exachl orocy ci ohexan cs -* - +* -* - ? - * - * + - ? -- *Hexoestrol - *
'1

Hydralazine + + + ? +* -- *
Hydrazinc + + + - * + +* + +* '! + -. * + -- * - *
Isoflurane -- .. *
Isonicotinic acid hydrazide (Isoniazid) + -* - + + -- *

? ? - - * .- - - ."
Lead and lead compounds

Lead and inorganic Icad compounds -* - - - -- * "
"-"* .- -- - *

? '1 '1 '1Tetraethyl- and tetrariethyllead -*
~lagenta

* _.para.\lagenta - + - - *
~Iagenta 1 +*

\1edroxyprogesterone aeetatc ,*
\Iegcstrol acetate ,

*--\lelphalan + , "* " " + "x- "t';i + t + +* +* + "
6.~lercaptopurinc +* + + +*" t - * .. * +* + + + - * +* +*Mestranol -* - - * +* n n * *
Methotrexale -* ? "* - * + +* + +* * - + * + - '1 +Methoxv nurane -

_. *
5.\lethoxypsoralen

+* +* +* +* t*+ultravioJet A radiation + + + + + +in the dark ?

8.\lethoxypsoralen (_\lcthoxsalen)
+ + + + +* "* +* +* *

+ ultraviolet A radiation
" + + , t + t + .- -in the dark + ? ? ? ? '1

Methyl bromide + +* +* - + +* +* +Mi:hyl chloride + +* +* -- * +* +*
4,4'.Methylene bis(2.chloroaniline)

"(\IOCA) +* + ? -* +* +
+*N-Methyl-N' -nitro-N -nitrosoguanidine + + + + +* +* + + + + + + + + + + + +' + + +* -- *:\letronidazolc +* + -' + - " '1 - " - -- * -- * -- --Mustard gas (Sulphur muslard) +* + + + +* + +* + +*

I-Naphthylamine +* + ? - +* +* - ? ? ? + -*
? -2.Naphihylamine +* + + + + + ? +* + ? + + + +* +

*+ + -¡.Naphihylthiourea (ANTU) + -
Nickel and nickel compounds + - +* +* + ? + + + -- + ? + --' - ?Nitrogen muslard + + + + + +* +* +* + ? + +* + + + + +* + +* +*Nitrous oxide -- -*
Norethislerone - - -- *

? +*Norethynodrel - - +* - *
Norgestre! - ?

,
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Agent \:oiimammalian ;:Y5-tl~II~ \lanirnaliari systcm$

Pro ka. Lower Plants Insects ln vitro ln vivo
1

ryo tes eukaryotes 1

Animal cells fi uman cells AnimaIs fi umans
1

D G D R G A D G C R G C A D (~ S ~'1 C A T 1 0 G S \1 C A T 1 0 G S M C DL A D S \1 C _'.

Ochratoxin A *
1- - + - -*

Oestradiol.17ß - " .. * - * +* +* .. * .. * " .. *

Oestriol '1 - *

Oestrone .. *

Pentachlorophenol -* ? ? +* - * .. * +* * ?

Phenacetin + - * -* +* '1 ? '1

Phenazopyridine hydrochloride - * - *

Phcnelzine sulphate +* +* - ,-

Phenobarbi tal ? - - +* - -_. .. + + - * + -- * '1 + +* _.* + +* -* - * - *

Phcnylbutazone - * + * * * * * -*- . - -
N.Phen yl.2.na ph thylamine - *

Phenytoin +* - +* + . * +* , - * , -
Polybrominated biph,'iiyls - - - + - ' . * -
Polychlorinated biphi'nyls - .. . * .. * + * ..* * "

?

Prednisone - * -'
Procarbazine hydrochloridi' + ? + + + +

"
+ + .- * * + + + + +* "

Progesterone - _. * . * " * . - . *

Propylcnc oxide +* + + +-, +* +'- +* + * +* +*

Reserpine - - * .- * . .. *

Saccharin, unspecified - * - - + +* - * " +* * '1- -
Saccharin, sudium - +* +* " -' -* + + .- * +* +* +* - * .. "

Silica - .. * +* +* * .. *

Styrene ? +* +* +* +* -* +* +* +* + * + T + + + +* 'r ? + +

Sulfamethoxazole -* -* *-
Talc - * - * ._* * *. -
Testosterone - * ..*

2,3,7 ,B.T etrachlorodibcnzo.para.
dioxin (TCDD) - - * +* - * - ,. -* - * ?- -

1,1,2,2.Tetrachloroethane +* - +* +* .. * . *

Tetrachloroethylene - +* - +* -* - * +* +* -* -*
2,3,4,6. T etrachlorophcnol - *

art ho. T 01 uencsulphonamide - ? . -*
ortho-Toluidine + - ? +* .. + ? ? ? -* + +* + + + +* ?

Treosulphan +

Trichloroethylenc + + + +* -' - * + +* +* +* +* +* ..- *

2,4,S.Trichlorophenol - * .. *

2,4,6.Trichlorophenol - -* +* +*
,
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Agent Nonmammalian systems \L.mrnalian systl'llS

Pro ka- Lower Plants Insects ln vitro ln vivo
ryotes eukaryotes

HumansAnimal ceUs fi uman cells Animais

D G D R G A D G C R G C A D G S ~i C A T 1 D G 5 \1 C A T 1 D G 5 \1 C DL A D 5 \1 C A

1
2,4,3-Trichlorophenoxyacdie acid

(2,4,3-T) - +* +* ? -- +* -* +* - +* ?

4,3' ,8-Trimcthylpsoralen
? ++ ultraviolet A radiation + + + + +*

in the dark ? "
_.

T ris( azi rid in r 1 )-pa ra -bl' n zoq u ii 10 n l'

(Triaziquoni') +* +* ., +* + + + +* + +* "* + + + + +
Tris(l -aÚridinyl)phospliilll sulpliidl'

(Thiollpa) + +* + +* +* + + +* + + .,* + + + +*
T ris(2 ,3-dibromopropy 1 )pliospha i l' + + +* ? " " , + .* .* -- " +* ?

Lracil rnustard +* + +* .* .* ,'- -*

\inhlastine sulphati' , - * ..' ~* +* *--
\incristil1l sulpliati' - * .. * - * +* .. * _. ,* +* "

~
\ind chlorid.. + + + +* ., ., -- * -- .* . ., + -- . .. * +* . + -- 'r +
\inylid!'n,' chloride + +* +* .* .* +* -- * -

A, aneuploidy: C, chromosomal aberrations: D, DNA damage; DL, dominant lethal mutations: G, gl'nl' mutation: l, inhibition of intercdlular communication: rv micronuclei: R mitotic rccombination and gene
conversion; S, sister chromatid exchange; T, eell transformation

*Only one valid study was available to the Working Croup,

.ioo

-
~
~
(ì

a:
ozoo
~
~
"t
::
en
en
c:
"t
"t
t"
tT
a:
tT
Z..
-.

kajo
Rectangle



p.47

p.53

p.56

p.65

p.122

p.149

p.158

p.160

p.262

p.268

2:___

SUPPLEMENTARY eORRIGENDA TO SUPPLEMENT 4

A, last line

A, lines 3-6

B. Evidence of
carcinogenicity
to animaIs

B, line 1

A, line 2

A, line 3

A, line 7

A, lines 9- 1 1

Reference 4

last line

replace lootnote 9 by lootnote 3./

replace An increased risk of bladder cancer was reported to be
associated with the manufacture of auramine in two further
studies3.. No information on exposure to auramine alone was
available to the Working Group. by Data reported in two further
studies3. of workers involved in the manufacture of auramine
were judged to show an increased risk of bladder cancer; however,
workers had also been exposed to other chemicals, including
ß-naphthylamine. Data on exposure to auramine alone were
considered inadequate for evaluation.

replace (limited) by (inadequate)** and addlootnote: **More
recent data would provide an evaluation of limited evidence
(lARe Monographs, 29, 93-148, 1982)

add to mice alter administration

replace 8.74 by 7.28 (data pooled by the Working Group)

delete This difference is significant.

replace extended3-S by extendedM

delete sentence starting ln a case-control study...

delete

replace vinyl chloride by vinylidene chloride

replace Indeno( 1 ,2-cdjpyrene by Indeno( 1 ,2,3-cdjpyrene

-401-
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eUMULATIVE eROSS INDEX TO lARe MONOGRAPHS ON
THE EVALUATION OF eARelNOGENie RISKS TO HUMANS

The volume, page and year are given. References to corrigenda are given in parentheses.

A

A-a-C
40,245 (1986)

Suppl. 7, 56 (1987)

36, 101 (1985) (corr. 42, 263)
Suppl. 7, 77 (1987)

Acetaldehyde

Acetaldehyde formylmethylhydrazone (see Gyromitrin)
Acetamide

7, 197 (1974)

Suppl. 7,389 (1987)
Acetic acid, (4-chloro-2-methylphenoxy)- (see MCP A)
Acridine orange

16, 145 (1978)

Suppl. 7, 56 (1987)

13, 31 (1977)
Suppl. 7,56 (1987)

19,479 (1979)

36, 133 (1985)

Suppl. 7, 78 (1987)

39,41 (1986)

Suppl. 7,56 (1987)

19,47 (1979)

Suppl. 7, 56 (1987)

19, 86 (1979)
Suppl. 7,56 (1987)

19, 73 (1979)
Suppl. 7, 79 (1987)

19, 9 (1979)

Suppl. 7, 56 (1987)

Acriflavinium chloride

Acrolein

Acrylamide

Acrylic acid

Acrylic fibres

Acrylonitrile

Acrylonitrile-butadiene-styrene copolymers

Actinolite (see Asbestos)
Actinomycins 10,29 (1976) (corr. 42,255)

Suppl. 7,80 (1987)

JO, 43 (1976)
Suppl. 7,81 (1987)

Adriamycin
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IARC MONOGRAPHS SUPPLEMENT 7 

Aflatoxins 

Atlatoxin B, (see Aflatoxins) 
Aflatoxin B2 (see Aflatoxins) 
Aflatoxin G,  (see Aflatoxins) 
Aflatoxin G2 (see Aflatoxins) 
Aflatoxin M, (see Aflatoxins) 
Agaritine 

Allyl chloride 

Allyl isothiocyanate 

Allyl isovalerate 

Aluminium production 

Amaranth 

para-Amino benzoic acid 

2-Amino-3,4-dimethylimidaz~,5-flquinoln (see MeEQ) 
2-Amino-3,8dimethylimidaz0~4,5-flquinoxane (see MelQx) 
3-Amino- 1,4-dimethyl-SPI-pyrido[4,3-b]indole (see Trp-P- 1) 

. 2-Aminodipyrido[l,2-a:3',2'-dJimidazole (see Glu-P-2) 
1 -Amino-2-methylanthraquinone 

31,47 (1983) 
Suppl. 7,56 (1987) 
I, 145 ( 1972) (corr. #2,25 1 ) 

10,51 (1976) 
Suppl. 7,82 (1987) 

31,63 (1983) 
Suppl. 7,56 (1987) 
5,25 (1974) 
Suppl. 7,88 (1987) 
36, 39 (1985) 
Suppl. 7,56 (1987) 
36,55 (1985) 
Suppl. 7,556 (1 987) 
36,69 (1985) 
Suppl. 7,56 (1987) 
34,37 (1984) 
Suppl. 7,89 (1987) 
8,4 1 ( 1975) 
Suppl. 7,56 (1 987) 
16, 243 (1978) 
Suppl. 7,56 (1987) 
27, f 91 (1982) 
Suppl. 7,56 (1987) 
8,  53 (1975) 
Supp!. 7,390 (1987) 
8,61 (1975) (corr. 42,254) 
Suppl. 7,56 (1987) 
16, 249 (1978) 
Suppl. 7,56 (1987) 
1,74 (1971) (corr, 42,251) 
Suppl. 7,91 (1987) 

2-Arnino-3-methylimidazo[4,5-flquinoline (see IQ) 
2-Amino~methyldipyrid~,2-a:3',2'-dJ-imidazole (see Glu-P-1) 
2-Amino-3-methyl-9H-pyrido[2,3-b]indole (see MeA-a-C) 
3-Amino- 1 -methyl-5 H-pysidov,3-blindole (see Trp-P-2) 
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2-Amino-5-( 5-nitro-2-furyl)-1 ,3,4-thiadiazole

4- Amino- 2-nitrop henol

2- Amino- 5-nitrothiazo le

2-Amino-9 H-pyrido(2,3-b )indole (see A-a-C)

IL -Aminoundecanoic acid

Amitrole

Ammonium potassium selenide (see Selenium and selenium
compounds)

Amorphous silica (see also Silica)
Amosite (see Asbestos)
Anabolic steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile

Analgesic mixtures containing phenacetin (see also Phenacetin)
Androgenic (anabolic) steroids
Angelicin and sorne synthetic derivatives (see also Angelicins)
Angelicin plus ultraviolet radiation (see also Angelicin and sorne

synthetic derivatives)

Angelicins
Aniline

ortho-Anisidine

para-Anisidine

Anthanthrene

Anthophyllte (see Asbestos)
Anthracene

Anthranilic acid

ANTU (see I-Naphthylthiourea)
Apholate

Aramitel:

Areca nut (see Betel quid)
Arsanilic acid (see Arsenic and arsenic compounds)

405

7, 143 (1974)

Suppl. 7,57 (1987)

16,43 (1978)

Suppl. 7, 57 (1987)

31, 71 (1983)

Suppl. 7,57 (1987)

39,239 (1986)

Suppl. 7, 57 (1987)

7,31 (1974)

41,293 (1986)

Suppl. 7,92 (1987)

Suppl. 7,341 (1987)

11,285 (1976)

Suppl. 7, 93 (1987)

Suppl. 7, 310 (1987)

Suppl. 7,96 (1987)

40,291 (1986)

Suppl. 7, 57 (1987)

Suppl. 7, 57 (1987)

4, 27 (1974) (corr. 42, 252)

27, 39 (1982)

Suppl. 7, 99 (1987)

27, 63 (1982)

Suppl. 7, 57 (1987)

27, 65 (1982)

Suppl. 7,57 (1987)

32,95 (1983)

Suppl. 7, 57 (1987)

32, 105 (1983)

Suppl. 7, 57 (1987)

16, 265 (1978)
Suppl. 7,57 (1987)

9, 31 (1975)

Suppl. 7,57 (1987)

5, 39 (1974)

Suppl. 7, 57 (1987)
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Arsenic and arsenic compounds

Arsenic pentoxide (see Arsenic and arsenic compounds)
Arsenic sulphide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic and arsenic compounds)
Arsine (see Arsenic and arsenic compounds)
Asbestos

Attapulgite

Auramine (technical-grade)

Auramine, manufacture of (see a/so Auramine, technical-grade)
Aurothioglucose

5-Azacytidine

Azaserine

Azathioprine

Aziridine

2-( l-Aziridinyl)ethanol

Aziridyl benzoquinone

Azobenzene

B

Barium chromate (see Chromium and chromium compounds)
Basic chromic sulphate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
Benz( a )acridine

Benz( c )acridine

Benzal chloride (see a/so a-Chlorinated toluenes)
Benz( a )anthracene

1,41 (1972)

2,48 (1973)

23,39 (1980)

Suppl. 7, 100 (1987)

2, 17 (1973) (corr. 42,252)
14 (1977) (corr. 42,256)
Suppl. 7, 106 (1987)

42, 159 (1987)

Suppl. 7, 1 17 (1987)

1,69 (1972) (corr. 42,251)
Supp/. 7, 118 (1987)

Supp/. 7, 118 (1987)

13,39 (1977)

Suppl. 7,57 (1987)

26,37 (1981)

Supp/. 7, 57 (1987)
JO, 73 (1976) (corr. 42,255)
Supp/. 7,57 (1987)

26,47 (1981)

Suppl. 7, 119 (1987)

9, 37 (1975)
Suppl. 7,58 (1987)

9,47 (1975)

Suppl. 7,58 (1987)

9,51 (1975)

Supp/. 7, 58 (1987)
8, 75 (1975)

Suppl. 7, 58 (1987)

32, 123 (1983)

Supp/. 7, 58 (1987)
3,241 (1973)

32, 129 (l983)

Suppl. 7, 58 (1987)

29,65 (1982)

3,45 (1973)

32, 135 (1983)

Supp/. 7, 58 (1987)
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Benzene 7, 203 (1974) (corr. 42, 254)

29,93,391 (1982)

Supp/. 7, 120 (1987)

l, 80 (1972)

29, 149,391 (1982)

Supp/. 7, 123 (1987)

Supp/. 7, 125 (1987)

3,69 (1973)

32, 147 (1983)

Suppl. 7,58 (1987)

3, 82 (1973)

32, 155 (1983)

Supp/. 7,58 (1987)

32, 163 (1983)

Suppl. 7,58 (1987)

32, 171 (1983)

Supp/. 7,58 (1987)

32,177(1983)
Supp/. 7,58 (1987)

32, 183 (1983)

Suppl. 7,58 (1987)

32, 189 (1983)

Suppl. 7,58 (1987)

32, 195 (1983)

Suppl. 7, 58 (1987)

32, 205 (1983)

Supp/. 7, 58 (1987)
3,91 (1973)

32, 211 (1983)

Suppl. 7,58 (1987)

3, 137 (1973)

32,225 (1983)

Suppl. 7,58 (1987)

29, 185 (1982)

Supp/. 7,58 (1987)

29, 73 (1982)

29,83 (1982) (corr. 42, 261)
Suppl. 7, 126 (1987)

36,267 (1985)

Supp/. 7,58 (1987)

40, 109 (1986)

Supp/. 7, 58 (1987)
Il,217 (1976) (corr. 42, 256)

29,49 (1982)

16, 153 (1978)

Suppl. 7,58 (1987)

Benzidine

Benzidine-based dyes

Benzo( b )fluoranthene

BenzoúJfluoranthene

Benzo( k )fluoranthene

Benzo(ghiJfl uoranthene

Benzo( a )fluorene

Benzo( b )fluorene

Benzo( c )fluorene

Benzo(ghiJperylene

Benzo( c )phenanthrene

Benzo( a )pyrene

Benzo( e )pyrene

para-Benzoquinone dioxime

Benzotrichloride (see a/so a-Chlorinated toluenes)
Benzoyl chIo ride

Benzoyl peroxide

Benzyl acetate

Benzyl chloride (see a/so a-Chlorinated toluenes)

Benzyl violet 4B

Bertrandite (see Beryllium and beryllium compounds)
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Beryllium and beryllium compounds

Beryllium acetate (see Beryllium and beryllium compounds)
Beryllum acetate, basic (see Beryllium and beryllum compounds)
Beryllum-aluminium alloy (see Beryllium and beryllium

compounds)
Beryllum carbonate (see Beryllium and beryllum compounds)
Beryllum chio ride (see Beryllium and beryllium compounds)
Beryllum-copper alloy (see Beryllium and beryllium compounds)
Beryllium-copper-cobalt alloy (see Beryllium and beryllium

compounds)
Beryllium fluoride (see Beryllum and beryllium compounds)
Beryllium hydroxide (see Beryllium and beryllum compounds)
Beryllium-nickel alloy (see Beryllium and beryllum compounds)
Beryllium oxide (see Beryllum and beryllium compounds)
Beryllium phosphate (see Beryllium and beryllum compounds)
Beryllium silicate (see Beryllium and beryllium compounds)
Beryllium sulphate (see Beryllum and beryllium compounds)
Beryl ore (see Beryllium and beryllium compounds)
Betel quid

Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxytoluene)
Bis( 1 -aziridinyl)morpholinophosphine sulphide

Bis(2-chloroethy I)ether

N, N- Bis(2-chloroethyl)- 2-naphthy lamine

Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)

1,2- Bis( chloromethoxy)ethane

1 ,4-Bis( chloromethoxymethyl)benzene

Bis( chloromethyl)ether

Bis(2-chloro- 1 -methylethyl)ether

Bitumens

Bleomycins

Blue VRS

1, 17 (1972)

23, 143 (1980) (corr. 42, 260)

Suppl. 7, 127 (1987)

37, 141 (1985)

Suppl. 7, 128 (1987)

9, 55 (1975)
Suppl. 7,58 (1987)

9, Il7 (1975)

Suppl. 7, 58 (1987)

4, 119 (1974) (corr. 42,253)
Suppl. 7, 130 (1987)

26, 79 (1981)

Suppl. 7, 150 (1987)

15, 3 1 (1977)

Suppl. 7, 58 (1987)

15,37 (1977)

Suppl. 7,58 (1987)

4,231 (1974) (corr. 42,253)
Suppl. 7, 131 (1987)

41, 149 (1986)

Suppl. 7,59 (1987)

35, 39 (1985)

Suppl. 7, 133 (1987)

26,97 (1981)

Suppl. 7, 134 (1987)

16, 163 (1978)

Suppl. 7,59 (1987)
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Boot and shoe manufacture and repair 25,249 (1981)

Suppl. 7,232 (1987)Bracken fern 40, 47 (1986)
Suppl. 7, 135 (1987)Brillant Blue FCF 16, 171 (1978) (corr. 42, 257)
Suppl. 7,59 (1987)1,3-Butadiene 39, 155 (1986) (corr. 42, 264)
Suppl. 7, 136 (1987)

1,4-Butanediol dimethanesulphonate 4,247 (1974)
Suppl. 7, 137 (1987)n-Butyl acrylate 39,67 (1986)
Suppl. 7, 59 (1987)

Butylated hydroxyanisole 40, 123 (1986)
Suppl. 7, 59 (1987)Butylated hydroxytoluene 40, 161 (1986)
Suppl. 7, 59 (1987)

But yI benzyl phthalate 29, 193 (1982) (corr. 42, 261)
Suppl. 7, 59 (1987)ß-Butyrolactone 11, 225 (1976)
Suppl. 7, 59 (1987)y-Butyrolactone 11,231 (1976)
Suppl. 7,59 (1987)

C

Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds

Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulphate (see Cadmium and cadmium compounds)
Cadmium sulphide (see Cadmium and cadmium compounds)
Calcium arsenate (see Arsenic and arsenic compounds)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin

Caprolactam

Cap tan

Carbaryl

2, 74 (1973)
Il, 39 (1976) (corr. 42, 255)

Suppl. 7, 139 (1987)

JO, 79 (1976)
Suppl. 7,59 (1987)

19, 115 (1979) (corr. 42, 258)
39,247 (1986) (corr. 42, 264)
Suppl. 7,390 (1987)

30, 295 (1983)

Suppl. 7,59 (1987)

12, 37 (1976)
Suppl. 7, 59 (1987)
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Carbazole

3-Carbethoxypsoralen

Carbon blacks

Carbon tetrachloride

Carmoisine

Carpentry and joinery

Carrageenan

Catechol

CCNU (see 1 -(2-Chloroethyl)-3-cyclohexyl- 1 -nitrosourea)
Chemotherapy, combined, including alkylating agents (see

MOPP and other combined chemotherapy including
alkylating agents)

Chlorambucil

Chloramphenicol

Chlordane (see also Chlordanej Heptachlor)
Chlordanej Heptachlor
Chlordecone

Chlordimeform

Chlorinated dibenzodioxins (other than TCDD)

a-Chlorinated toluenes

Chlormadinone acetate (see also Progestins; Combined oral
contraceptives)

Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chlorobenzilate

Chlorodifluoromethane

1 -(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (see also Chloro-
ethyl nitrosoureas)

32, 239 (1983)

Suppl. 7,59 (1987)

40,317 (1986)

Suppl. 7,59 (1987)

3,22 (1973)

33,35 (1984)

Suppl. 7, 142 (1987)

1,53 (1972)

20,371 (1979)

Suppl. 7, 143 (1987)

8,83 (1975)

Suppl. 7,59 (1987)

25, 139 (1981)

Suppl. 7, 378 (1987)

JO, 181 (1976) (corr. 42,255)
31,79 (1983)

Suppl. 7,59 (1987)

15, 155 (1977)

Suppl. 7, 59 (1987)

9, 125 (1975)

26, 115 (1981)

Suppl. 7, 144 (1987)

JO, 85 (1976)
Suppl. 7, 145 (1987)

20,45 (1979) (corr. 42,258)
Suppl. 7, 146 (1987)

20,67 (1979)

Suppl. 7,59 (1987)

30,61 (1983)

Suppl. 7,59 (1987)

15,41 (1977)

Suppl. 7, 59 (1987)

Suppl. 7, 148 (1987)

6, 149 (1974)

21, 365 (1979)

5, 75 (1974)

30, 73 (1983)

Suppl. 7,60 (1987)

41, 237 (1986)

Suppl. 7, 149 (1987)

26, 173 (1981) (corr. 42,260)
Suppl. 7, 150 (1987)
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1-(2-Chloroethyl)-3-( 4-methylcyclohexyl)-I-nitrosourea

(see also Chloroethyl nitrosoureas)
Chloroethyl nitrosoureas

Chlorofluoromethane

Chloroform

Chloromethyl methyl ether (technical-grade) (see also
Bis( chloromethyl) ether)

Chlorophenols
Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupational exposures to)
4-Chloro-ortho-p henylenediamine

4-Chloro-me ta-p hen y lenediamine

Chloroprene

Chloropropham

Chloroquine

Chlorothalonil

para-Chloro-ortho-toluidine (see also Chlordimeform)

Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro-1, 1, 1-trifluoroethane

Cholesterol

Chromic acetate (see Chromium and chromium compounds)
Chromic chloride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds

Chromium carbonyl (see Chromium and chromium compounds)
Chromium potassium sulphate (see Chromium and chromium

compounds)
Chromium sulphate (see Chromium and chromium compounds)

411

Suppl. 7, 150 (1987)

Suppl. 7, 150 (1987)

41,229 (1986)

Suppl. 7, 60 (1987)

1,61 (1972)

20,401 (1979)

Suppl. 7, 152 (1987)

4,239 (1974)

Suppl. 7, 154 (1987)

41,319 (1986)

Suppl. 7, 156 (1987)

41,357 (1986)

27, 81 (1982)
Suppl. 7, 60 (1987)

27,82 (1982)

Suppl. 7, 60 (1987)

19, 131 (1979)
Suppl. 7, 160 (1987)

12,55 (1976)

Suppl. 7, 60 (1987)

13,47 (1977)

Suppl. 7, 60 (1987)

30,319 (1983)

Suppl. 7, 60 (1987)

16,277 (1978)

30, 65 (1983)

Suppl. 7, 60 (1987)

21, 139 (1979)

41,253 (1986)

Suppl. 7,60 (1987)

JO, 99 (1976)
31,95 (1983)

Suppl. 7, 161 (1987)

2, 100 (1973)

23,205 (1980)

Suppl. 7, 165 (1987)
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Chromium trioxide (see Chromium and chromium compounds)

Chrysene

Chrysoidine

Chrysotile (see Asbestos)
CI Disperse Yellow 3

Cinnamyl anthranilate

Cisplatin

Citrinin

Citrus Red No. 2

Clofibrate

Clomiphene citrate

Coal gasification

Coal-tar pitches (see a/so Coal-tars)
Coal-tars

Cobalt-chromium alloy (see Chromium and chromium
compounds)

Coke production

Combined oral contraceptives (see a/so Oestrogens, progestins
and combinations)

Conjugated oestrogens (see a/so Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline

Coronene

Coumarin

Creosotes (see a/so Coal-tars)
meta-Cresidine

para-Cresidine

3, 159 (1973)

32, 247 (1983)

Suppl. 7,60 (1987)

8,91 (1975)

Suppl. 7, 169 (1987)

8,97 (1975)

Supp/. 7,60 (1987)

16, 287 (1978)
31, 133 (1983)

Supp/. 7,60 (1987)

26, 151 (1981)

Supp/. 7, 170 (1987)

40,67 (1986)

Suppl. 7,60 (1987)

8, 101 (1975) (corr. 42,254)
Suppl. 7,60 (1987)

24, 39 (1980)

Suppl. 7, 171 (1987)

21,551 (1979)

Suppl. 7, in (1987)

34,65 (1984)

Suppl. 7, 173 (1987)

Supp/. 7,174 (1987)

35,83 (1985)

Suppl. 7,175 (1987)

34, 101 (1984)

Suppl. 7, 176 (1987)

Suppl. 7, 297 (1987)

21, 147 (1979)

15, 103 (1977)

Suppl. 7, 61 (1987)

32,263 (1983)

Suppl. 7,61 (1987)

JO, 113(1976)
Suppl. 7,61 (1987)

Supp/. 7, 177 (1987)

27, 91 (1982)

Suppl. 7,61 (1987)

27,92 (1982)

Supp/. 7,61 (1987)
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Crocidolite (see Asbestos)

Crystalline silica (see a/sa Silica)

Cycasin

Cyclamates

Cyclamic acid (see Cyclamates)

Cyclochlorotine

Cyclohexylamine (see Cyclamates)

Cyclopenta( cd)pyrene

Cyclopropane (see Anaesthetics, volatie)
Cyclophosphamide

D

2,4-D (see a/sa Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine

D & C Red No. 9

Dapsone

Daunomycin

DDD (see DDT)
DDE (see DDT)
DDT

Diacetylaminoazoto lue ne

N, N - Diacetylbenzidine

Diallate

2,4-Diaminoanisole

413

Supp/. 7,341 (1987)

1, 157 (1972) (corr. 42, 251)

JO, 121 (1976)

Suppl. 7,61 (1987)

22, 55 (1980)

Suppl. 7, 178 (1987)

JO, 139 (1976)

Supp/. 7, 61 (1987)

32, 269 (1983)

Suppl. 7,61 (1987)

9, 135 (1975)

26, 165 (1981)

Suppl. 7, 182 (1987)

15, ii 1 (1977)

26,203 (1981)

Suppl. 7, 184 (1987)

8, 107 (1975)

Suppl. 7,61 (1987)

24, 59 (1980)

Suppl. 7, 185 (1987)

JO, 145 (1976)

Suppl. 7,61 (1987)

5,83 (1974) (corr. 42,253)
Suppl. 7, 186 (1987)

8, 113(1975)

Suppl. 7, 61 (1987)

16,293 (1978)

Suppl. 7,61 (1987)

12,69 (1976)

30, 235 (1983)

Suppl. 7,61 (1987)

16, 51 (1978)

27, 103 (1982)

Suppl. 7,61 (1987)
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1,2- Diamino-4-nitrobenzene

16,301 (1978)

29,203 (1982)

Suppl. 7,61 (1987)

16,63 (1978)

Supp/. 7,61 (1987)

16, 73 (1978)

Supp/. 7,61 (1987)

4,4' -Diaminodiphenyl ether

1,4- Diamino-2-nitrobenzene

2,6-Diamino-3-(phenylazo )pyridine (see Phenazopyridine

hydrochloride)
2,4-Diaminotoluene (see a/sa Toluene diisocyanates) 16,83 (1978)

Suppl. 7,61 (1987)

16,97 (1978)

Supp/. 7, 61 (1987)
2,5-Diaminotoluene (see a/sa Toluene diisocyanates)

ortho-Dianisidine (see 3,3'-Dimethoxybenzidine)
Diazepam

Diazomethane

13,57 (1977)

Suppl. 7, 189 (1987)

7,223 (1974)

Suppl. 7,61 (1987)

3,247 (1973)

32,277 (1983)

Supp/. 7,61 (1987)

3, 254 (1973)
32, 283 (1983)

Suppl. 7,61 (1987)

32, 289 (1983) (corr. 42,262)
Suppl. 7,61 (1987)

3, 178 (1973)

32, 299 (1983)

Supp/. 7,61 (1987)

32, 309 (1983)

Suppl. 7,61 (1987)

3, 260 (1973)

32,315 (1983)

Supp/. 7,61 (1987)

Di benz( a, h )acridine

Dibenz( a,;lacridine

Dibenz( a, c )anthracene

Dibenz( a, h )anthracene

Dibenz(a,;lanthracene

7 H-Dibenzo(c,g)carbazole

Dibenzodioxins, chlorinated (other than TCD D)
(see Chlorinated dibenzodioxins (other than TCDD))

Dibenzo( a,e )f1uoranthene 32,321 (1983)

Suppl. 7,61 (1987)

3, 197 (1973)

Suppl. 7, 62 (1987)

3,201 (1973)

32, 327 (1983)

Supp/. 7,62 (1987)

3,207 (1973)

32,331 (1983)

Suppl. 7,62 (1987)

Dibenzo( h,rst)pentaphene

Dibenzo( a,e )pyrene

Dibenzo( a, h )pyrene
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Dibenzo( a, ilpyrene
3,215 (1973)

32, 337 (1983)

Suppl. 7,62 (1987)

3,224 (1973)

32, 343 (1983)

Suppl. 7,62 (1987)

15, 139 (1977)

20,83 (1979)

Suppl. 7, 191 (1987)

39, 369 (1986)

Suppl. 7, 62 (1987)

7,231 (1974)

29,213 (1982)

Suppl. 7, 192 (1987)

7,231 (1974)

29,215 (1982)

Suppl. 7, 192 (1987)

4,49 (1974)

29, 239 (1982)

Suppl. 7, 193 (1987)

15, 149 (1977)

Suppl. 7,62 (1987)

16, 309 (1978)
Suppl. 7, 62 (1987)

20, 429 (1979)
Suppl. 7, 62 (1987)

20,449 (1979)

41,43 (1986)

Suppl. 7, 194 (1987)

Dibenzo( a, l)pyrene

1,2- Dibromo- 3-chloropropane

Dichloroacetylene

ort ho- Dichloro benzene

para- Dichlorobenzene

3,3' -Dichlorobenzidine

trans- 1,4- Dichlorobutene

3,3' -Dichloro-4,4' -diaminodiphenyl ether

1,2- Dichloroethane

Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)
2,6- Dichloro-para-phenylenediamine

1,2-Dichloropropane

39,325 (1986)

Suppl. 7, 62 (1987)

41, 13 1 (1986)

Suppl. 7,62 (1987)

41, 113 (1986)

Suppl. 7, 195 (1987)

20,97 (1979)

Suppl. 7,62 (1987)

30,87 (1983)

Suppl. 7,62 (1987)

1,3- Dichloropropene (technical-grade)

Dichlorvos

Dicofol

Dicyclohexylamine (see Cyclamates)
Dieldrin

5, 125 (1974)

Suppl. 7, 196 (1987)

21, 161 (1979)
Dienoestrol (see also Nonsteroidal oestrogens)
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Diepoxybutane

Diethyl ether (see Anaesthetics, volatile)

Di(2-ethy lhexyl)adi pate

Di(2-ethy lhexyl)p hthalate

1,2- Diethylhydrazine

Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulphate

Diglycidyl resorcinol ether

Dihydrosafrole

Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
Dihydroxymethylfuratrizine

Dimethisterone (see a/so Progestins; Sequential oral
contraceptives)

Dirnethoxane

3,3' - Dirnethoxybenzidine

3,3'- Dirnethoxybenzidine-4,4' -diisocyanate

para-Dirnethylarninoazo benzene

para-Dirnethylaminoazobenzenediazo sodium sulphonate

trans-2-( (Dimethylarnino )methylirnino )-5-(2-( 5-nitro- 2-furyl)-
vinyl)- 1 ,3,4-oxadiazole

4,4'-Dirnethylangelicin plus ultraviolet radiation (see a/so
Angelicin and sorne synthetic derivatives)

4,5'-Dirnethylangelicin plus ultraviolet radiation (see a/so
Angelicin and sorne synthetic derivatives)

Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3' -Dirnethylbenzidine

Il,115 (1976) (corr. 42,255)

Suppl. 7,62 (1987)

29, 257 (1982)

Suppl. 7, 62 (1987)

29,269 (1982) (corr. 42,261)

Suppl. 7,62 (1987)

4, 153 (1974)

Suppl. 7, 62 (1987)

6,55 (1974)

21,172 (1979) (corr. 42, 259)
Suppl. 7, 273 (1987)

4, 277 (1974)
Supp/. 7, 198 (1987)

11, 125 (1976)

36, 181 (1985)

Supp/. 7,62 (1987)

l, 170 (1972)

JO, 233 (1976)
Suppl. 7,62 (1987)

24, 77 (1980)

Supp/. 7,62 (1987)

6, 167 (1974)

21,377 (1979)

15, 177 (1977)

Supp/. 7, 62 (1987)
4,41 (1974)

Supp/. 7, 198 (1987)

39, 279 (1986)

Suppl. 7, 62 (1987)

8, 125 (1975)

Suppl. 7,62 (1987)

8, 147 (1975)

Suppl. 7, 62 (1987)

7, 147 (1974) (corr. 42, 253)
Suppl. 7,62 (1987)

Supp/. 7,57 (1987)

Suppl. 7,57 (1987)

1,87 (1972)

Suppl. 7,62 (1987)
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Dimethylcarbamoyl chloride

1,1- Dimethylhydrazine

12,77(1976)
Suppl. 7, 199 (1987)

4, 137 (1974)

Suppl. 7,62 (1987)

4, 145 (1974) (corr. 42, 253)

Suppl. 7, 62 (1987)

32,349 (1983)

Suppl. 7,62 (1987)

4,271 (1974)

Suppl. 7, 200 (1987)

33, 171 (1984)

Suppl. 7, 63 (1987)

11,241 (1976)

Suppl. 7, 63 (1987)

Il,247 (1976)

Suppl. 7,201 (1987)

16,313 (1978)

Suppl. 7, 63 (1987)

29,295 (1982) (corr. 42, 261)
29,311 (1982)

29,321 (1982)

12,85 (1976)

Suppl. 7, 63 (1987)

13, 75 (1977)
Suppl. 7, 63 (1987)

1,2- Dimethylhydrazine

1,4- Dimethylphenanthrene

Dimethyl sulphate

1,8- Dinitropyrene

Dinitrosopentamethylenetetramine

1,4-Dioxane

2,4'- Diphenyldiamine

Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disulfiram

Dithranol

Divinyl ether (seeAnaesthetics, volatile)
Dulcin 12,97 (1976)

Suppl. 7,63 (1987)

E

Endrin 5, 157 (1974)

Suppl. 7,63 (1987)
Enflurane (see Anaesthetics, volatile)
Eosin 15, 183 (1977)

Suppl. 7, 63 (1987)

11, 131 (1976) (corr. 42, 256)
Suppl. 7, 202 (1987)

11, 141 (1976)

Suppl. 7,63 (1987)

11, 147 (1976)

Suppl. 7,63 (1987)

Il, 153 (1976)

Suppl. 7,63 (1987)

42, 225 (1987)

Suppl. 7, 203 (1987)

Epichlorohydrin

1- Epoxyethyl-3,4-epoxycyclohexane

3,4- Epoxy-6-methylcyc1ohexylmethyl- 3,4-epoxy-6-methyl-
cyclohexane carboxylate

cis-9, 10- Epoxystearic acid

Erionite

u"'.
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Ethinyloestradiol (see a/sa Steroidal oestrogens) 6, 77 (1974)
21,233 (1979)

13,83 (1977)

Supp/. 7,63 (1987)

19, 57 (1979)
39,81 (1986)

Supp/. 7,63 (1987)

19, 157 (1979)

Suppl. 7, 63 (1987)

15, 195 (1977)

Supp/. 7, 204 (1987)

11, 157 (1976)

36, 189 (1985) (corr. 42, 263)
Supp/. 7, 205 (1987)

11,257 (1976)

Supp/. 7, 63 (1987)
7, 45 (1974)
Suppl. 7, 207 (1987)

7, 245 (1974)
Suppl. 7, 63 (1987)

1, 135 (1972)

17, 191 (1978)

Suppl. 7,63 (1987)

12, 107 (1976)

Suppl. 7,63 (1987)

12, ll5 (1976)

Supp/. 7,63 (1987)

6 173 (1974)

21,387 (1979)

36, 75 (1985)

Suppl. 7,63 (1987)

8, 151 (1975)

Suppl. 7, 63 (1987)

Ethionamide

Ethyl acrylate

Ethylene

Ethylene dibromide

Ethylene oxide

Ethylene sulphide

Ethylene thiourea

Ethyl methanesulphonate

N-Ethyl-N-nitrosourea

Ethyl selenac (see a/sa Selenium and
selenium compounds)

Ethyl tellurac

Ethynodiol diacetate (see a/sa Progestins; Combined oral
contraceptives)

Eugenol

Evans blue

F

Fast Green FCF 16, 187 (1978)

Supp/. 7, 63 (1987)
12, 121 (1976) (corr. 42,256)
Supp/. 7,63 (1987)

1,29 (1972)

Supp/. 7,216 (1987)

Ferbam

Ferric oxide

Ferrochromium (see Chromium and chromium compounds)
Fluometuron 30, 245 (1983)

Supp/. 7,63 (1987)

32,355 (1983)

Suppl. 7,63 (1987)

Fluoranthene
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Fluorene

Fluorides (inorganic, used in drinking-water)

5- Fluorouracil

Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Formaldehyde

2-(2- F 0 rm ylhydrazino )-4-( 5-nitro- 2-furyl)thiazo le

Furazolidone

Furniture and cabinet-making

2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X

G

Glu-P- 1

Glu-P-2

L-Glutamic acid, 5-(2-( 4-hydroxymethyl)phenylhydrazide)
(see Agaratine)

Glycidaldehyde

Glycidyl oleate

Glycidyl stearate

Griseofulvin

Guinea Green B

Gyromitrin

H

Haematite

Haematite and ferric oxide

419

32,365 (1983)

Suppl. 7, 63 (1987)

27, 237 (1982)

Suppl. 7, 208 (1987)

26,217 (1981)

Suppl. 7,210 (1987)

29,345 (1982)

Suppl. 7, 211 (1987)

7, 151 (1974) (carr. 42,253)
Suppl. 7, 63 (1987)

31, 141 (1983)

Suppl. 7,63 (1987)

25,99 (1981)

Suppl. 7, 380 (1987)

11, 169 (1976)

31, 153 (1983)

Suppl. 7,64 (1987)

40,223 (1986)

Suppl. 7,64 (1987)

40, 235 (1986)

Suppl. 7, 64 (1987)

Il, 175 (1976)

Suppl. 7,64 (1987)

11, 183 (1976)

Suppl. 7,64 (1987)

11,187 (1976)

Suppl. 7,64 (1987)

JO, 153 (1976)

Suppl. 7,391 (1987)

16, 199 (1978)

Suppl. 7, 64 (1987)

31, 163 (1983)

Suppl. 7, 391 (1987)

1, 29 (1972)
Suppl. 7,216 (1987)

Suppl. 7,216 (1987)
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Haematite mining, underground, with exposure to radon 1,29 (1972)

Suppl. 7,216 (1987)

16,29 (1978)

27, 307 (1982)

Hair dyes, epidemiology of

Halothane (see Anaesthetics, volatile)

a-HCH (see Hexachlorocyclohexanes)
ß-HCH (see Hexachlorocyclohexanes)

')-HCH (see Hexachlorocyclohexanes)
Heptachlor (see also Chlordane/ Heptachlor)

Hexachlorobenzene

5, 173 (1974)

20, 129 (1979)

20, 155 (1979)

Suppl. 7,219 (1987)

20, 179 (1979)

Suppl. 7,64 (1987)

5,47 (1974)

20, 195 (1979) (corr. 42,258)

Suppl. 7, 220 (1987)

Hexachlorobutadiene

Hexachlorocyclohexanes

Hexachlorocyclohexane, technical-grade (see Hexachloro-

cyclohexanes)

Hexachloroethane 20,467 (1979)

Suppl. 7,64 (1987)

20, 241 (1979)

Suppl. 7, 64 (1987)

15, 211 (1977)
Suppl. 7, 64 (1987)

Hexachlorophene

Hexamethy 1 P hosphoramide

Hexoestrol (see Nonsteroidal oestrogens)
Hycanthone mesylate 13,91 (1977)

Suppl. 7,64 (1987)

24, 85 (1980)

Suppl. 7, 222 (1987)

4, 127 (1974)

Suppl. 7, 223 (1987)

36, 285 (1985)

Suppl. 7,64 (1987)

15, 155 (1977)

Suppl. 7, 64 (1987)

8, 157 (1975)

Suppl. 7,64 (1987)

21, 399 (1979) (corr. 42,259)
13, 101 (1977)

Suppl. 7, 64 (1987)

JO, 265 (1976)
Suppl. 7,64 (1987)

Hydralazine

Hydrazine

Hydrogen peroxide

Hydroquinone

4-Hydroxyazobenzene

17a-Hydroxyprogesterone caproate (see also Progestins)
8- H ydroxyq uinoline

8- Hydroxysenkirkine
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1

Indeno( 1 ,2,3-cdjpyrene
3, 229 (1973)

32, 373 (1983)

Supp/. 7, 64 (1987)

40, 261 (1986)

Suppl. 7, 64 (1987)

34, 133 (1984)

Supp/. 7, 224 (1987)

2, 161 (1973)

Suppl. 7,226 (1987)

2, 161 (1973) (corr. 42,252)
Suppl. 7, 64 (1987)

IQ

Iron and steel founding

Iron-dextran complex

lron-dextrin complex

Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex 2, 161 (1973)

Suppl. 7,64 (1987)

JO, 269 (1976)
Suppl. 7, 65 (1987)

Isatidine

Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
IsonicotInic acid hydrazide 4, 159 (1974)

Suppl. 7,227 (1987)

26,237 (1981)

Suppl. 7,65 (1987)

15,223 (1977)

Supp/. 7,229 (1987)

Suppl. 7,229 (1987)

Isophosphamide

Isopropyl alcohol

Isopropyl alcohol manufacture (strong-acid process)
(see a/so Isopropyl alcohol)

Isopropyl oils 15,223 (1977)

Suppl. 7,229 (1987)

1, 169 (1972)

JO, 232 (1976)
Supp/. 7,65 (1987)

Isosafrole

J

Jacobine JO, 275 (1976)
Suppl. 7, 65 (1987)

Joinery (see Carpentry and joinery)

K

Kaempferol
31, 171 (1983)

Supp/. 7,65 (1987)
Kepone (see Chlordecone)
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L

Lasiocarpine

Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and le ad compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and le ad compounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture

Leather industries

Leather tanning and processing

Ledate (see also Lead and lead compounds)
Light Green SF

Lindane (see Hexachlorocyclohexanes)
The lumber and sawmill industries (including logging)

Luteoskyrin

Lynoestrenol (see also Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see also Magenta)
Malathion

MaleIc hydrazide

JO, 281 (1976)
Suppl. 7,65 (1987)

36,315 (1985)

Suppl. 7,65 (1987)

1,40 (1972) (corr. 42,251)
2,52, 150 (1973)

12, 131 (1976)

23,40, 208, 209, 325 (1980)

Suppl. 7,230 (1987)

25,279 (1981)

Suppl. 7, 235 (1987)

25, 199 (1981)

Suppl. 7,232 (1987)

25, 201 (1981)

Suppl. 7,236 (1987)

12, 131 (1976)

16,209 (1978)

Suppl. 7, 65 (1987)

25,49 (1981)

Suppl. 7, 383 (1987)

JO, 163 (1976)

Suppl. 7,65 (1987)

21,407 (1979)

4,57 (1974) (corr. 42,252)
Suppl. 7, 238 (1987)

Suppl. 7,238 (1987)

30, 103 (1983)

Suppl. 7,65 (1987)

4, 173 (1974) (corr. 42, 253)

Suppl. 7,65 (1987)
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Malonaldehyde

Maneb

Mannomustine

MCP A (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures)

MeA-a-C

Medphalan

Medroxyprogesterone acetate

Megestrol acetate (see also Progestins; Combined oral
contraceptives)

MeIQ

MelQx

Melamine

Melphalan

6- Mercaptopurine

Merphalan

Mestranol (see also Steroidal oestrogens)

Methanearsonic acid, disodium salt (see Arsenic and arsenic
compounds)

Methanearsonic acid, monosodium salt (see Arsenic and
arsenic compounds)

Methotrexate

Methoxsalen (see 8-Methoxypsoralen)
Methoxychlor

Methoxyilurane (see Anaesthetics, volatile)
5- Methoxypsoralen

8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet
radiation)

8-Methoxypsoralen plus ultraviolet radiation

423

36, 163 (1985)

Suppl. 7, 65 (1987)

12, 137 (1976)

Suppl. 7,65 (1987)

9, 157 (1975)

Suppl. 7,65 (1987)

30, 255 (1983)

40,253 (1986)

Suppl. 7, 65 (1987)

9, 168 (1975)

Suppl. 7, 65 (1987)

6, 157 (1974)

21,417 (1979) (corr. 42, 259)
Suppl. 7,289 (1987)

21,431 (1979)

40,275 (1986)

Suppl. 7, 65 (i 987)
40,283 (1986)

Suppl. 7, 65 (i 987)
39,333 (1986)

Suppl. 7,65 (1987)

9, 167 (1975)

Suppl. 7, 239 (1987)

26, 249 (1981)
Suppl. 7, 240 (1987)

9, 169 (1975)

Suppl. 7, 65 (1987)

6, 87 (1974)
21,257 (1979) (corr. 42, 259)

26,267 (1981)

Suppl. 7, 24 i (1987)

5, 193 (1974)

20,259 (1979)

Suppl. 7, 66 (1987)

40,327 (1986)

Suppl. 7, 242 (1987)

24, 101 (1980)

Suppl. 7, 243 (i 987)
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Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see also Ange1icin

and some synthetic derivatives)

2- Methylaziridine

Methylazoxymethano1 acetate

Methyl bromide

Methy1 carbamate

Methy1-CCNU (see 1 -(2-Chloroethyl)-3-( 4-methyl-cyclohexy1)-
1 -nitrosourea)

Methy1 chloride

1-,2-, 3-,4-,5- and 6-Methylchrysenes

N- Methy 1- N,4-dinitrosoaniline

4,4' -Methylene bis(2-chloroaniline)

4,4'- Methylene bis( N, N-dimethyl)benzenamine

4,4'- Methylene bis(2-methylani1ine)

4,4'- Methylenediani1ine

4,4'- Methylenediphenyl diisocyanate

2-Methylf1uoranthene

3- Methylf1uoranthene

Methyl iodide

Methyl methacrylate

Methy1 methanesu1phonate

2-Methyl- 1 -nitroanthraquinone

19, 52 (1979)

39, 99 (1986)

Suppl. 7, 66 (1987)

Suppl. 7,57 (1987)

9,61 (1975)

Suppl. 7,66 (1987)

1, 164 (1972)

JO, 121 (1976)

Suppl. 7,66 (1987)

41,187(1986)
Suppl. 7,245 (1987)

12, 151 (1976)

Suppl. 7, 66 (1987)

41, 161 (1986)

Suppl. 7, 246 (1987)

32, 379 (1983)

Suppl. 7,66 (1987)

1, 141 (1972)

Suppl. 7,66 (1987)

4,65 (1974) (carr. 42,252)
Suppl. 7, 246 (1987)

27, 119 (1982)

Suppl. 7,66 (1987)

4, 73 (1974)
Suppl. 7, 248 (1987)

4, 79 (1974) (carr. 42,252)
39, 347 (1986)

Suppl. 7,66 (1987)

19,314 (1979)

Suppl. 7,66 (1987)

32, 399 (1983)

Suppl. 7,66 (1987)

32, 399 (1983)

Suppl. 7,66 (1987)

15,245 (1977)

41,213 (1986)

Suppl. 7, 66 (1987)

19, 187 (1979)

Suppl. 7,66 (1987)

7, 253 (1974)
Suppl. 7, 66 (1987)

27, 205 (1982)

Suppl. 7, 66 (1987)

J
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N- Methyl- N' - nitro- N-nitrosoguanidine

3-Methylnitrosaminopropionaldehyde (see 3-(N-Nitroso-

methylamino )propionaldehyde)

3- Methylnitrosaminopropionitrile (see 3-( N-Nitrosomethyl-
amino )propionitrile)

4-(Methylnitrosamino )-4-(3-pyridyl)-1-butanal (see 4-(N-Nitroso-
methylamino )-4-(3-pyridyl)-1-butanal)

4-(Methylnitrosamino )-1-(3-pyridyl)-1-butanone (see
4-(N-Nitrosomethylamino )-1-(3-pyridyl)-1-butanone)

N- Methyl- N-nitrosourea

N- Methy 1- N-nitrosourethane

Methyl parathion

1 -Methylphenanthrene

7 - Methylpyrido(3,4-c )psoralen

Methyl red

Methyl selenac (see a/so Selenium and selenium compounds)

Methylthiouracil

Metronidazole

Mineral oils

Mirex

Mitomycin C

MNNG (see N-Methyl-N'-nitro-N-nitrosoguanidine)
MOCA (see 4,4'-Methylene bis(2-chloroaniline))
Modacrylic fibres

Monocrotaline

Monuron

MOPP and other combined chemotherapy including alkylating
agents

425

4, 183 (1974)

Suppl. 7,248 (1987)

1, 125 (1972)

17, 227 (1978)
Suppl. 7, 66 (1987)

4,211(1974)
Suppl. 7,66 (1987)

30, 131 (1983)

Suppl. 7,392 (1987)

32,405 (1983)

Supp/. 7,66 (1987)

40,349 (1986)

Suppl. 7, 71 (1987)

8, 161 (1975)

Suppl. 7, 66 (1987)

12, 161 (1976)

Suppl. 7,66 (1987)

7,53 (1974)

Supp/. 7, 66 (1987)
13, Il3 (1977)

Suppl. 7,250 (1987)

3, 30 (1973)

33, 87 (1984) (corr. 42, 262)
Supp/. 7, 252 (1987)

5, 203 (1974)
20,283 (1979) (corr. 42, 258)
Suppl. 7, 66 (1987)

JO, 171 (1976)
Supp/. 7,67 (1987)

19, 86 (1979)
Supp/. 7,67 (1987)

JO, 291 (1976)
Supp/. 7,67 (1987)

12, 167 (1976)

Supp/. 7, 67 (1987)
Supp/. 7,254 (1987)
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5-(M orp holinomethyl)- 3-( (5-nitrofurfurylidene )amino )- 2-
oxazolidinone

M ustard gas

Myleran (see 1,4-Butanediol dimethanesulphonate)

N

Nafenopin

1,5-Naphthalenediamine

1,5-Naphthalene diisocyanate

1 -Naphthylamine

2-Naphthylamine

1 - Naphthylthiourea

Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulphate (see Nickel and nickel compounds)
Nickel and nickel compounds

Nickel carbonate (see Nickel and nickel compounds)
Nickel carbonyl (see Nickel and nickel compounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallium alloy (see Nickel and nickel compounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (see Nickel and nickel compounds)
Nickel oxide (see Nickel and nickel compounds)
Nickel subsulphide (see Nickel and nickel compounds)
Nickel sulphate (see Nickel and nickel compounds)
Niridazole

Nithiazide

5-Nitroacenaphthene

5- Nitro-ortho-anisidine

9- Nitroanthracene

6- Nitro benzo( a )pyrene

4-Nitrobiphenyl

7, 161 (1974)
Suppl. 7,67 (1987)

9. 181 (1975) (corr. 42,254)
Suppl. 7,259 (1987)

24, 125 (1980)

Suppl. 7, 67 (1987)

27, 127 (1982)

Suppl. 7,67 (1987)

19,311(1979)
Suppl. 7,67 (1987)

4,87 (1974) (corr. 42,253)
Suppl. 7, 260 (1987)

4,97 (1974)

Suppl. 7,261 (1987)

30,347 (1983)

Suppl. 7,263 (1987)

2, 126 (1973) (corr. 42,252)
Il, 75 (1976)

Suppl. 7,264 (1987)

13, 123 (1977)
Suppl. 7,67 (1987)

31, 179 (1983)

Suppl. 7, 67 (1987)

16,319 (1978)

Suppl. 7, 67 (1987)

27, 133 (1982)

Suppl. 7,67 (1987)

33, 179 (1984)

Suppl. 7,67 (1987)

33, 187 (1984)

Suppl. 7, 67 (1987)

4, 113(1974)
Suppl. 7, 67 (1987)
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6-Nitrochrysene

Nitrofen (technical-grade)

3- Nitrofluoranthene

5-Nitro-2-furaldehyde semicarbazone

1-(( 5- N itrofurfurylidene )amino )-2-imidazolidinone

N -(4-( 5- Nitro-2-furyl)-2-thiazolyl)acetamide

Nitrogen mustard

Nitrogen mustard N-oxide

2-Nitropropane

i -Nitropyrene

N-Nitrosatable drugs

N-Nitrosatable pesticides
N' -Nitrosoanabasine

N'-Nitrosoanatabine

N- N itrosodi-n-bu tylamine

N - N itrosodiethano lamine

N- Ni trosodiethy lamine

N-Nitrosodimethylamine

N- N itrosodiphen ylamine

para- N itrosodi phenylamine

N-Nitrosodi-n-propylamine

N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid

427

33, 195 (1984)

Suppl. 7,67 (1987)

30,271 (1983)

Suppl. 7,67 (1987)

33,201 (1984)

Suppl. 7,67 (1987)

7, 171 (1974)
Suppl. 7,67 (1987)

7, 181 (1974)
Suppl. 7,67 (1987)

1, 181 (1972)
7, 185 (1974)
Suppl. 7,67 (1987)

9, 193 (1975)
Suppl. 7, 269 (1987)

9,209 (1975)

Suppl. 7,67 (1987)

29,331 (1982)

Suppl. 7,67 (1987)

33,209 (1984)

Suppl. 7,67 (1987)

24,297 (1980) (corr. 42, 260)
30,359 (1983)

37,225 (1985)

Suppl. 7, 67 (1987)

37,233 (1985)

Suppl. 7, 67 (1987)

4, 197 (1974)
17, 51 (1978)
Suppl. 7,67 (1987)

17, 77 (1978)
Suppl. 7, 67 (1987)

1,107 (1972) (corr. 42, 251)
17, 83 (1978) (corr. 42, 257)
Suppl. 7,67 (1987)

1, 95 (1972)
17, 125 (1978) (corr. 42, 257)
Suppl. 7,67 (1987)

27,213 (1982)

Suppl. 7,67 (1987)

27,227 (1982) (corr. 42, 261)
Suppl. 7,68 (1987)

17, 177 (1978)
Suppl. 7,68 (1987)

17,217 (1978)

Suppl. 7, 68 (1987)
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N-Nitrosoguvacine

N-Nitrosoguvacoline

N- Nitroso hydroxyproline

3-( N- Nitrosomethylamino )propionaldeh yde

3-( N- Nitrosomethy lamino )propionitrile

4-( N-Nitrosomethylamino )-4-(3-pyridyl)-I-butanal

4-(N- Nitrosomethylamino )-1-(3-pyridyl)-I-butanone

N- N itrosomethylethylamine

N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N- Nitrosomethy Ivinylamine

N-Nitrosomorpholine

N' -Nitrosonornicotine

N-Nitrosopiperidine

N-Nitrosoproline

N- N itroso pyrro lidine

N-Nitrososarcosine

Nitrosoureas, chloroethyl(see Chloroethyl nitrosoureas)
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin

NN A (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)-1-butanal)
NNK (see 4-(N-Nitrosomethylamino )-1-(3-pyridyl)-1-butanone J
Nonsteroidal oestrogens (see alsa Oestrogens, progestins

and combinations)
N oresthisterone (see alsa Progestins; Combined oral

contraceptives)
N orethynodrel (see alsa Progestins; Combined oral

contraceptives)

37,263 (1985)

Suppl. 7, 68 (1987)

37, 263 (1985)

Suppl. 7,68 (1987)

17, 304 (1978)

Suppl. 7,68 (1987)

37, 263 (1985)

Suppl. 7, 68 (1987)

37,263 (1985)

Suppl. 7,68 (1987)

37,205 (1985)

Suppl. 7, 68 (1987)

37, 209 (1985)

Suppl. 7,(1987)

17,221 (1978)

Suppl. 7, 68 (1987)

17, 257 (1978)
Suppl. 7,68 (1987)

17,263 (1978)

Suppl. 7,68 (1987)

17,281 (1978)

37,241 (1985)

Suppl. 7,68 (1987)

17,287 (1978)

Suppl. 7,68 (1987)

17, 303 (1978)

Suppl. 7,68 (1987)

17,313 (1978)

Suppl. 7,68 (1987)

17,327 (1978)

Suppl. 7,68 (1987)

31, 185 (1983)

Suppl. 7,68 (1987)

Suppl. 7,272 (1987)

6, 179 (1974)

21, 441 (1979)

6, 191 (1974)

21,46 (1979) (carr. 42,259)
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Norgestrel (see a/so Progestins; Combined oral contraceptives) 6,201 (1974)

21,479 (1979)Nylon 6 19, 120 (1979)
Supp/. 7, 68 (1987)

o
Ochratoxin A

Oestradiol-l 7 ß (see a/so Steroidal oestrogens)

Oestradiol 3-benzoate (see Oestradiol- 1 7 ß)
Oestradiol dipropionate (see Oestradiol- 1 7 ß)
Oestradiol mustard
Oestradiol- 1 7 ß-valerate (see Oestradiol- 17 ß)
Oestriol (see a/so Steroidal oestrogens)

Oestrogen-progestin combinations (see Oestrogens, progestins
and combinations)

Oestrogen-progestin replacement therapy (see a/so Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see a/so Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins and combinations

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone (see a/so Steroidal oestrogens)

Oestrone benzoate (see Oestrone)
Oil Orange SS

Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral

contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1

Orange G

Organolead compounds (see a/so Lead and lead compounds)
Oxazepam

JO, 191 (1976)
31, 191 (1983) (corr. 42, 262)
Supp/. 7, 271 (1987)

6,99 (1974)

21,279 (1979)

9,217 (1975)

6, Il7 (1974)

21,327 (1979)

Suppl. 7, 308 (1987)

Suppl. 7, 280 (1987)

6 (1974)

21 (1979)

Suppl. 7, 272 (1987)

6, 123 (1974)

21,343 (1979) (corr. 42,259)

8, 165 (1975)

Suppl. 7,69 (1987)

8, 173 (1975)

Suppl. 7,69 (1987)

8, 181 (1975)

Suppl. 7,69 (1987)

Supp/. 7,230 (1987)

13,58 (1977)

Suppl. 7,69 (1987)
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Oxymetholone (see also Androgenic (anabolic) steroids)

Oxyphenbutazone

P

Panfuran S (see also Dihydroxymethylfuratrizine)

Paper manufacture (see Pulp and paper manufacture)
Parasorbic acid

Parathion

Patulin

Penicillc acid

Pentachloroethane

Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,

occupational exposures to)
Perylene

Petasitenine

Petasiles japonicus (see Pyrrolizidine alkaloids)
Phenacetin

Phenanthrene

Phenazopyridine hydrochloride

Phenelzine sulphate

Phenicarbazide

Phenobarbital

Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

13, 13 1 (1977)

13, 185 (1977)

Suppl. 7, 69 (1987)

24,77(1980)
Suppl. 7,69 (1987)

JO, 199 (1976) (CO". 42,255)

Suppl. 7, 69 (1987)

30, 153 (1983)

Suppl. 7,69 (1987)

JO, 205 (1976)
40, 83 (1986)

Suppl. 7,69 (1987)

JO, 211 (1976)
Suppl. 7,69 (1987)

41,99 (1986)

Suppl. 7, 69 (1987)

20, 203 (1979)

32,411 (1983)

Suppl. 7, 69 (1987)

31,207 (1983)

Suppl. 7,69 (1987)

3, 141 (1973)

24, 135 (1980)

Suppl. 7,310 (1987)

32,419 (1983)

Suppl. 7,69 (1987)

8, 117 (1975)

24, 163 (1980) (CO". 42,260)
Suppl. 7,312 (1987)

24, 175 (1980)

Suppl. 7, 312 (1987)

12,177(1976)
Suppl. 7, 70 (1987)

13, 157 (1977)

Suppl. 7, 313 (1987)

9,223 (1975)

24, 185 (1980)

Suppl. 7, 70 (1987)
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Phenylbutazone

meta-Phenylenediamine

para-Phenylenediamine

N- Phen yl- 2-nap hthy lamine

ortho-Phenylphenol

Phenytoin

Piperazine oestrone sulphate (see Conjugated oestrogens)
Piperonyl butoxide

Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid

Polybrominated biphenyls

Polychlorinated biphenyls

Polychlorinated camphenes (see Toxaphene)
Polychloropropene

Polyethylene

Polymethylene polyphenyl isocyanate

Polymethyl methacrylate

Polyoestradiol phosphate (see Oestradiol-17 ß)
Polypropylene

Polystyrene

P olytetrafl uoroethylene

Polyurethane foams

Polyvinyl acetate

Polyvinyl alcohol

431

13, 183 (1977)

Suppl. 7,316 (1987)

16, 111 (1978)

Suppl. 7, 70 (1987)

16, 125 (1978)

Suppl. 7, 70 (1987)

16,325 (1978) (corr. 42, 257)

Suppl. 7,318 (1987)

30,329 (1983)

Suppl. 7, 70 (1987)

13, 201 (1977)
Suppl. 7,319 (1987)

30, 183 (1983)

Suppl. 7, 70 (1987)

19,62 (1979)

Suppl. 7, 70 (1987)

18, 107 (1978)

41,261 (1986)

Suppl. 7,321 (1987)

7,261 (1974)

18,43 (1978) (corr. 42,258)
Suppl. 7, 322 (1987)

19, 141 (1979)

Suppl. 7, 70 (1987)

19, 164 (1979)

Suppl. 7, 70 (1987)

19,314 (1979)

Suppl. 7, 70 (1987)

19, 195 (1979)

Suppl. 7, 70 (1987)

19,218 (1979)

Suppl. 7, 70 (1987)

19,245 (1979)

Suppl. 7, 70 (1987)

19, 288 (1979)
Suppl. 7, 70 (1987)

19,320 (1979)

Suppl. 7, 70 (1987)

19, 346 (1979)
Suppl. 7, 70 (1987)

19,351 (1979)

Suppl. 7, 70 (1987)
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Polyvinyl chloride

Polyvinyl pyrrolidone

Ponceau MX

Ponceau 3R

Ponceau SX

Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyethyI)dithiocarbamate

Potassium bromate

Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prednisone

Procarbazine hydrochloride

Pro flavine salts

Progesterone (see alsa Progestins; Combined oral contraceptives

Progestins (see alsa Oestrogens, progestins and combinations)
Pronetalol hydrochloride

1,3-Propane sultone

Propham

ß-Propiolactone

n-Propyl carbamate

Propylene

Propyle ne oxide

Propylthiouracil

Ptaquiloside (see alsa Bracken fern)

7, 306 (1974)

19,402 (1979)

Suppl. 7, 70 (1987)

19,463 (1979)

Suppl. 7, 70 (1987)

8, 189 (1975)

Suppl. 7, 70 (1987)

8, 199 (1975)

Suppl. 7, 70 (1987)

8,207 (1975)

Suppl. 7, 70 (1987)

12, 183 (1976)

Suppl. 7, 70 (1987)

40, 207 (1986)
Suppl. 7, 70 (1987)

26,293 (1981)

Suppl. 7, 326 (1987)

26, 311 (1981)

Suppl. 7,327 (1987)

24, 195 (1980)

Suppl. 7, 70 (1987)

6, 135 (1974)
21,49 (1979) (carr. 42,259)
Suppl. 7, 289 (1987)

13, 227 (1977) (corr. 42,256)
Suppl. 7, 70 (1987)

4,253 (1974) (carr. 42,253)
Suppl. 7, 70 (1987)

12, 189 (1976)

Suppl. 7, 70 (1987)

4,259 (1974) (carr. 42,253)
Suppl. 7, 70 (1987)

12, 201 (1976)
Suppl. 7, 70 (1987)

19,213 (1979)

Suppl. 7, 71 (1987)

11, 191 (1976)

36,227 (1985) (carr. 42,263)
Suppl. 7, 328 (1987)

7, 67 (1974)
Suppl. 7,329 (1987)

40, 55 (1986)
Suppl. 7, 71 (1987)
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Pulp and paper manufacture

Pyrene

Pyrido(3,4-c )psoralen

Pyrimethamine

Pyrrolizidine alkaloids (see a/so Hydroxysenkirkine; Isatidine;
Jacobine; Lasiocarpine; Monocrotaline; Retrorsine; Riddelline;
Seneciphylline; Senkirkine)

Q

Quercetin (see a/so Bracken fem)

para-Quinone

Quintozene

R

Reserpine

Resorcinol

Retrorsine

Rhodamine B

Rhodamine 6G

Riddelline

Rifampicin

The rubber industry

Rugulosin

S

Saccharated iron oxide

Saccharin

433

25, 157 (1981)

Suppl. 7,385 (1987)

32,431 (1983)

Suppl. 7, 71 (1987)

40,349 (1986)

Suppl. 7, 71 (1987)

/3, 233 (1977)

Suppl. 7, 71 (1987)

JO, 333 (1976)

31,213 (1983)

Suppl. 7, 71 (1987)

15,255 (1977)

Suppl. 7, 71 (1987)

5,211 (1974)

Suppl. 7, 71 (1987)

JO, 217 (1976)
24, 211 (1980) (corr. 42, 260)
Suppl. 7,330 (1987)

15, 155 (1977)

Suppl. 7,71 (1987)

JO, 303 (1976)
Suppl. 7, 71 (1987)

16,221 (1978)

Suppl. 7, 71 (1987)

16, 233 (1978)
Suppl. 7, 71 (1987)

JO, 313 (1976)
Suppl. 7, 71 (1987)

24,243 (1980)

Suppl. 7, 71 (1987)

28 (1982) (corr. 42,261)
Supp/. 7, 332 (1987)

40,99 (1986)

Supp/. 7, 71 (1987)

2, 161 (1973)

Suppl. 7, 71 (1987)

22, II 1 (1980) (corr. 42, 259)
Suppl. 7,334 (1987)

kajo
Pencil

kajo
Pencil

kajo
Pencil



434 IARC MONOGRAPHS SUPPLEMENT 7

Safrole

The sawmill industry (including logging) (see The lumber and
sawmill industry (including logging))

Scarlet Red

Selenium and selenium compounds

Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride

Senecia jacabaea L. (see Pyrrolizidine alkaloids)
Senecia /angilabus (see Pyrrolizidine alkaloids)
Seneciphylline

Senkirkine

Sepiolite

Sequential oral contraceptives (see a/sa Oestrogens, progestins
and combinations)

Shale-oils

Shikimic acid (see a/sa Bracken fern)

Shoe manufacture and repair (see Boot and shoe manufacture
and repair)

Silica (see a/sa Amorphous silica; Crystalline silica)
Sodium arsenate (see Arsenic and arsenic compounds)
Sodium arsenite (see Arsenic and arsenic compounds)
Sodium cacodylate(see Arsenic and arsenic compounds)
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocarbamate

Sodium equilin sulphate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulphate (see Conjugated oestrogens)
Sodium artha-phenylphenate (see a/sa artha-Phenylphenol)

Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)

1, 169 (1972)

JO, 231 (1976)

Suppl. 7, 71 (1987)

8,217 (1975)

Supp/. 7, 71 (1987)
9,245 (1975) (carr. 42,255)
Supp/. 7, 71 (1987)

12,209 (1976) (carr. 42,256)
Suppl. 7, 71 (1987)

JO, 319, 335 (1976)
Supp/. 7, 71 (1987)
JO, 327 (1976)
31,231 (1983)

Supp/. 7, 71 (1987)
42, 175 (1987)

Supp/. 7,71 (1987)

Suppl. 7, 296 (1987)

35, 161 (1985)

Supp/. 7,339 (1987)

40, 55 (1986)
Suppl. 7, 71 (1987)

42,39 (1987)

12,217 (1976)

Supp/. 7, 71 (1987)

30, 329 (1983)
Suppl. 7, 392 (1987)
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Sodium selenite (see Selenium and selenium compounds)

Sodium silicofluoride (see Fluorides)

Soots

S pironolactone

Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatocystin

Steroidal oestrogens (see also Oestrogens, progestins and
combinations)

S treptozotocin

Strobane~ (see Terpene polychlorinates)
Strontium chromate (see Chromium and chromium compounds)
Styrene

Styrene-acrylonitrile copolymers

Styrene-butadiene copolymers

Styrene oxide

Succinic anhydride

Sudan 1

Sudan II

Sudan III

Sudan Brown RR

Sudan Red 7B

Sulfafurazole

Sulfallate

Sulfamethoxazole

435

3,22 (1973)

35,219 (1985)

Suppl. 7,343 (1987)

24, 259 (1980)
Suppl. 7,344 (1987)

1, 175 (1972)
JO, 245 (1976)
Suppl. 7, 72 (1987)

Suppl. 7,280 (1987)

4, 221 (1974)
17,337 (1978)

Suppl. 7, 72 (1987)

19,231 (1979) (corr. 42, 258)
Suppl. 7, 345 (1987)

19,97 (1979)

Suppl. 7, 72 (1987)

19,252 (1979)

Suppl. 7, 72 (1987)

11,201 (1976)

19, 275 (1979)
36,245 (1985)

Suppl. 7, 72 (1987)

15,265 (1977)

Suppl. 7, 72 (1987)

8,225 (1975)

Suppl. 7, 72 (1987)

8, 233 (1975)
Suppl. 7, 72 (1987)

8,241 (1975)

Suppl. 7, 72 (1987)

8,249 (1975)

Suppl. 7, 72 (1987)

8,253 (1975)

Suppl. 7, 72 (1987)

24,275 (1980)

Suppl. 7,347 (1987)

30,283 (1983)

Suppl. 7, 72 (1987)

24,285 (1980)

Suppl. 7,348 (1987)
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Sulphisoxazole (see Sulfafurazole)

Sulphur mustard (see Mustard gas)

Sunset Yellow FCF

Symphytine

T

2,4,5-T (see a/sa Chlorophenoxy herbicides; Chlorophenoxy

herbicides, occupational exposures to)
Talc

Tannic acid

Tannins (see a/sa Tannic acid)

TCD D (see 2,3,7,8- T etrachlorodibenzo-para-dioxin)
TDE (see DDT)
Terpene polychlorinates

Testosterone (see a/sa Androgenic (anabolic) steroids)

Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2',5,5'- Tetrachlorobenzidine

2,3,7,8- T etrachlorodibenzo-para-dioxin

1,1,1,2- T etrachloroethane

1,1,2,2- T etrachloroethane

Tetrachloroethylene

2,3,4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,
occupational exposure to)

T etrachlorvinphos

Tetraethyllead (see Lead and lead compounds)
Tetrafluoroethylene

Tetramethyllead (see Lead and lead compounds)
Thioacetamide

8,257 (1975)

Supp/. 7, 72 (1987)

31,239 (1983)

Supp/. 7, 72 (1987)

15,273 (1977)

42, 185 (1987)

Supp/. 7, 349 (1987)

JO, 253 (1976) (carr. 42,255)

Supp/. 7,72(1987)
JO, 254 (1976)
Supp/. 7,72(1987)

5, 219 (1974)

Suppl. 7,72(1987)
6, 209 (1974)
21, 519 (1979)

27, 141 (1982)

Suppl. 7,72(1987)
15,41 (1977)

Supp/. 7, 350 (1987)

41, 87 (1986)

Supp/. 7, 72 (1987)
20,477 (1979)

Supp/. 7, 354 (1987)

20,491 (1979)

Supp/. 7,355 (1987)

30, 197 (1983)

Supp/. 7,72(1987)

19, 285 (1979)
Suppl. 7,72(1987)

7,77(1974)
Suppl. 7,72(1987)
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4,4'- Thiodianiline

Thiotepa (see Tris(l-aziridinyl)phosphine sulphide)

Thiouracil

Thiourea

Thiram

Tobacco habits other than smoking (see Tobacco products,
smokeless)

Tobacco products, smokeless

Tobacco smoke

Tobacco smoking (see Tobacco smoke)
ortho-Tolidine (see 3,3'-Dimethylbenzidine)

2,4-Toluene diisocyanate (see also Toluene diisocyanates)

2,6-Toluene diisocyanate (see also Toluene diisocyanates)

Toluene diisocyanates

Toluenes, a-chlorinated (see a-Chlorinated toluenes)

ortho- T oluenesulphonamide (see Saccharin)
ortho- T oluidine

Toxaphene

Tremolite (see Asbestos)
Treosulphan

Triaziquone (see Tris(aziridinyl)-para-benzoauinone))
Trichlorfon

1,1,1 - Trichloroethane

1,1,2- Trichloroethane

Trichloroethylene

2,4,5-Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposure to)
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16,343 (1978)

27, 147 (1982)

Suppl. 7, 72 (1987)

7, 85 (1974)

Suppl. 7, 72 (1987)

7,95 (1974)

Suppl. 7, 72 (1987)

12,225 (1976)

Suppl. 7, 72 (1987)

37 (1985) (corr. 42,263)
Suppl. 7, 357 (1987)

38 (1986) (corr. 42,263)
Suppl. 7, 357 (1987)

19,303 (1979)

39, 287 (1986)
19,303 (1979)

39,289 (1986)

39, 287 (1986) (corr. 42, 264)
Suppl. 7, 72 (1987)

16, 349 (1978)
27, 155 (1982)

Suppl. 7, 362 (1987)

20, 327 (1979)
Suppl. 7, 72 (1987)

26,341 (1981)

Suppl. 7,363 (1987)

30,207 (1983)

Suppl. 7, 73 (1987)

20,515 (1979)

Suppl. 7, 73 (1987)

20,533 (1979)

Suppl. 7, 73 (1987)

11,263 (1976)

20, 545 (1979)
Suppl. 7, 364 (1987)

20,349 (1979)
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2,4,6- Trichlorophenols (see also Chlorophenols; Chlorophenols,

occupational exposures to)

(2,4,5- Trichlorophenoxy)acetic acid (see 2,4,5- T)
Trichlorotriethylarnine hydrochloride

T 2- Trichothecene

Triethylene glycol diglycidyl ether

4,4',6-Trirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
2,4,5- Trirnethylaniline

2,4,6- Trirnethylaniline

4,5' ,8- T rirnethylpsoralen

Triphenylene

T ris( aziridin yl)-para-benzoq uinone

Tris( 1 -aziridinyl)phosphine oxide

Tris( 1 -aziridinyl)phosphine sulphide

2,4,6- Tris( 1 -aziridinyl)-s-triazine

1 ,2,3-:Tris( chlorornethoxy)propane

Tris(2,3-dibrornopropyl) phosphate

Tris(2-methyl- 1 -aziridinyl)phosphine oxide

Trp-P-l

Trp-P-2

Trypan blue

Tus~ilago farfara L. (see Pyrrolizidine alkaloids)

U

Underground haernatite rnining with exposure to radon

Uracil mustard

20, 349 (1979)

9, 229 (1975)

Suppl. 7, 73 (1987)

31,265 (1983)

Suppl. 7, 73 (1987)

11,209 (1976)

Suppl. 7, 73 (1987)

Suppl. 7,57 (1987)

27, 177 (1982)

Suppl. 7, 73 (1987)

27, 178 (1982)

Suppl. 7, 73 (1987)

40, 357 (1986)

Suppl. 7, 366 (1987)

32,447 (1983)

Suppl. 7, 73 (1987)

9,67 (1975)

Suppl. 7, 367 (1987)

9, 75 (1975)
Suppl. 7, 73 (1987)

9,85 (1975)

Suppl. 7, 368 (1987)

9, 95 (1975)
Suppl. 7, 73 (1987)

15, 301 (1977)
Suppl. 7, 73 (1987)

20, 575 (1979)

Suppl. 7, 369 (1987)

9, 107 (1975)

Suppl. 7, 73 (1987)

31,247 (1983)

Suppl. 7, 73 (1987)

31,255 (1983)

Suppl. 7, 73 (1987)

8,267 (1975)

Suppl. 7, 73 (1987)

1, 29 (1972)
Suppl. 7,216 (1987)

9, 235 (1975)
Suppl. 7,370 (1987)
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Urethane 7, 111 (1974)
Suppl. 7, 73 (1987)

v

Vinblastine sulphate 26,349 (1981) (corr. 42, 261)
Suppl. 7,371 (1987)

26,365 (1981)

Suppl. 7, 372 (1987)

19, 341 (1979)
39, 113 (1986)

Suppl. 7, 73 (1987)

19,367 (1979)

39, 133 (1986)

Suppl. 7, 73 (1987)

7,291 (1974)

19, 377 (1979) (corr. 42, 258)
Suppl. 7,373 (1987)

7,311 (1976)

19,412 (1979) (corr. 42,258)
Suppl. 7, 73 (1987)

Il,277 (1976)

39, 181 (1986)

Suppl. 7, 73 (1987)

39, 147 (1986)

Suppl. 7,73 (1987)

19,439 (1979)

39, 195 (1986)

Suppl. 7, 376 (1987)

19,448 (1979) (corr. 42,258)
Suppl. 7,73 (1987)

39,227 (1986)

Suppl. 7, 73 (1987)

19,461 (1979)

Suppl. 7, 73 (1987)

Vincristine sulphate

Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- VinylcycIohexene

Vinyl fluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers

Vinylidene fluoride

N- Vinyl-2-pyrrolidine

w

W ollastonite
42, 145 (1987)

Suppl. 7,377 (1987)

25 (1981)

Suppl. 7,378 (1987)

Wood industries

X

2,4-Xylidine 16, 367 (1978)
Suppl. 7, 74 (1987)

16, 377 (1978)
Suppl. 7,74 :'187)

2,5- X ylidine
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y
Yellow AB

Yellow OB

Z

Zearalenone

Zectran

Zinc beryllium silicate (see Beryllium and beryllium compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium

compounds)
Zinc potassium chromate (see Chromium and chromium

compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb

Ziram

8, 279 (1975)
Suppl. 7, 74 (1987)

8,287 (1975)

Suppl. 7, 74 (1987)

31,279 (1983)

Suppl. 7, 74 (1987)

12, 237 (1976)
Suppl. 7, 74 (1987)

12,245 (1976)

Suppl. 7, 74 (1987)

12, 259 (1976)
Suppl. 7, 74 (1987)
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PUBLieATIONS OF THE INTERNATIONAL
AGENey FOR RESEARCH ON eANeER

SCIENTIFIC PUBLICATIONS SERIES

(Available from Oxford University Press)
through local bookshops

No. 1 LIVER CANCER
1971; 176 pages; out of print

No. 13 ENVIRONMENTAL POLLUTION AND
CARCINOGENIC RISKS
Edited by C. Rosenfeld & W. Davis
1976; 454 pages; out of printNo. 2 ONCOGENESIS AND HERPESVIRUSES

Edited by P.M. Biggs, G. de-Thé & L.N. Payne
1972; 515 pages; out of print

No. 14 ENVIRONMENTAL N-NITROSO
COMPOUNDS: ANALYSIS AND FORMATION
Edited by E.A. Walker, P. Bogovski & L. Griciute
1976; 512 pages; £37.50

No. 3 N-NITROSO COMPOUNDS: ANALYSIS
AND FORMATION
Edited by P. Bogovski, R. Preussmann & E. A. Walker
1972; 140 pages; out of print

No. 15 CANCER INCIDENCE lN FIVE
CONTINENTS. VOLUME II
Edited by J. Waterhouse, C. Muir, P. Correa
& J. Powell
1976; 584 pages; £35.-

No. 4 TRANSPLACENTAL CARCINOGENESIS
Edited by L. Tomatis & U. Mohr
1973; 181 pages; out of print

-No. 5 PATHOLOGY OF TUMOURS lN
LABORATORY ANI MALS. VOLUME 1.
TUMOURS OFTHE RAT. PART 1
Editor-in-Chief V.S. Turusov
1973; 214 pages

No. 16 AIR POLLUTION AND CANCER lN MAN
Edited by U. Mohr, D. Sehmäh1 & L. Tomatis
1977; 311 pages; out ofprint

-No. 6 PATHOLOGY OF TUMOURS lN
LABORATORY ANI MALS. VOLUME 1.
TU MOURS OF THE RA T. PART 2
Editor-in-Chief V.S. Turusov
1976; 319 pages
-reprinted in one volume, Priee £50.00

No. 17 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1977
Edited by C.S. Muir & G. Wagner
1977; 599 pages; out of print

No. 7 HOST ENVIRONMENT INTERACTIONS lN
THE ETIOLOGY OF CANCER lN MAN
Edited by R. Doll & L V odopija

1973; 46 pages; £32.50

No. 18 ENVIRONMENTAL CARCINOGENS:
SELECTED METHODS OF ANAL YSIS
Edited-in-Chief H. Egan
VOLUME L ANAL YSIS OF VOLATILE
NITROSAMINES lN FOOD
Edited by R. Preussmann, M. Castegnaro, E.A. Walker
& A.E. Wassermann
1978; 212 pages; out of print

No. 8 BIOLOGICAL EFFECTS OF ASBESTOS
Edited by P. Bogovski, J.c. Gilson, V. Timbrell

& J.C. Wagner
1973; 346 pages; out of print

No. 19 ENVIRONMENTAL ASPECTS OF
N-NITROSO COMPOUNDS
Edited by E.A. Wa1ker, M. Castegnaro, L. Grieiute
& R.E. Lyle
1978; 566 pages; out of print

No. 9 N-NITROSO COMPOUNDS lN THE
ENVIRONMENT
Edited by P. Bogovski & E. A. Walker
1974; 243 pages; £16.50 No. 20 NASOPHARYNGEAL CARCINOMA:

ETIOLOGY AND CONTROL
Edited by G. de-Thé & Y. Ito
1978; 6 io pages; out of print

No. JO CHEMICAL CARCINOGENESIS ESSA YS
Edited by R. Montesano & L. Tomatis
1974; 230 pages; out of print

No. II ONCOGENESIS AND HERPESVIRUSES II
Edited by G. de-Thé, M.A. Epstein & H. zur Hausen
1975; Part 1,511 pages; Part 2, 403 pages; £65.-

No. 21 CANCER REGISTRA nON AND ITS
TECHNIQUES
Edited by R. MaeLennan, C. Muir, R. Steinitz
& A. Winkler
1978; 235 pages; £35.-

No. 12 SCREENING TESTS lN CHEMICAL
CARCINOGENESIS
Edited by R. Montesano, H. Bartseh & L. Tomatis
1976; 666 pages; £12.-

Priees, valid for October 1987, are subject to change without notice
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SCIENTIFIC PUBLICATIONS SERIES

No. 22 ENVIRON MENT AL CARCINOGENS:
SELECTED METHODS OF ANALYSIS
Editor-în-Chîef H. Egan
VOLUME2. METHODS FOR THE MEASUREMENT
OF VINYL CHLORIDE lN POL Y(VINYL
CHLORIDE), AIR, W A TER AND FOODSTUFFS
Edîted by D.C.M. Squîrrell & W. Thaîn
1978; 142 pages; out of print

No. 23 PA THOLOGY OF TUMOURS lN
LABORA TOR y ANI MALS. VOLUME II.
TUMOURS OF THE MOUSE
Edîtor-în-Chîef V.S. Turusov
1979; 669 pages; £37.50

No. 24 ONCOGENESIS AND HERPESVIRUSES II
Edîted by G. de-Thé, W. Henle & F. Rapp
1978; Part 1,580 pages; Part 2, 522 pages; out of prînt

No. 25 CARCINOGENIC RISKS: STRATEGIES
FOR INTERVENTION
Edîted by W. Davîs & C. Rosenfeld
1979; 283 pages; out of prînt

No. 26 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1978
Edited by C.S. Muîr & G. Wagner,
1978; 550 pages; out of print

No. 27 MOLECULAR AND CELLULAR ASPECTS
OF CARCINOGEN SCREENING TESTS
Edited by R. Montesano, H. Bartsch & L. Tomatîs

1980; 371 pages; £22.50

No. 28 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1979
Edîted by C.S. Muîr & G. Wagner
1979; 672 pages; out of prînt

No. 29 ENVIRONMENT AL CARCINOGENS:
SELECTED METHODS OF ANALYSIS
Edîtor-în-Chîef H. Egan
VOLUME 3. ANALYSIS OF POLYCYCLIC
AROMA TIC HYDROCARBONS lN
ENVIRON MENT AL SAMPLES
Edîted by M. Castegnaro, P. Bogovskî, H. Kunte
& E.A. Walker
1979; 240 pages; out of prînt

No. 30 BIOLOGICAL EFFECTS OF MINERAL
FIBRES
Edîtor-în-Chief J.c. Wagner
1980; Volume 1,494 pages; Volume 2, 513 pages;
£55.-

No. 31 N-NITROSO COMPOUNDS: ANALYSIS,
FORMATION AND OCCURRENCE
Edited by E.A. Walker, L. Gricîute, M. Castegnaro
& M. Börzsönyî

1980; 841 pages; out of prînt

No. 32 ST A TISTICAL METHODS lN CANCER
RESEARCH. VOLUME 1. THE ANAL YSIS OF
CASE-CONTROL STUDIES
By N.E. Breslow & N.E. Day
1980; 338 pages; £20.-

No. 33 HANDLING CHEMICAL CARCINOGENS lN
THE LABORATORY: PROBLEMS OF SAFETY
Edîted by R. Montesano, H. Bartsch, E. Boyland,
G. Della Porta, L. Fîshbeîn, R.A. Grîesemer,

A.B. Swan & L. Tomatîs
1979; 32 pages; out of print

No. 34 PATHOLOGY OF TUMOURS lN
LABORATORY ANIMALS. VOLUME III.
TUMOURS OF THE HAMSTER
Edîtor-în-Chîef V.S. Turusov
1982; 461 pages; £32.50

No. 35 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1980
Edîted by C.S. Muîr & G. Wagner
1980; 660 pages; out of prînt

No. 36 CANCER MORTALITY BY OCCUPATION
AND SOCIAL CLASS 1851-1971
By W.P.D. Logan

1982; 253 pages; £22.50

No. 37 LABORATORY DECONTAMINATION
AND DESTRUCTION OF AFLATOXINS
Bj, B2, G1, G2 lN LABORATORY WASTES
Edîted by M. Castegnaro, D.C. Hunt, E.B. Sansone,

P.L. Sc huiler, M.G. Sîrîwardana, G.M. Tellng,
H.P. Van Egmond & E.A. Walker
1980; 59 pages; £6.50

No. 38 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1981
Edited by C.S. Muîr & G. Wagner
1981; 696 pages; out of prînt

No. 39 HOST FACTORS lN HUMAN
CARCINOGENESIS
Edîted by H. Bartsch & B. Armstrong
1982; 583 pages; £37.50

No. 40 ENVIRONMENTAL CARCINOGENS:
SELECTED METHODS OF ANAL YSIS
Edîted-in-Chîef H. Egan
VOLUME 4. SOME AROMATIC AMINES AND
AZO DY ES lN THE GENERAL AND INDUSTRIAL
ENVIRONMENT
Edited by L. Fîshbeîn, M. Castegnaro, I.K. O'Neill
& H. Bartsch
1981; 347 pages; £22.50

No. 41 N-NITROSO COMPOUNDS:
OCCURRENCE AND BIOLOGICAL EFFECTS
Edîted by H. Bartsch, I.K. O'Neîll, M. Castegnaro
& M. Okada
1982; 755 pages; £37.50

No. 42 CANCER INCIDENCE lN FIVE
CONTINENTS. VOLUME IV
Edîted by J. Waterhouse, C. Muîr,
K. Shanmugaratnam & J. Powell
1982; 811 pages; £37.50
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No. 43 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORA TOR y W ASTES: SOME N-NITROSAMINES
Edited by M. Castegnaro, G. Eisenbrand, G. Ellen,
L. Keefer, D. Klein, E.B. Sansone, D. Spincer,
G. Tellng & K. Webb
1982; 73 pages; £7.50

No. 53 NICKEL lN THE HUMAN ENVIRONMENT
Editor-in-Chief F.W. Sunderman, Jr
1984: 530 pages; £32.50

No. 44 ENVIRON MENT AL CARCINOGENS:.
SELECTED METHODS OF ANAL YSIS
Editor-in-Chief H. Egan
VOLUME 5. SOME MYCOTOXINS
Edited by L. Stoloff, M. Castegnaro, P. Scott,
I.K. O'Neill & H. Bartsch
1983; 455 pages; £22.50

No. 54 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORATORY WASTES: SOME HYDRAZINES
Edited by M. Castegnaro, G. Ellen, M. Lafontaine,
H.C van der Plas, E.B. Sansone & S.P. Tucker
1983; 87 pages; £9.-

No. 45 ENVIRONMENT AL CARCINOGENS:
SELECTED METHODS OF ANALYSIS
Editor-in-Chief H. Egan
VOLUME 6. N-NITROSO COMPOUNDS
Edited by R. Preussmann, LK. O'Neil, G. Eisenbrand,
B. Spiegelhalder & H. Bartsch
1983; 508 pages; £22.50

No. 55 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORA TOR y W ASTES: SOME N-NITROSAMIDES
Edited by M. Castegnaro, M. Benard,
L. W. van Broekhoven, D. Fine, R. Massey,
E.B. Sansone, P.L.R. Smith, B. Spiegelhalder,
A. Stacchini, G. Tellng & 1.1. Vallon
1984; 65 pages; £7.50

No. 46 DlRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1982
Edited by C.S. Muir & G. Wagner
1982; 722 pages; out of print

No. 56 MODELS, MECHANISMS AND ETIOLOGY
OF TUMOUR PROMOTION
Edited by M. Börszönyi, N.E. Day, K. Lapis

& H. Yamasaki
1984; 532 pages; £32.50

No. 47 CANCER INCIDENCE lN SINGAPORE
1968-1977
Edited by K. Shanmugaratnam, H.P. Lee & N.E. Day
1982; 171 pages; out of print

No. 57 N-NITROSO COMPOUNDS:
OCCURRENCE, BIOLOGICAL EFFECTS
AND RELEV ANCE TO HUMAN CANCER
Edited by I.K. O'Neil, R.C von Borstel, CT. Miler,
J. Long & H. Bartsch
1984; IOIL pages; £80.-

No. 48 CANCER INCIDENCE lN THE USSR
Second Revised Edition
Edited by N.P. Napalkov, G.F. Tserkovny,
V.M. Merabishvili, D.M. Parkin, M. Smans & C.S. Muir,
1983; 75 pages; £12.-

No. 58 AGE-RELATED FACTORS lN
CARCINOGENESIS
Edited by A. Likhachev, V. Anisimov & R. Montesano
1985; 288 pages; £20.-

No.49 LABORATORY DECONTAMINATION AND
DESTRUCTION OF CARCINOGENS lN
LABORATORY WASTES: SOME POLYCYCLIC
AROMA TIC HYDROCARBONS
Edited by M. Castegnaro, G. Grimmer, O. Hutzinger,
W. Karcher, H. Kunte, M. Lafontaine, E.B. Sansone,
G. Telling & S.P. Tucker
1983; 81 pages; £9.-

No. 59 MONITORING HUMAN EXPOSURE TO
CARCINOGENIC AND MUT AGE NIC AGENTS
Edited by A. Berlin, M. Draper, K. Hemminki
& H. Vainio
1984; 457 pages; £27.50

No. 60 BURKIlT'S L YMPHOMA: A HUMAN
CANCER MODEL
Edited by G. Lenoir, G. O'Conor & C.L.M. Olweny
1985; 484 pages; £22.50

No. 50 DlRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1983
Edited by CS. Muir & G. Wagner
1983; 740 pages; out of print

No. 61 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORATORY WASTES: SOME HALOETHERS
Edited by M. Castegnaro, M. Alvarez, M. lovu,
E.B. Sansone, G.M. Tellng & D.T. Willams
1984; 53 pages; £7.50

No. 51 MODULATORS OF EXPERIMENTAL
CARCINOGENESIS
Edited by V. Turusov & R. Montesano
1983; 307 pages; £22.50

No. 62 DIRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1984
Edited by CS. Muir & G.Wagner
1984; 728 pages; £26.-No. 52 SECOND CANCER lN RELATION TO

RADIATION TREA TMENT FOR CERVICAL
CANCER
Edited by N.E. Day & J.D. Boice, Jr
1984; 207 pages; £20.-

No. 63 VIRUS-ASSOCIA TED CANCERS lN AFRICA
Edited by A.O. Williams, G.T. O'Conor, G.B. de-Thé
& CA. Johnson
1984; 774 pages; £22.-
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No. 64 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORATORY WASTES: SOME AROMATIC
AMINES AND 4-NITROBIPHENYL
Edited by M. Castegnaro, J. Barek, J. Dennis,
G. Ellen, M. K1ibanov, M. Lafontaine, R. Mitchum,
P. Van Roosma1en, E.R Sansone, L.A. Sternson
& M. Vahl
1985; 85 pages; £6.95

No. 74 TOBACCO: A MAJOR INTERNATIONAL
HEALTH HAZARD
Edited by D. Zaridze & R. Peto
1986; 324 pages; £20.-

No. 75 CANCER OCCURRENCE lN DEVELOPING
COUNTRIES
Edited by D.M. Parkin
1986; 339 pages; £20.-

No. 65 INTERPRETATION OF NEGATIVE
EPIDEMIOLOGICAL EVIDENCE FOR
CARCINOGENICITY
Edited by N.J. Wald & R. Doll
1985; 232 pages; £20.-

No. 76 SCREENING FOR CANCER OF THE
UTERINE CER VIX
Edited by M. Hakama, A.B. Miler & N.E. Day
1986; 315 pages; £25.-

No. 66 THE ROLE OF THE REGISTRY lN
CANCER CONTROL
Edited by D.M. Parkin, G. Wagner & C. Muir
1985; 155 pages; £10.-

No. 77 HEXACHLOROBENZENE: PROCEEDINGS
OF AN INTERNATIONAL SYMPOSIUM
Edited by CR. Morris & J.R.P. Cabral
1986; 668 pages; £50.-

No. 67 TRANSFORMATION ASSAY OF
ESTABLISHED CELL LINES: MECHANISMS
AND APPLICATION
Edited by T. Kakunaga & H. Yamasaki
1985; 225 pages; £20.-

No. 78 CARCINOGENICITY OF ALKYLATING
CYTOSTATIC DRUGS
Edited by D. Schmähl & J. M. Kaldor
1986; 338 pages; £25.-

No. 68 ENVIRONMENT AL CARCINOGENS:
SELECTED METHODS OF ANALYSIS
VOLUME 7. SOME VOLATILE HALOGENATED
HYDROCARBONS
Edited by L. Fishbein & I.K. O'Neil
1985; 479 pages; £20.-

No. 79 STATISTICAL METHODS lN CANCER
RESEARCH. VOLUME III. THE DESIGN AND
ANALYSIS OF LONG-TERM ANIMAL
EXPERIMENTS
By J.J. Gart, D. Krewski, P.N. Lee, R.E. Tarone
& J. Wahrendorf
1986; 219 pages; £20.-

No. 69 DlRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1985
Edited by CS. Muir & G. Wagner
1985; 756 pages; £22.

No. 80 DlRECTORY OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1986
Edited by CS. Muir & G. Wagner
1986; 805 pages; £22.-

No. 70 THE ROLE OF CYCLIC NUCLEIC ACID
ADDUCTS lN CARCINOGENESIS AND
MUT AGENESIS
Edited by B. Singer & H. Bartsch
1986; 467 pages; £4.-

No. 81 ENVIRONMENTAL CARCINOGENS:
METHODS OF ANAL YSIS AND EXPOSURE
MEASUREMENT. VOLUME 9. PASSIVE
SMOKING
Edited by I.K. O'Neil, K.D. Brunnemann,
R Dodet & D. Hoffmann
1987; 379 pages; £30.-

No. 71 ENVIRONMENTAL CARCINOGENS:
SELECTED METHODS OF ANALYSIS
VOLUME 8. SOME MET ALS: As, Be, Cd, Cr, Ni,
Pb, Se, Zn
Edited by I.K. O'Neil, P. Schuller & L. Fishbein
1986; 485 pages; £20.

No. 82 ST A TISTICAL METHODS lN CANCER
RESEARCH. VOLUME Il. THE DESIGN AND
ANAL YSIS OF COHORT STUDIES
By N.E. Breslow & N.E. Day
1987; 40 pages; £30.-

No. 72 ATLAS OF CANCER lN SCOTLAND
1975-1980: INCIDENCE AND-EPIDEMIOLOGICAL
PERSPECTIVE
Edited by 1. Kemp, P. Boyle, M. Smans & c. Muir
1985; 282 pages; £35.-

No. 83 LONG-TERM AND SHORT-TERM
ASSA YS FOR CARCINOGENS: A CRITICALAPPRAISAL _
Edited by R. Montesano, H. Bartsch, H. Vainio,
J. Wilbourn & H. Yamasaki
1986; 575 pages; £32.50

No. 84 THE RELEV ANCE OF N-NITROSO
COMPOUNDS TO HUMAN CANCER:
EXPOSURES AND MECHANISMS
Edited by H. Bartsch, I.K. O'Neil
& R. Schulte-Hermann
1987; 671 pages; £50.-

No. 73 LABORATORY DECONTAMINATION
AND DESTRUCTION OF CARCINOGENS lN
LABORATORY WASTES: SOME
ANTINEOPLASTIC AGENTS
Edited by M. Castegnaro, J. Adams, M. Armour,
J. Barek, J. Benvenuto, C. Confalonieri, U. Goff,
S. Ludeinan, D. Reed, E.B. Sansone & G. Telling
1985; 163 pages; £10.- -
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No. 85 ENVIRONMENTAL CARCINOGENS:
METHODS OF ANAL YSIS AND EXPOSURE
MEASUREMENT. VOLUME 10. BENZENE
AND ALKYLATED BENZENES
Edited by L. Fishbein & I.K. O'Neill
(in press)

No. 89 METHODS FOR DETECTING DNA
DAMAGING AGENTS lN HUMANS:
APPLICATIONS lN CANCER EPIDEMIOLOGY
AND PREVENTION
Edited by H. Bartsch, K. Hemminki
& I.K. O'Neil
(in preparation)

No. 86 DIRECTOR y OF ON-GOING RESEARCH
lN CANCER EPIDEMIOLOGY 1987
Edited by D.M. Parkin & J. Wahrendorf
1987; 685 pages; £22.-

No. 90 NON-OCCUPATIONAL EXPOSURE TO
MINERAL FIBRES
Edited by J. Bignon, J. Peto & R. Saracci
(in preparation)

No. 87 INTERNATIONAL INCIDENCE OF
CHILDHOOD CANCER
Edited by D.M. Parkin, C.A. Stiller, G.J. Draper,
C.A. Bieber, B. Terracini
& J.L. Young
(in preparation)

No. 91 TRENDS lN CANCER INCIDENCE lN
SINGAPORE 1968-1982
Edited by H.P. Lee, N.E. Day &
K. Shanmugaratnam
(in press)

No. 88 CANCER INCIDENCE lN FIVE
CONTINENTS. VOLUME V
Edited by C. Muir, J. Waterhouse, T. Mack,
J. Powell & S. Whelan
(in press)
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IARC MONOGRAPHS ON THE EVALUATION OF THE
CARCINOGENIC RISK OF CHEMICALS TO HUMANS

(English editions only)

(Available from booksellers through the network of WHO Sales Agents*)

Volume 1

Sorne inorganic substance~.r:hlorinated hydrocarbons,
aromatic amines, N-nitros,) compounds, and natural
products
1972; 184 pages; out of pfint

Volume 14

Asbestos
1977; 106 pages; out of pfint

Volume 2

Sorne inorganic and organometallc compounds
1973; 181 pages; out of pfint

Volume 15

Somefumigants, the herbicides 2,4-D and 2.4,5-T,
chlorinated dibenzodioxins and miscellaneous industrial
chemicals
1977; 354 pages; Sw. fr. 50.-

Volume 3

Certain polycyclic aromatic hydrocarbons and
heterocyclic compounds
1973; 271 pages; out of pfint

Volume 16

Sorne aromatic amines and related nitro compounds
- hair dyes, colouring agents and miscellaneous

indus trial chemicals
1978; 400 pages; Sw. fr. 50.-

Volume 4

Sorne aromatic amines, hydrazine and related

substances, N-nitroso compounds and miscellaneous
alkylating agents
1974; 286 pages;
Sw. fr. 18.-

Volume 17

Sorne N-nitroso compounds
1978; 365 pages; Sw. fr. 50.

Volume 5

Sorne organochlorine pesticides
1974; 241 pages; out ofpfint

Volume 18

Polychlorinated biphenyls and polybrominated
biphenyls
1978; 140 pages; Sw. fr. 20.-

Volume 6

Sex hormones
1974; 243 pages;
out of pfint

Volume 19

Sorne monomers, plastics and synthetic elastomers,
and acrolein
1979; 513 pages; Sw. fr. 60.-

Volume 7

Sorne anti-thyroid and related substances, nitrofurans

and industrial chemicals
1974; 326 pages; out of pfint

Volume 20

Sorne halogenated hydrocarbons
1979; 609 pages; Sw. fr. 60.-

Volume 8

Sorne aromatic azo compounds
1975; 357 pages; Sw.fr. 36.-

Volume 21

Sex hormones (/1)
1979; 583 pages; Sw. fr. 60.-

Volume 9

Sorne aziridines, N-, S- and O-mustards and selenium
1975; 268 pages; Sw. fr. 27.-

Volume 22

Sorne non-nutritive sweetening agents
1980; 208 pages; Sw. fr. 25.-

Volume 10

Sorne naturally occurring substances
1976; 353 pages; out of print

Volume 23

Sorne me/ais and meta/lc compounds
1980; 438 pages; Sw. fr. 50.-

Volume il
Cadmium, nickel, sorne epoxides, misce/laneous
indus tria/ chernicals and genera/ considerations on
volatile anaesthetics
1976; 306 pages; out of pfint

Volume 24

Sorne pharmaceutica/ drugs

1980; 337 pages; Sw. fr. 40.-

Volume 25

Wood, leather and sorne associated industries
1981; 412 pages; Sw. ff. 60.-

Volume 12

Sorne carbamates, thiocarbarnates and carbazides

1976; 282 pages; Sw. ff. 34.-

Volume 26

Sorne antineoplastic and immunosuppressive agents
1981; 411 pages; Sw. ff. 62.-

Volume 13

Sorne rnisce/laneous pharrnaceutica/ substances
1977; 255 pages; Sw. fr. 30.-

* A list of these Agents may be obtained by writing to the W orld Health
Organization, Distribution and Sales Service, 1211 Geneva 27, Switzerland
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Volume 27

Some aromatic amines, anthraquinones and nitroso
compounds, and inorganic fluorides used in
drinking-water and dental preparations
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Volume 37
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Tobacco smoking
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*From Volume 43 onwards, the series titIe has been changed to IARC MONOGRAPHS ON THE
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INFORMATION BULLETINS ON THE
SURVEY OF CHEMICALS BEING

TESTED FOR CARCINOGENICITY

(Available from IARC and WHO Sales Agents)

No. 8 (1979)
Edited by M.-J. Ghess, H. Bartsch

& L. Tomatis
604 pages; Sw. fr. 40.-

No. 11(1984)

Edited by M.-J. Ghess, J.O. Wilbourn,
H. Vainio & H. Bartsch

362 pages; Sw. fr. 50.-

No. 9 (1981)
Edited by M.-J. Ghess, J.O. Wilbourn,
H. Bartsch & L. Tomatis
294 pages; Sw. fr. 41.-

No. 12 (1986)

Edited by M.-J. Ghess, J.O. Wilbourn,
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NON-SERIAL PUBLICATIONS
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ALCOOL ET CANCER
By A. Tuyns (in French only)
1978; 42 pages; Fr. fr. 35.-

DlRECTOR y OF COMPUTER SYSTEMS
USED lN CANCER REGISTRIES
By H.R. Menck & D.M. Parkin
1986; 236 pages; Fr. fr. 50.-

CANCER MORBIDITY AND CAUSES OF
DEATH AMONG DANISH BREWERY
WORKERS
By O.M. Jensen
1980; 143 pages; Fr. fr. 75.-

IARC Monographs are distributed
by the

World Health Organization,
Distribution and Sales Service,
1211 Geneva 27, Switzerland

and are available from booksellers
through the network of WHO Sales Agents.

A list of these Agents may be obtained
by writing to the above address.
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