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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 wil 

le ad to cancer in humans.
Inclusion of an agent in the M onographs does not imply that it is a carcinogen, only that

the published data have been examined. EqualIy, 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 ofpublished 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 W orking Group.

Although every effort is made to prepare the monographs as accurate1y as possible,
mistakes may occur. Readers are requested to communicate any errors to the Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.
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ERRATUM

lARC Monographs, Volume 44, Alcohol Drinking

Due to errors in the printing of this volume, the following copy
of the Preamble should be read in place of that in Volume 44.

lARe MONOGRAPHS PROGRAMME ON THE

EV ALUATION OF CARelNOGENie RISKS

TO HUMANS1

PREAMBLE

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

gramme to evaluate the carcinogenic risk of chemicals to humans and to produce mono-
graphs on individual chemica1s. The Monographs programme has since been expanded to
include consideration of exposures to complex mixtures of chemicals (which occur, for
example, in some occupations and as a result of human habits) and of exposures to other
agents, such as radiation and viruses. With Supplement 6(1), the title of the series was
modified from IARC Monographs on the Evaluation of the Carcinogenic Risk ofChemi-
cals to Humans to IARC M onographs on the Evaluation of Carcinogenic Risks ta Humans,
in order to reflect the widened scope of the programme.

The criteria establIshed in 1971 to evaluate carcinogenic risk to humans were adopted
by the working groups whose deliberations resulted in the first 16 volumes of the IARC
Monographs series. Those criteria were subsequently re-evaluated by working groups which
met in 1977(2),1978(3),1979(4),1982(5) and 1983(6). The present preamble was prepared by
two working groups which met in September 1986 and January 1987, prior to the
preparation of Supplement 7 to the Monographs(7).

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 evalu-
ations 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 projeet is supported by PHS Grant No. 6 UOI CA33193-o6 awarded by the US National Cancer Institute, Department of
Health and Human Services, and wIth a subeontraet to Traeor Jiteo, Ine. and Teehnieal Resourees, Ine. Sinee 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 alI 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 usually
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 ma king risk
assessments and in formulating decisions concerning any necessary preventive measures.
No recommendation is given for regulation or legislation, since such decisions are made by
individual governments and/or other international agencies. The IARC Monographs are
recognized as an authoritative source of information on the carcinogenicity of chemicals
and complex exposures. Ausers' 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 of the W orld Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics 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
virus es) 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 carci-
nogens 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(8) and
directories of on-going research in cancer epidemiology(9) 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(10).

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 ofthe lIterature on a particular agent. Only

those data considered by the W orking Group to be relevant to ma king an evaluation are
included.
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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
reviewed 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 making a final evaluation (see pp. 27 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 aH appropriate data have been colIected; (ii) to select
the data relevant for the evaluation on the basis of scientific me rit; (iii) to prepare accurate
summaries of the data to enable the reader to foHow the reasoning of the W orking Group;

(iv) to evaluate the results of experimental and epidemiological studies; and (v) to make an
overalI 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, including data storage
and retrieval systems such as CANCER LINE, 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 indus trial 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 usualIy obtained from publIshed sources but is often complemented
by direct contact with manufacturers.

Six months before the meeting, reference mate rial is sent to experts, or is used by lARe
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 aU participants of the Working
Group for review.

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

Most monographs on individual chemicals or complex mixtures include sections on
chemical and physical data, and production, use, occurrence and analysis. ln other mono-
graphs, 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 work place or chemistry of the complex mixture.

The Chemical Abstracts Services Registry Number, the latest Chemical Abstracts
Primary Name and the IUPAC Systematic Name are recorded. Other synonyms and trade
names are given, but the lIst is not necessarily comprehensive. Some of the 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 specifcations and includes 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 naturaUy, this information may aUow 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 descnbed.

Data on production, foreign trade and uses are obtained for representative regions,
which usuaUy include Europe, Japan and the USA. It should not, however, be inferred that
those are as 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 clinical
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 inc1uded.

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 human exposure are also given, when available. The IARC
publishes a series of volumes, Environmental Carcinogens: Selected Methods of Anal-
ysis(lI), 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 of benign neoplasms may in
some circumstances (see p. 21) 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, probably by fundamentally different mechanisms.
ln the present state of knowledge, the aim of the Monographs is to evaluate evidence of
carcinogenicity at any stage in the carcìnogenic 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(6).

Definitive evidence of carcinogenicity in humans is provided by epidemiologica1 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 disciissed below. ln general, numerical findings are indicated as they
appear in the original report; units are converted when necessary for easier comparison. The
Working 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-aminobipheny1, 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(12) shows that, of the 44 agents for which there is suffcient or
limited evidence of carcinogenicity to humans (see pp. 27-28), all 37 that have been tested
adequately experimentallyproduce cancer in at least one animal species. Although this
association cannot establIsh that alI 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 suffcient evidence (see
p. 28) of carcinogenicity in experimental animais as if they presented a carcinogenic risk to
humans.

The monographs are not intended to summarize all 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 long-term carcinogenicity experi-
ments have been outlIned (e.g., ref. 13).

The nature and ex te nt of impurities or contaminants present in the agent being evaluated
are given when available. Mention is made of all routes of exposure by which the agent has
been adequately studied and of all species in which relevant experiments have been
performed. 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 overall assessment of the carcinogenicity of an agent involves several considerations
of qualItative importance, including (i) the experimental conditions under which the test
was performed, including route and schedule of exposure, species, strain, sex, age, duration
of follow-up; (ii) the consistency with which the agent has been shown to be carcinogenic,
e.g., in how man y 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 inc1ude: (i) how c1early the agent was defined; (ii) whether
the dose was adequately monitored, particularly in inhalation experiments; (ii) 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 specific tumours in
historical controls, as well as in concurrent controls, should be taken into account in the
evaluation of tumour response.

When benign tumours occur together with and originate from the same cell type in an
organ or tissue as malignant tumours in a particular study and appear to represent a stage in
the progression to malignancy, it may be valId to combine them in assessing tumour
incidence. 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 extensive1y, 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.

(b) Quantitative aspects

The probabilty 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(l4,15).

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

Factors considered by the W orking Group include 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(l5,16). When there is no difference in survival
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between control and treatment groups, the Working Group usualIy compares the pro-
portions 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
logis tic regression, when occult tumours do not affect the animaIs' risk of dying but are
'incidental' findings at autopsy.

ln practice, classifying tumours as fatal or incidental may be difficult. Several survival-
adjusted methods have been developed that do not require this distinction(l5), although
they have not been fulIy evaluated.

10. OTHER RELEVANT DATA 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 experi-
mental animaIs and humans are summarized briefly, and comparisons of data from animaIs
and humans 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) Toxicity

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 genetic and related effects may indicate possible carcinogenic activity. They can
also be used in detecting active metabolItes of known 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 phylogenetic group according to the
endpoints detected, which may include DNA 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 ofwhether an exogenous
metabolic system was required. When appropriate, these data may be represented by bar
graphs (activity profiles), with corresponding summary tables and lIstings of test systems,
data and references. Detailed information on the preparation of these 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 ceHs suggest that genetic 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 chromos omal aberrations), others are to a greater or lesser degree associated
with genetic effects (e.g., unsched uled D N A synthesis). ln-vitro tests for tumour-promoting
activity and for celI transformation may detect changes that are not necessarily the result of
genetic alterations but that may have specific relevance to the process of carcinogenesis. A
critical appraisal of these tests has been publIshed(13).

Genetic or other activity detected in the systems mentioned ab 
ove 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 aH 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 ru le out carcinogenicity of
agents that act through other mechanisms. Factors may arise in many tests that could give
mis1eading results; these have been discussed in detail elsewhere( 13).

The adequacy of epidemiological 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.

11. EVIDENCE FOR CARCINOGENICITY lN HUMANS

(a) 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 raiidomized 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
incidence in those exposed to incidence in those not exposed) as the main measure of
association.
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ln correlation studies, the units of investigation are usually who le 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 experience, 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 some instances, strengthen inferences drawn
from studies of cancer itself.

(b) 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 fact 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 which these factors have been minimized in an individual study, working
groups consider a number of aspects of design and analysis as described in the report of the
study. Most of these considerations apply equally to case-control, cohort and correlation
studies. Lack of clarity of any of these aspects in the reporting of a study can decrease its
credibilIty and 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 ta ken account in the study design and analysis of
other variables that can influence the risk of disease and may have been related to the
exposure of interest. Potential confounding by such variables should have been dealt with
either in the design of the study, such as by matching, or in the analysis, by statistical
adjustment. ln cohort studies, comparisons with local rates of disease may be more
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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 all causes of death should have been given, to
avoid the possibilty 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 clearly stated by the authors. The methods used should preferably have been the
generally accepted techniques that have been refined since the mid-1970s. These methods
have been reviewed for case-control studies(l7) and for cohort studies(l8).

(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(6), a1though 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 (Le., 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 froma single study, these data are not combined
with those from later studies in any subsequent reassessment of 

the strength of the evidence.
If the risk of the disease in question increases with the amount of exposure, this is

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

Although 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 plausibility to a causal relationship, particularly when excess
cancer occurrence is limited to one morphological type within the same organ.

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

When several epidemiological studies show lIttle or no indication of an association
between an agent and cancer, the judgement may be made that, in the aggregate, they show
evidence of lack of carcinogenicity. Such a judgement requires first of all that the studies
giving rise to it meet, to a sufficient degree, the standards of design and analysis described
above. Specifically, the possibilty that bias, confounding or misclassification of exposure
or outcome could explain the observed results should be considered and excluded with
reasonable certainty. ln addition, all studies that are judged to be methodologicalIy 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 estimate of relative risk
which is at or near unit y and has a narrow confidence interval, due to sufficient population
size. Moreover, no individual study nor the pooled results of all the studies should show any
consistent tendency for relative risk of cancer to increase with increasing amount of
exposure to the agent. It is important to note that evidence of lack of carcinogenicity

obtained in this way from several epidemiological studies can apply only to the type(s) of
cancer studied and to dose leve1s of the agent and intervals between first exposure to it and
observation of disease that are the same as or less than those observed in all the studies.
Experience with human cancer indicates that, for some agents, the period from first
exposure to the development of clInical cancer is seldom less than 20 years; latent periods
substantialIy 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 meet the criteria outlIned on pp. 16-17 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.

(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
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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 available. Nega-
tive 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.

(el Other relevant data

Structure-activity correlations are mentioned when relevant.
Toxicological information and data on kinetics and metabolism in experirnental ani-

maIs are given when considered relevant. The results of tests for genetic and related effects
are summarized for whole mammals, cultured mammalIan ceUs and nonrnammalian
systems.

Data on other biological effects in humans of particular relevance are summarized.
These may inc1ude 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, describedbelow, cannot encom-
pass aH of the factors that may be relevant to an evaluation of the carcinogenicity of an
agent. ln considering aU of the relevant data, the Working 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 in humans and in 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 some agents may change as new
information becomes avaIlable.

(i) Human carcinogenicity data
The evidence relevant to carcinogenicity from studies in humans is classified into one of

the foHowing categories:

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

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent 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 of carcinogenicity: The avaIlable studies are of insufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence of
a causal association.

Evidence suggesting lack of 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 inevitab1y 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 smalI risk at the levels of exposure studied can never be excluded.

ln some instances, the above categories may be used to classify 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 classified into one of
the following categories:

Suffcient evidence of 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. 21) 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 sufficient
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 suffcient evidence of carcinogenicity in experimental
animaIs as if they presented a carcinogenic risk to humans.

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 ofthe 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.
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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 overalI evaluation are indicated.

(b) OveraU 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 suffcient 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 humans and

sufficient evidence of carcinogenicity in experimental animaIs. Exceptionally, an agent may
be classified 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.

Group 2B - The agent is possibly carcinogenic to 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 suffcient evidence of carcinogenicity in experimental animaIs. ln some instances, an
agentfor 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.
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Group 3 - The agent is not classifable as ta its carcinogenicity to 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 01 carcino-

genicity in humans together with evidence suggesting lack 01 carcinogenicity in experi-
mental animaIs. ln some circumstances, agents for which there is inadequate evidence of or
no data on carcinogenicity in humans but evidence suggesting lack 01 carcinogenicity in
experimental animaIs, consistently and strongly supported by a broad range of other
relevant data, may be classified in this group.

References

1. IARC (1987) IARC Monographs on the Evaluation 01 Carcinogenic Risks ta Hu-
mans, Supplement 6, Genetic and Related Effects: An Updating 01 Selected
IARC Monographslrom Volumes 1 to 42, Lyon

2. IARC (1977) IARC Monographs Programme on the Evaluation olthe Carcinogenic
Risk 01 Chemicals to Humans. Preamble (IARC intern. tech. Rep. No. 77/002),
Lyon

3. IARC (1978) Chemicals with Sufficient Evidence olCarcinogenicity in Experimental
AnimaIs - IARC Monographs Volumes 1-17 (IARC intern. tech. Rep. No.
78/003), Lyon

4. IARC (1979) Criteria to Select Chemicalslor IARC Monographs (IARC intern. tech.
Rep. No. 79/003), Lyon

5. IARC (1982) IARC Monographs on the Evaluation 01 the Carcinogenic Risk 01
Chemicals to Humans, Supplement 4, Chemicals, lndustrial Pro cesses and
Industries Associated with Cancer in Humans (IARC M onographs, V o/umes 1 ta
29), Lyon

6. IARC (1983) Approaches to Classifying Chemical Carcinogens According to Mecha-
nism 01 Action (IARC intern. tech. Rep. No. 83/001), Lyon

7. IARC (1987) lARe Monographs on the Evaluation of Carcinogenic Risks to Hu-
mans, Supplement 7, Overall Evaluations of Carcinogenicity: An Updating 01
IARC Monographs Volumes 1 to 42, Lyon

8. IARC (1973-1986) Information Bulletin on the Survey of Chemicals Being Tested for
Carcinogenicity, Numbers 1-12, Lyon

Number 1 (1973) 52 pages
Number 2 (1973) 77 pages
Number 3 (1974) 67 pages
Number 4 (1974) 97 pages
Number 5 (1975) 88 pages
Number 6 (1976) 360 pages



PREAMBLE 31

Number 7 (1978) 460 pages
Number 8 (1979) 604 pages
Number 9 (1981) 294 pages
Number 10 (1983) 326 pages
Number 11 (1984) 370 pages
Number 12 (1986) 385 pages

9. Muir, C. & Wagner, G., eds (1977-87) Directory of On-going Studies in Cancer
Epidemiology 1977-87 (IARC Scientifc Publications), Lyon, International
Agency for Research on Cancer

10. IARC (1984) Chemicals and Exposures to Complex Mixtures Recommendedfor
Evaluation in IARC Monographs and Chemicals and Complex Mixtures
Recommendedfor Long-term Carcinogenicity Testing (IARC intern. tech. Rep.
No. 84/002), Lyon

11. Environmental Carcinogens. Selected Methods of Analysis:

VoL. 1. AnalysisofVolatile Nitrosamines in Food(IARC Scientifc Publications No.
18). Edited by R. Preussmann, M. Castegnaro, E.A. Walker & A.E. Wasserman
( 1978)

VoL. 2. Methodsfor the Measurement ofVinyl Chloride in Poly(vinyl chloride), Air,
Water and Foodstufs (IARC Scientifc Publications No. 22). Edited by D.C.M.
Squirrell & W. Thain (1978)

VoL. 3. Analysis of Polycyclic Aromatic Hydrocarbons in Environmental Samples
(IARC Scientific Publications No. 29). Edited by M. Castegnaro, P. Bogovski,
H. Kunte & E.A. Walker (1979)

VoL. 4. Some Aromatic Amines and Azo Dyes in the General and lndustrial
Environment (IARC Scientific Publications No. 40). Edited by L. Fishbein,
M. Castegnaro, I.K. O'Neil & H. Bartsch (1981)

VoL. 5. Some Mycotoxins (IARC Scientifc Publications No. 44). Edited by
L. Stoloff, M. Castegnaro, P. Scott, I.K. O'Neil & H. Bartsch (1983)

VoL. 6. N-Nitroso Compounds (IARC Scientifc Publications No. 45). Edited by
R. Preussmann, I.K. O'Neil, G. Eisenbrand, B. Spiegelhalder & H. Bartsch
(1983)

VoL. 7. Some Volatile Halogenated Hydrocarbons (IARC Scientifc Publications
No. 68). Edited by L. Fishbein & I.K. O'Neil (1985)

VoL. 8. Some Metals: As, Be, Cd, Cr, Ni, Pb, Se, Zn (IARC Scientifc Publications
No. 71). Edited by I.K. O'Neil, P. Schuller & L. Fishbein (1986)

VoL. 9. Passive Smoking (IARC Scientifc Publications No. 81). Edited by I.K.
O'Neil, K.D. Brunnemann, B. Dodet & D. Hoffmann (1987)

12. Wilbourn, J., Haroun, L., Heseltine, E., Kaldor, J., Partensky, C. & Vainio, H.
(1986) Response of experimental animaIs to human carcinogens: an analysis
based upon the IARC Monographs Programme. Carcinogenesis, 7, 1853-1863



32 IARC MONOGRAPHS VOLUME 44

13. Montesano, R., Bartsch, H., Vainio, H., Wilbourn, J. & Yamasaki, H., eds (1986)
Long-term and Short-term Assays for Carcinogenesis - A Critical Appraisal
(IARC Scientifc Publications No. 83), Lyon, International Agency for Research
on Cancer

14. Hoel, D.G., Kaplan, N.L. & Anderson, M.W. (1983) Implication of nonlinear
kinetics on risk estimation in carcinogenesis. Science, 219, 1032-1037

15. Gart, J.J., Krewski, D., Lee, P.N., Tarone, R.E. & Wahrendorf, J. (1986) Statistical

Methods in Cancer Research, VoL. 3, The Design and Analysis of Long-term
Animal Experiments (IARC Scientifc Publications No. 79), Lyon, International
Agency for Research on Cancer

16. Peto, R., Pike, M.C., Day, N.E., Gray, R.G., Lee, P.N., Parish, S., Peto, J.,
Richards, S. & Wahrendorf, J. (1980) Guidelines for simple, sensitive signifcance
testsfor carcinogenic effects in long-term animal experiments. ln: IARC Mono-
graphs on the Evaluation of the Carcinogenic Risk of Chemicals ta Humans,
Supplement 2, Long-term and Short-term Screening Assays for Carcinogens:
A CrWcal Appraisal, Lyon, pp. 311-426

17. Breslow, N.E. & Day, N.E. (1980) Statistical Methods in Cancer Research, VoL. 1,

The Analysis of Case-control Studies (IARC Scientifc Publications No. 32),
Lyon, International Agency for Research on Cancer

18. Breslow, N.E. & Day, N.E. (1987) Statistical Methods in Cancer Research, VoL. 2,

The Design and Analysis of Cohort Studies (IARC Scientifc Publications
No. 82), Lyon, International Agency for Research on Cancer



ALCOHOL DRINKING





1. GENERAL INTRODueTION:
ALeOHOL DRINKING AND THE PUBLie HEALTH

The terms 'a1cohol' and 'a1coholic beverages' tend to be used interchangeably to
designate the product consumed, and the same practice has been followed in this
monograph. A distinction is made, however, between alcohol or a1coholIc beverages and the
substance ethanoL. This monograph includes only data relevant to the consumption of
alcoholic beverages by humans: occupational exposures to ethanol and exposures other
than by drinking were not considered by the W orking Group.

Most human societies have made and used alcoholic beverages. The major exceptions,
prior to contact with European cultures, were the Pacifie Islanders and the indigenous
populations of most of North America (MarshalI, 1979). The distilation of alcoholic
beverages has a long tradition on the Eurasian continent, beginning in the Far East and
moving to Europe via Arabia about a milenium ago (Anon., 1966; Lord, 1979). Traditional
a1coholic beverages are fermentation products of a wide variety of organic materials,
inc1uding grain (beer, shochu), fruit (wine, cider), sap (palm wine, pulque) and honey
(mead); even wood has been used occasionally (Treml, 1982). Since distilation was
traditionally associated with pharmacy, many substances other than ethanol have often
been inc1uded intentionally in distiled drinks. Thus, traditional a1coholic beverages and
commercially produced beverages contain many constituents other than ethanol and water
(see p. 71).

A1coholIc beverages have a wide va ri et y offunctions for humans. They quench thirst, in
some parts of the world more hygienically than local water supplIes; they are nutritional
and, in some situations, can le ad to excess calorie intake or an unbalanced diet (Balboni,
1963). It has been estimated that a1cohol may provide as much as one-quarter of the calorie
intake of male agricultural workers in wine production areas (Loll et al., 1958). A1cohol has
also been used medicinally in many cultures and is present as a solvent in pharmaceutical
preparations. It is used in many cultures as a psychoactive substance (Marshall, 1979).

A1coholic beverages have diverse symbolic functions: alcohol is used in many relIgious
observances; it is often associated with feasting and celebration; having or sharing a drink
may be a ritual of solIdarity or friendship, of sealIng an agreement, of marking a rite of
passage or of indicating that normal social constraints are suspended. ln different cultures,
various powers are attributed to drinking, and diverse behaviours are associated with

drunkenness (MacAndrew & Edgerton, 1969; Marshall, 1979). ln some societies, intoxi-
cation leads to and, to some extent, is used to explain disruptive or violent behaviour.

Abstaining from drinking has also often had a sociocu1tural meaning. For Muslims,
abstention is both a relIgious dut Y and a mark of differentiation from those of other faiths.
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ln ancient China, abstention was expected of those holding government offices (Cherrington,
1924). ln nineteenth century Britain, serious persons who wanted to better the lot of their
children signed a pledge of abstinence (Harrison, 1971).

ln cultures where a1cohol is valued, access to it has often been the prerogative ofthose of
higher status. This may reflect a scarcity value, an ideology that intoxication is appropriate
only for those of higher status, or fear that intoxication may produce insurrection. It is
notable that the access of groups of persons who have been considered to be of socially
subordinate status, such as women and children, has frequently been limited (Knupfer &
Room, 1964). However, abstinence among women has decreased dramatically in many
countries, and, in a number of countries, young people have also increased their drinking
(W orld Health Organization, 1980).

ln traditional societies, the availability of alcoholic beverages depended mainly on
agricultural abundance and climate. ln a tropical climate, production of alcoholic beverages
may be a simple task, whereas in preindustrial times, in regions such as Iceland, alcoholic
beverages were alI imported (Room, 1983). A1cohol has long been an item of trade: the
abundance of amphoras from the classical world testifies to the long-standing importance of
wine in Mediterranean trade patterns (Johnson, 1985). The spread of distiled beverages in
the seventeenth and eighteenth centuries partly reflects their function as a form of
agricultural surplus that did not spoil and was relatively transportable (Rorabaugh, 1979).

ln traditional societies with no cash economy and poor transportation connections,
fermented beverages were, and still are, consumed relatively quickly after their production,
before spoiling. Such production is frequently seasonal- for example, at harvest time or on
festive occasions - and is often associated with a culturally sanctioned drinking pattern or
intermittent extreme intoxication, where alI the alcoholIc beverage produced for the
occasion is rapidly consumed. ln such circumstances, variations in agricultural supply can
Ii mit drinking (Anon., 1966).

Such traditional societies have gradualIy disappeared over the last few centuries as more
peoples are incorporated into a global market economy (W o If, 1982). Groups moving from
a traditional into an urban cash economy often preserve their drinking patterns initially, but
engage in them more frequently (Caetano et al., 1983). ln general, the advent ofindustrially
produced alcoholic beverages with an indefinite shelf-life, improvements in transportation
and participation in a cash economy have erased constraints on availability of a1cohoL.
U nder these circumstances, constraints on consumption depend on state controls on
availability and priee and, for example, on religious and social limitations.

With time, home-made and locally produced alcoholic beverages tend to be replaced by
industrialIy produced a1cohol (W orld Health Organization, 1980). ln the USA and the UK,
industrialIy brewed beer replaced cider in the nineteenth century (Anon., 1966). Today, the
process continues in countries such as Zambia and Mexico, as lager-style beer replaces
opaque beer and pulque. The attractiveness of industrialIy produced alcoholic beverages is
enhanced by the cosmopolitan, high-status connotations given to them by advertisers
(Moser, 1985; Rosovsky, 1986). Governments also have a fiscal interest in the industrial-
ization of production, since it facilitates the collection of revenues based on drinking.
Although the epidemiological evidence reviewed in this monograph is based primarily on



GENERAL INTRODUCTION 37

commercialIy produced a1coholic beverages, it should be kept in mind that much of the
world's a1cohol consumption is of noncommercialIy produced alcoholIc beverages (Walsh
& Grant, 1985).

Even in Europe, the current level of availabilty of alcoholic beverages is a relatively
recent historical phenomenon. ln the seventeenth and eighteenth centuries, spirits shifted
from a pharmaceutical status to an item of everyday consumption, as industrial production
methods flooded the market. Technological innovations transformed beer production,
starting in the latter part of the nineteenth century, from a craft producing beverages for
local and immediate consumption to an integrated industry producing a beverage that could
be transported worldwide and stored almost indefinitely (Anon., 1966). Improvements in
agricultural methods and the development of disease-resistant vines have allowed greatly
increased wine production and consumption. Thus, wine consumption in France quadru-
pIed in the last decades of the nineteenth century (Johnson, 1985).

Effects of drinking

Alcohol consumption is associated with many health problems, which can be divided
into three main types: chronic physical problems, casualty and disability problems, and
mental problems.

Physical health problems include, notably, cirrhosis ofthe liver (discussed on pp. 146-
147), cancers at various sites (discussed in section 5, p. 153), effects on the developing
embryo and fetus (discussed on pp. 148-151), and other diseases affecting the gastrointestinal,
cardiovascular, respiratory, nervous and reproductive systems (W orld Health Organiza-
tion, 1980). The relationship between a1cohol intake and the occurrence of cardiovascular
disease appears to be J-shaped, with the risk for abstainers being slightly higher than that in
moderate drinkers (i.e., those consuming fewer than two or three drinks per day) and
substantially lower than that for heavy drinkers (Marmot, 1984). The reduced incidence of
coronary heart disease may explain the lower total mortality among moderate drinkers
which has often been found in relation to alcohol intake. Possible confounding effects of
socioeconomic variables cannot be exc1uded in the lIght of their correlation with past
alcohol consumption, and data with regard to women are limited (Marmot, 1984; Friedman
& Kimball, 1986).

Alcohol is causally implIcated in many types of casualty, including road-traffic deaths,
drownings, burns, falls, suicides and acute poisoning. Mental problems associated with
drinking inc1ude a wide range of neurological consequences of prolonged heavy consump-
tion, depression and other mental disorders. A pro minent adverse consequence of drinking
is the alcohol dependence syndrome (World Health Organization, 1980), a term which
encompasses both physical and psychological aspects of addiction to alcohol (Edwards et
al., 1977; Walsh & Grant, 1985). The pharmacological basis of alcohol dependence has been
reviewed (Edwards et al., 1977).

Although, at an individual level, alcohol consumption can be associated with domestic
violence and neglect, and crimina1 behaviour, and, at a collective level, can result in loss of
production due to absenteeism and reduced efficiency (World Hea1th Organization, 1980),
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the drinking of alcoholIc beverages is a source of pleasure and of solace to many people and
facilta tes human contacts in many societies.

ln studying potential,causal relations between alcohol consumption and health or social
problems, it is important to consider and investigate the aspect of alcohol consumption that
may be involved - total volume of ethanol consumption, frequency of bouts of

drunkenness or length of time spent with the amount of blood-alcohol above a given leveL.

Questions of 'exposure measurement in epidemiological studies are discussed in detaIl in
section 5.1 (p. 153).

Responding to alcohol-related problems
Efforts by society to reduce the tolI of alcohol-related problems are cited in the earliest

written records of mankind. Societies and ethnie groups in which there are now few
alcohol-related problems reacted in different ways: for example, during several Chinese
dynasties severe controlswere enacted on drinking, while IsraelIte prophets preached
against drunkenness and its consequences. The prohibitions on drinking in the Koran were
proclaimed in response to a situation in Middle Eastern societies during the sixth century.

Until the 1ate nineteenth century, governmental actions to reduce alcohol-related

problems rarely took account of publIc health issues (Walsh & Grant, 1985); authorities
were more concerned with social disorder, destitution, vagrancy and vices, which were seen
as being due to drinking. The role of drinking casualties did not become a matter of policy
concern untIl the age of rail ways and automobiles, and the involvement of drinking in such
specifie disorders as cirrhosis and delirium tremens was c1arified only in the nineteenth
century. Although small groups of physicians actively pressed for temperance policies in a
number of countries, the consequences of drinking usually played a small part in policy
decisions during this period (Bru un, 1985). As a reaction to prohibitionist claims, there was
a tendency in the medical literature of the 1940s and 1950s in some countries to discount any
chronic biological consequences of drinking; in the 1940s, a review of findings on the
biological effects of drinking disclaimed any connection between drinking and cancer, and
even questioned a direct relationship with cirrhosis (Haggard & Jellnek, 1942).

Since the Second W orld War, public health considerations have taken priority in actions
to combat alcohol-related problems. Responding to the high prevalence of alcohol-related
medical problems among their patients, French doctors led the way to some extent, with the
concept of the 'alcoholIzation' of society (Jellinek, 1954). ln other countries in the 1950s,
actions to reduce the role of alcohol-related traffc casualties had been instituted (Moore &
Gerstein, 1981; Mäkelä et al., 1981). Otherwise, the responsibilty of public health officiaIs
in the management of alcohol-related problems was limited to the provision of treatment for
relatively marginalized populations of'alcoholIcs', without regard to the general population
of 'normal drinkers' (Room, 1984). Arguments for instituting preventive activities
orientated towards the long-term biological consequences of drinking are a relatively new
phenomenon in many countries, although they have become widespread in recent years (see,
for example, Bruun et al., 1975; World Health Organization, 1980).

Increased interest in the chronic biological effects of drinking also reflects objective
conditions: in most industrialIzed societies, alcohol consumption levels, after having
reached a low in the 1930s, rose steeply in the period after the Second World War, resulting
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in substantial increases in mortality from cirrhosis and in other indicators of biological
effects (Mäkelä et al., 1981). ln many countries, alcohol consumption levels have now
stabilized, but at much higher levels than earlier in the century. ln the meantime, the number
of known chronic biological effects of alcohol has grown considerably, although dose-
response curves are not weIl established. ln particular, the importance of the pattern of
drinking, as distinct from the overall volume of drinking, is not welI understood for many
conditions.

Societies have adopted a number of strategies to diminish alcohol-related problems
(Moore & Gerstein, 1981). Some measures aim at reducing the consequences without
necessarily affecting drinking patterns themselves; others aim at structuring drinking and
associated behaviour in order to minimize harmful effects; and a third type aims at reducing
the level of consumption, particularly heavy drinking (Bruun et al., 1975). While the first
two types of measure are important elements of an overalI plan to tackle social and casualty
problems, the third type is the most important with regard to chronic biological
consequences.

ln most societies, there is some form of control to restrict the availability of alcohoL. The
state may monopolize the sale or production of alcohol, or may license others to sell or
produce on condition that they comply with licence requirements. Commonly, sorne limits
are placed on the hours and conditions of sale. Investigation of the effectiveness of such
actions suggests that it is limited unless the restrictions are very stringent. Priee control,
normalIy through excise taxes, has been used for a long time but is often motivated more by
fiscal interest than by concern for the public health. Recently, there has been renewed
interest in, and evidence of the effectiveness of, taxes as a constraint on consumption levels
(Grant, 1985). Other controls that have proved effective inc1ude rationing the supply
available to any one individual and setting minimum age levels below which drinking is not
permitted. Control measures are most likely to be effective in the long term when popular
support is substantial. Major reductions in the consumption level in a society tend to occur
either in situations of social crisis, such as war, or in response to large-scale popular
movements and shifts in consciousness concerning drinking (Moser, 1985).

Education and public persuasion campaigns have been a popular strategy for prevention
in alI societies concerned about the level of alcohol-related problems. Such campaigns are
unlikely to be strongly effective if they are pursued in isolation from other strategies (W orld
Health Organization, 1980; Moser, 1985).As with cigarette smoking, education and
persuasion efforts are likely to be potentiated in periods of shift in popular sentiments
concerning drinking. ln the period after the Second World War, many industrial societies
built up extensive a1coholism treatment systems, partly with the aim of reducing the rate of
alcohol-related problems in the population (Mäkelä et al., 1981). While such treatment is
crucial, studies have shown that there is a substantial relapse rate after any type of
treatment, suggesting that the provision of treatment and early case finding is only
moderately effective in preventing future alcohol prob1ems (Miler & Hester, 1986). It is in
this context and because of growing popular opinion to reduce alcohol consumption in
many countries that broader approaches to alcohol problems have come to the fore (World
Health Organization, 1980; Walsh & Grant, 1985).





2. WORLDWIDE PRODueTION AND USE OF
ALeOHOLie BEVERAGES

2.1 W orldwide production

(a) Kinds of alcoholic beverages

The Standard International Trade Classification (SITC; United Nations, 1961) defines
the folIowing classes of a1coholic beverages, which corresponds to the Brussels Tariff
Nomenclature (BTN) of the Customs Cooperation Council:

SITC BTN

112 Alcoholic beverages
Il 2. 1 Wine offresh grapes (including grape must)

Il2.1(1) Grape must, in fermentation or with fermentation arrested, 22.04
otherwise than by the addition of alcohol

112.1(2) Wine of fresh grapes; grape must with fermentation arrested 22.05
by the addition of alcohol

Il2.1(3) Vermouths and other wines of fresh grapes flavoured with 22.06
aromatic extracts

112.2 Cider and fermented beverages (not elsewhere specifed)
112.3 Beer (including ale, stout, porter)

112.4 Distiled alcoholic beverages

22.07

22.03

22.09

Most of the available data refer to three groups of alcoholic beverages: beer, wine and
distiled spirits. These classes are based on raw materials and production methods, not on
ethanol content, but the classes are not clear-cut. Fortified wines, for example, are classified
as wines, even though spirits are added during their production; while wine blended with
distiled beverages to make a cocktail belongs to the category 'distiled spirits', as do
aperitifs, unless they are made of wine from fresh grapes. ln the tables in this section, other
kinds of fermented beverages, such as eider, fruit wines, ri ce wine, saké, palm wine, cactus
wine and pulque, are sometimes included in statistics for other groups; for instance, fruit
wines are counted as wines. The quantities of these other beverages are small in a global
perspective, although they are important at a national leveL.
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ln addition to commercial production, various types of home-produced a1coholic

beverages are common in many countries, particularly in developing countries. It is hard to
estimate the quantities of such beverages that are consumed, and very lIttle documentation
exists on their chemical composition and possible toxicity.

Table 1 summarizes the average ethanol content and content per glass of some alcoholic
beverages. It is worth noting that the amount of ethanol consumed in a standard measure of
most drinks is approximately the same for beer, wine and spirits. The ethanol content of
beverages can be measured either by weight or by volume. ln this section of the monograph,
ethanol content is given by volume; the conversion factor is 1 ml = 789 mg.

Table 1. Approximate ethanol content of various alcoholic beverages per
drinka

Beverage Ethanol content (%) Average standard
glass

Ethanol per drink

VoL. Weight USA Europe ml
(fl oz (ml)) (ml)

9

Beer 5 4 12 (350) 250 12-17.5 10-14

Wine 12 10 4 (120) 100 12-14.5 10-12

Spi ri ts 40 32 1. 5 (45) 35 14-18 11-14.2

aAdapted from Hoofdproduktschap voor Akkerbouwprodukten (1984); Anon.
(1985a)

(b) Production methods

The production ofbeer, wine and spirits can be outlined as follows:
beer is brewed by fermenting malted barley, and occasionally other cereals, to which

hops are added;

wine is made by fermenting grape juice (white wine) or crushed grapes (red wine and
rosé). ln fortified wines, such as sherry and port, distiled spirits are added;

distiled spirits are made from different sources of starch or sugar: cereals, molasses
(from sugar beets), grapes, potatoes, cherries, plums or other fruits; when the sugar has
fermented, the lIquid is distiled.

(i) Beer (from Jackson, 1982)

ln the basic recipe for brewing beer, barley is turned into malt, the malt is cooked in hot
water, hops are added as a flavouring and preserving agent, and yeast is introduced to
induce fermentation. Modern industrial processes have, in some cases, replaced traditional
brewing practices, resulting in substantial variations in composition.
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Without malting, the barley grain cannot be fermented; its starches have to be broken
down into their component sugars, maltose and dextrin, and it is principally maltose that is
later converted to ethanol and carbon dioxide through fermentation. Controlled germi-
nation is induced by steeping the barley in water. Traditionally, the grain is spread on a floor
during the malting period, which may last for a week or ten days. Germination is then
arrested by drying, or by roasting if a dark beer is to be produced. When other grains such as
rice and corn are used, the carbohydrates are made soluble by precooking.

The malt and other grains are mixed with hot water to form a mash, which is heated for
up to 6 h. A clarified liquid, known as the wort, is extracted and fed into a brewing kettle,
where it is heated to boiling point and boiled for 1 -2.5 h. Hops are then added. After
brewing, the spent hops are removed, and the wort is cooled before being transferred to the
fermentation vessel, where the yeast is added.

Fermentation is basicalIy .of two types - bottom fermentation (producing lager-type
beers) and top fermentation (producing ales and stouts or dark beers) - distinguished by
the location of the yeast in the fermentation vessel. Bottom fermentation takes place at low
temperatures. Primary fermentation (one or two w,eeks) is carried out at approximately
5-10oC; secondary fermentation ('maturing', 'ageing', 'ripening', 'conditioning', 'lagering')
takes place at an even lower temperature (~20C) for four weeks or more. When the beer
reaches condition it is usually filtered. Top fermentation takes place at higher temperatures;
primary fermentation, at 15-20oC, lasts for about a week, and maturation at the brewery
lasts for only a few days. Traditional English ale, one of the most typical top-fermented
beers, is not filtered, so that secondary fermentation continues while the beer is in the barrel.

Beer may or may not be pasteurized; pasteurization stabilizes the beer, but also affects
the taste. Bottled beer is more likely to be pasteurized to enable longer storage, and is also
more likely to contain preservatives. Draught beer is more commonly sold unpasteurized,
but this varies in different parts of the world.

The ethanol content of beer is often measured by weight. Beer may vary in ethanol
content from 2.25% by volume to over 10%. German beers usually contain about 5%
a1cohol, as do US beers; English ales usualIy contain 2.5-5.5% by volume (mild ale,
2.5-3.5%; bitter ale, 3-5.5%). Recent developments in different countries include stronger
beers, also calIed 'malt liquors', containing up to 10% ethanol, and weaker beers, so-called
'low-a1cohol' beers. ln western AustralIa, for instance, a beer with only 0.9% ethanol has
taken 15% of the beer market (Smith, 1987). ln many countries, taxation and sales
regulations are related to ethanol content - stronger beers are more heavily taxed and sold
only in special outlets.

(ii) Wine (from Johnson, 1985)

Wine is made basically by fermentation of grapes, during which their sugar content, or
part of it, is converted into ethanol and carbon dioxide by yeast. Traditionally, the natural
yeasts on the grape skins are used, but in modern indus trial wine-making yeast may be
added.

White wine is made by fermenting only the grape juice obtained by pressing grapes. To
make red wine, the grapes are crushed, and fermentation takes place before the juice is
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separated from the residue. Rosé wine is made by fermentation beginning when the grapes
are crushed; however, the juice is run into a separate vat after a short time. Red wine gets its
colour from the skin of the grapes, and its chemical composition is altered due to the
presence of tannins in the skin. The sweetness of the wine de pends on the sweetness of the
grapes and on the length of fermentation; in the production of sweet wines, fermentation
must be stopped before alI of the sugar is converted into ethanol. Fermentation can be
stopped by adding sulphites or by filtering off the yeast; it can also be stopped by adding
a1cohol (generally brandy) to raise the level up to or exceeding 15%, as for fortified wines,
such as sherry and port (Lord, 1979).

Fermentation usualIy takes about two weeks at 24°C for red wine and four to six weeks
at 15.50C for white wines. This is followed by a second fermentation, the malolactic

fermentation, during which bacteria work on the malic acid to convert it to lactic acid, which
is less sharp to the taste. The second fermentation may take place in barrels, during which
the wine extracts different substances from the wood. ln the case of sparkling wines, the
second fermentation takes place in bottles and may continue for several months; the carbon
dioxide content determines the extent to which the wine wil be sparkling. Maturation
continues during storage, which may last for several years. Red wines of high quality are
often stored for a long time; white wines are generalIy consumed within a few years, with the
exception of wines such as sweet French Sauternes and Italian Tokay wines.

The ethanol content of wine usualIy varies from 8 to 15% by volume. Recently, light
wines with an ethanol content of 4.5% were introduced onto markets such as the USA,
primarily as 'low-calorie' wines. ln so-calIed nona1coholic wines, the ethanol content has
been reduced to 0.5% (Hiaring, 1986).

Although grapes are by far the most common raw mate rial for wine, it can also be made
from other fruits and from berries, particularly in countries where grapes are not grown.
Cider, which is fermented from apples or pears, is a common a1coholic beverage in many
countries, although its consumption has dec1ined in industrialized areas.

(iii) Spirits (from Lord, 1979)
Spirits are made by distiling a liquid, or wash, that contains ethanol produced by

fermentation of a base ingredient that contains sugar or starch. The purpose of distillation is
to increase the ethanol content and to eliminate fractions of the base liquid that are not
wanted in the final product. The process of distiling' involves heating the liquid so that
ethanol and other volatile substances evaporate, passing the vapours through a cooling
system, and collecting the liquid which then contains less water and other unwanted
substances. The liquid may be redistiled, or rectified, several times to increase its purity: this
process leads ultimately to a colourless neutral spirit, which can then be flavoured. ln many
cases, some of the original flavouring components of the base liquid are retained. The
traditionaldistiling process is carried out in a 'pot-still', and is stil used in the production of
cognac, malt whisky, most Irish whiskeys and some ofthe flavouring used in liqueurs. For
many other spirits, distilation is performed in a 'continuous still', consisting of two or three
columns; the heat of the product at the end of the process is used to warm the co Id liquid that
enters the system. The pot-stil alIows greater retention of the original flavouring elements in
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the base liquid, while continuous distilation is more efficient. After distilation, water is
often added to achieve the desired strength of the beverage.

Spirits are made from many raw materials; these may contain sugar, such as sugar cane,
molasses, grapes and other fruits, or starch which is converted into sugar by malting, such as
grains and potatoes. Wood is also used as a raw mate riaL. Brandies are made from a fruit
mash or from wine; cognac and other varieties are made from grapes, but numerous other
types are made from other fruits, such as apples, pears, pineapples, plums and strawberries.
Malted grains are the base of alI types of whisky. Scotch malt whisky is made almost entirely
from barley, but in other whiskies grains such as maize, oats, rye and wheat are used. Gins
and vodkas are produced from grain or potatoes; both are distiled to a fairly high ethanol
content, sometimes filtered through charcoal to attain purity, and then, in the case of gin,
flavoured. Sugar cline and molasses are used to produce rum; and the Mexican spirit,
tequila, is distiled from a mash made from cactus.

Flavouring is an important part of spirits. The large variety of substances used in
flavouring can be grouped into three main categories: herbs and spices, seeds and plants,
and fruits. The flavours can be obtained from the raw ingredients by pressure, byextraction
or by distilation from an alcoholIc solution. One or more ingredients may be soaked in
alcohol, which is sometimes warmed to hasten the process. Another method is to mix the
ingredient with alcohol and then distil the mixture; the condensed vapour then contains a
high proportion of both ethanol and the flavouring components of the added ingredient,
provided these components are volatile. Many flavouring ingredients may be used in a single
beverage. The recipes are often closely guarded secrets, but it is well known that ingredients
such as angelica, aniseed, blackcurrant, camomile, caraway, cinnamon, cloves, coffee,
juniper, lavender, lemon, orange and rose petaIs are used, as are many other fruits and
berries. Aperitifs and appetizers are among the richly flavoured spirits, as are liqueurs. A list
of flavour compounds is given in Appendix 1.

The ethanol content of spirits varies. Generally speaking, whisky, vodka, schnapps, rum,
liqueurs and brandies contain around 40% ethanol by volume, but may be stronger.
Aperitifs usually have an ethanol content of around 20%. There are three different ways of
indicating the ethanol content. ln this monograph, the simple percentage by volume is used,
which is also called the French or Gay-Lussac system. American proof is equal to twice the
percentage of ethanol by volume; thus, spirits that contain 50% ethanol are 100 proof. The
British proof system is slIghtly more complIcated, 100 proof containing 57% ethanol by
volume and pure (100% ethanol) a1cohol being 175 proof.

(iv) Mixed drinks
Beer, wine and spirits may be consumed without adding any other liquid. ln some

countries, however, beer and wine are consumed as mixtures with other beverages, and, in
the case of wine, mixed with water. Mixtures of spirits and soft drinks are sold; spirits may
be drunk with ice or water, or mixed with other beverages in various dilutions.

(c) Production volumes

The available figures on production of and trade in alcoholic beverages have been
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reviewed by Walsh and Grant (1985), and the following discussion relies mainly upon that
report.

The production of a1coholic beverages has increased substantially in most parts of the
world since the Second W orld War, and world production of alcohol showed an 83%
increase between the early 1960s and 1983 (Kortteinen, 1986). Overall commercial

production of a1coholic beverages between 1965 and 1980 increased by 50%, measured in
terms of 100% ethanol content. On a per head basis, the increase during the same period was
15% (Table 2).

(i) Beer
W orld commercial production of beer more than doubled between 1960 and 1980; and,

in terms of weight, over half of the world's alcohol is now produced in the form of beer
(Kortteinen, 1986). As shown in Table 3, Europe, the USA and Canada accounted for
almost 80% of the total production in 1960; although these areas increased their production
very rapidly, their share ofworld production had fallen to 70% by 1980, because of the even
more rapid increase in production in other regions. It should be noted that information on
the production of beer by traditional, small-scale methods is not included in these figures,
although it may be considerable in certain parts of the world, notably in West and Central
Africa. W orld production per head rose by 50% during the period 1960-80, with Europe,
North America, Australia and New Zealand remaining the areas with the highest
production per head. As shown in Table 4, seven of the ten largest producers in 1960 were
still among the ten largest producers in 1981; Japan, Mexico, Brazil and Nigeria were among
the 25 largest producers in that year.

(ii) Wine
Wine production has increased since the Second World War, except in North Africa,

where there was a reduction folIowing the emigration of a large part of the French

population. ln terms ofweight, about one-fifth of alI a1coholic beverages now produced are
as wine (Kortteinen, 1986). Since 1950, wine production has increased by about 80%, and,
since 1965, bya little over 20%. Since, in general, this growth has parallelled the population
growth since the War, current world production per head is about the same as in the 1950s.
Wine-growing has always been concentrated in Europe and in areas of European settlement
(Table 5). Table 6 shows the production in the largest producing countries: ten countries
accounted for 84.4% ofworld production in 1965 and for 80.5% in 1980.During the 1980s,
production in the 'new' wine countries has continued to increase, while the surplus in
traditional European wine-producing countries has led to attempts to Ii mit the volume of
produçtion and emphasize prestigious varieties.

(iii) Spirits
Table 7 presents available data on the production of spirits in 1965 and 1980. These

figures are less complete than those for production of beer and wine, especially in Latin
America. Three-quarters of the amount recorded in 1965, and slightly more in 1980, was
produced in Europe, the USSR, the USA and Canada; a fall in production over the period
was seen in Latin America, but increases were notable in the USA, Canada, Japan, Europe



Table 2. Total commercial production of alcoholic beverages (beer. wine and spirits) a

Region or country 1965 1980-
Beer Wine Spirits Total Beer Wine Spirits Total-
Volumeb Per Volume Per Volume Per Volum Volume Volum Volume Per Volum PerPer Per Per

headc head head head head head head head ~0Africa 0.35 0.1 2.5 0.8 0.2 0.1 3.1 1.0 1.9 0.4 1.2 0.3 0.2 0.1 3.3 0.7 :;
t"

Asia. excluding 0.3 0.0 0.1 0.0 0.7 0.0 1.1 0.1 1.1 0.0 0.2 0.0 3.0 0.1 4.3 0.2 0
~Japan -
tjJapan 0.9 0.9 0.0 0.0 1.2 1.2 2.1 2.1 2.0 1. 7 0.0 0.0 2.6 2.2 4.6 4.0 tr

Australia and 0.7 5.0 0.1 0.7 0.1 0.7 0.9 6.4 1.0 5.6 0.5 2.8 0.4 2.2 1.9 10.6 ~
:;New Zealand
0

Oceania. excluding 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 2.0 0.0 0.0 0.0 0.0 0.1 2.0 0
c:Australia and

nNew Zealand
-i-

North America 5.4 2.7 1.0 0.5 3.2 1.5 9.6 4.7 11.0 4.5 2.2 0.9 6.5 2.7 19.7 8.1 0
Z

Latin America and 1.1 0.4 2.75 1.1 2.3 0.9 6.1 2.4 3.3 0.9 3.5 1.0 2.0 0.5 6.8 2.4 ~Caribbean Z
0Europe, excluding 10.9 2.4 22.8 5.1 5.1 1.1 38.8 8.7 16.2 3.3 26:3 5.4 10 .2 2.1 52.7 10.9 c:the USSR
C/
tTUSSR 1.4 0.6 1.5 0.6 7.4 3.2 la .3 4.4 2.7 1.0 3.5 1.3 8.8 3.3 15.0 5.6

World 22.4 0.7 30.9 0.9 20.5 0.6 73.8 2.2 39.3 0.9 37.5 0.8 33.3 0.8 110.1 2.5

aFrom Walsh & Grant (1985);
based on an assumed ethanol content of: beer, 4.4%; wine. Il.0%; spirits, 40%. Totals may not eqal the

sum of the indi vidual entries since these have been rounded off.

bMillion hectolitres of ethanol

cLi tres of ethanol

~-.
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Table 3. Commercial beer production
a

Region or country 1960 1970 1980

b
Per headc Total Pe r head Total Per headTotal

Africa 5.0 1.8 16.6 4.7 43.6 9.3
Asia, excluding Japan 3.2 0.2 10.0 0.5 25.1 1.0
Japan 9.3 9.9 30.0 28.8 45.5 38.7
Australia and New Zealand 13.0 102.4 18.9 122.7 23.2 130.3
Oceania, excluding Australia 0.0 0.0 0.1 2.5 1.6 32.0

and New Zealand
North America 122.2 61.4 173.8 77.2 249.4 101. 4
Latin America and Caribbean 25.3 11.8 50.2 17.7 73.9 20.1
Europe, excluding the USSR 197.5 46.4 304.7 71. 7 368.8 76.2
USSR 25.0 11. 7 41.9 19.6 61.3 23.0

World 400.5 13.4 646.2 17.6 892.4 20.2

a
bFrom Walsh & Grant (1985)
Million hectolitresCLitres

Table 4. Commercial beer production by major producing countries (total production in
million hectolitres)a

Country 1960 Country 1981

USA 110.8 USA 227.3
Ge rmany , Federal Republic of 53.7 Ge rmany , Federal Republic of 93.7
Uni ted Kingdom 43.4 USSR 62.9
USSR 25.0 Uni ted Kingdom 61. 7
France 16.7 Japan 46.4
Czechoslovakia 14.1 Mexico 29.3
German Democratie Republic 13.4 Brazil 24.3
Canada 11.4 German Democratie Republic 24.1
Australia 10.5 Czechoslovakia 23.9
Belgium 10.1 Canada 22.7
Japan 9.3 France 21. 7
Mexico 8.5 Spain 20.9
Pol and 6.7 Australia 19.8
Colombia 6.1 Netherlands 16.6
Brazil 5.7 Belgium 13.8
Austria 5.1 Yugoslavia 12.2
Ireland 4.1 Venezuela 12.0
Denmark 4.0 Colombia 12.0
Netherlands 3.6 Romania 11.5
Hungary 3.6 Poland 10.5
Spain 3.4 South Africa 10.4
Switzerland 3.3 Italy 9.0Italy 2.5 Denmark 8.1
Venezuela 2.4 Nigeria 8.0
Sweden 2.4 Austria 8.0

aFrom Walsh & Grant
(1985)
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Table 5. Commercial wine productiona
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Region or country 1948-52 1965 1980

Per headTotal b Per headc Total Per head Total

Africa 17.1 7.8 23.0 7.4 10.9 2.3
Asia 0.5 0.0 1.3 0.1 2.6 0.1
Australia and New Zealand 1.5 15.0 1.8 12.9 4.6 25.8
Oceania, excluding Australia 0.0 0.0 0.0 0.0 0.0 0.0

and New Zealand
North America 9.2 5.5 9.2 4.3 19.7 8.0
Latin America 16.5 10.0 25.0 10.0 32.7 8.9
Europe, excluding the USSR 141.3 36.0 207.4 46.6 238.7 49.3
USSR 0.3 0.2 13.4 5.8 32.2 12.1

World 186.4 7.5 281. 1 8.4 341.6 7.7

a
bFrom Walsh & Grant (1985)
Million hectolitresCLitres

Table 6. Commercial wine production by major producing countries (in million hectolitres) a

Count ry Country 19801965

France
Italy
Spain
Argentina
Portugal
Algeria
USSR
USA
Romania
Yugoslavia
Germany, Federal Republic of
Greece
Chile
South Africa
Morocco
Bulgaria
Hungary
Brazil
Tuisia
Australia
Poland
Austria
switzerland
Uruguay
Canada
Czechoslovakia
Turkey
Cyrus
Peru

68.4
68.2
26.5
18.3
14.7
14.0
13.4
8.5
5.2
5.2
4.6
4.1
3.6
3.6
3.5
3.4
2.2
1.9
1.8
1.8
1.6
1.4
1.0
0.9
0.8
0.7
0.5
0.3
0.1

Italy
France
Spain
USSR
Argentina
USA
Portugal
Romania
Germany, Federal Republic of
Yugoslavia
South Af rica
Chile
Australia
Greece
Bulgaria
Austria
Poland
Brazil
Algeria
Hungary
Czechoslovakia
Morocco
Canada
switzerland
Turkey
Tunisia
Mexico
Cyrus
Uruguay
New Zealand

aFrom Walsh & Grant (1985)

75.0
69.1
42.6
32.2
23.3
18.0
9.4
7.6
7.1
6.9
6.3
5.7
4.7
4.4
4.0
3.1
3.0
2.7
2.6
2.4
1.4
1.0
1.0
0.8
0.7
0.7
0.7
0.6
0.5
0.5
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Table 7. Commercial production of spiritsa

Region or country 1965 1980

Totaib Per headc Total Per head

Africa 0.4Asia, excluding Japan 1.8Japan 2.9Australia and New Zealand 0.2
Oceania, excluding Australia and New Zealand 0.0North America 8.1
Latin America and Caribbean 5.7
Europe, excluding the USSR 12.7USSR 18.5
World 50.3

aFrom Walsh & Grant (1985)
bMillion hectolitres
cLitres

0.1 0.4 0.1
0.1 7.4 0.3
2.9 6.4 5.5
1.3 0.1 0.4
0.0 0.0 0.0
3.8 16.6 6.7
2.3 4.9 1.3
2.9 25.5 5.3
7.9 22.0 8.2

1.5 ' 83.3 1.9

and the USSR. W orld production of spirits increased by 65% between 1965 and 1980 and
production per head by slightly over 25%. The principal producing countries are listed in
Table 8. The five largest producers (the USSR, the USA, the UK, France and the Federal
RepublIc of Germany) accounted for over 71 % of total production in 1965, but by 1980 this
figure had fallen to 54%. Production of spirits rose rapidly between 1965 and 1980 in many
countries, notably in the Republic of Korea, Cuba, Mexico and the Philippines. Production
by home distiling is not included in the figures, but, in some countries where beverage taxes,
and thus retail priees, are high, illegal distiling can be widespread.

Table 8. Commercial production of spirits by major producing countries (inmillion hectolitres) a

Country 1965 1980b Country 1965 1980b

USSR 18.5 22.0 Mexico 0.6 1.5
USA 7.7 14.9 Philippines 0.5 1.1

, Uni ted Kingdom 3.6 4.9 Canada 0.4 1. 7

France 3.4 2.8 Bulgaria 0.4 0.5
Germany, Federal 3.3 3.9 Czechoslovakia 0.4 1.3

Republic of Sweden 0.4 0.5
Japan 2.9 6.4 Colombia 0.3 NA
Spain 2.0 3.1 Hungary 0.2 1.1
Poland 2.0 5.3 Finland 0.2 0.6
Brazil 2.0 NA Austria 0.2 0.4
Argentina 1.6 NA Algeria 0.2 NA
Republic of Korea 0.9 5.1 Cuba 0.2 0.4
German Democratie Jamaica 0.2 0.2

Republic 0.8 2.1
Estimated world total 51.2 89.5

a
bFrom Walsh & Grant (1985)
1980 or nearest year with available data; NA, not available
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2.2 International trade

International trade in alcoholIc beverages has increased in volume and in value over the
years, although only a small ptlrt of production is traded, accounting for about one-half of
1% of total world trade in the market economy countries during the period 1976-80 (Walsh
& Grant, 1985). ln general, it is the higher priced products that are traqed internationally,
mostly between a few industrialIzed countries. Exports to developing countries consist
predominantly of beer.

(a) Beer

Beer is a relatively low-value, bulky commodity and would not ther~fore be expected to
figure prominently in long-distance international trade; technical problems of storage and
conservation also render transport of beer over long distances difficult. This situation is
changing with improvements in technology (pasteurization and shipping in containers),
although it is estimated that only,about 2.4% of world production of beer entered into
international trade in 1981, compared to 1.6% in 1960 (Walsh & Grant, 1985). Table 9 shows
the relative distribution of international trade in beer between market economy countries.
Imports to developing market economy countries fell during the 1970s, as production of
beer under licence from a parent European or North American company in these countries
increased (Walsh & Grant, 1985). The effect of this development on the economy of
developing countries is stil unclear, but reductions in imports ofbeer may be offset, at least
partly, by increases in imports of ra w materials (Kortteinen, 1986). The gross flow of trade in
beer exaggerates its net impact on consumption, since several importing countries are also
significant exporters.

Table 9. Percentage distribution of i~ternational trade in beer by value a

Imports Exports

Country 1971 1980 Country 1971 1980

USA
France
Uni ted Kingdom
Italy
Developing market economy

countries
other countries

14.9
10.5
21.6
3.4

24.8

40.8
12.0
7.9
6.1b

19.7

Netherlands
Germany, Federal Republic of
Belgium and Luxembourg
Denmark
Uni ted Kingdom
Ireland
other countries

17.0
19.4
7.0

19.0
6.6

10.5
20.5

30.8
17.8
8.9
8.8
4.7
4.0

25.024.8 13.5

a
bFrom Walsh & Grant (1985)1978
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(b) Wine

The trade in wine is dominated by a few industrialIzed countries. Table 10 shows the
percentage distibution of trade in wine between market economy countries; France alone
accounted for almost ha If the total exports ofwine, and its share increased slightly between
1973 and 1980. The proportion of the total production of wine that entered into interna-
tional trade increased from 5.2% in 1965 to 12.4% in 1980, and this, in combination with the
increase in travellng, has contributed to the spread of wine drinking to countries outside
viticultural regions. Table 11 ilustrates the importance ofwine exports to four main trading
countries. As with beer, however, some of the leading exporters also import wine, in
particular France and the Federal Republic of Germany.

Table 10. Percentage distribution of international trade in wine by value in the market
. a

economy countries

Imports Exports

Country 1973 1980

USA
Germany, Federal Republic of
Uni ted Kingdom
Belgium and Luxembourg
France
Swi tzerland
Netherlands
Canada
Denmark
Italy
AlI other market economy

countries

16.1
19.3
13.7
6.5

10.8
7.0
4.1
9.7
1.6
3.4

14.0

18.6
18.2
14.7
8.6
7.8
6.7
6.4
9.3
2.2
2.1

11.6

Country 1973 1980

43.0 44.7
16.6 21.1
10.1 9.8
5.1 8.9
7.0 6.2
8.5
3.5 3.1

France
Italy
Spain
Germany, Federal Republic of
Portugal
Algeria
All other market economy

countries

aFrom Walsh & Grant (1985)

(c) Spirits

As with beer and wine, only the more expensive spirits tend to enter into international
trade. Most spirits are exported from the UK, France and Canada (Table 12), where the
volumes in 1980 were 5.6, 3.1 and 1.6 milion hl, respectively. Imports to the USA in 1979
amounted to 7.7 millon hL. The rapid growth in exports ceased during the late 1970s and
early 1980s, possibly as a result of economic recession, shortage of foreign exchange and
increased consumption of cheaper domestic substitutes. The drop in exports of Scotch
whisky to Latin America (especially to Venezuela) and to Nigeria is particularly notable.
The importance of the USA as an importer of spirits is clear but has declined, and a wider
range of countries now import significant quantities of spirits (Walsh & Grant, 1985).
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Table Il. Exports of wine by four main trading countriesa

Country 1965 1973 1980

Volume % of Volume % of Volume % of

(million domestic (million domestic (million domestic
hl) production hl) production hl) production

France 4.1 6.0 9.0 10.8 11.8 17.0
Italy 2.4 3.5 9.5 12.3 14.7 19.6
Spain 2.2 8.3 3.8 9.5 6.1 14.3
Portugal 2.5 17.0 2.0 18.0 1.4 21.2

Ar rom Walsh & Grant (1985 )

Table 12. Percentage distribution of international trade in spirits by value in
the market economy countriesa

b cImports Exports

Country 1970 1979 Country 1970 1980

USA 54.8 31.6 Uni ted Kingdom 50.0 49.6
Ge rmany , Federal Republic of 5.8 8.3 France 19.2 25.7
Uni ted Kingdom 4.9 7.3 Canada 17.5 6.8
Japan 1.4 7.0 Ireland 0.2 2.3
France 3.9 4.1 USA 2.4 1.8
Italy 2.5 3.7 Netherlands 1.4 1.7
Belgium and Luxembourg 1.8 3.3 Spain 0.7 1.3
Canada 3.1 2.7 Mexico 0.2 1.0
Other market economy Other market economy

countriès 21.8 32.0 countries 8.4 9.8

aFrom Walsh & Grant (1985)
bTotal value (in US $): 1970, 900 million; 1979, 3500 million

CTotal value (in US $): 1970, 900 million; 1980, 3900 million
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2.3 Trends in consumption

By the middle of the nineteenth century, intake of a1coholIc beverages was high in most
countries in Europe and North America, but, at the turn of the cent ury, there was a dec1ine
in consumption which continued until the period between the two world wars. This
downward trend was particularly strong with respect to distiled beverages, and especially
pronounced in the spirit-drinking countries of northern and eastern Europe compared to
countries with a high daily intake ofwine. Such patterns ('long waves') of consumption of
alcoholic beverages are notable in two respects: firstly, they are surprisingly common across
countries, des pite differences in general economic development and in drinking habits.
Secondly, none of the factors commonly proposed to explain these consumption habits
- such as buying power, amount of leisure time, social misery or industrialization and
urbanization - presents patterns of variation over time similar to the variations in
consumption of alcoholIc beverages (Mäkelä et al., 1981). A partial explanation of lower
consumption in the first decades of the twentieth century in many industrialIzed countries
may be the influence of the reform movements, including the international temperance
movement, in preceding decades.

ln contrast, the last few decades have been a period of increasing consumption in
developed c,?untries, with some countries approaching the peak levels of the nineteenth
century. The largest growth rates have been recorded in countries with originally relatively
low levels of average consumption; a few viticultural countries with very high initial levels of
consumption showed no increase. ln different countries, patterns of drinking tended to be
aligned with type of beverage, but changes in economic structure and lIving conditions,
large-scale migration, increased economic independence and relative isolation from wider
social networks of individuals and familes during the postwar period in industrialIzed
countries led to weakening of local and subcultural traditions and to a more international
pattern of consumption. The increase in consumption of a1coholic beverages slowed down
or levelIed off in many countries in the 1970s, and some decreases were recorded. This
phenomenon has been explained partially by economic difficulties experienced in most
industrialIzed countries and by changes in living conditions and life styles (Mäkelä et al.,
1981).

ln the developing countries, the variation in trends over the last 30 years has undoubt-
edly been greater. Most of the available information points toward increases in consump-
tion, except in areas-s M uslIm countries (Moser, i 985). ln many developing countries

local alcoho1 industries, which provide a base for other industries (glass, packaging, etc.),
have been encouraged, as they serve as a source of state revenue and obviate the use of
foreign exchange for imported beverages. Once developed, these industries tend to create
their own demand, so that the overall rates of consumption rise. ln most cases, new facto ries
produce European-style beverages - beer or spirits; and in parts of the developing world,
European-style beverages are gradually replacing traditional beverages, although at present
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both types are consumed. Improvements in transportation and distribution also tend to
have a direct, dramatic effect on the trade and consumption of alcoholIc beverages

(Marshall, 1982; Rootman & Moser, 1984).

(a) Total consumption per head

There are wide variations in the rates of consumption of alcoholic beverages between
countries and regions. Total consumption of alcohol per head is often calculated as the
difference between the quantities produced and imported and the quantities exported and in
stock, or on the basis of sales statistics collected for taxation purposes. Neither calculation
includes noncommercial production of alcoholic beverages or tax-free importation by
individual travellers between countries. A report from the Addiction Research Foundation
(1985) in Toronto, Canada, covering 164 countries, gives estimated consumption of 100%
alcohol per head for the period 1970-77 (Table 13); two-thirds of the countries experienced
an increase in consumption per head, and 10% a doubling of consumption per head, but
only 2% showed a decrease of 50% or more. For the period before 1970 and after 1977, data
are available for a smaller number of industrialized countries only (Table 13). Table 14
summarizes the changes over the period 1970-77 in different regions of the world; increases
can be seen for most regions and for each type of beverage. Sales of spirits, wine and beer per
head in some countries in 1985 are shown in Table 15.

ln alcohol-producing areas, consumption is dominated by the type of beverage that is
produced, which usually accounts for most of the increase in consumption, although other
beverages also contribute significantly. ln countries where wine is drunk, for instance, there
has been a marked increase in consumption ofbeer and spirits; whereas, in countries where
beer was the preferred drink, consumption of wine and spirits has become more general
(Walsh & Grant, 1985; Horgan et al., 1986). Overall, there has been no very marked shift in
the relative standing of the categories of a1coholIc beverages. ln both 1960 and 1981,
commercially produced beer, wine and spirits contributed approximately equal amounts to
world ethanol consumption. The share ofbeer in the total has risen slightly, however, while
that of wine has declined (Walsh & Grant, 1985).

Table 16 shows the growth in consumption of a1coholic beverages for selected countries
in which total consumption increased very rapidly over the period 1960-81. With the sole
exception of spirits in Austria, consumption of ail beverages increased in these countries
over that period. The rate of increase in the Republic of Korea, the Netherlands and Japan
was exceptionally high, and other countries in Africa, Latin America and Asia are already in
the initial stages of what may become a simi1ar trend, although the increase may at present
be confined to a single beverage (typically beer).

(h) Beer consumption

Table 17 shows the consumption of beer per head in 1960 and 1981 in the 25 largest
consumer countries. The figures are not directly comparable because of differences in
population structure: in countries in which a large proportion of the population is under 15
years of age, the average consumption of the drinking population is greater than that shown
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Table 13. International statistics: consumption of commercial alcohol (as
ethanol) per head for 1960, 1970, 1977 and 1985

Country or area Ethanol (litres per head)a

1960b 19nc 1985d1970c

Africa
Algeria
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Cape Verde
Central African Republice
Chad
Comoros
Congo
Côte d'Ivoire
Egypt
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Kenya
Liberia
Libyan Arab Jamahiriya
Losotho
Madagascar
Malawi
Mali
Mau ri tania
Mau ri tius
Morocco
Mozambique
Niger
Nigeria
Réunion
Rwanda
Sao Tome and Principe
Senegal
Sierra Leone
Somalia
South Africa
Sudan
Swaziland
Togo
Tunisia
Uganda
Uni ted Republic of Tanzania
Zai re
Zambia
Zimbabwe

2.0

0.2

0.6

1.8

0.3
2.7
0.6
3.7
2.3

13.7
6.7
1.0
2.0
0.5
0.1
1.4
1.3
0.1
0.8
3.9
2.0
1.0
0.1
2.9
1. 7
0.6
0.01
1. 7

0.7
2.3
1.0
0.1
1.4
0.4
0.8
0.1
3.8
4.0
5.4
5.8
0.3
0.2
0.02
4.3
1.2
3.5
1.4
0.8

12.6
4.6
2.7
3.5
0.8

2.2
1.2
2.5
2.4

13 .8

7.0
1. 7

0.4
0.1
2.6
2.0
0.1

9.6
1.3

0.1
2.2

1.5
0.9
3.0
1.0
0.1

0.5
0.1
3.7
5.4
5.1
3.6
0.4
0.2
0.01
5.2 4.3

4.0
2.2
0.5

11. 7

4.0
2.9
3.1
0.8
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Table 13. ( contd)

Country or area Ethanol (litres per head) a

1960b 1970c 19nc 1985d

America, North
Antigua and Barbuda 5.1 3.3
Bahamas 11.0 9.7
Barbados 8.0 16.2
Belize 4.6 2.8
Be rmuda 6.4 6.3
Canada 4.8 6.5 8.5 8.0
Costa Rica 1.4 2.4
CUa 1.5
Dominica 3.7 2.9
Dominican Republic 2.0 2.1
El Salvador 0.7 1.8
Grenada 2.3 2.4
Guadeloupe 6.5 9.0
Guatemala 1.4 1.9
Haiti 4.0 3.9
Honduras 1.3 1.4
Jamaica 2.1 2.6
Martinique 9.5 10.1
Mexico 2.1 2.4
Nether1ands Antilles 4.4 7.0
Nicaragua 3.0 2.7
Panama 2.9 2.8
Puerto Rico
Saint Christopher and Nevis 3.3 2.1
Saint Lucia 4.7 3.8
Saint Vincent and the Grenadines 1.4 1.3
Trinidad and Tobago 2.9 5.2
USA 5.2 6.8 8.1 8.0

America, South
Argentina 9.7 13.1 14.0 8.7
Boli via 1.6 1.8 2.0
Brazil 0.7 2.2 2.4
Chile 7.0 6.5 7.1
Colombia 2.2 2.2 2.5
Ecuador 0.9
French Guinea 12.1 10.3
Guyana 3.5 4.9
Paraguay 2.1 2.8
Peru 2.4 2.5
Suriname 4.3 3.7
Uruguay 5.6
Venezuela 3.7 4.1
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Table 13. ( contd)

Country or area Ethanol (litres per head) a

1960b 1970c 19nc 1985d

Asia
Afghanistan
Bangladesh
Bhutan 2.7 2.7
Brunei Darussa1am 0.4 0.9
Burma 0.1
China

3.3f
0.1

Cyprus 3.3 3.8 5.6
Democratic Kampuchea 0.6
Democratic People's Repub1ic of Korea 2.9 3.4
Democratic Yemen 0.6 0.3
Hong Kong 1.8 2.2
India 0.01
Indonesia 0.02 '-
Iran ( Islamic Republic of) 0.2
Iraq

2.3f
0.2 0.4

Israel 2.8 2.9
Japan 4.9 5.7
Jordan 0.1
Lao People' s Democratic Republic 0.4 0.3
Lebanon 1.9
Macao 2.1 2.8
Malaysia 6.6 6.3
Mongolia 1.1 2.0
Nepal
Pakistan
Philippines 3.0
Republic of Korea 3.6 7.0
Saudi Arabia 0.02
Singapore 1.4 1. 7
Sri Lanka 0.3
Syrian Arab Republic 0.2
Thailand

0.3f
0.4 0.6

Turkey 0.5 1.0
viet Nam 0.3
Yemen

Europe
Albania 0.6 0.6
Austria 8.7 11.9 11.5 9.9
Belgium 6.4 8.9 10.1 10.5
Bulgaria 3.8 7.2 8.7
Czechoslovakia 5.5 9.1 9.9 9.1
Denmark 4.2 6.3 8.8 9.9
Faröe Islands 2.5 3.8
Fin1and 1.8 4.5 6.9 6.5
France 17.3 19.6 17.3 13.3
German Democratic Republic 4.6 6.3 9.1 10.3
Germany, Federal Republic of 6.9 11.2 12.2 10.8
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Table 13. (contd)
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Country or area Ethanol (litres per head)a

1960b 1985d1970c 19nc

Greece
Hungary
Iceland
Irelandg
Italy
Luxembourg
Malta
Netherlands
Norway
Poland
Portugal
Romania
spain
Sweden
Switzerland
Uni ted Kingdom
Yugoslavia

6.2
1. 7

3.4
12.2
8.3

2.5
2.6
3.8

10.4
4.1f

10.3
3.7
9.8
5.1
4.7

Oceania
Australia
Fiji
French Polynesia
New Caledonia
New Hebrides
New Zealand
Papua New Guinea
Samoa
Solomon Islands
Tonga

6.5

6.5

USSR 3.7 8.4

5.9
10.1
2.7
4.2

14.5
10.2
2.3
5.7
3.6
5.1
9.9
6.3

11.3
5.6

10.5
5.2
7.6

8.2
1. 3

9.1
8.6
1.9
6.7
0.5
0.5
0.3
0.3

5.1

6.3
13.6
3.2
5.8

12.4
14.4

3.3
8.9
4.5
8.2

14.0

12.8
6.0

10.6
6.8
6.9

9.8
2.0
9.0
5.9
1.6
8.4
0.7
1.0
0.3
0.7

5.2

11.5
4.0
6.2

11.6
13.0

8.5
4.1
7.0

13.1

11.8
5.0

11.2
7.1
7.7

9.4

9.2

aFigures were converted into ethanol on the basis of the following average

values for ethanol by volume: beer, 5%; fermented beverages, 12%; wine, 12%;
vermouths and similar beverages, 18%; distilled beverages, 40%; -, no

b country- or beverage-specific data available.
From Finnish Foundation for Alcohol Studies (1977)

~From Addiction Research Foundation (1985)
From Systembolaget (1986)

epopulation figures for 1970 are estimates based on the 1968 ' recensement

finstantané' of 1968. R_1963
gFigures for 1970 are for the 12 months ending 31 March of that year; figures
for 1977 correspond to the 12-month period ending 31 December of that year.



60 IARC MONOGRAPHS VOLUME 44

Table 14. Pereentage change in consumption of commercial alcoholic beverages (as
ethanol) per head by type of beverage in six WHO regions, 1970-77a

Beverage Afriea Arerieas Eastern Europe South-east Western
Medi te r- Asia Pacifie
ranean

Wine -16.7 6.9 0.0 -4.2 0.0 200.0
Beer 9.1 17.1 8.3 15.6 100.0 20.7
Spirits 11.1 8.8 71.4 4.3 20.0 -24.3
AIl aleoholie beverages 7.3 11.3 12.5 3.0 25.0 -4.4

aFrom Moser (1985)

Table 15. Sales of aleoholie beverages in litres per head, 1985a

Country , 't b Wine BeerSpiri s

France 5.8 80 40
Portugal 2.0 87 38
Luxembourg 6.3 57 120
Spain 7.5 48 61
Italy 3.0 85 22
Hungary 13.5 25 92
switzerland 5.5 50 69
Germany, Federal Republic of 5.9 26 146
Belgium 5.3 23 121
German Democratie Republic 12.0 10 142
Austria 3.8 34 112
Denrark 4.0 21 119
Australia 3.3 21 116
New Zealand 4.3 14 115
Czechoslovakia 8.4 16 131
Argentina 2.5 60 10
Bulgaria 7.5 22 60
Netherlands 5.6 15 84
USSR 14.0 13 24
USA 6.8 9 90
Canada c 6.6 10 83
Yugoslavia 5.0 26 50
Uni ted Kingdom 4.3 10 109
Poland 11.5 8 30
Finland 7.5 4 59
Ireland 4.4 4 100
Japan 6.0 1 38
Cyprus

B_
5.3 12 42

Sweden 5.1 12 35
South Afriea 2.8 10 40
No rway 3.5 5 45
Iceland 5.6 7 17
Turkey 1.6 1 4

a
b From Systembolaget (1986)
Values converted from 50% ethanol to litres of beverage with an ethanol
content of 40% (a eommon strength of distilled beverages) by the Working
Groupc1984
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Table 16. Growth in commercial alcoholic beverage consumption (in litres of ethanol perhead) in countries in which it has increased rapidiya

Country 1960 1981 Increase
1960-81
(%)Beer Wine Spirits Total Beer Wine Spirits Total

Republic of Korea 0.1 0.7 0.8 1.5 5.4 6.9 762Netherlands 1.0 0.2b 1.1 2.3 3.9 1.4b 2.6 7.9 243Japan 1.1 1.3 1.2 3.6 4.3 2.2 3.2 9.7 169Finland 1.1 0.1 1.3 2.5 2.5 0.5 2.8 5.8 132German Democratie 3.1 0.3 0.6 4.0 5.7 1.8 1.5 9.0 125Republic
Canada 3.4 0.4 1.4 6.2 6.2 1.1 4.8 12.1 95Ge rmany , Federal 2.5 0.2 1.5 4.2 3.8 1.0 3.3 8.1 93Republic of
Mexico 1.0 0.5 1.5 1.8 0.9 2.7 80Hungary 1.6 3.2 1.4 7.2 3.9 3.5 4.8 12.2 69
Po land 1.0 0.4 2.4 3.8 1.3 0.8 4.3 6.4 68Denmark 4.2 1.1 1.9 7.2 6.5 2.2 2.9 11.9 61Austria 3.2 2.3 2.4 7.9 4.6 3.8 1.5 9.9 25

a
(1985 )6From Walsh & Grant

Including saké

Table 17. Consumption of commercially produced beer per head (in litres) a

Country 19811960

Luxembourg
Belgium
Australia
Czechoslovakia
New Zealand
Germany, Federal Republic of
Uni ted Kingdom
German Democratie Republic
Austria
Denmark
Ireland
Switzerland
Canada
USA
Colombia
Hungary
Venezuela
France
Sweden
Chile
Cuba
Finland
Norway
Netherlands
Mexico

116.4
112.0
101.9
100.1
100.0
95.7
85.1
79.5
71.9
71.4
67.3
62.9
60.0
57.9
43.4
36.8
36.0
35.3
31.1
30.0
25.1
25.0
24.5
23.8
22.9

Country

Germany, Federal Republic of
German Democratie Republic
Czechoslovakia
Gabon
Australia
Denrark
Belgium
Luxembourg
New Zealand
Ireland
Uni ted Kingdom
Austria
USA

Netherlands
Hungary
Canada
Venezuela
Switzerland
Bulgaria
Finland
Spain
Romani a
Colombia
Norway
France

147.0
141. 4

140.1
135.0
134.4
131.0
124.0
118.6
117.7
116.4
111.5
104.8
93.3
89.6
88.0
86.4
79.9
71.0
60.9
57.1
55.2
45.0
45.0
44.8
44.0

aFrom Walsh & Grant (1985)
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by the figures per head. Table 18 gives the average consumption of beer per person 15 years
or older, from which it can be seen that some countries with a young population, such as
Venezuela, Colombia, Mexico and Panama, are ranked higher. ln 1960, high levels ofbeer
consumption were recorded mainly in Europe, North America, Australia and New Zealand,
and in a few Latin Americaii countries; in 1981, while consumption had increased in alI
those countries where it was already high in 1960, a wider range of Latin American countries
were among high-consumer countries, as were Gabon and South Africa (Walsh & Grant,
1985).

Consumption of commercialIy produced beer increased in many countries over the
period 1960-81 (Table 19). Although in many instances consumption per head in 1981 was

Table 18. Consumption of commercially produced beer per person aged 15 and over

(in litres) a

Country 19811960

New Zealand
Belgium
Australia
Luxembourg
Czechoslovakia
Germany, Federal Republic of
Uni ted Kingdom
German Democratie Republic
Ireland
Denmark
swi tzerland
Austria
Canada
USA
Colombia
Venezuela
Chile
France
Cuba
Mexico
Sweden
Finland
Poland
Netherlands
No rway

149.2
147.4
145.6
145.5
137.1
122.7
109.1
101.9
96.1
95.2
93.9
92.1
89.6
83.9
72.3
65.5
50.0
47.1
41.8
41.6
39.9
35.7
35.1
34.0
33.1

Country

Australia
Germany, Federal Republic of
Czechoslovakia
Gabon
German Democratie Republic
Ireland
DeIUark
New Zealand
Belgium
Luxembourg
Uni ted Kingdom
Venezuela
Austria
USA
Nether1ands
Canada
Hungary
Switzerland
Colombia
Bulgaria
Spain
Mexico
Finland
Panama
Romania
South Africa
No rway
Sweden
France
Japan
Peru
Portugal

184.1
183.7
181. 9

180.0
179.0
168.7
167.9
165.8
159.0
148.2
142.9
140.2
136.1
1'22. 8

117.9
115.2
111.4
89.9
81.8
78.1
76.7
74.1
73.2
64.0
60.0
59.7
58.2
57.2
57.1
51.8
51.2
50.8

aFrom Walsh & Grant 

( 1985)
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Table 19. Consumption a of commercially produced beer (in litres per
head) in countries or aieas in which there has been a marked increase
over the period 1960-81

Country or area 1960 19811973

Africa
Cameroon
Congo
Côte d'Ivoire c
Gabon
Kenya
Namibia
South Africa c

5.0
4.3d
3.3d

12.0
4.8

12.6
4.2

America, Central and Caribbean
Costa Ricac
Dominican Republic
Jamaica
Mexico c
Nicaragua
Panama
Trinidad and Tobago

6.8
3.1
9.2

22.9
2.8

14.3
11.0

America, South
Boli via
Brazil
Ecuador
Paraguay
Peru
Suriname
Venezuela

4.6d
9.3
9.2
2.8

14.6
7.3

36.0

Asia
c

eyprus c
Hong KongcJapan
Republic of Korea
Philippines c

8.2
3.8
9.8
0.7
3.3

cEurope
Bulgaria
Finland
Greece
Hunga ry

Italy
Netherlands
Portugal
Romania
Spain
USSR
Yugoslavia

13 .0

25.0
5.5

36.8
5.1

23.8
3.0
8.8

11.0
11.9
6.7

22.0
18.5
12.4
35.6
10.0
22.9
14.3

10.8
12.7
29.1
32.0
13.3
22.5
23.5

8.3
14.0
12.5
8.3

23.3
22.3
40.8

20.5
16.1
34.9
2.6
8.5

43.6
54.5
13.3
61.6
15.7
73.5
26.0
27.0
42.6
20.4
37.2

33.1
42.7
20.0

135.0
16.7
47.1
34.6

21. 7

17.0
27.0
40.0
16.4
47.4
28.3

24.6
19.8
35.7
23.9
29.2
32.8
86.0

34.7
23.0
39.4
14.5
14.9

60.9
57.1
34.6
88.0
17.9
89.6
36.6
45.0
55.2
23.4
79.ge

~Based on production data, unless otherwise specified
From Walsh & Grant (1985)

~Based on consumption data
1965e1980
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stil relatively modest, the rate of increase in these countries was such that, if it were
sustained for another decade, the level of beer consumption per head would be higher than
that recorded in Norway and the Netherlands in 1960. There is currently no evidence of a
levelling off in this rate. The appearance of so many developing countries in Africa, Latin
America, the Caribbean and Asia on this table is an indication of recent trends in beer
consumption (Walsh & Grant, 1985).

(c) Wine consumption

Wine-producing areas, such as France and Italy, tend also to be areas of highest wine
consumption (Table 20). Countries in which rapid changes (growth or decline) in wine
consumption have been seen are listed in Table 21: important increases occurred during the
1960s in several northern European countries, in North America and in Australia. ln
general, this reflects a diversification of drinking, patterns, as the new beverage (wine) is
added to the already fairly large amounts of beer and spirits consumed. The decline in wine
consumption in France, Italy and Portugal, where consumption was previously very high, is
an important trend. ln Italy, the dec1ine has been offset by increased beer consumption,
while in France and Portugal total alcohol consumption has declined (Walsh & Grant,
1985).

Increased wine production in the USA, Spain and Australia in recent years, in
conjunction with the marked fall in consumption in the heaviest wine-drinking countries,
has given rise to a growing surplus of production over consumption. The potential for
increased consumption outside the areas of Mediterranean culture is ilustrated by the rapid
growth of wine drinking in Scandinavia during the last three decades. People in this region
formerly consumed almost exclusively beer and spirits, but during the 1960s their levels of
wine consumption rose rapidly without a corresponding fall in drinking of other alcoholic
beverages. The growing popularity of wine was thus an important factor in the' increase in
total consumption of a1coholIc beverages (Walsh & Grant, 1985).

(el Consumption of spirits

ln many of the countries that are the world 's largest producers of spirits, there is a high
consumption per person. ln Table 22, countries are ranked according to consumption of
spirits per head in 1960 and 1981; countries in which there was a substantial increase in
consumption of spirits during that period are listed in Table 23.

There is a tendency to an 'internationalIzation' of drinking habits following the increased
ease of communication. An example is the increase in wine consumption in many countries
where traditionalIy beer and spirits have dominated; the new drinking habits are added to
the old ones, resulting in an increase in total consumption of a1cohoL. ln other countries, the
increase in wine drinking during the period 1975-85 has been at least partly offset by a
decrease in consumption of spirits. Examples of the latter are Norway, Sweden (System-
bolaget, 1986) and the USA (National Institute on Alcohol Abuse and Alcoholism, 1987).



Table 20. Consumption of commerda11y produced idne (iii litie. pei heactl.

-------"._- ---_..
Country 1960 Count ry 1981

Ta t .1 Po pu i a t i on Total Population
population t'var 14 yaarc population over 14 years

P' rance 126.9 171.5 France 90.0 116.9Italy 108.3 144,4 Portugal 77.0 106.9 ~Portugal 85.0 119.7 Ha1y 74.0 97,4 0Argantina 75.9 108,4 Argentina 73.0 101. 4 ;:Spain 50,7 70,4 Spain 60,0 83.3
Chile 46,0 76.6 Swi tzerland 48.5 61. 3 t"
Greece 40.8 55.9 Chi 1 e 43.7 66,2 V
Swi tzer1and 36.0 48.6 G reece 42.0 55,3 ~
Luxembourg 31. 3 39.1 Luxembourg 40,2 50.2 -
Hungary 29.9 39.9 Austria 34.2 44,4 Ü
Romania 21. 7 29.7 Hunga ry 33,0 41. 8 tI
Yugoslavia 21. 4 31,5 Romania 28.9 38,6 ."
Uruguay 21.0 28.8 Yugos1avia 28,2 38.1 :;
Austria 20.7 26.9 Uruguay 25.0 34.2 0
Bu1garia 20.2 27.3 Bu1ga r ia 22.0 28.2 VCzechos1ovakia 13.2 18.3 Be1gium 21. 0 26.9 c:
Cyrus 11.5 18.3 Germany, Federal Repub1ic of 20.2 25.3 (j
Germany, Federal Repub1ie of 10.8 13,8 Australie. 18.3 25.1 "'South Africa 8.8 13.1 Denmark 16,1 20.6 -

0Belgium 7.8 10.3 Nethe r lands 13 ,0 16.9 ZAustralia 5.2 7.4 USSR 14,5 19.6
Poland 4.5 6.9 New Zaaland 14.4 20.3 ~
USA 3.4 5.0 Czechos1ovakia 13.5 17.5 Z
German Democratie Repub1ie 3.3 4,2 Cyprus 10.8 14,4 VSweden 3,3 4.2 German Democratie Republic 10.2 12.6 c:Denmark 3.1 4,1 Sweden 9.7 12.3 crCanada 2. a 3,1 South Africa 9.0 15.5 tINetherlands 1. 9 2.7 Canada 8,9 11.9
Uni ted Kingdom 1. 6 2.1 Uni ted Kingdom 8.4 10.8
Fin1and 1. 3 1. 9 USA 8.2 10,8
No rway 1. 2 1. 6 Po1and 7,5 9,9
Ice1and 0,8 1. 2 Ieeland 6.3 8,9

f in1 and 5,4 6.9
Norway 4.2 5.5

aFrom Walsh ¡ Grant (1985)

0\
VI
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Table 21. consumption of commercially produced wine lin litres per head) in
countries where it has increased or decreased rapidly

Increased consumption Decreased consumption

Country 1960 1981 country 1960 1981

Germany, Federal Republic of
Belgium
Australia
USA
German Democratie Republic
Sweden
Denmark
Canada
Netherlands
Uni ted Kingdom
P'inland
No rway
Iceland

10.8
7.8
5.2
3.4
3.3
3.3
3.1
2.0
1.9
1.6
1.3
1.2
0.8

20.2
21.0
18.3
8.2

10.2
9.7

16.1
8.9

13.0
8.4
5.4
4.2
6.3

129.9
108.3
85.0

France
Italy
Portugal

90.0
74.0
77.0

aFrom Walsh & Grant (1985)

2.4 Drinking patterns

Drinking patterns vary between regions and countries, between groups within a country,
between individuals belonging to the same social and ethnie group and between different
times in the life of an individuaL. As travel, trade, standards of lIving and media communi-
cation increase, drinking habits may be introduced from one country or group into another.

Societies differ substantially in the proportion of the adult population who drinks at all.
Surveys in India, for instance, typically report abstention rates of 50-70% (Mohan et al.,
1980; Sundaram et al., 1984). The variation between European and North American
countries is narrower: from about one-third abstainers among adults in the USA and
Ireland to fewer in many western European countries (see Table 24). Rates of abstention
have fallen considerably over the last 40 years in some countries that had had strong
temperance traditions; for instance, in .Finland, there were 25% nondrinkers in 1968 and
13% in 1976 (Mãkelã et al., 1981).



Table 22, Consumption of commercial1y produced spirits lin litres of ethano1 per headia

Country 1960 Coun t ry 1981

Total Population Total Popula t i on
population over 15 years population over 15 years

USSR 2.6 3,3 Repub1ic of Korea 5.4 9.2 ~Austria 2.4 3.2 German Democratie Republic 4.8 5.9 0Po land 2.4 3.6 Hunga ry 4.8 6.2
Sweden 2.3 2.9 Luxembourgb

4. 5 5.5 ¡:
t'USA 2 .1 3 ,0 Poland 4.3 5.7 0France 2. a 2,7 Czechoslovakia 4. a 5,3
~Spain 2. a 2,8 USSR 3.3 4.4

Germany, Federal Republic of 1.9 2,4 Canada 3.3 4.3 -
0Yugoslavia 1. 8 2.6 Japan 3.2 4,2
tTlceland 1. 6 2,5 Spa in 3.0 4,1

Switzerland 1. 5 2. a USA 3,0 4.1 'i
Canada 1. 5 2.3 Germany, Federal Republic of 2.9 3.5 ¡:
Hungary 1. 4 1. 9 rinland 2,8 4,1 0
German Democratic Republic 1. 4 1. 8 Sweden 2,8 3.5 0
Norway 1. 3 1. 8 Nether1ands 2.6 3.4 ~Finland 1. 3 1. 9 France 2.5 3.2 (jBulga~ia 1. 3 1. 8 reeland 2.2 3.5 ""

Switzerland 2,1 2.6 -Japan 1. 2 1. 6 0Romania 1.1 1. 5 8e1gium 2.1 2,6 ZNetherlands 1.1 1.6 Yugos1avia 2. a 2.7ltaly 1.0 1. 3 Romani a 2. a 2.7 ~Luxembourg 1. 0 1. 3 8ulga r ia 2.0 2,6 ZNew Zea1and 1. 0 1. 5 Ireland 1. 9 2.8 0Czechoslovakia 1.0 1. 4 Ita1y 1. 9 2.4 ~Australia 0.8 1.1 New Zealand 1. 8 2.4 en8e1gium 0.8 1.1 Uni ted Kingdom 1. 7 2.2 tTlreland 0.8 1. 2 No rway 1. 6 2.0
South Africa 0.7 1.0 Denmark 1. 5 1. 9
Uni tad Kingdom 0.7 0,9 Austria 1. 5 1. 9
Republic of Korea 0.7 1. 2 Peru 1. 4 2.6

South Africa 1. 4 2.5
Australia 1.1 1. 5

a
bFrom Walsh & Grant 119851Basad on production figuresc1965

0\..
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Table 23 .Consumption of conuercially produced spirits (in
litres of ethanol per head for populations aged 15 years and
over) in countries where i t has increased substantiaiiya

Country 19811960

Republic of Korea
German Democratic Republic
Luxembourg
Czechoslovakia
Hungary
Japan
Finland
Netherlands
Ireland
Belgium
South Africa
Uni ted Kingdom

2.2b
1.8
1.3
1.4
1.4b
1.6
1.9
1.6
1.2
1.1
1.0
0.9

9.2c
5.9
5.5
5.3
4.8
4.2
4.1
3.4
2.8
2.6
2.5
2.2

a
bFrom Walsh & Grant (1985)1965c1980

Table 24. Percentages of adults reporting current abstention from drinking
alcoholic beverages in an international public opinion survey, 1985a

Country % Country %

Israel 56 Australia 24
Philippines 44 Canada 23
Brazil 40 Colombia 23
Uruguay 33 Mexico 22
USA 33 Switzerland 20
Ireland 32 Iceland 18
Japan 31 Norway 18
Belgium 31 Uni ted Kingdom 17
Germany, Federal Republic of 29 Netherlands 16
Argentina 28 Sweden 14
Finland 26 Greece 11
Republic of Korea 24

a
From Gallup et al. (1985). The data were collected in a coordinated fashion by

the Gallup Poll and its affiliates, but should be taken only as indicative, since
methods were not specified, and reported proportions of abstainers are in sorne
cases higher than reported in other surveys, particularly for several western
European countries.

Surveys of drinking habits, undertaken mostly in Europe and North America, indicate
that consumption of alcoholIc beverages is skewed, so that the relatively small group of
heavier drinkers accounts for a large proportion of a1cohol consumption. Under conditions
of relatively free market availabilty, alcohol consumption is distributed roughly log
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normally among drinkers, with the distribution skewed towards lIghter drinkers (Skog,
1980). The proportion of heavy consumers appears to be approximately proportional to the

square of the mean consumption. This empirical regularity is seen to reflect what has been
termed the 'collectivity of drinking cultures': that people's drinking practices affect each
other's and, indeed, that drinking is often a colIective act (Skog, 1985).

W omen generally more often abstain from drinking than men, and they tend to drink
less than men in alI age groups and socioeconomic groups. These differences are tending to
become smaller for moderate consumption but not for heavier drinking (Room, 1978;
National Institute on A1cohol Abuse and A1coholism, 1987).

Age-related variations in drinking patterns are exemplIfied by current US and Canadian
data, which show a general concentration of abstainers in the older age groups and children,
while the 20-29-year age group has the lowest rate of abstainers (Room, 1978; Addiction
Research Foundation, 1985; Rydberg, 1985; National Institute on Alcohol Abuse and
Alcoholism, 1987). Abstention seems to be declining among teenagers in many countries,
although in the 1980s there has been a decline in a1cohol use by teenagers in countries such as
the USA and Sweden (Rydberg, 1985; National Institute on Alcohol Abuse and
AlcoholIsm, 1987). Among regular drinkers, the most common pattern after the age of 30
appears to be frequent, light drinking, whereas among younger consumers, it appears to be
less frequent, heavier drinking (Room, 1978).

The relationship between drinking behaviour and social c1ass is more complicated and
varied. ln some countries, heavy drinkers belong to lower socioeconomic classes, while in
others they are of higher social status. ln countries where alcoholic beverages are relatively
expensive, such as the Nordic countries, there seems to be a positive correlation between
income and total alcohol consumption, although different socioeconomic groups may vary
in their style of drinking. 'Binge drinking' - periodic heavy drinking - tends to be more
common in lower income groups and, in many instances, might be affected by traditions in
specifie occupational groups. Data on the relationship between specifie occupations and
particular drinking patterns in the general population are very sparse (Edwards et al., 1972;
Room, 1978; Mäkelä et al., 1981; Filmore & Caetano, 1982).

ln wine-producing countries, where wine is cheap, it is drunk widely in rural areas; in
nonproducing countries, where alcoholIc beverages tend to be more expensive, drinking
may be less common in rural areas (Péquignot et al., 1988). Within a country, there inay be
regional variations in choice of beverage and levels of consumption (Room, 1983). Cultural
and religious differences are reflected in international comparisons but can also occur
within countries where there are various ethnorelIgious groups. ln many countries, for
example, Islamists have a very low consumption of a1cohoL. American Indians and Alaskan
natives, taking another example, appear to have very high rates of alcohol abuse and
alcoholIsm overall, although most members of many tribes are abstainers.





3. eHEMieAL eOMPOSITION OF ALeOHOLie BEVERAGES,

ADDITIVES AND eONTAMINANTS

3.1 General aspects

Ethanol and water are the main components of most alcoholIc beverages, although in
some very sweet liqueurs the sugar content can be higher than the ethanol content. Ethanol
(CAS Reg. No. 64-17-5) is present in alcoholic beverages as a consequence of the
fermentation of carbohydrates with yeast. It can also be manufactured from ethylene
obtained from cracked petroleum hydrocarbons. The a1coholic beverage industry has
generally agreed not to use synthetic ethanol manufactured from ethylene for the
production of alcoholic beverages, due to the presence of impurities. ln order to determine
whether synthetic ethanol has been used to fortify products, the low 14C content of synthetic
ethanol, as compared to fermentation ethanol produced from carbohydrates, can be used as
a marker in control analyses (McWeeny & Bates, 1980).

Some physical and chemical characteristics of anhydrous ethanol are as follows
(Windholz, 1983):

Description: Clear, colourless liquid
Boilng-point: 78.5°C

M elting-point: -114.1 °C
Density: d¡O 0.789

It is widely used in the laboratory and in industry as a solvent for resins, fats and oils. It also
finds use in the manufacture of denatured a1cohol, in pharmaceuticals and cosmetics

(lotions, perfumes), as a chemica1 intermediate and as a fuel, either alone or in mixtures with
gasolIne.

Beer, wine and spirits also contain volatile and nonvolatile flavour compounds.

Although the term 'volatile compound' is rather diffuse, most of the compounds that occur
in alcoholIc beverages can be grouped according to whether they are distiled with a1cohol
and steam, or not. Volatile compounds include alIphatic carbonyl compounds, alcohols,
monocarboxylIc acids and their esters, nitrogen- and sulphur-containing compounds,
hydrocarbons, terpenic compounds, and heterocyclic and aromatic compounds. N on-
volatile extracts of alcoholIc beverages comprise unfermented sugars, di- and tribasic
carboxylic acids, colouring substances, tannic and polyphenolic substances, and inorganic
salts. The flavour composition of alcoholIc beverages has been described in detail in several

-71-
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reviews (Suomalainen & Nykänen, 1970; Amerine et al., 1972; Nykänen & Suomalainen,
1983), and a recent review on the compounds occurring in distiled alcoholic beverages is
available (ter Heide, 1986). The volatile compounds of alcoholic beverages and distilates
generalIy originate from three sources: raw materials, fermentation and the wooden casks in
which they are matured (Jouret & Puech, 1975).

During maturation, unpleasant flavours, probably caused by volatile sulphur com-
pounds, disappear. Extensive investigations on the maturation of distilIates in oak casks
have shown that many compounds are liberated by alcohol from the walls of the casks
(Jouret & Puech, 1975; Reazin, 1983; Nykänen, L., 1984; Nykänen et aL., 1984). Lignin plays
an important role and is responsible for the occurrence of some aromatic aldehydes and
phenolic compounds (Jouret & Puech, 1975; Nykänen et al., 1984). These compounds are
liberated from oak during the maturation process, together with monosaccharides

(pentoses, quercitol), carboxylic acids and 'whisky lactone' (5-butyl-4-methyldihydro-
2(3H)-furanone) (Nykänen, L., 1984; Nykänen et al., 1984). .The occurrence of aromatic
compounds has been considered a manifestation of the degradation (oxidation) of oak
lignin (Jouret & Puech, 1975).

The distilation procedure influences the occurrence and concentration of volatile
flavour compounds in the distilate. Particularly in the manufacture of strong spirits, it is
customary to improve the flavour of the distilate by stripping it of low-boilng and
high-boilIng compounds to a greater or lesser degree.

Certain flavoured alcoholic beverages may contain, in addition to the natural

compounds of the beverages, added synthetic substances and ingredients isolated from
herbs and spices. For instance, the flavour of vermouths, aperitifs, bitters, lIqueurs and
some flavoured vodkas is frequently composed of different essential oils or their mixtures;
synthetic products and colouring substances, such as caramel (Ministry of Agriculture,
Fisheries and Food, 1987), may also be added to improve the perceived flavour.

The exact compositions of man y alcoholIc beverages are trade secrets; however, there is
extensive literature on the aroma components which are usualIy present at low levels, more
than 1300 of which have been identified '(Nykänen & Suomalainen, 1983). Information
about nonaroma compounds is less extensive. A list of compounds identified in alcoholic
beverages is given in Appendix 1 to this volume.

Definitions of the traditional terms for production processes and types of beverage are
given by Lord (1979), Jackson (1982) and Johnson (1985). A useful glossary hasbeen drawn
up by KelIer et al. (1982).

3.2 eompouDds iD beer

(a) Carbonyl compounds

Carbonyl compounds are among the most volatile substancesjn alcoholic beverages.
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, The levels of some aldehydes found in pasteurized and unpasteurized beers are given in

Table 25. Acetaldehyde (see also IARC, 1985, 1987a) is the principal carbonyl compound in
beer and has been found at similar ranges (0.1-16.4 mgjl) in US, German and Norwegian
beers; levels as high as 37.2 mg/l were found in an unspecified beer (Nykänen &
Suomalainen, 1983).

Table 25. Content (mg/l) of sorne aldehydes in pasteurized and un-
pasteurized beersa

Aldehyde Pasteurized
beer

Unpasteurized
beer

Acetaldehyde 3 . 9-9 .8 0.9-1.4

Py ruv al dehyde 0.119-0.293 0.040-0.046

Crotonaldehyde 0.002-0.036 (0.001

Isobutyraldehyde 0.011-0.024 0.007-0.008

Isovaleraldehyde 0.055-0.105 0.047-0.065

Octanal 0.007-0.017 0.005-0.006

Nonanal 0.005-0.014 o .004-0.006

Decanal 0.006-0.015 0.008-0.010

Dodecanal (Lauraldehyde) 0.004-0.016 0.002-0.006

aReported by Nykänen & Suomalainen (1983)

Of the minor carbonyls identified in beer, formaldehyde (see IARC, 1982a, 1987a) has
been found at a level ofO. 17-0.28 mg/lin a Swiss beer (Steiner et al., 1969); a fresh beer was
reported to contain 0.009 mg/l formaldehyde and a stale beer, 0.002 mg/l (Lau & Lindsay,
1972). Some unsaturated aldehydes have also been identified in beer. PartIcular attention
has been paid to the occurrence of trans-2-nonenal, which has been shown to be responsible
for the oxidized or 'cardboard' flavour of stale beer, and to that of trans,cis-2,6-nonadienal,
which gives rise to cucumber- or melon-like odours in beer (Visser & Lindsay, 1971; W ohleb
et al., 1972; Withycombe & Lindsay, 1973).

Beer also contains some aliphatic ketones. Postel et al. (1972a) found 0.3-1.7 mg/l
acetone in German beer, and Tressl et aL. (1978) determined the folIowing ketones:
3-hydroxy-2-butanone (0.42 mg/l), 2-pentanone (0.02 mg/l), 3-hydroxy-2-pentanone (0.05
mg/l), 3-methyl-2-pentanone (0.06 mg/1), 4-methyl-2-pentanone (0.12 mg/l), 2-heptanone
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(0.11 mg/l), 6-methyl-5-hepten-2-one (0.05 mg/l), 2-octanone (0.01 mg/l), 2-nonanone
(0.03 mg/l) and 2-undecanone (0.001 mg/l).

The occurrence of 2,3-butanedione (diacetyl), 2,3-pentanedione and 3-hydroxy-2-
butanone in beer has been investigated. The 2,3-butanedione content of beer generally
varies from 0.01 to 0.2 mg/ 1 (Nykänen & Suomalainen, 1983), but concentrations as high as
0.63 mg/ 1 have been determined in British beer. Slightly smaller amounts (0.01-0.16 mg/ 1) of
2,3-pentanedione were found in British beers (White & Wainwright, 1975).

(b) Alcohols

The glycerol content ofbeer varies little - generally from 1100 to 2100 mg/ 1 (Nykänen &
Suomalainen, 1983), although Drawert et aL. (1976) found average glycerol contents ranging
up to 3170 mg/lin some German beers.

According to a review (Nykänen & Suomalainen, 1983), beers produced in different
countries do not differ greatly in their content of aliphatic fusel a1cohol (higher alcohols

formed during yeast fermentation of carbohydrates), although the amounts vary to some
extent between the different beer types because their formation depends on the yeast used
and, in particular, on fermentation conditions. Thus, beers have been found to contain 4-60
mgjl 1-propanol, 6-72 mg/l 2-methyl-l-propanol (isobutanol), 3-41 mgjl 2-methyl-1-
butanol and 35-52 mg/l 3-methyl-l-butanoL.

Phenethyl alcohol (2-phenylethyl alcohol), an aromatic fusel alcohol, has a relatively
strong rose-like odour, and therefore its determination in different beers has been a central
subject of many studies; concentrations in beers vary from 4 to 102 mg/1. Benzyl a1cohol

occurs as a minor component in beer. Tyrosol and tryptophol, which are formed during
fermentation, have been found in many beers, the tyrosol content varying from 1 to 29 mg/ 1
and the tryptophol content from 0.2 to 12 mg/l (Nykänen & Suomalainen, 1983).

(c) Volatile acids

Most of the monocarboxylIc acids - from formic acid to C1s-acids - are present in beer
but, in general, as minor components. The acidity due to volatile compounds has been found
to be greater in beer than in wort, indicating that the acids are formed during fermentation.
Acetic acid is the most abundant, occurring at 12-155 mg/lin ales, 22-107 mg/lin 1agers and
30-35 mg/lin stouts. The levels of other short-chain acids, up to hexanoic acid, vary from
0.3 to 3.4 mg/1. The principal volatile acids in beer have been reported to be hexanoic acid
(1-25 mgjl), octanoic acid (2-15.4 mg/l) and decanoic acid (0.1-5.2 mg/l) (Nykänen &
Suomalainen, 1983).

(d) Hydroxy and axa acids

The occurrence of the L(+) and D(-) forms oflactic acid, which is a major hydroxy acid
in beer, indicates bacterial activity during fermentation. Mändl et aL. (1971 a, b, 1973, 1975)

found levels as high as 360 mg/ 1 L-lactic acid in a French beer and 430 mg/ 1 D-Iactic acid in
an Irish porter stout; most of the beers examined contained 2-40 mg/l L-Iactic acid and
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25-100 mg/l D-Iactic acid. Beer also contains smalI amountsof other short-chain hydroxy
acids (see Appendix 1). Some trihydroxy acids have also been detected: German, Austrian
and American beers were reported to contain 5-9 mg/l 9,12,13-trihydroxy-1O-trans-
octadecenoic acid, 1 -2.4 mgll 9,10, 13-trihydroxy- 11 -trans-octadecenoic acid, and 0.4-0.7
mg/l 9,10,1 3-trihydroxy- 1 2-trans-octadecenoic acid (N ykänen & Suomalainen, 1983).

Of the oxo acids that occur in beer, pyruvic acid is present in fairly high amounts; Mändl
et aL. (1971 b, 1973) determined concentrations of 53-89 mg/lin American beers and 17-138
mg/lin European beers.

(e) Nonvolatile (fi-xed) acids

The occurrence of certain nonvolatile (fixed) acids in beer is welI established. The oxalic
acid content is smalI, but it is of considerable interest because the formation of calcium
oxalate may contribute to the appearance of hazes and sediments in beer. Bernstein and
Khan (1973) reported 9-15 mgll oxalic acid in ales and lager beers; Fournet and Montreuil
(1975) found 2-11 mgll in French beers; and German beers were found to contain 14-28
mg/l (Drawert et al., 1975, 1976).

Succinic acid has been reported to occur at concentrations of 12-166 mg/ l, malic acid at
0-213 mg/l and citric acid at 5-252 mgll (Nykänen & Suomalainen, 1983). Numerous acids
that occur at concentrations of only a few milIigrams per litre are listed in Appendix 1.

(j Esters

Beer contains a great number of esters of aliphatic fatty acids. Ethyl acetate is the
principal one, occurring at 10-30 mg/l (with values up to 69 mg/l), while isopentyl acetate

has been found at 1-7.8 mg/1. Of the high-boilng esters, ethyl hexanoate and ethyl
octanoate occur at 0.1 -0.5 mgll and 0.1 - 1.5 mg/ l, respectively, although some beers have
been shown to contain 2.4-4 mg/l ethyl octanoate. The amount of phenethyl acetate varies
between 0.03 and 1.5 mg/l (Nykänen & Suomalainen, 1983).

(g) Nitrogen compounds

(i) Amines and amides
Amines occur in beer due to the biochemical degradation of amino acids, which may

begin during malting and then continues during fermentation. They are listed in Appendix
1. The folIowing acetamides have been found in German dark beer: N,N-dimethyl-
formamide, 0.015 mgll; N,N-dimethylacetamide, 0.01 mg/l; N-methylacetamide, traces;
N-ethylacetamide, 0.02 mgll; N-(2-methylbuty1)acetamide, 0.01 mg/l; N-(3-methylbutyl)-

acetamide, 0.025 mg/l; N-(2-phenylethyl)acetamide, 0.015 mg/l; and N-furfurylacetamide,
0.12 mgll (Tressl et aL., 1977). The occurrence of severa1 primary, secondary and tertiary
amines in different beers is summarized in Table 26. Aminoacetophenone may be
Iesponsible in part for the characteristic odour of beers.
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Table 26. Content (mg/l) of sorne amines in beera

Amine Amount
( range)

Methylamine
Ethylamine
n-Propylamine
Isobutylamine
n-Butylamine
Isopentylamine (isoamylamine)
n-Hexylamine
~ ' ~-Dimethyl-~-buty ~amine
2-Aminoacetophenone
Dimethylamine
T rimethyl amine
para-(2-Aminoethyl) phenol (tyramine)

0.02-0.32
0.11-2.12
traces-O. 17

0.004-0.22
traces-0.07
traces-0.14
0.005-0.28
traces-O .16

0.01
0.37-0.78
0.03-0.06
6.5-11. 22

aFrom Palamand et al. (1969); Sen (1969; Canadian beer);

Palamand et al. (1971); Slaughter & Uvgard (1971; English
beer); Koike et al. (1972; Japanese beer); Tressl et al.

(1977; German beer)

(ii) N-Heterocyclic compounds
N-HeterocyclIc compounds present in malt can be detected at low levels in some beers.

The amounts of pyrazines in dark Bavarian beer are given in Table 27. Tressl et al. (1977)
assumed that the pyrroles occurring in some beers are responsible for the smoky odour
resembling that of pastry and bread. A number of compounds with such an odour were
found, four of which were identified as nicotinic acid esters. The pyrroles and thiazoles
found in dark Bavarian beer are listed in Table 28.

(ii) Histamine and other non volatile N-heterocyclic compounds
Granerus et aL. (1969) showed that the level of histamine was 0.03-0.05 mg/l in Swedish

beer and 0.03-0.15 mg/lin Danish beer. Chen and Van Gheluwe (1979) found means of 0.22
mg/lin Canadian ale, 0.20 mg/lin Canadian lager, 0.38 mg/lin Canadian malt liquor, 0.41
mg/lin Canadian porter, 0.13 mg/lin Canadian lIght beer, 0.13 mg/lin American lager and
0.20 mg/lin European beers. A high histamine content, 1.9 mg/ l, was found in a Belgian
Gueuze produced by 'spontaneous' fermentation with microorganisms other than brewer's
yeast.

The purine and pyrimidine contents of beer have been investigated in several studies
(Saha et al., 1971; Buday et aL., 1972; Charalambous et aL., 1974; Kieninger et al., 1976;
Ziegler & Piendl, 1976; Mãndl et al., 1979; Boeck & Kieninger, 1979). ln most beers the
amounts of uracil, cytosine, hypoxanthine, xanthine, adenine, guanine, thymine, thymidine,
adenosine and inosine were found to range from 0.1 to 40 mg/ l, whereas higher amounts of
guanosine (30-160 mg/l), cytidine (18-70 mg/l) and uridine (15-200 mg/l) were detected.
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Table 27. Content (mg;l) of pyrazines in dark Bavarian beera

Pyrazine Amount

Methyl-
2,S-Dimethyl-
2,6-Dimethyl-
2,3-Dimethyl-
Trimethyl-
Tetramethyl-
Ethyl-
2-Ethyl-6-methyl-
2-Ethyl-S-methyl-
2-Ethyl-3-methyl-
2-Ethyl-3,S-dimethyl-
2-Ethyl-3,6-dimethyl-
2-Ethyl-5,6-dimethyl
6,7-Dihydro-SH-cyclopenta-
5-Methyl-6,7-dihydro-5H-cyclopenta-
2-Methyl-6,7-dihydro-5H-cyclopenta-
S-Methylcyclopenta- -
2-Furyl-
2-( 2'-Furyl )methyl-
2- (2 '-Furyl) dimethyl-

0.07
0.11
o .03S
o .01S
0.02
traces
0.01
0.035
traces
traces
0.01
0.02
traces
0.01
0.015
0.01
traces
0.025
0.01
traces

aFrom Tressl et al. (1977)

Table 28. Content (mg;l) of pyrroles, thiazoles and sorne
other cyclic compounds determined in dark Bavarian beera

Compound Amount

Pyrrole
2-Methylpyrro1e
2-Formylpyrro1e
2-Acetylpyrrole
2-Acety I -S-methy Ipyr role

2-Fo rmyl -S-methyIpyrrole
1-AcetyIpyrrole
1-Furfurylpyrrole
2-Pyrrolidone
1 -Methyl -2-pyr roI idone
Indo1e
2-Acetyl thiazole
4-Methyl-S-hydroxyethyl thiazole
Methyl nicotinate
Ethyl nicotinate
3-Methylbutyl nicotinate
2-Phenethyl nicotinate

traces
1.8
0.03
1.4
0.01
0.11
traces
0.01
0.01
traces
traces
traces
traces
traces
1.S
traces
traces

aFrom Tressl et al. (1977)
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(h) Aromatic compounds

(i) Phenols
Special attention has been paid to the occurrence of phenols in beer due to their potential

influence on the flavour (Nykänen & Suomalainen, 1983). Wackerbauer et al. (1977)
investigated the sources of the phenolIc flavour of beer and found cresol (0.012 mg/l),
4-vinylphenol (0.17 mg/l), 2-methoxy-4-vinylphenol (4-vinylguaiacol; 0.074 mg/1) and
4-hydroxybenzaldehyde (0.018 mgll) in a flawed beer. Many different phenols have been
found in beers (Tressl et al., 1975a, 1976; see also Appendix 1).

(ii) Aromatic acids
Beer contains numerous aromatic acids (Appendix 1); their occurrence ln beer is

summarized in Table 29.

Table 29. Content (mg/l) of aromatic acids in beera

Acid Amount

Benzoic acid 0 . 45Phenyllactic acid 1.2
Salicylic acid (2-Hydroxybenzoic acid) 0.02
4-Hydroxybenzoic acid 0.13
Protocatechuic + vanillic acid 2.4Phthalic acid 0.02
Phenylacetic acid 0.93
4-Hydroxyphenylacetic acid 0 . 04
Ferulic acid (4-Hydroxy-3-methoxycinnamic acid)

,cis-
, trans-

cinnamic acid

1.1
4.6

,cis-
, trans-

para-Coumaric acid (4-Hydroxycinnamic acid)
,cis-
, trans-

Phenylpropionic acid

4-Hydroxyphenylpropionic acid

(0.01
0.50

0.02
1.9
0.01
0.02

aFrom Tressl et al. (1975b)
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3.3 eompouDds iD wiDe

(a) Carbonyl compounds

Acetaldehyde constitutes more than 90% of the total aldehyde content of wines,
occurring at 50-100 mg/l (Nykänen & Suomalainen, 1983). Wucherpfennig and Semmler
(1972, 1973) found 74-118 mg/l acetaldehyde in wines produced from different grapes in
various vineyards in different countries, and Postel et al. (1972b) found 1I- 1 60 mg/lin
German 'Spät1esen', 'Auslesen' and 'Beerenauslesen' white wines and in red wines; white and
red wines had similar aldehyde contents. The aldehyde content is, however, low, and this
may be explained by the fact that the sulphur dioxide added to wine reacts with aldehydes to
form a-hydroxysulphonic acids, which reduce the free aldehyde content. Furthermore,
aldehydes can be chemically bound to ethanol and higher alcohols as acetals.

Minor amounts of other alIphatic aldehydes and ketones are also present in wine
(Appendix 1). Baumes et al. (1986) found 3-hydroxy-2-butanone (0.002-0.3 mg/l) and
3-hydroxy-2-pentanone in French white and red wines. The volatile flavour of Chardonnay
and RieslIng wines has been reported to include minor amounts of 2-methylbutanal,
3-methylbutanal, hexanal and 2-heptanone (Simpson & Miler, 1983, 1984). Benzaldehyde

has been found in detectable amounts (0.002-0.504 mg/ 1) in different French wines (Baumes
et al., 1986), in Chardonnay and RieslIng wines (Simpson & Miler, 1983,1984) and in Pinot
Noir wine (Brander et aL., 1980).

Two vicinal diketones, 2,3-butanedione and 2,3-pentanedione, may be of importance to
the flavour nuances, although they occur at low levels. 2,3-Butanedione has been found in
white wines at 0.05-3.4 mg/land in red wines at 0.02-5.4 mg/ l, whereas lower values have
been reported for 2,3-pentanedione (0.007-Q.4 mg/lin white wines and 0.01 -0.88 mg/lin red
wines; Leppänen et al., 1979; Nykänen & Suomalainen, 1983).

(b) Acetals

ln contrast to beers, wines contain acetal (1, I-diethoxyethane) as a major component of
the volatiles. It is generally assumed that the reaction of acetaldehyde with ethanol to yield
acetal may 'round' the smell of wines, which is of great importance. ln the French wines
investigated by Baumes et al. (1986), the total amounts of acetal and 2,4-dimethyl-l,3-
dioxane were reported to vary from 0.18 to 9.3 mg/l in white wines and from 0.09 to 0.52
mgll in red wines. Other acetals found at low concentrations were 2,4,5-trimethyl-l,3-
dioxolane (previously identified by Brander et al. (1980) in Pinot Noir wine), i,3-dimethyl-
4-ethyl-l,3-dioxolane, l-ethoxy- 1 -(2' -methylpropoxy)ethane, l-ethoxy-l-(3' -methyl-
butoxy)ethane, 1-(3' -methylbutoxy)-1-(2' -methylbutoxy)ethane, 1, I-di-(3' -methylbutoxy)-
ethane, l-ethoxy-l-(2' -phenethoxy)ethane, 1 -(3' -methylbutoxy)-1-(2' -phenethoxy)ethane,

cis-2-methyl-4-hydroxymethyl-l,3-dioxolane and trans-2-methyl-4-hydroxymethyl-l,3-
dioxolane (Baumes et al., 1986).
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An ether possibly related to the aceta1s, 3-ethoxypropanol, has been identifed in Pinot
Noir wine (Brander et al., 1980).

(c) Alcohols

(i) Di- and trihydric alcohols
Apart from ethanol, glycerol and 2,3-butanediol are the principal alcohols in wine. The

glycerol content has been reported to range between 2000 and 36 000 mg/lin sound wines
(Nykänen & Suomalainen, 1983). The contents ofnumerous European and American wines
have been found to vary from 400 to 1 100 mg/l; exceptionalIy high amounts of 2,3-
butanediol were found in a Romanian 'Trockenbeerenauslese' (2700 mg/l) and in an
'Edelauslese' (3300 mg/l; Patschky, 1973).

(ii) Fusel alcohols and long-chain alcohols
Numerous investigations on the volatile components of different wines have shown that

higher alcohols are ubiquitous. White and red wines produced in various countries contain
I-propanol (1 1-125 mgll), 2-methyl-l-propanol (15-174 mg/l), 2-methyl-1-butanol (12-311
mg/ 1) and 3-methyl-l-butanol (isopentanol; 49-180 mg/ 1). ln addition, wines contain 5- 138
mg/l phenethyl a1cohol. The occurrence of the aromatic alcohols, tyrosol (4-hydroxy-
phenethyl alcohol) and tryptophol (3-indolethanol), which are formed by biochemical
mechanisms similar to those proposed for the formation of phenethyl alcohol and aliphatic
fusel a1cohols, has also been establIshed; white and red wines have been reported to contain
5-45 mg/l tyrosol and 0.3-3.1 mg/l tryptophol (Nykänen & Suomalainen, 1983).

A number of long-chain a1cohols, such as I-pentanol, 4-methyl-l-pentanol, 3-methyl-l-
pentanol, Z-2-penten- 1 -01, 1 -hexanol, the E- and Z-isomers of 2-hexen-l-01 and 3-hexen-l-
01, 1 -heptanol, 1 -octanol, 1 -nonanol and 1 -decanol, have been identified in wines (Brander
et al., 1980; Nykänen & Suomalainen, 1983; Simpson & Miller, 1983, 1984). Of these,
3-methyl-l-pentanol, I-hexanol and E-3-hexen- 1 -01 seem to be fairly important compo-
nents (Baumes et al., 1986).

(d) Volatile acids

Acetic acid is the most abundant of the volatile acidic constituents of wine, although
yeast is known to produce only minor amounts of acetic acid in fermentation under
anaerobic conditions. Any substantial increase in the volatile acidity in wines thus seems to
be due to the activity of spoilage microorganisms. Acetic acid bacteria can oxidize ethanol,
first forming acetaldehyde, folIowed by oxidation of aldehyde to acetic acid, thus restricting
volatile acidity to, for example, the permissible values of under 900 mg/l in French wines
and in German white wines, under 1200 mgll in German red wines, under 1100 mg/l in
Californian white table wines and under 1200 mg/l in Californian red wines (Nykänen &
Suomalainen, 1983). The volatile acidity of German wines, for instance, has been reported
to be about 300 mg/l (Schmitt, 1972).
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(e) Hydroxyacids

Wines contain fairly large amounts of L(+)- and D(-)-lactic acid. The total concen-
tration oflactic acid in French wines that have undergone malolactic fermentation has been
found to vary from 900 to 2600 mg/ l, and totallactic acid contents of 100-5600 mg/land
200-3100 mg/l have been reported. Other monohydroxy acids occur as minor components:
2,3-dihydroxy-2-methylbutyric acid has been found at 60-523 mg/lin a large number of

wines, at 34-205 mg/l in Italian wines and at 70-550 mg/l in Bordeaux wines (Nykänen &
Suomalainen, 1983).

(f IFixed' acids

The acidity of wines depends mainly on the presence of nonvolatile acids from the
grapes. Tartaric, malic, citric and succinic acids are usualIy the most abundant and are of
great importance, not only because they regulate the acidity of the wine but also because
their acidity protects sound wine from spoilage and increases the stabilIty of coloured
substances. Their total amount is determined by a titrimetric method (Nykänen &
Suomalainen, 1983).

de Smedt et al. (1981) found malic acid (3380 mgll), tartaric acid (2120 mg/l), succinic
acid (500 mg/l), citric acid (270 mg/l) and phosphoric acid (240 mg/l). Of the minor
components, they determined shikimic acid (70 mg/l) and citramalic acid (20 mg/l)
quantitatively.

(g) Esters

The largest group of flavour compounds in wines consists of esters of the aliphatic
monocarboxylIc acids. Ethyl acetate and many of the long-chain esters in wine are formed
by yeast principally by enzymic reactions du ring fermentation and not in chemical reactions
between ethanol and corresponding acids (Nykänen & Suomalainen, 1983). The acid-
catalysed esterification and hydrolysis ofthe esters, however, may be of importance during
prolonged ageing, even though the reactions proceed slowly and equilbrium concentrations
are reached only after a long time.

Ethyl acetate is the principal ester component. Postel et al. (1972b) found 44-122 mg/l
ethyl acetate in white wines and 78-257 mg/lin red wines. Higher levels were found in sound
white wines produced in different countries (11-261 mg/l), and similar concentrations were
found inred wines (22-232 mg/ 1; Shinohara & Watanabe, 1976). Late harvest wines, such as
'Spät1ese', 'Auslese' and 'Beerenauslese', were found to contain 52-99 mg/ 1,92- 1 08 mg/land
191-285 mg/l ethyl acetate, respectively (Postel et al., 1972b).

Ethyl esters of short-chain acids as well as acetate esters of fusel alcohols are frequently
found in white and red wines. The ethyl esters of decanoic and dodecanoic acids are usually
the longest chain esters found (Nykänen & Nykänen, 1977; Nykänen et al., 1977).

ln addition, a number of esters originating in grapes have been identified in wines, such
as methyl anthranilate, of which the odour has been reported to be characteristic of the
grape variety Vitis labrusca and may be responsible for the 'foxy' ('rosé') character of some
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American wines (Nelson et al., 1978; Nykänen, 1986). The cyclIc ester, 2,6,6-trimethyl-2-
vinyl-4-acetoxytetrahydropyran, together with a tetrahydrofuran derivative, linalool oxide,
potentially contributes to flavour in wine (Schreier & Drawert, 1974).

A number of esters of di- and tricarboxyIic acids have also been identified in wine, of
which diethyl succinate is ubiquitous; Baumes et al. (1986) found 2,3-butanediol mono-
acetate, methylethyl succinate, diethyl malonate, diethyl malate, diethyl 2-ketoglutarate
and diethyl2-hydroxyglutarate in French wines. DiStefano (1983) identified ethyl esters of
2-hydroxyglutaric acid and 2-hydroxyglutaric acid y-Iactone in ItalIan wine. Diethyl succi-
nate has been found in AustralIan Chardonnay wines and ethyl 3-methylbutyl succinate in
RieslIng wines (Simpson & Miler, 1983, 1984). The occurrence of mono- and diethyl esters
of tartaric acid in wine has been confirmed in several studies (Shimizu & Watanabe, 1978;
Sponholz, 1979; Edwards et al., 1985).

(h) Nitrogen compounds

(i) Amines and some N-heterocyclic compounds
Amines are probably formed mainly by bacterial decarboxylation of amino acids, but

smalI amounts may also occur as the result of enzymic reactions of yeast. Schreier et al.
(1975) showed that the yeast Saccharomyces cerevisiae can produce the corresponding
N-acetylamines from 2-methylbutylamine, 3-methylbutylamine and 2-phenethylamine in a
fermentation solution. Consequently, some amides detected in wine ~ay be formed by yeast

from amines during wine fermentation. Desser and Bandion (1985) showed that certain
technological treatments and the storage ofbottled wine may deerease the concentrations of
biogenic amines such as 1,3-propanediamine, putrescine (1 ,4-butanediamine), histaminè
(2-( 4-imidazolyl)ethylamine), cadaverine (1 ,5-pentanediamine), spermidine (N-(3-amino-
propyl)-1 ,4-butanediamine) and spermine (N,N -bis(3-aminopropyl)-1 ,4-butanediamine)
in wine. Puputti and Suomalainen (1969) determined the concentrations of a number of
volatile and nonvolatile compounds in white and red wines (Table 30).

The amounts of amines in different wines vary widely. S pettoli (1971) found ethylamine

(traces-O.36 mg/l), isobutylamine (traces-O.7 mg/l), isopenty1amine (isoamylamine; 0.04-
0.7 mg/l), hexylamine (0.1-0.9 mg/1), ethanolamine (0.05-0.9 mg/l) and para-(2-amino-
ethyl)phenol (tyramine; 0.06-0.7 mg/l) in Italian white and red wines. The diamines,
1,4-butanediamine (putrescine), 1,5-pentanediamine (cadaverine) and tyramine are meta-
bolIc products of bacteria; diamines are found in greater amounts in red wines. Concen-
trations of 1 ,4-butanediamine have been reported to reach 24 mg/lin Swiss white wines and
45 mg/l in Swiss red wines, whereas the concentrations of 1,5-pentanediamine reached

2 mg/lin white wines and 4 mg/lin red wines (Mayer & Pause, 1973). W oidich et aL. (1980)
found the amines reported in Table 31 in several Austrian wines.

Other amines and N-heterocyclIc compounds have been identified in wine (Table 32).
Bosin et aL. (1986) determined 1,2,3,4-tetrahydro-ß-carboline-3-carboxylIc acid and
I-methyl-l ,2,3,4-tetrahydro-ß-carboline-3-carboxylic acid at 0.8-1.7 and 1.3-9.1 mg/ l,
respectively. Some of the pyrroles, thiazoles and piperazines that occur in other beverages
have also been identified in wine; these are l-ethyl-2-formylpyrrole, N-methylpyrrole,
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Table 30. Content (mg/l) of amines in white and red winesa

Amine Burgundy
red wine

Bordeaux Riesling
white wine white wine

Volatile amines
Ethylamine 1. 7 0.5 0.7
Isopropylamine 0.05 0.02 0.04
Isobutylamine 0.07 0.02 0.05
n-Butylamine 0.01 traces traces
Isopentylamine (Isoamylarnine) 2.2 1.0 4.0
Pentylamine (~-Amylamine ) 0.01 traces traces
Hexylamine 0.7 0.4 0.4

Nonvolatile amines
Ethanolamine 0.3 0.08 0.08
1,4-Butanediamine (Putrescine) 0.3 traces traces
para-( 2-Aminoethyl ) phenol 1.0 0.1 0.2
(Tyramine)
Histamine 0.5 0.04 traces

aFrom Puputti & Suomalainen (1969 )

Table 31. Content (mg/l) of sorne biogenic amines in Austrian winesa

Amine Red wine Whi te wine

1,4-Butanediamine
1,5-Pentanediamine
Histamine
4-Az aheptarnethy lenediamine
Spermine
para-( 2-Aminoethyl ) phenol
Phenethylamine

0.51-24.2
(0.05-3.0
(0.1-13.6
0.05-1. 3

( 0 . 1-0 . 4
(0.1-8.1
(0.1-5.1

(0.05-1. 7

(0.05-2.8
(0.1-3.5
(0.05-2.7
(0.1-0.8
(0.1-2.7
(0.1-3.8

aFrom Woidich et al. (1980)

N-ethylpyrrole, N-propylpyrrole, benzothiazole, N-methylpiperazine, 2-methylpiperazine,
trans-2,5-dimethylpiperazine and N,N-dimethylpiperazine (Ough, 1984). The occurrence of
2-methoxypyrazines in wine has been confirmed (Heymann et al., 1986). Serotonin (3-(2-
aminoethy1)- i H-indol-5-01) and octopamine (( 4-hydroxyphenyl)ethanolamine) have been
determined by a high-pressure liquid chromatographie method among the nonvolatile
compounds in wine (Lehtonen, 1986).
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Table 32. Content (mg/l) of amines and ~-heterocyclic compounds in winea

Compound Content

Dimethylamine
Tr imethylamine
Diethylamine
Triethylamine
Pyrrolidine
Piperidine
Morpholine
2-Pyrrolidone
1-Methyl -2-pyrrolidone
1-Pyrroline
Indole
1-Methyl-1, 2,3, 4-tetrahydro-ß-carboline
4, 5-Dimethyl-1 ,3-dioxolan-2-propanamine
2-Aminomethyl benzoate
6-Hydroxy-1-methyl-1, 2,3, 4-tetrahydro-ß-carboline

Pyridine
Quinoline
~-Methy1piperidine

0.1-0.7
0.01-0.07
(0.001
0.01-0.02
traces-0.06
traces
0.07
0.01
traces
0.01-0.5
traces
0.001-0.084
traces
traces
0-0.0002
traces
traces
traces

aFrom Ough (1984)

(ii) Amides
Numerous acetamides have been identified in wines (Ough, 1984). These include N,N-

dimethylformamide, N-3-methylbutylacetamide, N-n-pentylacetamide, N-ethylacetamide,
N-n-hexylacetamide, N-n-propylacetamide, N-cyclohexylacetamide, N-isopropylace-
tamide, N-(3-(methylthio )propy1acetamide, N-n-butylacetamide, N-2-phenethylacetamide,
N-isobutylacetamide, N-tert-butylacetamide, N-piperidylacetamide, N-2-methylbutylace-
tamide and N,N-diethylacetamide. Only a few quantitative results have been reported; for
example, N-2-methylbutylacetamide at 0.002-0.02 mg/land N-3-methylbutylacetamide at
0.002 mg/L.

(i) Terpenic compounds

Wine contains numerous terpene hydrocarbons, terpene aldehydes and ketones, terpene
alcohols, esters of terpene alcohols, and their oxidation products (see Appendix 1). The
quantities of individual terpenes vary widely according to the wine. Terpene composition
depends, in part, on grape varieties; varieties of white Vitis vinifera grapes and wines have
been classified accordingto their terpene profies (Schreier et aL., 1976a,b; Rapp et al., 1984),
although whether this can be generally used for classifying different grape varieties or wines
produced from these grapes is not established. Since free and glycosidic derivatives of
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monoterpenes are uniformly distributed among the skin, pulp and juice (Wilson et al., 1984;
Wiliams et al., 1985; Wilson, B. et al., 1986), a fairly large proportion ofterpenes are present
bound to glycosides in young wine; however, when the glycosidic compounds are
hydrolysed during ageing, the terpene profie changes (Rapp et al., 1985).

The amounts of terpene compounds in wine have not been reported, but it has been
suggested that they contribute markedly to the specifie characteristics of wine flavour
(Wiliams, 1982; Rapp et al., 1984; Schreier, 1984; Strauss et al., 1984; Wiliams et al., 1985;
Rapp & Mandery, 1986).

(¡) Ph en a lie eompounds

Besides phenolic alcohols, aldehydes and acids, red wines contain small amounts of
phenol, m-cresol, guaiacol, 4-ethylphenol, 4-vinylphenol, 4-ethylguaiacol, 4-vinylguaiacol,
eugenol and 2,6-dimethoxyphenoL. Corbières wine has been reported to contain 0.00 1-0.1
mg/l phenol, ortho-cresol, meta-cresol, para-cresol, 2-ethylphenol, 4-ethylphenol, 4-vinyl-
phenol, 2-methoxyphenol (guaiacol), 2-methoxy-4-ethylphenol, 2-methoxy-4-vinylphenol,
acetovanilone and propiovanilone (Etiévant, 1981). The following volatile phenolic
compounds were determined in sherry: 4-ethylphenol (0.35 mg/1), 2-methoxy-4-ethyl-
phenol (4-ethylguaiacol; 0.08 mg/l), 2-ethylphenol (0.05 mg/l), 2-methoxy-4-vinylphenol
(4-vinylguaiacol; 0.05 mg/l), 2,6-dimethoxy-4-ethylphenol (ethyl syringol; 0.04 mg/l),
4-vinylphenol (0.02 mg/ 1), meta-cresol (0.01 mg/ 1), para-cresol (0.01 mg/l) and 2-methoxy-
4-allylphenol (eugenol; 0.01 mg/l). Phenol, ortho-cresol, 2-methoxy-4-methylphenol
(4-methylguaiacol) and 2,6-dimethoxy-4-isopropylphenol (isopropyl syringol) were de-
tected at trace levels (Tressl et aL., 1976).

Cinnamic acid derivatives, anthocyanins, flavonols and condensed tannins also occur in
wine. Anthocyanins and tannins originating in grapes are the main pigments in red wine,
and their presence influences the colour and organoleptic characteristics of the wine. Col our
stabilty increases with the degree of methylation, glycosylation and acylation of the basic
anthocyanin moiety (Van Buren et al., 1970). Anthocyanins are water soluble and have a
4'-hydroxyflavylIum structure. The individual anthocyanins differ in the number of
hydroxyl and methoxyl groups in the molecule, as well as in the nature and number of
glycosidically bound sugars. Furthermore, alIphatic and aromatic acids may attach to the
skeleton of the aglycone; in the acylated anthocyanins, cinnamic acid and, more generally,
para-coumaric acid is esterified with the hydroxyl group in the sixth position of a glucose
molecule attached glycosidically to the aglycone (Windholz, 1983).

Five anthocyanins - delphinidin, petunidin, malvidin, cyanidin and peonidin - and
their 3-monoglucosides and 3,5-diglucosides are found commonly in grapes and wines.
Malvidin 3,5-diglucoside is apparently the principal pigment in wines produced from hybrid
grapes, whereas malvidin monog1ucoside predominates in wines made from Vitis vinifera
grapes (Van Buren et al., 1970). Quercetin-3-glucoside, quercetin-3-glucuronide and
myricetin-3-glucoside (the principal flavonols), kaempferol-3-glucoside, kaempferol-3-
galactoside and isorhamnetin-3-glucoside (minor compounds) and caffeoyl tartaric acid
and para-coumaroyl tartaric acid all contribute to the pigment of grapes and wines.
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Kaempferol- and myricetin-3-glucuronides and three diglycosides were also identified
tentatively (Cheynier & Rigaud, 1986).

3.4 eompouDds iD spirits

(a) Carbonyl compounds

(i) Aliphatic aldehydes
Acetaldehyde (see IARC, 1985, 1987a) is frequently the major carbonyl component and

generalIy constitutes more than 90% of the total aldehyde content. It is easily distiled
together with water and a1cohol and is therefore found in aIl spirits.

Acetal formation is a reversible reaction, with an equilibrium coefficient of about 0.9
(Misselhorn, 1975); thus, ifthe alcohol content is between 40% and 50% by volume, as is the
case for many strong spirits, only 15-20% of the total amount of acetaldehyde combines with
ethanoL. Hence, acetal formation does not reduce the free aldehyde content of strong spirits
markedly, even after prolonged maturation.

The total aldehyde content in alcoholIc beverages has been found to vary widely; some
levels are summarized in Table 33. ln Scotch whisky and cognac, a number of other
aldehydes are present at levels similar to that of acetaldehyde (Table 34).

According to an investigation by Marché et al. (1975), wine distilate and brandy contain
the saturated aliphatic aldehydes from formaldehyde (Ci; see IARC, 1982a, 1987a) to
dodecanal (Cli)' Liebich et al. (1970) investigated the flavour compounds in Jamaican fUm
and found propionaldehyde (0.01 mgjl), isobutyraldehyde (0.25 mgjl), 2-methylbutyr-
aldehyde (1.5 mg/l) and isovaleraldehyde (1.8 mg/l). Kirsch has been reported to contain

the following aldehydes, ca1culated as mg/l ethanol: formaldehyde, 10-20; pro pion-
aldehyde, 10-30; valeraldehyde, ~lO; n-heptanal, ~1O; octanal, ~lO; and n-nonanal, ~lO
(Tuttas & Beye, 1977).

(ii) Unsaturated aldehydes
Of the unsaturated aldehydes, only acrolein (see IARC, 1985, 1987a) has been found in

new, unaged whisky distilates. Propenal reacts with high concentrations of ethanol to form
1,1,3-triethoxypropane via 1,1 -diethoxyprop-2-ene and 3-ethoxypropionaldehyde as inter-
mediate products (Kahn et al., 1968).

A number of unsaturated aldehydes have been identified in cognac and brandy. The
occurrence of2-buten-l-al and 2-hexen-l-al was reported in cognac by Marché et al. (1975).
ter Heide et al. (1978) detected 2-methyl-2-propen-l-al in headspace and (Z)-2-methyl-2-
buten- 1 -al, 3-methyl-2-buten-l-al, (E)-2-penten- 1 -al, (E)-2-methyl-2-penten- 1 -al, the (E)-
isomers of 2-C6, 2-C7, 2-Cg, 2-Cg-enals and (E,E)-hepta-2,4-dien-l-al, nona-2,4-dien-I-al

and deca-2,4-dien-l-al in ex tracts of cognac.
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Table 33. Total aldehydes (mg/l ethanol),
determined as acetaldehyde, in sorne brands of
distilled beveragesa

Beverage Acetaldehyde

Arerican bourbon whiskey
Canadian whisky
Úish whiskey
Scotch blended whisky
Scotch mal t whisky

Brandy
Cognac
Rum

40-120
20-70
30-140
40-220
40-160
130-600
-210
20-150a k" l ' 3

From Ny anen & Suoma ainen (198 )

Table 34. Content (mg/l) of sorne low-boiling aldehydes in Scotch whisky
a

and cognac

Aldehyde Whis.ky Cognac

Acetaldehyde
Propionaldehyde
Isobutyraldehyde
2-Methylbutyraldehyde + 3-methylbutyraldehyde

(Isovaleraldehyde)

7
1. 2

20
6.3

10
1

20
4

aReported by Nykänen & Suomalainen (1983)

Some unsaturated aldehydes have also been found in rum. Postel and Adam (1982)
detected acrolein at Il mg/l ethanol; ter Heide et aL. (1981) found (E)-2-octen-l-al, (£)-2-

nonen-l-al, (E,E)-2,4-decadien-l-al, ß-cyclocitral, a,.phelIandral and geraniaL.

(iii) Aliphatic ketones
A large number of alIphatic ketones, from acetone to tetradecanone, have been iden-

tified in spirits; most are monoketones. ln general, little attention has been paid to the
determination of monoketones in spirits because of their relatively high sens ory thresholds.
ln contrast, the occurrence of 2,3-butanedione (diacetyl) and 2,3-pentanedione in alcoholic
beverages has been investigated (ter Heide, 1986).

The acetone content of spirits varies widely, and concentrations of 3- 1 0 mg/lin whiskies,
0.25 mg/lin rums and ~3-10 mg/l ethanol in cognacs and brandies have been reported
(Nykänen & Suomalainen, 1983). Schreier et al. (1979) determined the contents of some
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monoketones in German and French brandies and French cognacs and found 2-pentanone
(0.012-0.274 mg/l), 2-methylcyclopentanone (0.004-0.043 mg/l), 2-hexanone (0.009-0.117
mgll), 2-heptanone (0.017-0.628 mg/l) and 2-nonanone (C(0.00I-O.107 mg/l). Liebich et al.

(1970) found that a Jamaican rum contained 2-butanone (0.03 mg/l), 3-penten-2-one
(7 mg/l), 2-pentanone (1.2 mg/ 1), 4-ethoxy-2-butanone (5 mg/l) and 4-ethoxy-2-pentanone
(7.5 mg/l). Tuttas and Beye (1977) found 2-butanone and 2-heptanone at concentrations of
10 mg/l ethanol in kirsch.

(iv) Unsaturated monoketones
ln an investigation of flavour constituents in Japanese whisky, Nishimura and Masuda

(1984) identified three unsaturated ketones - tri-6-decen-2-one, penta-6-decen-2-one and
hepta-6-decen-2-one. The unsaturated ketones 3-penten-2-one (Liebich et al., 1970) and
(E)-6-nonen-2-one (ter Heide et al., 1981) have been identified in rum. Schreier et al. (1978)
detected 0.05 mg/l 6-methyl-5-hepten-2-one in raw apple brandy. The unsaturated ketones
(E)-3-penten-2-one, (E)-3-nonen-2-one, 6-methyl-5-hepten-2-one, (E)- and (Z)-6-methyl-
hepta-3,5-diene-2-one, (E)-2-nonen-4-one and (E)-2-undecen-4-one have been found in
cognac (ter Heide et al., 1978).

(v) Diketones

The butterscotch odour of2,3-butanedione can be recognized at very low concentrations.
Diketones are marked flavour compounds in a1coholIc beverages, many of which contain
2,3-butanedione and 2,3-pentanedione in detectable amounts (Nykãnen & Suomalainen,
1983). 2,3-Butanedione (C(0.01-4.4 mg/l) and 2,3-pentanedione (C(0.003-O.57 mgll) have
been found in whisky, vodka, brandy and rum (Leppãnen et al., 1979).

(vi) Aromatic aldehydes
The simplest aromatic aldehyde, benzaldehyde, can be found in many distiled bever-

ages. It has been detected in large amounts in brandies produced from stone fruits (Nykãnen
& Suomalainen, 1983). According to Bandion et al. (1976), the benzaldehyde content of
cherry brandies is 33-75 mgll; the highest amount, 129 mg/l, was found in an apricot
brandy.

The appearance of aromatic aldehydes in spirits matured in wooden casks is associated
with the degradation of wood lIgnin. During the maturation of whisky distilates, the
amounts of aromatic aldehydes liberated depend on the type of cask; a1coholysis of lIgnin
and extraction of the compounds with spirit give different yields when new or old charred or
uncharred casks are used. It has been suggested that aromatic aldehydes produced in the free
form by charring are extracted diiectly by the spirits. Moreover, ethanol reacts with lignin to
form ethanol lignin, some of which breaks down to yield coniferyl and sinapic a1cohols,
which can then be oxidized into coniferaldehyde (4-hydroxy-3-methoxycinnamaIdehyde)
and sinapaldehyde (3,5-dimethoxy-4-hydroxycinnamaldehyde). Aldehydes with a double
bond in the side chain, such as coniferaldehyde and sinapaldehyde, are further oxidized to
yield vanilin (4-hydroxy-3-methoxybenzaldehyde) and syringaldehyde (3,5-dimethoxy-4-
hydroxybenzaldehyde; Baldwin et al., 1967; Baldwin & Andreasen, 1974; Reazin et al.,
1976; Nishimura et al., 1983; Reazin, 1983). Concentrations ofvanilln and syringaldehyde
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Table 35. Content (mg/l) of vanillin and syringaldehyde in sorne brands
f . 't ao spiri s

Beverage Vanillin Syringaldehyde

Scotch whisky
other whiskies
Cognac and armagnac
Brandy
Rum

0.31-2.06
0.04-5.96
0.25-1. 85

0.17-1.16
ND-3.17

0.67-4.04
ND-10.2
0.41-3.75
0.18-2.54
ND-8.73

aFrom Lehtonen (1983); ND, not detected

in different commercial brands of distilled beverages are given in Table 35. Coniferaldehyde
and sinapaldehyde were found in whisky and cognac, whereas salicylaldehyde was found
only in whisky (Lehtonen, 1984).

(b) Alcohols

Some spirits, such as vodka, contain few flavour compounds and consist essentialIy of
ethanol and water. ln contrast, whiskies, cognacs, brandies and rums frequently contain
large numbers of different volatile compounds.

(i) Methanol
Methanol is not a by-product of yeast fermentation but originates from pectins in the

must and juice when grapes and fruits are macerated. ln general, the methanol content of
commercial a1coholic beverages is fairly smalI, except in those produced from grapes in
prolonged contact with pectinesterase and in some brandies produced from stone fruits,
such as cherries and plums. Apricot brandies have been found to contain up to 10 810 mg,
plum brandies, up to 8850 mg, and cherry brandies, up to 5290 mg methanol/ 1 pure a1cohoL.

Cognac and grape brandies contain 103-835 mg/land Scotch whisky 80-260 mg/ 1 methanol

(Nykänen & Suomalainen, 1983).

(ii) Higher alcohols
Higher alcohols and fusel alcohols (1 -propanol, 2-methylpropanol, 2-methylbutanol,

3-methylbutanol and phenylethyl alcohol) are formed in biochemical reactions by yeast on
amino acids and carbohydrates. The amounts in different beverages vary considerably.
Scotch whisky has been reported to contain I-propanol (70-255 mg/l), 2-methyl-l-propanol
(170-410 mg/l), 2-methyl-l-butanol (74-124 mg/l) and 3-methyl-1-butanol (215-352 mg/l).

Irish whiskey, Canadian whisky and Japanese whisky do not differ considerably from
Scotch whiskies in concentrations of fuse! a1cohols, whereas American bourbon whiskeys
can contain up to 1390 mg/l 2-methyl-l-butanol and up to 1465 mg/l 3-methyl-l-butanoL.
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Brandies and cognacs contain slightly more fuse! alcohols than Scotch whiskies: I-propanol
(53-895 mgll), 2-methyl-l-propanol (7-688 mg/l), 2-methyl-l-butanol (21-396 mg/l) and

3-methyl-l-butanol (98-2108 mg/l). The total amounts of fusel alcohols in rums correlate
with the total congener content. Exceptionally high values have been reported for I-pro-
panol in some heavily flavoured Jamaican rums, in which the concentration of congeners
was more than 9000 mg/l pure alcohol; the I-propanol content ranged from
23840 to 31 300 mg/l pure a1cohol (Horak et aL., 1974a,b; Mesley et al., 1975; Nykänen &
Suomalainen, 1983).

The rose-like odour of phenethyl a1cohol can be recognized in some whiskies, which
usually contain 1-30 mgll (ter Heide, 1986). ln brandies and rums, the concentration is
much lower. A very high content, 131 mg/ l, was found in an American bourbon whiskey
(Kahn & Conner, 1972).

A number of long-chain alcohols, up to C1S, have been found in distiled a1coholIc
beverages, but the concentrations are very small (Nykänen & Suomalainen, 1983).

(c) Acids

(i) Aliphatic acids
AlI the straight-chain monocarboxylIc acids from Ci to C1S and a large number of

branched-chain acids have been identified in distiled alcoholIc beverages (ter Heide, 1986);
most are produced by yeast during fermentation. Recently, the presence of formic acid in
cognac and rum has been confirmed, and it is one of the major acids in whisky (ter Heide,
1984, 1986). Saturated CrC1s straight-chain acids predominate, and acetic acid is generally
the main component (ter Heide, 1986). Its relative proportion in Scotch whiskies is
approximately 50% of total volatile acids, and that in other whiskies, 60-95%; cognacs and
rums contain quantities ofacetic acid amounting to 50-75% and 75-90% of the total volatile
acids, respectively (Nykänen et al., 1968).

The second largest acid component in distiled beverages is decanoic acid, followed by
octanoic acid and dodecanoic acid or lauric acid. The concentration of palmitic acid and
(Z)-hexadec-9-enoic acid (palmitoleic acid) is relatively high in Scotch whisky in particular.
Of the short-chain acids, propionic, 2-methylpropionic, butyric, 3-methylbutyric and

pentanoic acids are present in abundance. The concentrations of short-chain acids in rums
were: acetic acid (4.5-11.7 mg/l), propionic acid (0.5-4.2 mg/l), butyric acid (0.4-2.6 mg/l),

2-ethyl-3-methylbutyric acid (0.1-2.2 mg/l) and hexanoic acid (0.3-1.3 mg/l; Nykänen &
Nykänen, 1983); West Indian and Martinique rums contained 2-propenoic acid (0.1-0.2
mg/l) and dark rums, trans-2-butenoic acid, among others (ter Heide, 1986).

(ii) Aromatic acids
Small amounts of aromatic acids can be found in distiled alcoholic beverages (N ykänen

& Suomalainen, 1983). Most are phenolic acids and probably originate in wooden casks
used for maturation. ln investigations of the nonvolatile compounds liberated by alcohol
from oak chips, Nykãnen, L. (1984) and Nykänen et aL. (1984) found benzoic acid,
phenylacetic acid, cinnamic acid, 2-hydroxybenzoic acid and benzenetricarboxylIc acid in
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extracts. 3-Phenylpropanoic acid, salicylic acid and homovanillc acid (( 4-hydroxy-3-
methoxyphenyl)acetic acid) were identified in dark rum, and 4-hydroxybenzoic acid was
identified in cognac matured for 50 years. ln addition, coumaric acid (4-hydroxycinnamic
acid) has been found in whisky, and galIic acid (3,4,5-trihydroxybenzoic acid), vanillc acid

(4-hydroxy-3-methoxybenzoic acid), syringic acid (3,5-dimethoxy-4-hydroxybenzoic acid)
and ferulic acid (4-hydroxy-3-methoxycinnamic acid) in rum (ter Heide, 1986). A prolonged
maturation may increase the content of sorne aromatic acids, although, in armagnac,
concentrations of cinnamic acid, benzoic acid, syringic acid, vanilIic acid, ferulic acid,
4-hydroxybenzoic acid and 4-hydroxycinnamic acid reached their highest values after 15
years; in 30-year-old armagnac, the total amounts of these acids had decreased to approxi-
mately 30% of the maximal value (Puech, 1978).

(d) Esters

(i) Esters of aliphatic acids

Numerically, the largest group of flavour compounds in whisky, cognac and rum
consists of esters (Nykänen & Suomalainen, 1983; ter Heide, 1986), most ofwhich are ethyl
esters of monocarboxylic acids. The straight-chain ethyl esters from Ci up to Cl8 acids, and
some ethyl esters of branched-chain acids, are present in whisky, cognac and heavily
flavoured rum. The number of esters increases further by esterification of acids with fusel
alcohols and with long-chain fatty alcohols as welI as by the appearance of aromatic esters
formed during maturation.

The total ester content varies widely in strong spirits. Esters have been found in aged
Scotch malt whiskies (360 mg/ 1), in Scotch whiskies (550 mg/l), Irish whiskeys (10 10 mg/ 1),
Canadian whiskies (645 mg/l) and American whiskeys (269-785 mg/ 1). The ester contents of
rums (44-643 mg/I) and brandies (300-6000 mg/l) are similar (Schoeneman et al., 1971;
Schoeneman & Dyer, 1973; Reazin et al., 1976; Reinhard, 1977; Nykänen & Suomalainen,
1983).

Ethyl formate is a common component of spirits. Hs concentration varies between 4 and
27 mg/lin whiskies and 13 and 33 mg/lin cognacs (CarrolI, 1970; N ykänen & S uomalainen,
1983). Postel et aL. (1975) reported 5-35 mg ethyl formate/l in rums. Ethyl acetate is
quantitatively the most important component of the ester fraction, usualIy accounting for
over 50%. Many short-chain esters, such as isobutyl acetate, ethyl isobutyrate, ethyl
n-butyrate, ethyl isovalerate, 2-methylbutyl acetate and 3-methylbutyl acetate, have fairly
strong odours; therefore, their occurrence in whisky, cognac and rum has been investigated
extensively (Nykänen & Suomalainen, 1983).

ln whisky, the concentrations of long-chain carboxylic acid esters increase from ethyl
hexanoate up to ethyl decanoate and then decrease, so that CI8 ethyl esters are usualIy the
last components to be detected. ln Scotch whisky, the ethyl esters of hexadec-9-enoic acid
and hexadecanoic acid frequently occur in nearly equal amounts. ln cognac, brandy and
rum, the concentrations of the ethyl esters of C14-C18 acids, and particularly of ethyl

hexadec-9-enoate, are smaller than those in whisky (Suomalainen & Nykänen, 1970;
ter Heide, 1986).
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(ii) Esters of aromatic acids
The aromatic acids that occur in whisky, cognac and rum are also present as ethyl esters,

although in very smalI amounts (Nykänen & Suomalainen, 1983). Higher amounts of ethyl
benzoate have been found in plum brandies (ter Heide, 1986). Postel et al. (1975) round 8 mg
ethyl benzoate /1 a1cohol in plum brandy, 10 mg/lin mirabelIe brandy and 6 mg/lin kirsch.
Beaud and Ramuz (1978) found 15-18 and 12-13 mg ethyl benzoate/ 1 a1cohol in kirsch and
MorelIo cherry brandy, respectively. Schreier et al. (1978) reported that apple brandy
contains 0.32 mg/l ethyl benzoate. Minor amounts of ethyl phenylacetate have been
detected in cognac, German and French brandies and apple brandy (Schreier et al., 1978,
1979).

(e) Phenolic compounds
Minor amounts of phenols, probably originating from raw materials, have been found in

spirits. The phenolic compounds determined in whisky by Nishimura and Masuda (1971)
and by Lehtonen and Suomalainen (1979) are listed in Table 36.

Table 36. Content (mg/l) of phenols in commercial whiskies

compound Malt
whiskya

Blended
Scotch
whiskya

scotchb
whisky

Japanege
whisky

Phenol
ortho-Cresol
meta-cresol
para-Cresol
2-Methoxyphenol (Guaiacol)
2,6-Xylenol
2-Ethylphenol
4-Ethylphenol
2-Methoxy-4-methylphenol
2-Methoxy-6-methylphenol
2-Methoxy-4-ethylpheno 1

2-Methoxy-4-ally lphenol
(Eugenol)

0.1
0.075
0.030
0.050
0.090
ND

ND

0.070
ND

ND

0.100
0.050

0.19
0.075
0.035
0.050
0.120
ND

ND

0.040
ND

ND

0.030
0.100

0.003
0.015
ND

0.009
0.012
0.001
0.002
0.009
0.005
ND

0.035
0.032

0.012
0.013
ND

0.010
0.006
ND

0.002
0.002
traces
traces
0.002
0.011

~From Lehtonen and Suomalainen (1979)
From Nishimura and Masuda (1971)

ND, not detected

The phenolic compounds found in cognac are 2-methoxy-4-ethylphenol (0.29 mg/1),
2-methoxy-4-alIylphenol (0.14 mg/1), phenol (0.03 mg/1), 4-ethylphenol (0.03 mg/l) and
2-methoxyphenol (0.03 mg/l). ln addition, ortho-cresol, meta-cresol and para-cresol were
detected as trace components. ln a commercial dark Martinique rum, 4-ethylphenol (1.8
mg/ 1), 2-methoxy-4-ethylphenol (1.1 mg/l), 2-methoxy-4-alIylphenol (0.8 mg/ 1), 2-methoxy-
phenol (0.7 mg/l), phenol (0.2 mg/ 1), para-cresol (0.08 mg/ 1), .ortho-cresol (0.06 mg/l) and
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meta-cresol (0.04 mgjl) were found (Jounela-Eriksson & Lehtonen, 1981). Schreier et al.
(1979) reported the occurrence of 4-ethylphenol and 2-methoxy-4-ethylphenol in grape
brandy.

Tannins are present in spirits matured in wooden caskes. Brandies were reported to
contain epicatechin, galIocatechin, catechin, flavonones and a number of other phenolic
compounds (Marché et al., 1975). The concentration of tannins in brandy aged for four to
ten years in oak barrels ranged between 240 and 1I20 mgjl (Guymon & Crowell, 1972).
Bourbon whiskeys matured in charred barrels for up to 12 years contained 230-670 mgll
tannins (Baldwin & Andreasen, 1974).

3.5 Additives and contaminants

(a) Flavouring additives

Hops and hop extracts are used by breweries to improve the flavour of beers. The
presence of nonvolatIle, bitter and other substances - hop acids and volatile terpenes - in

hops has been reviewed (Verzele, 1986) and the chemical composition of hops is summarized
in Table 37.

Table 37. Chemical composition of hopsa

Compound Amount ( % )

cx-Acids
ß-Adds
Essential oil
Polyphenols
ail and fatty acids
Protein
Cellulose
Water
Pectins
Salts (ash)

2-12
1-10
0.5-1.5
2-5
traces-25
15
40-50
8-12
2

10

aFrom Verzele (1986)

Various plant extracts and essential oIls are used in the manufacture of alcoholIc
beverages, in addition to synthetic products, to flavour liqueurs, aperitif beverages lIke
vermouth and some vodkas. For instance, the strongly flavoured Russian vodka subrowka
contains a blade of sweet, or holy, grass (Hierochloe odorata), beloved of the European
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bison, from which colouring matter and flavouring compounds are extracted by alcohol
during storage. Many terpenic compounds, a number of ketones, alcohols, aldehydes,
esters, lactones, phenols and phenol ethers, and acids have been identified as the flavour
components of H. odorata. The principal compone nt of the grass is coumarin, which
represents about 60% of the total content of the volatile compounds (Nykänen, 1., 1984).

Anethole, which has a strong aniseed-lIke odour, is another natural substance encountered
in many beverages, and particularly in lIqueurs. Natural aneth ole is obtained from plant
materials, but it is also produced synthetically. A large number of other natural and
synthetic flavourings with the same odour are used (Liddle & Bossard, 1984, 1985).

(b) Other additives

Preservatives are often added to beers and wines to prevent the activity of bacteria and
moulds. ln the UK, breweries are permitted to use sulphur dioxide as an antibacterial and
antioxidant agent at a statutory limit of70 mg/L. Many yeasts can form small quantities of
sulphur (lioxide during fermentation. However, the sulphur dioxide formed in beers is
bound to naturally occurring compounds, and only small amounts can be detected. The
sulphur dioxide content of German, Belgian and Dutch beers varies from none to 2.3 mg/l
as free sulphur dioxide and from 0.8 to 2.4 mg/las total sulphur dioxide (Nykänen &
Suomalainen, 1983).

Sulphur dioxide is also one of the most important additives in wine making. It is added
in aqueous solution or as potassium metabisulphite water solution; most is bound to
aldehydes (Ough, 1987), pigments and polyphenols. ln many countries, the permitted
amount of free sulphur dioxide in commercial wines is 35-100 mg/l; the concentrations
reported depend on the analytical method used. Most wines contain similar amounts of
total sulphur dioxide (:;100 mg/l; Nykänen & Suomalainen, 1983). Sulphur dioxide reacts
slowly with free oxygen in wine and is therefore a poor antioxidant, unless it is added to wine
at much higher leve1s than those generally accepted for inhibiting bacterial activity.
Addition of ascorbic acid to wine just before bottling maintains a moderate level of sulphur
dioxide. ln the presence of oxygen, ascorbic acid reacts rapidly to yield hydrogen peroxide
and dehydroascorbic acid. Sulphur dioxide then reacts with hydrogen peroxide to form
sulphate ions (Ough, 1987).

The use of sorbic acid (hexa-2,4-dienoic acid) is permitted to protect wine against the
activity of bacteria and moulds. At concentrations of 180-200 mg/ i, it inhibits yeast growth
but does not affect bacteria. Certain genera of malolactic bacteria convert sorbic acid to
2-ethoxy-3,5-hexadiene (Ough, 1987).

A number of spirits contain added colouring agents on which little data have been
publIshed. Sunset yellow FCF (FD & C yellow 6; see IARC, 1975, 1987a) has been reported
to be present in cocktails and lIqueurs (Anon., 1987).

(c) Trace elements

Most of the pub1ished lIterature on trace elements in alcoholic beverages concerns wine.
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Concentrations of trace elements found in wines and some other alcoholic beverages are
presented in Table 38.

Table 38. Content (mg/l) of trace elements in sorne alcoholic beveragesa

Trace element Light Whi te Red Whisky
beer wine wine

Calcium 20-50 80-110 34-140 11-17
Chloride 20-80 18-390
Cobalt 0-0.012 0-0.012
Copper 0.2-0.5 0.4-1.0
Fluoride o . 2-0 . 5 0.06-0.40
Iodide 0.1-0.6 0.1-0.6
Iron 4-10
Magnesium 60-150 65- 11 0 1.9-2.8
Manganese 0-3.0 0-2
Phosphorus 250-300 100-200 150-400
Potassium 320-440 660-920 750-1160 26-30
Sodi um 20-60 5-40 10-140 1-3
Zinc 0.1-0.2 1. 0-3 . 4 1-3

a
(1984 )From Hoofdproduktschap voor Akkerbouwprodukten

Trace elements from grapes are transferred during crushing into the must and eventually
into wine (Eschnauer, 1982). The total concentration of mineraI constituents in wine may be
as high as 1000 mg/l and more (Eschnauer, 1967). The main trace elements are potassium,
magnesium, calcium and sodium (see Table 38), but iron, copper, manganese and zinc are
also present. ln most wines, the iron content varies from 1 to 5 mg/land copper from 0.1 to
1 mg/1.

A concentration of 0.0002-0.003 mg/l cadmium has been reported in European wines,
the majority of 1evels being in the range 0.0002-0.0015 mgll (Golimowski et al., 1979a,b).
The natural lead content of German wines has been reported to be 0.01-0.03 mg/ l, and the
average chromium content is 0.065 mg/LIt has been suggested that in younger wines the
chromium content may be slIghtly higher (0.18 mg/!) than in old wines because they are
more frequently in contact with stainless steel (Eschnauer, 1982). Interesse et aL. (1984)
determined 14 trace elements in 51 southern ItalIan wines; the chromium content was found
to range from 0.01 to 0.81 mg/l and that of nickel from .cO.01 to 0.09 mg/1.

ln the 1960s, an epidemic of cardiomyopathy in Québec was seen after the introduction
of cobalt to enhance the 'head of foam on commercially produced beer (Morin & Daniel,
1967; Milon et al., 1968; Dölle, 1969).
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(d) Contaminants

For the purposes of this section of the monograph, the term 'contaminants' refers to
those minor constituents sometimes present in a1coholIc beverages which are not essential to
the flavour and properties of the product. Some of these contaminants have known
toxicological and, in some cases, carcinogenic effects.

(i) N-Nitrosamines
The occurrence of nitrosamines (see IARC, 1978) in a1coholic beverages has been well

established in many investigations despite analytical difficulties (McGlashan et aL., 1968,
1970; Collis et al., 1971; Bassir & Maduagwu, 1978). Reviews on the chemistry of formation
of nitrosamines, with special reference to malting, are available, which report that the most
important source of N-nitrosodimethylamine (NDMA) in beer is malt kilning by reactions
involving nitrogen oxides (Wainwright, 1986a,b); a number of other kilning practices have
been tested to reduce the quantities of N-nitrosamines in malt. The mechanism of 

formation
suggests that small amounts of ND MA may occur in whisky (Klein, 1981). The concen-
trations found in various a1coholic beverages are given in Table 39. Leppänen and
Ronkainen (1982) reported NDMA levels in Scotch whisky of 

0.6-1. 1 p,gjl, an average of 0.3

p,gjl in Irish whisky, of ':0.1 p,gjl in Bourbon whiskey and ':0.05-1.7 p,gjl in beer. Of 158
samples of beer, 70% were found to contain ND MA; the mean concentration in alI samples
was 2.7 p,gj 1; the highest value, 68 p,gj l, was found in a so-calIed 'Rauchbier' which is made
from smoked malt to give a smokey taste (Spiegelhalder et al., 1979).

Other nitrosamines that have been identified in beer include N-nitrosopyrrolIdine
(Klein, 1981) and N-nitrosoproline (Massey et al., 1982).

Table 39. Average amounts of ~-nitrosamines in alcoholic beveragesa

Beer

No. of NDMA NDEA NDPA

samples (pg/l) (pg/l ) (pg/l)

120 (0.05-10 (0.05-2 (0.05-2.6
21 (0.05-1.8 (0.05-2.2 (0.05-1.1

9 (0.05-2.2 (0.05-4.8 ND

8 (0.05-0.7 (0.05-0.4 (0.05-0.4
8 (0.05-0.3 (0.05-0.2 (0.05-0.2

12 (0.05-1.6 (0.05-0.15 (0.05-0.3

33 ( 0 . 05-0 . 6 0.3 (one ND

sample)
40 (0.05-8.6 (0 . 05-0 . 8 ND

Beverage

cider distillate
cider b
Whi te alcohol
Whisky
Rum
Cognac and armagnac
Wine

aFrom Klein (1981); NDM, N-ni trosodimethylamine; NDEA, N-ni troso-
diethylamine; NDPA, ~-ni trõsodipropylamine; ND, not detectedb f 't 'From rui or grains
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(ii) Mycotoxins
A wide variety of moulds is found on grapes; Aspergilusj7avus may be among them, and

hence aflatoxins may occur exceptionally in wines. ln an investigation by Schuller et al.
(1967), aflatoxin Bi was found to be present in two (Ruländer 1964 and Gewürztraminer
1964) of33 German wines analysed at amounts of~1 ¡.g/1. Lehtonen (1973) investigated the
occurrence of aflatoxins in 22 wines from different countries by a thin-layer chromato-
graphic method and reported ~ 1 ¡.g/l in Il samples and 1.2-2.6 ¡.g/l in five samples; six
sam pIes were aflatoxin-free. Takahashi (1974) increased the sensitivity of the method and
was able to determine aflatoxins B¡, Bi, Gi and Gi at concentrations of 0.25 ¡.g/l wine;
aflatoxins were not determined in Il samples of French red wine, Spanish sherry, madeira
and port wine. French wines and German wines investigated using improved methods have
also been found to be free of aflatoxins (Drawert & Barton, 1973, 1974; Lemperle et aL.,

1975).

Aflatoxins were found by Peers and LinselI (1973) in 16 of 304 Kenyan beer samples at
concentrations of 1 -2.5 ¡.g/1. The probable source was rejected maize, which is often used in
the production of local beers. ln a study in the Philppines, 47% of 55 sam pIes of
(unspecified) alcoholic beverages contained aflatoxins at an average concentration of 1.9
¡.g/l (Bulatao':Jayme et aL., 1982).

Two other mycotoxins, ochratoxin A (see IARC, 1983a, 1987a) and zearalenone (see
IARC, 1983a), have been found in beer madefrom contaminated barley. Krogh et al. (1974)
reported that the malting process degraded ochratoxin A in moderately contaminated (830
¡.g/ kg and 420 ¡.g/ kg) barley lots; however, smalI amounts of ochratoxin A (11 ¡.g/l and 20
¡.g/l) were left in beer produced from heavily contaminated barley (2060 ¡.g/ kg and 27 500
¡.g/ kg). Commercial and home-made Zambian beer brewed from maize contained zearale-
none at concentrations ranging from no detectable amount to 2470 ¡.g/ 1. The concentration
of zearalenone in 12% of 140 beer samples in Lesotho was 300-2000 ¡.g/l (Food and
Agricultural Organization, 1979).

(iii) Ethyl carbamate (urethane)
Urethane (see IARC, 1974, 1987a) is formed by the reaction of carbamyl phosphate with

ethanol (Ough, 1976a, 1984) and is, therefore, present in most fermented beverages. Ough
(1976b, 1984) found urethane in commercial ales (0.5-4 25g/1), in saké (0.1-0.6 mg/1) and in
some experimental (0.6-4.3 ¡.g/ l) and commercial wines (0.3-5.4 ¡.g/l).

Numerous samples of distiled a1coholIc beverages have been analysed for their urethane
content, probably because of the high amounts found in stone fruit brandies. Christoph et
al. (1986) reported urethane in Yugoslavian plum brandy (1.2-7 mg/l), in Hungarianapricot
brandy (0.3-1.5 mg/l), in various plum brandies (0.4- 1 0 mg/1), in kirsch (2-7 mg/l), in fruit
brandy (0.1-5 mg/l), in Scotch, American bourbon, Canadian and Irish whiskies (0.03-0.3
mg/ 1) and in cognac and armagnac (0.2-0.6 mg/ 1). Urethane contents of alcoholic beverages
reported by Mildau et al. (1987) are given in Table 40. Adam and Postel (1987) reported the
folIowing average urethane contents in some fruit brandies: kirsch (1.8 mg/ 1), plum brandy
(1.7 mg/l), mirabelle plum brandy (4.3 mg/l), Wiliams pear brandy (0.18 mg/l), apple
brandy (0.5 mg/l), Jerusalem artichoke brandy (0.7 mg/l) and tequila (0.1 mg/l).
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Table 40. Content (mg/l) of urethane in sorne alcoholic beveragesa

Beverage ContentNurner of
samples

Kirsch
Plum brandy
Mirabelle plum brandy
stone fruit brandy
Grain spirit
Wine distillate
Cognac
Rum
Whisky
Liqueur
Sherry
Whi te wine

Red wine

67
27

8
2
L

2
L

4
2

9
5

10
7

o . 2-5 . 5
0.1-7.0
0.2-2.3
o . 2-0 . 3
ND

ND-0.05
0.04
ND-0.06
0.04-0.08
ND-0.16
0.02-0.07
ND0.02
ND0.05

aFrom Mildau et al. (1987); ND, not detected ((0.01 mg/l)

(iv) Asbestos
Asbestos (see IARC, 1977a, 1987a) fibres have been identified in some alcoholIc

beverages, possibly arising from the fiters used for clarifying beverages, from water used
during the production processes and from asbestos-cement water pipes. Biles and Emerson
(1968) detected fibres of chrysotile asbestos in British beers by electron microscopy followed
by electron diffraction examination. Cunningham and Pontefract (1971) found asbestos
fibres in Canadian and US beers (1.1-6.6 milion fibres/l), in South African, Spanish and
Canadian sherries (2.0-4.1 millon fibres/ l), in Canadian port (2.1 milion fibres/l), in
French and ItalIan vermouth (1.8 and 11.7 millonfibres/l), and in European and Canadian
wine (concentrations not reported). The asbestos fibres in Canadian beer and sherry were
identified as chrysotile, while some of the European samples contained amphibole asbestos.
Fibres of chrysotile asbestos were also found by electron microscopy in three of nine
samples of US gin (estimated maximal concentrations, 13-24 milion fibres/l; Wehman &
Plantho1t, 1974).

ln some European countries, the use of asbestos to fiter alimentary fluids has been
prohibited (e.g., Ministère de l'Agriculture, 1980).

(v) Arsenic compounds, pesticides and adulterants
The use of arsenic-containing fungicides in vineyards may lead to elevated levels of

arsenic in grapes and wines (see IARC, 1980, 1987a). CrecelIus (1977) analysed 19 samples
of red and white wines and found arsenite (As+3) at ':0.00 1-0.42 mg/land arsenate (As+S) at
O.OOI-O.11 mg/L. Four samples were further analysed for total arsenic content by X-ray
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fluorescence (diffractometry), which confirmed these results. A review of older studies by
Noble et al. (1976) reported concentrations ranging from 0.02 to 0.11 mg/lin nine US wines.

Aguilar et al. (1987) have investigated the occurrence of arsenic in Spanish wines. They
found that crushing, pressing, cloud removal and yeast removal after fermentation and
finally clarification and ageing markedly reduced the arsenic content of wine. Arsenic
contamination of German wines has been reported to have decreased since 1940, levelling
out at 0.009 mg/lin wines after 1970. The natural arsenic content has been assumed to be
0.003 mg/l, with earlier arsenic contents reaching the level of 1.0 mgjl due to use of
arsenic-containing pesticides and insecticides (Eschnauer, 1982).

The fungicides used in vineyards include zineb (see IARC, 1976a, 1987a), maneb (see
IARC, 1976a, 1987a), mancozeb, nabam, metalaxyl, furalaxyl, benalaxyl, cymoxanil,
triadimefon, dichlofluanid, captan (see IARC, 1983b, 1987a), captafol, folpet, benomyl,
carbendazim, thiophanate, methyl thiophanate, iprodione, procymidone, vinc1ozolin,
chlozolinate (Cabras et al., 1987) and simazine (Anon., 1980). Residues of metalaxyl,
carbendazim, vinclozolin, iprodione and procymidone may be found in wine. ln addition,
ethylenethiourea (see IARC, 1974, 1987a), an impurity and a degradation product of
ethylene bisdithiocarbamates (zineb, maneb, mancozeb, nabam), has been reported to be
present at trace levels in wine (Cabras et al., 1987). Hiramatsu and Furutani (1978) reported
that the concentrations of trichlorfon and its metabolite, dichlorvos (see IARC, 1979b,
1987a), are higher in wine than in berries, indicating that they may be accumulated in wine.

Fungicides that are prohibited in most European countries, Australia and the USA but
may be used in other countries inc1ude diethyl dicarbonate, dimethyl dicarbonate,
pimaricin, 5-nitrofurylacrylic acid and n-alkyl esters of 4-hydroxybel1zoate (Ough, 1987).

Occasionally, ilegal additives, which may be very toxic and which are not permitted for
use in commercial production in most countries, have been identified in alcoholIc beverages.
These inc1ude methanol, diethylene glycol (used as a sweetener), chloroacetic acid or its
bromine analogue, sodium azide and salicylic acid, used as fungicides or bactericides (Ough,
1987).





4. BIOLOGieAL DATA RELEVANT TO THE EVALUATION
OF CARelNOGENie RISK TO HUMANS

Imbalances in calorie and micronutrient intake are known to influence the incidence of
spontaneous and experimentalIy induced tumours and most aspects of reproduction. ln
experiments evaluated in this section on the carcinogenicity and reproductive effects of
ethanol in animaIs, including the modifying effects of ethanol, the controls and treated
groups were not always maintained on isocaloric diets and no experiment involved iso-
nutrient diets.

Some of the minor components of a1coholic beverages have carcinogenic, mutagenic
and teratogenic activity; however, only studies referring to ethanol and a1coholic beverages
are covered in this monograph.

U nless otherwise mentioned, the purity of the ethanol used in the carcinogenicity

experiments described below was not specified. Similarly, when ethanol was given as a
percentage in drinking-water, unless mentioned, it was not specified whether the percentage
was calculated on a weight or volume basis.

4.1 earcinogenicity studies in animais

(a) Ethanol and alcoholic beverages

The W orking Group was aware of some early studies in which ethanol was administered
to mice (Krebs, 1928; Ketcham et al., 1963; Horie et al., 1965) and to hamsters (Elzay, 1966;
Henefer, 1966; Elzay, 1969; Freedman & Schklar, 1978) using various protocols, but these
were found to be inadequate for evaluation.

(i) Oral administration
Mouse: A group of 108 male and 42 female CFI mice, 75-120 days old, was given 43%

ethanol in water as the drinking fluid intermittently (five days a week; Horie et al., 1965) for
periods ofup to 1020 days. Agroup of44 male CFI mice, 65 days old, wasgiven 14%ethano1
similarly for up to 735 days. Two mice given 43% ethanol developed papilomas of the
forestomach; a few other tumours, malignant lymphomas (four) and lung adenomas (three)
were also found in the high-dose group. A further group of 100 male ddN mice, 130 days old,
was given 19.5% as the drinking fluid intermittently for a maximum of 664 days; one mouse

-101-
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developed a papiloma of the forestomach. Groups of 42-69 male or female CF1 mice,
65-120 days old, were given Japanese whisky, Scotch whisky or saké as the drinking fluid
intermittently for periods of up to 978 days. Three mice treated with Japanese whisky
developed malignant lymphomas; one mouse treated with Scotch whisky developed a
forestomach papilIoma; and three malignant lymphomas and one forestomach papilloma
were observed in the group treated with saké. A further group of 100 male ddN mice, 130
days old, was given sherry as the drinking fluid for periods ofup to 536 days; papilomas of
the forestomach were found in three mice (Kuratsune et aL., 1971). (The Working Group
noted the absence of untreated control groups and the inadequate reporting of the data,
such as survival rates.)

A group of 15 female C3H/ St mice, 20-35 days old, received 12% ethanol (v / v) in water
as the drinking fluid for 80 weeks. A control group of 30 females was maintained on
deionized water. Mammary tumours developed between six and 1 1 months of age in 8/ 11
(73%) mice in the ethanol-treated group and between 12 and 16 months of age in 22/27
(82%) control mice. The tumour incidence in ethanol-treated mice was not statistically
different from that in controls, but the shorter median time to tumour appearance in the
ethanol-treated group (eight months versus 14.2 months ofage) was significant (p 

0: 0.001;
Schrauzer et al., 1979). (The W or king Group noted the small number of animaIs used and
the absence of histopathological examination of the tumours.)

A group of 16 female C3H/St weanling mice received decarbonated lIght beer (6%
ethanol v/v) as the drinking fluid for life after weaning. A control group of 16 mice was
maintained on deionized water. The incidence of'mammary adenocarcinomas' (58.3% and
64%) and tumour latency(16.8 and 14.5 months ofage) were similar in the two groups. Both
groups reached 50% survival at about 15.5 months (Schrauzer et al., 1982). (The Working
Group noted the smalI number of animaIs and absence of histopathological examination of
the tumours.)

As part of a study on modifying effects (see pp. 105-106, 108), 36 male and 32 female
C57Bl mice, eight weeks of age, were administered 0.2 ml 40% ethanol by intragastric
intubation twice a week for 50 weeks (total dose, 20 ml). AlI 68 surviving mice were kiled at
80 weeks of age, at which time no treatment-related tumour was observed (Griciute et al.,
1981, 1982, 1984). (The Working Group noted the absence of an untreated control group
and the limited dose of ethanol administered.)

Three groups of 100 male C57Bl/ lOJ mice, 14 weeks old, were housed individually and
given 3.5-15% ethanol solution for five weeks and subsequently 3.5, 7.5 or 12% v/v ethanol
in distiled water as the drinking fluid ad libitum for their lifespan. A control group of 100
male mice received distiled water ad libitum. All groups were treated for up to 160 weeks.

No difference in survival was noted between the group fed 3.5% ethanol and the controls
(mean survival, 742 days); the longest survival time was in the group given 7.5% ethanol (792
days), and the group receiving 12% ethanol had a mean survival time of760 days. Increased
incidences ofliver sarcomas (probably lymphomas), but not ofhepatocellular carcinomas,
were observed in mice given 7.5 and 12% ethanol (13/87 and 10/72) compared with 4/79 in
the controls and 6/77 in the group given 3.5% ethanol, but not all mice were necropsied
(Schmidt et al., 1987). (The Working Group noted that many mice in each group were
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autolysed and could therefore not be used for pathological examination, and the inadequate
reporting of the histopathological findings.)

Rat: ln a study on modifying effects (see pp. 106-107),40 albino (similar to BDII) rats
(sex distribution unspecified), 10-12 weeks of age, were given a commercial brandy (38%
ethanol) ad libitum as the drinking fluid. The rats failed to gain weight during the

experiment and more than ha If had died by week 32. No liver tumour was reported in
animaIs that had died by 56 weeks or in 20 controls given tap-water (Schmähl et al., 1965).

(The Working Group noted the short duration of the study and the short survivaL.)

As part of a study on modifying effects (see pp. 107, 109), groups of 40 Sprague-Dawley
rats (sex distribution unspecified), three months old, were given 0.5 ml of 30% or 50%
ethanol (v / v) daily by gavage for life. The average lifespan of rats treated with 30% ethanol
was 500 days, and that of the group given 50% ethanol was 396 days. A group of ten rats
given 1 ml salIne oralIy served as controls. No oesophageal, stomach or hepatic tumour was
found in any ofthese groups (Gibel, 1967). (The Working Group noted the limited extent of
pathological examination.)

As part of a study on modifying effects (see p. 109), 48 Sprague-Dawley rats (sex

distribution unspecified), three months old, were given 25% ethanol as the drinking fluid
five times a week until their natural death. Another group of 48 rats was untreated and
served as controls. Mean survival was 780 and 730 days in the two groups, respectively. No
statisticalIy significant increase in tumour incidence was observed (Schmähl, 1976). (The
Working Group noted the inadequate reporting of the data.)

A group of 15 male Holtzman rats, weighing 80-100 g, was fed a synthetic diet containing
ethanol (contributing 35% of total calories; mean ethanol consumption, 5 g/ kg bw per day)
for up to 370 days. A group of 15 males served as pair-fed controls. When animaIs were
kiled at 14 months, no liver tumour was found in either the ethanol-treated or control group
(Mendenhall & Chedid, 1980). (The Working Group noted the short duration of the study,
the small group size and that pathological examination was limited to the liver.)

Groups of 20-25 male and 20-25 female Wistar rats, six weeks of age, were given 15 or
55% ethanol, 15 or 55% farm apple brandy or 15 or 40% industrial apple brandy as the
drinking fluid for up to 23 months. The higher concentrations were given on alternate days.
Groups of20 male and 20 female rats given water alone served as controls. After 23 months,
survivors (80-93% of animaIs) were kiled. No excess of tumours of any kind was found in
any of the groups (Mandard et al., 1981). (The Working Group noted that the dailyintake of
ethanol was lower at the higher concentrations.)

As part of a study on modifying effects (see p. 114),80 male Sprague-Dawley rats rage
unspecified) were given 5% ethanol (v / v) in water as thedrinking fluid for up to 30 months.
A group of 80 male rats given water alone served as controls. About 70% of animaIs in both
groups were stil alive at 18 months. Hepatocellular carcinomas were found in 8/79
ethanol-treated and in 1/80 control animaIs (p = 0.016). Hyperplastic nodules rinadequately
described) occurred in the livers of ten controls and 29 ethanol-treated animaIs. Endocrine
tumours (benign and ma1ignant) developed in 57/79 ethanol-treated animaIs (26 of the
pituitary (p = 0.0004), 14 of the adrenal, 14 of the pancreas and three of the testis) and in
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8/80 control animaIs (in the pituitary) (Radike et aL., 1981). (The W orking Group noted that
isocaloric and isonutrient intakes were not controUed in either treated or control groups.)

As part of a study on modifying effects (see pp. 109-110), groups of 26 male Fischer 344
rats, nine weeks old, were fed a liquid diet containing 6% ethanol (w/v; corresponding to
35% of the total calorie content) or control liquid diet for 26 weeks, after which they were
returned to normal laboratory diet. AU surviving rats were kiled at 98 weeks of age. No
statisticaUy significant difference in tumour incidence was found between the treated group
and controls (Castonguay et al., 1984). (The Working Group noted the short period of
exposure to ethanol.)

As part of a study on modifying effects (see p. 110), 25 male and 25 female young adult
BDVI rats were given 40% ethanol (amount unspecified) by intragastric instilation twice a
week for 78 weeks. A group of 25 males and 25 females served as untreated controls.
Average lIfespan was 98 weeks in male and 105 weeks in female treated animaIs and 107 and
113 weeks in controls; aU surviving animaIs were kiled at 120 weeks of age. No tumour that
could be related to ethanol treatment was observed in these animaIs (Griciute et al., 1986).

(The Working Group noted that the dose of ethanol administered was not specified.)
As part of a study on modifying effects (see p. 112), groups of ten male Wistar rats (age

unspecified) were given either 10% ethanol in water as the drinking fluid or water alone for
up to 40 weeks, at which time they were kiled. No tumour was found in either group
(Takahashi et al., 1986). (The Working Group noted the smaU sizes of the groups and the
short duration of the experiment.)

Hamster: Groups of 58 male and six female or seven male and three female golden
hamsters, 75 days old, were given sherry or 19.5% ethanol in water intermittent1y (on five
days per week; Horie et al., 1965) as the drinking fluid for up to 807 days. One hamster given
sherry developed a papiloma of the forestomach (Kuratsune et al., 1971). (The Working
Group noted the absence of untreated control groups, the unusual group sizes and the
inadequate reporting of the experiment.)

As part ofa study on modifying effects (see pp. 110-111),19 male outbred Syrian golden
hamsters, nine weeks of age, were maintained on a lIquid diet containing 6% (w Iv) ethanol
(35% oftotal calorie content) for a total of29 weeks, with a four-week interruption after the
first 20 weeks of the experiment. A group of 21 male hamsters served as controls. The
animaIs were foUowed for up to a total of 19 months. No statisticaUy significant difference in
tumour incidence was found (McCoy et al., 1981). (The Working Group noted the lImited
number of animaIs and the short duration of ethanol treatment.)

As part of a study on modifying effects (see p. 111), 20 male and 20 female outbred
Syrian golden hamsters, eight weeks old, were given 5% (w/v) ethanol in water as the
drinking fluid for up to 46 weeks, at which time aU surviving animaIs were kiled. No
pancreatic tumour was observed (Pour et al., 1983). (The Working Group noted the short
duration of the experiment and that histological examination was lImited to the pancreas,
common ducIand gaU-b1adder.)

As part of a study on modifying effects (see p. 111), groups of 27 male outbred Syrian
golden hamsters, nine weeks old, were given 7.4% or 18.5% ethanol in water as the drinking
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fluid for 29 weeks, after which they were given tap-water only. A group of27 male hamsters
given tap-water served as controls. AlI surviving animaIs were kiled 18 months after the
beginning of the experiment. No statistically significant difference in tumour incidence was
found (McCoy et al., 1986). (The Working Group noted the short duration of ethanol
treatment. )

(ii) Skin application
Mouse: A group of 29 female and 36 male C57Bl mice, 95-125 days old, received skin

applications of a distilation residue of a saké (33% residue in 50% ethanol) three times a
week for up to 829 days. A control group of 3 1 females and 33 males was painted on the skin
with 50% ethanol and observed for up to 830 days. A skin papiloma developed in one mouse
in the control group, but in none of the saké-treated group. A further group of 58 male CF 1
mice, about 100 days old, received skin applications of a distilation residue of a Japanese
whisky (33% residue in 50% ethanol) three times a week for up to 814 days. A control group
of 57 males received applications of 50% ethanol for up to 802 days. No skin tumour was
found in either group (Kuratsune et al., 1971). (The Working Group noted the limited
reporting of the experiment, such as on survival rates.)

(iii) Transplacental and neonatal administration
Mouse: Two groups offemale C3H mice(age not specified) were givenO.5 or 5%ethanol

(v/v) as the drinking fluid during pregnancy and their male offspring were observed for 15
months. Two additional groups were given water during pregnancy and 0.5 or 5% ethanol
for one week beginning when their pups were one week old; male offspring were followed for
15 months after weaning. ln offspring exposed to ethanol during embryogenesis, liver

tumours (diagnosed grossly and described as hepatomas) developed in 3/25 exposed to
0.5% and in1/ 10 exposed to 5% ethanoL. ln those exposed to ethanol via the milk for one
week, liver tumours developed in 5/31 exposed to 0.5% and 5/45 exposed to 5%. The
incidence of hepatomas in pooled control males was 27/62. The lower incidence of
hepatomas in male mi ce exposed to ethano1 during embryogenesis or for one week during
suckling was statisticalIy significant (p .. 0.005 for combined experiments; Kahn, 1968).
(The W orking Group noted the short duration of treatment, the absence of information on
initial group sizes and the lack of histopathological examination of the lIver tumours.)

(b) Modifying effects of ethanol on the activity of known carcinogens

(i) N-Nitrosodimethylamine (NDMA)
Groups of 31-32 female and 37-38 male C57Bl mice, eight weeks of age, received gastric

intubations of 0.03 mgNDMA inO.2 ml water(totaldose, 3 mg)' or 0.03 mgNDMAinO.2 ml
40% ethanol(total doses, 3 mg ND MA and 20 ml 40% ethanol(6.4 g 100%ethanol)) twice a
week for 50 weeks. The experiment was terminated 72 weeks after the start of treatment, at
which time all survivors were sacrificed. At that time, 25/68 mice given NDMA and 3/70
given ND MA plus ethanol were stil alive. ln animaIs given NDMA plus ethanol, 12/36
males and 12/30 females developed aesthesioneuroepitheliomas (olfactory tumours that
infitrate the frontal lobe of the brain); no such tumour was observed in animaIs given
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NDMA. No significant difference in the incidence of other tumours was observed (Griciute
et al., 1981).

A group of50 hybrid CBA X C57Bl/6 female mice, weighing 10-12 g, received NDMA
(10 mgjl) in the drinking-water; another group of 100 mice received NDMA (10 mg/l) in
combination with ethanol (6000 mgjl) in water as the drinking fluid. At nine months, all
survivors were kilIed. There was no significant difference in the incidences of liver, lung or
kidney tumours between the two groups (Litvinov et al., 1 986a). (The W orking Group noted
the short duration of the study.)

Two groups of 17 female Sprague-Dawley rats, weighing 130 g, were pair-fed for three
weeks on a nutritionally adequate liquid diet containing either ethanol (36% of total
calories) or isocalorically substituted carbohydrates (control diet) and were then maintained
on laboratory chow and tap-water ad libitum for two weeks, during the first week of which
they each received five daily intraperitoneal injections of 1.5 mg ND MA. This five-week
cycle was repeated four times (total dose of NDMA, 30 mg/ animal), after which time the
animaIs were fed laboratory chow and observed for life. Survival in the group receiving
NDMA plus ethanol was significantly longer than in the group receiving NDMA alone. The
total number oftumours, the histological type and the target organs (liver, kidney, lung and
thyroid gland; subcutaneous sarcomas) were similar in the two groups (Teschke et al., 1983).

(The W orking Group noted the limited number of animaIs used and the short duration of
exposure to ethanol.)

(ii) N-Nitrosodiethylamine (NDEA)
Groups of 38 male and 32 female C57B1 mice, eight weeks of age, received gastric

intubations of 0.03 mg/ animal NDEA in 0.2 ml tap-water(total dose, 3 mg/ animal) orO.03
mg/ animal NDEA in 0.2 ml 40% aqueous ethanol (total doses, 3 mg/ animal NDEA and 20
ml 40% ethanol (6.4 g 100% ethanol)) twice a week for 50 weeks. AnimaIs were held for a
further 28 weeks, at which time aIl survivors were sacrificed. A higher incidence of
lymphomas was observed in the group given NDEA (45/70) than in mice given NDEA plus
ethanol (21/69). The incidence of malignant oesophageal/forestomach tumours (mainly
spinocellular (squamous-celI) carcinomas) was higher in the NDEA plus ethanol group
(13/38 males, 19/31 females) than in the ND EA group (4/38 males, 3/32 females; Griciute
et al., 1984).

Groups of 100 female hybrid CBA x C57Bl/6 mice, weighing 10-12 g, received NDEA
(10 mg/l) or NDEA in combination with ethanol (6000 gjl) in the drinking-water for 12
months, at which time all survivors were kiled. The incidence of pulmonary tumours
(mainly adenomas) was 49/86 in the group that received NDEA plus ethanol as compared to
22/79 in mice treated with NDEA only (p = 0.0002). No difference in the incidences of other
tumours was observed (Litvinov et al., 1986b).

Groups of albino (similar to BDII) rats (sex distribution unspecified), 10-12 weeks of
age, received 3 mg/ kg bw NDEA in the drinking-water daily (28 rats; total dose, 700:i 71
mg/ kg bw), or 3 mg/ kg bw NDEA as well as 40 ml of a commercial brandy (38% alcohol) as
the drinking fluid (20 rats; total dose of brandy, 8100 ml/ kg bw) (exact length of surviva1
and of the experiment unspecified). Hepatocellular carcinomas developed in 28/28 animaIs
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given NDEA and in 16/20 animaIs given NDEA plus brandy (Schmähl et al., 1965). (The
Working Group noted the inadequate reporting of the experiment.)

Groups of 13-27 male and female Sprague-Dawley rats (sex distribution unspecified).
three months of age, received daily intragastric intubations of 2.5 mg/ kg bw NDEA (total
dose, 607 mg/kg bw), 2.5 mg/kg bw NDEA in 0.5 ml 30% (v/v) ethanol (total doses, 529
mg/ kg bW NDEA and 106 ml/ kg bw ethanol), 10 mg/ kg bw NDEA (total dose, 1867 mg/ kg
bw) or 10 mg/ kg bw NDEA in 0.5 ml 30% ethanol (total doses, 1806 mg/ kg bw NDEA and
90 ml/kg bw ethanol) for life (duration of the study unspecified). Mean times to tumour
appearance in these groups were 242, 211, i 86 and 180 days, respectively. The combination
of NDEA plus ethanol increased the incidence of papilomas in the oesophagus and/ or
forestomach (sites not c1early specified): 2.5 mg/ kg bw NDEA, 5/23; 2.5 mg/ kg bw NDEA
plus ethanol, 17/27; 10 mg/kg hw NDEA, 10/23; 10 mg/kgbwNDEA plus ethanol, 13/13.
ln contrast, the incidence of epidermoid carcinomas of the oesophagus and/ or forestomach
(sites not c1early specified) was increased only in the high-dose group: 10 mg/ kg bw NDEA,
3/23; 10 mg/kg bw NDEA plus ethanol, 7/13 (p = 0.013) (Gibel, 1967). (The Working
Group noted inconsistencies in the reporting.)

Two groups of90 male Sprague-Dawley rats, 14 weeks of age, received daily adminis-
trations of 0.1 mg/ kg bw ND EA in the drinking-water on five days per week for life or the
same NDEA treatment and subsequent daily administration of 5 ml 25% ethanol in water as
the drinkingf1uid on five days per week for life. Average survival times were 116 weeks in the
group receiving NDEA alone and 104 weeks in the group receiving NDEA plus ethanol; in
the latter group, 3 i animaIs died prior to the appearance ofthe first tumours. The incidence
of liver tumours (described as malignant hepatomas) was lower in the group receiving both
NDEA and ethanol (4/59; 7%) than in animaIs treated only with NDEA (36/80; 45%;
pc( 0.01). There was also a decrease in the incidence of squamous-celI carcinomas and/ or
papilomas of the oesophagus in animaIs treated with bothNDEA and ethanol (18/59; 31 %)
as compared to the NDEA-treated group (33/80; 41%; Habs & Schmähl, 1981). (The
W orking Group noted the high mortality of animaIs in the group treated with both agents
which prec1udes a meaningful evaluation of the study.)

Two groups of 19 female Sprague-Dawley rats weighing 100 g were fed semisynthetic
cholIne-deficient or choline-supplemented diets and 25% sucrose plus 32% (w/v) ethanol
(decreased to 25% during the first five days) as the drinking fluid for up to ten months. One
day prior to the start of the experiment and two months later, the rats were given an
intraperitoneal injection of 100 mg/ kg bw ND EA. Two additional groups of 12 female rats
were fed the sa me isocaloric diets without ethanol and received the two doses of NDEA. A
further group of ten rats were pair-fed a choline-deficient diet but not treated with NDEA,
and served as controls. Seven months after the initiation of the experiment, 12, 11, six, six
and four rats in the different groups, respectively, were kiled; the remaining animaIs were
kiled at the end of the tenth month. No tumour of the liver or kidney was found in any of the
rats kiled at seven months. At termination of the experiment at ten months, hepatocellular
carcinomas and renal 'adenomas' were found in 3/6 and 2/6 rats given NDEA and fed the
cholIne-deficient diet, but in none of the other groups (Porta et al., 1985). (The Working
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Group noted the short duration of the study and the small number of animaIs left after the
interim kilI.)

Male Wistar rats weighing 80-120 g received a single intraperitoneal injection of 30
mg/ kg bw NDEA, and, one week later, received either tap-water or 5% ethanol in water as
the drinking fluid, and were observed for 18 months. HepatocelIular carcinomas developed
in 2/8 animaIs given NDEA plus ethanol and in 0/18 controls (Driver & McLean, 1986).
(The Working Group noted the small number of animaIs used.)

Either tap-water or 20% ethanol plus 10% sucrose in water was given as the drinking
fluid to male Wistar rats that had been subjected to a 70% partial hepatectomy, folIowed by
an intraperitoneal injection of 10 mg/ kg bw NDEA 24 h after surgery. The group that
received ethanol plus sucrose as the drinking fluid was placed on this regimen eight weeks
after surgery and consumed an average of 110 ml/ kg bw (15.4 g/ kg bw ethanol) daily. AH
rats were kiled 40 weeks after NDEA treatment. ln five rats given NDEA alone, two
hepatoceHular nodules (adenomas) less than 2 mm in diameter were found; in ten rats given
NDEA folIowed by ethanol, 15 nodules ranging in diameter from less than 2 mm (ll
nodules) to 6 mm were found and confirmed histologicalIy (p.. 0.05; Takada et al., 1986).
(The W orking Group noted the smalI number of animaIs used and the short duration of the
study.)

(iii) N-Nitrosodi-n-propylamine (NDP A)
Groups of 38 male and 32 female C57Bl mice, eight weeks of age, received intragastric

intubations of 0.03 mg NDP Ain 0.2 ml water (total dose, 3 mg) or 0.03 mg NDP Ain 0.2 ml
40% ethanol (v/v) in water (total doses, 3 mg NDPA; 20 ml 40% ethanol (6.4 g 100%
ethanol)) twice a week for 50 weeks. At 72 weeks after the beginning of the experiment, aH
survivors were kiled. A statistically significant increase in the incidence of spinocelIular
(squamous-cell) carcinoma of the oesophagus/forestomach was observed in the group give
NDP A plus ethanol (36/70; p .. 0.00005) as compared to the group given NDP A alone
(7/70) (Griciute et al., 1982).

Groups of 70 C57Bl mice (sex distribution and age unspecified) received intragastric
instilations of a mixture of 0.01 mg NDMA plus 0.01 mg NDEA plus 0.01 mg NDPA in
40% ethanol (volume unspecified) or in water twice a week for 50 weeks. AlI surviving
animaIs were kiled after 79 weeks. Tumour incidences in the two groups were: malIgnant
forestomach/oesophageal tumours, 35/70 and 8/70; pulmonary adenomas, 55/70 and
34/70; and aesthesioneuroepitheliomas infitrating the brain, 2/70 and 0/70, respectively
(Griciute et al., 1987).

(iv) N-Nitrosomethylbenzylamine (NMBzA)
Two groups of 40 male weanling Sprague-Dawley rats were fed a zinc-deficient diet

containing 7 mg/ kg zinc and were given either deionized water or 4% ethanol in deionized
water as the drinking fluid. After four weeks, NMBzA was administered intragastrically to
both groups at a dose of 2 mg/ kg bw twice weekly for four weeks and the dietary regimes
were maintained for a further 29 weeks. Oesophageal tumours were observed in 25/33 rats
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fed the diet without ethanol as drinking fluid and in 29/34 rats fed the diet with 4% ethanol
in water as the drinking fluid (Gabrial et aL., 1982).

(v) N-Nitrosomethylphenylamine (NMPhA)
Groups of 48 Sprague-Dawley rats (se x distribution unspecified), 13 weeks of age,

received either weekly subcutaneous injections of 10.0 mg/ kg bw NMPhA for 24 weeks
(group 1); weekly subcutaneous injections of2.0 mg/ kg bw NMPhA for 39 weeks (group 2);
daily administration of 1.5 (presumably mg/ kg bw) NMPhA in the drinking-water for 22
weeks (group 3); or daily administration of 0.3 (presumably mg/kg bw) NMPhA in the
drinking-water for 29 weeks (group 4). Four other groups received the same treatments in
combination with administration of 25% ethanol (about 30 ml/ kg bw) in water five times
per week. The animaIs were observed until natural death; the mean life expectancy was 780
:l 120 days for alI treated groups. The incidences of oesophageal tumours (squamous-cell
carcinomas, transition from papiloma to carcinoma often seen) were group 1,41/48 (84%);

group 2,22/48 (46%); group 3, 42/48 (87%); and group 4,39/48 (80%); administration of
ethanol did not alter these incidences (Schmähl, 1976). (The Working Group noted
limitations in the experimental design and reporting.)

(vi) N-Nitrosopiperidine (NPIP)
Groups of about 28 male Fischer 344 rats weighing 160 g received either 0.06% NPIP in

the basal diet for eight weeks; 0.06% NPIP in the basal diet for eight weeks followed by 10%
ethanol in water as the drinking fluid for 12 weeks; 0.06% NPIP in the basal diet plus
administration of 1 m150% ethanol through a tube inserted into the pharynx once every two
days for eight weeks folIowed by no further treatment or folIowed by 10% ethanol as the
drinking fluid for 12 weeks. The study was terminated 20 weeks after the start of the
experiment. No significant difference in the incidence of oesophageal carcinomas was found
(Konishi et al., 1986). (The Working Group noted the relatively short duration of the
experiment.)

(vii) N,N'-Dinitrosopiperazine (DNPIP)
Groups of 20 S prague- Da wley rats (sex distribution unspecified), three months of age,

received daily administration of 5 mg/ kg bw DNPIP (total dose, 2605 mg) or 5 mg/ kg bw
DNPIP plus 0.5 ml 30% (v/v) ethanol (total doses: DNPIP, 2250 mg; ethanol, unspecified)
by gastric intubation for lIfe (duration unspecified). The numbers of oesophageal and/ or
forestomach tumours (sites not c1early specified) induced by DNPIP were 11 papilomas
and one carcinoma in DNPIP-treated animaIs and 16 papilomas and one carcinoma in
those given DNPIP plus ethanoL. Time to appearance oftumours was 521 days in the groups
given DNPIP compared with 450 days in the group given DNPIP plus ethanol (Gibel, 1967).
(The W orking Group noted inconsistencies in the reporting.)

(viii) N'-Nitrosonornicotine (NNN)
Groups of 26 or 30 male Fischer 344 rats, ni ne weeks of age, were maintained on either

a control lIquid diet (groups 1 and 3) or a liquid diet containing 6.6% w / v ethanol (35%
of calories; groups 2 and 4). At 13 weeks of age, rats in groups 1 and 2 were given a
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subcutaneous injection of 10 mg/ kg bw NNN in saline on three alternate days per week
(56-66 injections; total dose, 177 mg/ rat); the liquid diets were replaced with basal diet 24 h
after the last injection. At 13 weeks of age, rats from groups 3 and 4 received addition of 17.5
mg/l NNN to their respective liquid diets for 27 weeks (total dose, 177 mg/rat), after which
time they were placed on basal diets during the observation period. The study was
terminated when rats were 98 weeks of age. No significant difference was observed in the
incidence of nasal cavity tumours between animaIs receiving subcutaneous injections of
NNN (group 1,24/30; group 2,22/30); however, in rats administered NNN in the liquid
diet, nasal cavity tumours developed in 18/30 rats in group 3 (NNN; 11 benign and seven
malignant) and in 26/30 rats in group 4 (NNN plus ethanol; 20 benign and six malignant;
poe 0.05). The incidence of oesophageal tumours was 25/30 in rats in group 3 (16 benign and
nine malignant) and 20/30 in group 4 (13 benign and seven malignant; Castonguay et al.,
1984).

Groups of25 male and 25 female young adult BDVI rats received gastric instilations of
0.3, 1.0 or 3.0 mg/ rat NNN in water, or 0.3, 1.0 or 3.0 mg/ rat NNN in a 40% aqueous ethanol
solution (volume unspecified) twice a week for 78 weeks (total doses ofNNN, 46.8,156 and
468 mg/ rat). AnimaIs were held for observation until 120 weeks of age, at which time
survivors were kiled. Only seven rats receiving 3.0 mg NNN in water and none receiving 3.0
mg NNN in ethanol survived for more than 78 weeks. The time to appearance of the first
tumour of the nasal cavity was shorter in alI rats given NNN in ethanol solution. The
incidences of malIgnant nasal cavity tumours (mainly aesthesioneuroepithelIomas (neuro-
blastomas)) were slightly elevated in ethanol-treated rats: males - 0/25,2/25 and 20/25
givenNNN in water; 0/25, 5/25 and 24/25 given NNN in ethanol; and females - 1/25,3/25
and 22/25 given NNN in water; 0/25, 2/25 and 25/25 given NNN in ethanoL. No difference
in the incidence of tumours at other sites was noted (Griciute et al., 1986). (The Working
Group noted that animaIs were given the same amount ofNNN irrespective ofbody weight,
that few animaIs received the total dose of NNN, and that the volume of ethanol given was
not stated.)

Groups of21 male outbred Syrian golden hamsters, ni ne weeks of age, were fed control
lIquid diets or liquid diets containing6% (w Iv) ethanol (35% of calorie intake). At 13 weeks
of age, the animaIs received 0.5-ml intraperitoneal injections of 2.37 or 4.74 mg/ animal
NNN three times a week for 25 weeks (total dose, 177 or 354 mg) and were maintained on
their respective diets. Treatment was suspended during weeks 17-21 because of weight 10ss.
At the end of the treatment, animaIs in both groups were returned' to a diet of laboratory
chow and water. AnimaIs were sacrificed when moribund, and survivors were sacrificed 18
months after the beginning of carcinogen administration. There was no significant differ-
ence in the incidence of nasal cavity or tracheal tumours in the two treated groups (McCoy
et al., 1981). (The W orking Group noted the short duration of exposure to ethanol and that
animaIs were given the same amount of NNN, irrespective of body weight.)

(ix) N-Nitrosopyrrolidine (NPYR)
Groups of21 male outbred Syrian golden hamsters, nine weeks of age, were fed control

lIquid diets or liquid diets containing6%(w Iv) ethanol (35% of calorie intake). At 13 weeks
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of age, the animaIs received 0.5-ml intraperitoneai injections of 1.33 or 2.67 mg/ animal
NPYR three times a week for 25 weeks (total dose, 100 or 200 mg) and were maintained on
their respective diets. Treatment was suspended during weeks 17-21 because of weight loss.
At the end of the treatment, animaIs in both groups were returned to a diet of laboratory
chow and water. AlI survivors were kiled 15 months after the beginning of carcinogen
administration. The incidences of nasal cavity tumours were: low-dose NPYR, 1/20;
low-dose NPYR plus ethanol, 8/18 (p .- 0.05); high-dose NPYR, 14/21; and high-dose
NPYR plus ethanoI, 16/ 17 (p .- 0.05). The incidences of tracheal tumours were: low-dose
NPYR, 4/20; low-dose NPYR plus ethanol, 9/18 (p'- 0.05); high-dose NPYR, 8/21; and
high-dose NPYR plus ethanoI, 11/17 (McCoy et al., 1981). (The Working Group noted that
animaIs were given the same amount of NPYR, irrespective of body weight.)

ln a subsequent experiment, the effect of changes in the amount of ethanol consumed on
the carcinogenicity of NPYR was determined. Groups of 27 male outbred Syrian golden
hamsters, nine weeks of age, were administered tap-water, 7.4% ethanol or 18.5% ethanol in
water as the drinking fluid for four weeks, folIowed by 0.5-ml intraperitoneal injections of
1.33 mg/ animal NPYR three times a week for 25 weeks (total dose, 100 mg/ animal), after
which ethanol-treated animaIs were administered tap-water only. AnimaIs were kiled 17
months after the beginning of carcinogen administration. The incidences of trachea1
papilomas were: tap-water plus NPYR, 3/26; low-dose ethanol plus NPYR, 6/26; and
high-dose ethanol plus NPYR, 4/26. The incidences of hepatic neoplastic nodules were
6/26,17/26 (p'- 0.01) and 17/26 (p'- 0.01), respectively (McCoy et al., 1986). (The

, Working Group noted that animaIs were given the same amount of NPYR, irrespective of
body weight.)

(x) N-Nitrosobis(2-oxopropyl)amine (NDOP A)

Two groups of 15 male Syrian hamsters, six weeks old, received either a single
subcutaneous injection of20 mg/ kg bw NDOPAalone or 25% ethanol in water(w/v) as the
drinking fluid; two weeks after the start of ethanol treatment, animaIs were given a single
subcutaneous injection of 20 mg/ kg bw NDOP A. Treatment continued for 24 weeks, at
which time the hamsters were kiled. Histopathological examination of the exocrine
pancreas showed fewer neoplastic lesions (details not given) in animaIs treated with
NDOP A plus ethanol (0/ 13) than in those treated with NDOP A alone (l 1/14; Tweedie et
al., 1981). (The W orking Group noted the small number of animaIs used, the short duration
of the study and the inadequate reporting.)

Groups of 20 male and 20 female outbred Syrian golden hamsters, eight weeks old,
received 5% (w/v) ethanol in water as the drinking fluid for 46 weeks. Then, one group
received a single subcutaneous injection of 20 mg/ kg bw NDOP A prior to ethano1
treatment, and the other received a subcutaneous injection of20 mg/ kg NDOP A four weeks
after the beginning of ethanol treatment. A further group of 20 males and 20 females
received the injection of NDOP A and were maintained on tap-water. AlI survivors were
killed at the end of 46 weeks. No significant different in the incidence of pancreatic tumours
was noted (Pour et al., 1983).
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(xi) N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG)
Two groups of male Wistar rats, seven weeks of age, received 100 mg/l MNNG

continuously in their drinking-water simultaneously with a 10% sodium chIo ride supple-
mented diet for eight weeks, after which time they were returned to nonsupplemented diets
and either tap-water (30 rats) or 10% ethano1 in water as the drinking fluid (21 rats). At the
end of 40 weeks, all survivors were kiled. Adenocarcinomas of the glandular stomach or
duodenum occurred in 4/30 and 2/21 rats given tap-water and 10% ethanol, respectively
(Takahashi et al., 1986).

(xii) N-Hydroxy-2-acetylaminofluorene (OH-AAF)
Groups of four to ten male and six to 12 female inbred Fischer rats, four to 16 weeks of

age, were fed a semisynthetic diet with or without 160 mg/ kg OH-AAF for 12-20 weeks,
after which they were maintained on basal diet for up to 20 weeks. Groups also received 10
or 20% (by volume) ethanol in water as the drinking fluid or water alone, simultaneously
with the OH-AAF diet. Other groups were given the OH-AAF treatment and water in the
first experimental period folIowed by control diet and ethanol in the second period. ln a
second series, groups of 20 male and 20 female weanling random-bred NIH black rats were
fed a diet containing 80 mg/ kg OH-AAF for 64 weeks and received either water alone or
10% ethanol in water as the drinking fluid. No significant treatment-related increase in the
incidence of hepatocellular adenomas was observed in any of the groups of either strain
(Yamamoto et al., 1967). (The W orking Group noted the small numbers of animaIs per
group and the large variations in age at the start of treatment.)

(xiii) Azoxymethane
Groups of26 male Fischer 344 rats, ten weeks of age, were pair-fed isocaloric liquid diets

containing 12 or 23% of calories as beer or 9 or 18% as ethanoL. Three weeks after the start of
treatment, the rats received ten weekly subcutaneous injections of 7 mg/ kg bw azoxy-
methane in sterile water and were maintained on the same diets until sacrifice at week 26.
The high-dose ethanol group showed a trend towards reduced number of tumours in the
right colon but not in the left. The number of right colonie tumours was inversely correlated
with ethanol consumption in all animaIs (Spearman's rank correlation coeffcient: r, -0.350;
p .: 0.001), but there was no correlation with left colonie tumours. The total number of
colonic tumours in the high-dose ethanol group was markedly reduced in comparison with
controls (18 tumours vers us 45) but not in the low-dose ethanol group (37 tumours versus
45). Similar effects were found in the group given 23% calories as beer (Hamilton et al.,
1987a). (The Working Group noted that the exact incidences and the histopathological
nature of the tumours were not reported.)

ln a further study, groups of 35 male ten-week-old Fischer 344 rats were given lIquid
diets providing 11, 22 or 33% of calories from ethanoL. AlI rats were given ten weekly
subcutaneous injections of 7 mg/ kg bw azoxymethane, and the lIquid-ethanol diets were
given either three weeks prior to and during treatment or for 16 weeks after treatment with
azoxymethane, at which time all animaIs were kiled. Administration of the lIquid-ethanol
diet after injection of the carcinogen had no effect on the incidence of tumours of the right
and transverse colon or of the left colon. The incidence of tumours of the left colon was
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significantly reduced by the 22 and 33% liquid-ethanol diets, as was that of tumours of the
right and transverse colon by the 33% lIquid-ethanol diet given prior to and during
administration ofthe carcinogen (Hamilton et al., 1987b). (The Working Group noted the
absence of data on the histopathological nature of the tumours.)

(xiv) 7,12-Dimethylbenzlajanthracene (DMBA)
Two groups of 30 or 20 female NMRI mice (age unspecified) received skin applIcations

of 0.02 ml ofa 1% solution (v/w) ofDMBA inacetone orethanol(purity, 99.5%) threetimes
a week for 20 weeks. Skin tumours, including some squamous-ceU carcinomas, occurred in
4/30 mice treated with DMBA in acetone (11 tumours; latency, nine weeks) compared with
1l/20 (p' == 0.002) mice treated with DMBA in ethanol (48 tumours; latency, six weeks;
Stenbäck, 1969).

Two groups of 72 or 70 male CFI mice, two months of age, received a single skin
application of 0.02 ml of al .5% DMBA solution in acetone. One group received no further
treatment, but, one month later, the second group received applIcations of 0.04 ml of a 50%
aqueous ethanol solution on the same region twice a week for 40 weeks. At the end of the
treatment period, the number of tumour-bearing animaIs in the ethanol-treated group
(25/59; papilomas and one squamous-ceU carcinoma) was not significantly different from
that in controls (15/46; aU papilomas). ln a second experiment, groups of mice received a
single application of 0.025 ml DMBA (1.5%) in acetone. One month later, animaIs received
applications to the skin of 0, 12 or 43% ethanol twice a week for 40 weeks. There was no
statisticaUy significant difference in tumour yield between mice treated with 12% ethanol
(6/55; one squamous-cell carcinoma) or with 43% ethanol (9/56; aU papilomas) or controls

(5/46; Kuratsune et al., 1971).

(xv) 1,2-Dimethylhydrazine (DMH)
Two groups of 16 male Sprague-Dawley rats, 60 days of age, were fed a liquid diet

containing 36% of total calories as ethanol (concentration, 6.6% v/v) or as isocaloric
carbohydrates. After four weeks of treatment, the animaIs were fed a standard laboratory
diet for three weeks and received four weekly subcutaneous injections of 30 mg/ kg hw
DMH. This feeding schedule was repeated for a total of four cycles. After 32 weeks, the 28
survivors were kiled; all had intestinal tumours. A higher number of rectal tumours (17
versus 6) was seen in rats treated with DMH and ethanol than in rats treated with DMH and
an isocaloric diet, but no difference was seen in tumour incidences at other sites in the
intestine (Seitz et al., 1984, 1985).

Four groups of20 male inbred D/ A rats, four to six weeks of age, were fed a low-fat diet
(5%, w / w; standard diet), and four other groups were fed a high-fat diet (33.5%, w / w). Both
diets had a ratio of polyunsaturated:saturated fat of 3:2. One group on each diet received
commerciaUy avaIlable beer, and another received 4.8% ethanol (v/v) in water as the

drinking fluid. AU of these groups received 20 weekly subcutaneous injections of 20 mg/ kg
bw DMH. The other four groups served as low- or high-fat untreated or DMH-treated
controls and received tap-water. AnimaIs were kiled 28 weeks after the first injection. The
number of tumours per animal in both the smalI and large intestines was significantly
greater in DMH-treated rats receiving the high-fat as compared to those receiving the
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low-fat diet. However, no significant difference in the incidence of intestinal cancer was
noted in the groups given ethanol or beer as compared to those given water (Howarth &
Pihl, 1985).

Two groups of 22 male Sprague-Dawley rats, five weeks of age, received either tap-water
alone or 95% laboratory-grade ethanol diluted to 5% (v / v) in tap-water as the drinking fluid.
After three weeks, both groups also received 16 weekly subcutaneous injections of 15 mg/ kg
bw DMH. A third control group of 22 rats received neither ethanol nor DMH. AnimaIs
were kilIed 22 weeks after the first injection of DMH. AIl animaIs given DMH had colonie
cancers; ethanol did not affect the number of tumours per rat (3.9 :l 0.45 without DMH
versus 3.5 :l 0.45 with DMH) (Nelson & Samelson, 1985).

ln the same study, two groups of 12 male Sprague-Dawley rats, five weeks of age.
received either tap-water alone or a commercially available beer as the drinking fIuid. After
three weeks, both groups also received ten weekly (presumably subcutaneous) injections of
20 mg/ kg bw DMH. AnimaIs were kiled 14 weeks after the last injection of DMH. AlI 12
rats given DMH alone developed gastrointestinal tumours, compared to 8/12 rats given
DMH plus beer, and there were fewer of these tumours per rat compared with rats treated
with DMH alone (1.33:l 0.43 versus 2.91 :l 0.52;p=0.043; Nelson & Samelson, 1985). (The
W orking Group noted the smalI number of animaIs used and the absence of histological
diagnosis of the tumours.)

(xvi) Vinyl chlorIde (VC)

Groups of 80 male Sprague-Dawley rats (age unspecified) received 5% ethanol in water
or water alone as the drinking fIuid for life. Four weeks after the start of treatment, one
ethanol-treated and one untreated group were exposed by inhalation to 600 ppm (1560
mg/ m3) VC for 4 h per day on five days per week for one year. At 18 months, survival was
40% in rats exposed to VC and 18% in animaIs exposed to VC plus ethanoL. AlI survivors
were kiled 30 months after the first exposure to VC. Of the rats exposed to VC and to VC
plus ethanol, 35/80 and 48/80 (p = 0.028) had hepatocelIular carcinomas and 18/80 and
40/80 (p = 0.002) had lIver angiosarcomas, respectively (Radike et al., 1981).

(xvii) Urethane
ln a study reported as an abstract, three groups of30 male C3H mice, eight weeks ofage,

received gastric intubations of2 mg/ animal urethane in 0.2 ml water, 2 mg/ animal urethane
in 0.2 ml 40% ethanol or 2 mg/ animal urethane in 0.2 ml water followed 24 h later by 0.2 ml
40% ethanol twice a week for five treatments. They were then given basal diet and tap-water
for six months, at which time aIl survivors were kiled. The presence of ethanol as a solvent
enhanced pulmonary adenoma development; subsequent administration of ethanol had no
influence on the carcinogenicity of urethane (Barauskaite, 1985).

ln a study reported as an abstract, groups of 12-14 white outbred male and female mice

(strain unspecified), eight weeks of age, recejved intraperitoneal injections of 10 mg
urethane in 0.2 ml saline or in 0.2 ml 40% ethanol solution twice weekly for five weeks. Mice
were held for 12 weeks, at which time all survivors were kiled. AIl animaIs given urethane
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developed pulmonary tumours; the average number of pulmonary adenomas per animal
was 30 in the group given urethane in ethanol and 13 in the group given urethane in saline
(p = 0.002; Griciute, 1981).

(c) Carcinogenicity ofmetabolites

Acetaldehyde, the major intermediary metabolite of ethanol, was tested for carcino-
genicity in rats by inhalation exposure and in hamsters by inhalation and by intratracheal
instilation. It produced tumours of the respiratory tract following its inhalation,
particularly adenocarcinomas and squamous-cell carcinomas of the nasal mucosa in rats
and laryngeal carcinomas in hamsters. ln hamsters, it did not result in an increased
incidence of tumours following intratracheal instilation. Inhalation of acetaldehyde
enhanced the incidence of respiratory-tract tumours induced by intratracheal instilation of

benzo(a)pyrene in hamsters. Previous lARe working groups have concluded that there is
suffcient evidence for the carcinogenicity of acetaldehyde in experimental animaIs (lARe,
1985, 1987a).

4.2 Other relevant data from experimental systems

(a) Absorption, distribution and excretion

The absorption, distribution, excretion and metabolism of ethanol have been reviewed
extensively (WalIgren & Barry, 1970; Kalant, 1971; Hawkins & Kalant, 1972; Khanna &
Israel, 1980; Lieber, 1982, 1983, 1984a, 1985a,b).

Ethanol is absorbed from the gastrointestinal tract by simple diffusion. The rate of
absorption is decreased by delayed gastric emptying and by the intestinal contents. It has
been demonstrated in several animal species that food delays absorption, producing a
slower rise and 10wer peak value of the blood ethanol in fed than in fasting animaIs. The
absorption of ethanol was slower from beer and wine than from distiled beverages. High
ethanol concentrations may delay gastric emptying (Rasmussen, 1940; Wallgren & Barry,
1970) as does intraperitoneal administration of glucose (WalIgren & Hilbom, 1969). ln
contrast, carbohydrates (Broitman et al., 1976), amino acids and dipeptides (Hajjar et al.,
1981) have been shown to enhance ethanol absorption in perfused rat jejunum in vivo.

The diffusion of ethanol through celI boundaries is slow and is affected by blood flow.
Ethanol in the b100d passes almost immediately into brain tissue (Harger et al., 1937;
Hulpieu & Cole, 1946; Crone, 1965). ln contrast, the distribution of ethanol to resting
skeletal muscle is particu1arly slow (Harger & Hu1pieu, 1956).

After oral dosage, ethanol disappeared from the blood of dogs linearly in the post-
absorption phase, irrespective of the concentration of ethanol in the body; zero-order
kinetics was also found in dogs, cats, rabbits, pigeons and chic ken after intravenous
administration (Newman & Lehman, 1937).
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(b) Metabolism

Ethanol is eliminated from the body mainly by metabolIsm in the lIver and only
minimally by Ufinary excretion and pulmonary exhalation (WalIgren & Barry, 1970). Other
tissues such as kidney (Leloir & Muñoz, 1938), stomach and intestine oxidize ethanol to a
small extent (Carter & Isselbacher, 1971; Lamboeuf et aL., 1981).

The hepatic metabolism of ethanol proceeds in three basic steps. First, ethanol is
oxidized within the cytosol of hepatocytes to acetaldehyde; second, acetaldehyde is

converted to acetate, mainly in the mitochondria; and third, acetate produced in the liver is
released into the blood and is oxidized by peripheral tissues to carbon dioxide, fattyacids
and water. The main pathway for ethanol metabolism proceeds via alcohol dehydrogenase
(ADH). However, alternative pathways for ethanol oxidation have been described, which
are situated in other subcelIular compartments.

(i) Alcohol dehydrogenase (ADH)
ADH occurs in the soluble fraction of the liver and is also found in other tissues in the

body, such as gastrointestinal mucosa, kidney, lung and possibly brain (Mistils & Garske,
1969; Hawkins & Kalant, 1972). It catalyses the oxidation of a1cohols, including ethanol, to
their corresponding aldehydes in the presence of NAD, according to the folIowing scheme:

CH)CHiOH + NAD+ ---'? CH)CHO + NADH + H+

(Hawkins & Kalant, 1972). The optimal pH for ADH-mediated oxidation of ethanol is
10-11 (von Wartburg et al., 1965; Lieber, 1970). Several factors affect the pathway,
including the activity of ADH, the intracelIular acetaldehyde concentration, the activity of
the shuttle mechanisms that transport reducing equivalents into the mitochondria and the
rate of oxidation of reducing equivalents via the mItochondrial respiratory chain. The
rate-lImiting step in the ADH pathway can therefore vary depending on the experimental
conditions (Thurman, 1977).

The rate of elImination of ethanol in vivo correlates with the basal metabolic rate,
indicating that the rate of mitochondrial NADH oxidation is a major rate-lImiting step in
the ADH pathway. Horse liver, for example, contains large amounts of ADH, yet the rate of
ethanol metabolism is relatively low, reflecting the animal's basal metabolIc rate (Lester &
Keokosky, 1967). ln smaller animaIs, such as rats, although a greater proportion of total
ADH activity (50-85%) may be used for ethanol oxidation, the theoretical capacity of ADH
to metabolIze ethanol stil exceeds the actual rate in vivo (Crow et al., 1977). This conclusion
is supported by studies demonstrating an increase in ethanol elimination folIowing
administration of fructose (Thieden & Lundquist, 1967). The effect of fructose in both
fasting and fed animaIs is due to the fact that A TP is consumed during its phosphorylation,
thus increasing the capacity of the respiratory chain to oxidize NADH derived from the
oxidation of ethanol and acetaldehyde (Thieden et al., 1972; Scholz & Nohl, 1976).

ADH activity is under hormonal control. Thus, castration of rats increases ADH
activity in lIver (Mezey et al., 1980; Lumeng & Crabb, 1984); and chronic administration of
testosterone to male rats castrated before puberty and to female rats decreases both the
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metabolIc rate of ethanol and AD H activity to values similar to those found in mature males
(Rachamin et al., 1980).

Decreased activity of hepatic ADH, leading to a corresponding reduction in the rate of
ethanol elimination, is observed in rats with advancing age (Hahn & Burch, 1983), with
protein deficiency(Horn & Manthei, 1965; Bode et al., 1970; Wilson, J.S. et al., 1986) and in
spontaneously hypertensive animaIs (Rachamin et al., 1980). Numerous studies support the
conclusion that, while increased ADH activity is not associated with increased rates of
ethanol oxidation, reduction in ADH activity does lead to a decrease in ethanol elImination
(Lieber, 1983).

(ii) Cytochrome P450
ln 1965, a NADPH-dependent ethanol oxidase was found in microsomes from pig's lIver

which catalyses the oxidation of methanol to formaldehyde and that of ethanol to
acetaldehyde (Orme-Johnson & Ziegler, 1965). This system, which was subsequently
designated the micros omal ethanol-oxidizing system (MEOS; Lieber & DeCarli, 1968),
carries out the following reaction:

CH3CHiOH + NADPH + Oi + H+ --): CH3CHO + NADP+ + 2HiO

(Lieber, 1970).

Ethanol binds to hepatic cytochrome P450 and gives a modified type-II binding
spectrum (Rubin et al., 1971). The Km of cytochrome P450 for ethanol (about 8 mM) is
greater than that for ADH (Lieber & DeCarli, 1970; Lindros et al., 1974). An isozyme of
cytochrome P450 that is induced by ethanol, IIEI (previously described as P4503a,

P450 ALC or P450j; Nebert et aL., 1987) has been purified from the liver ofrabbits (Koop et
al., 1982), rats (Peng et al., 1982), hamsters, deermice (Peromyscus maniculatus) and
baboons (Lasker et al., 1986a); and its presence has been demonstrated in rab bit kidney and
nasal mucosa (Ding et al., 1986; Ueng et al., 1987) and rat kidney (Thomas et aL., 1987), but
not in microsomes from a variety of other tissues (Ding et al., 1986). Cytochrome P450-
dependent ethanol oxidizing capacity has also been demonstrated in mucosal celIs from the
upper gastrointestina1 tract and colon of rats (Seitz et al., 1979, 1982) and in macrophages
from a variety of tissues in mice (Wickramasinghe et al., 1987).

(ii) Catalase

Catalase is a haemoprotein located in the peroxisomes of many tissues (de Duve &
Baudhuin, 1966). An early suggestion that catalase might play a role in the metabolism of
ethanol (Keilin & Hartree, 1936) was later confirmed by Laser (1955), who showed that
ethanol could be oxidized effectively in the presence ofhydrogen peroxide and catalase. The
scheme of the reaction is as folIows:

Catalase + HiOi ---): Cat-HiOi
Cat-HiOi + CH3CHiOH ---): CH3CHO + 2HiO + catalase

(Thurman et al., 1988).
Catalase can oxidize ethanol in vitro only in the presence of a hydrogen peroxide

generating system (Keiln & Hartree, 1945); however, the reaction is limited by the rate of
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hydrogen peroxide generation rather than by the amount of catalase haem (Oshino et al.,
1973). It had been thought previously that the rate of hydrogen peroxide production
represented only a small fraction ofthe rate of ethanol oxidation in vivo (Boveris et al., 1972;
Sies, 1974), but more recent experiments with physiological concentrations of fatty acid
bound to albumin indicate that the role of catalase may be more important (Handler &
Thurman, 1987).

(iv) Aldehyde dehydrogenases (ALDH)
A NAD-dependent ALDH with a broad substrate specificity for aldehydes was

described in 1949 (Racker, 1949), and reviews on ALDH are available (e.g., Lindros, 1978).
The enzyme has very low Km values and a high reaction rate (Grunnet, 1973); therefore,
under normal circumstances, only low concentrations of acetaldehyde are found outside the
liver (Jacobsen, 1952; KiesslIng, 1962). The metabolism of acetaldehyde has been reviewed
(lARC, 1985). Atlow concentrations of acetaldehyde (,,50 tLM) during ethanol oxidation,
acetaldehyde oxidation is predominantly a mitochondrial process (Grunnet, 1973; Marjanen,
1973; Lindros et al., 1974; Parrila et aL., 1974). Several isozymes of ALDH have been
identified (for reviews, see Lindros, 1978; Salaspuro & Lindros, 1985). Tissues other than
the liver may also produce acetaldehyde after ethanol administration (Baraona et al., 1985),
and intestinal bacteria have been shown to produce small amounts (Baraona et al., 1986).

(v) Ethanol acyltransferase

Ethanol acyltransferase activity has been described in rat liver microsomes (Grigor &
Bell, 1973; Bakken et al., 1979) and in the pancreas (Estival et aL., 1981). The enzyme is
responsible for esterification of fatty acids with ethanoL.

(vi) Modifying effects ofrepeated ethanol consumption on the metabolism of
ethanol and acetaldehyde

Most studies show that repeated or long-term consumption of ethanol enhances its
clearance (e.g., Lieber & DeCarli, 1970; Misra et al., 1971; Feinman et al., 1978; Yuki &
Thurman, 1980; for review, see Eriksson & Deitrich, 1983).

Feeding of ethanol (36% oftotal calories for 24 days) to rats enhanced its metabolIsm in
microsomes (Lieber & DeCarli, 1968; Rubin & Lieber, 1968) and in isolated hepatocytes
(Cederbaum et al., 1978) and increased the rate of its disappearance from the blood (Tobon
& Mezey, 1971; Lieber & DeCarli, 1972; Bleyman & Thurman, 1979; Wendell & Thurman,
1979). Enhanced clearance of ethanol from the blood has also been demonstrated in vivo in
deermice (Peromyscus maniculatus; Shigeta et al., 1984), in chimpanzees, in rhesus
monkeys (Pieper & Skeen, 1973) and in baboons (Pikkarainen & Lieber, 1980; Nomura et
al., 1983). Further examples are lIsted in Table 41. The biochemical background for this
phenomenon has been attributed to a hypermetabolic state in the liver (Israel et al., 1975) or
to increased ethanol oxidation via cytochrome P450 (Lieber & DeCarli, 1970).

Blood concentrations of acetaldehyde in baboons were increased folIowing chronic
ethanol consumption; these correlated positively with rates of ethanol elImination and
negatively with liver mitochondrial ALDH activity (Pikkarainen et al., 1981).



Table 41. Enhanced xenobiotic metabolism in the liver due to prior ethanol treatment

Substrate tested ReferenceSpecies examined

Alcohols and ketones
Ethanol

Acetone
2-Butanol

Halogenated alkanes, alkenes and ethers
Carbon tetrachloride
Chloroform
Trichloroethylene
1,1-Dichloroethylene
Enflurane

Aromatic compounds
Benzene
Toluene
para-Ni trophenol
Acetaminophen

Benzo (~lpyrene

Aflatoxin Bi

Aromatic amines
Benzidine
para-Arinobenzoic acid
2-Acetylamino f L uo rene

Ni t rosamines

E-Ni t rosodimethylamine

E-Ni trosopyrrolidine

N' -Ni trosonornicotine

Azoxymethane

Testosterone

vi tamin D

Rat
Rabbi t

Hamster
Deermouse (Peromyscus maniculatus)
Rabbi t

Rat
Rat

Rat
Rat
Rat
Rat
Rat

Rat
Rat
Rat
Rat
Mouse
Hamster
Rat
Hamster
Rabbi t

Rat

Rat
Rat
Rat

Rat
Rabbit
Rat
Hamster
Rat

Rat

Rat

Rat

Lieber & DeCarli (lS68)
Morgan et al. (1981)
McCoy (1980)
Burnett & Felder (1980 )
Koop & Casazza (1985)
Casazza & Veech (1985)
Krikun & Cederbaum (1984)

Johansson & Ingelman-Sundberg (1985)
Sato, A. et al. (1981); Sato & Nakajima (1985)
Sato, A. et al. (1981); Sato & Nakajima (1985)
Sato, A. et al. (1981); Sato & Nakajima (1985)
Pantuck et al. (1985)

Sato, A. et al. (1981); Sato & Nakajima (1985)
Sato, A. et al. (1981); Sato & Nakajima (1985)
Reinke & Moyer (1985)
Sato, C. et al. (1981)
Walker et~ (1983)
Elliott~l. (1985)
Seitz et~(1978)
Murphy~cht (1986)
Koop & Casazza (1985)

Toskulkao & Glinsukon (1986)

Neis et al. (1985)
Neis et al. (1985)
Smi th & Gutma (1984)

Garro et al. (1981)
Yang et al. (1985b)
Farinati et al. (1985)
McCoy et ~1979)
Castonguay et al. (1984)

Sohn~. (1987)

Rubin et al. (1976)

Gascon-Barré & JOly (1981); Gascon-Barré (1982)
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FolIowing repeated a1cohol consumption, ALDH activity has been reported to decrease
(Koivula & Lindros, 1975; Greenfield et al., 1976; Lebsack et al., 1981), to remain the same
(Redmond & Cohen, 1971; Tottmar et al., 1974) and to increase (Horton, 1971; Greenfield
et aL., 1976; Väänänen et al., 1984), depending mainly on the acetaldehyde concentrations
used.

Chronic alcohol consumption has been shown to increase AD H activity in the distal
colon of rats (Seitz, 1985).

(c) Modifying effects of ethanol on the metabolism of xenobiotics

Pretreatment of animaIs with ethanol enhances the hepatic metabolism of a variety of
agents, such as volatile hydrocarbons, alcohols and ketones, aromatic amines and
nitrosamines (for examples, see Table 41).

Long-term ethanol consumption results in prolIferation of smooth hepatic endoplasmic
reticulum and an increase in the level of cytochrome P450 (Iseri et al., 1966; Rubin et al.,
1968; Joly et al., 1973). The induction of cytochrome P450 by ethanol is associated with an
increase in metabolism (see Table 41) and, in some instances, in the toxicity of many
compounds, inc1uding N-nitrosodimethylamine (Garro et al., 1981; OIson et al., 1984),
acetaminophen (paracetamol; Strubelt et al., 1978; Sato, C. et al., 1981; Walker et al., 1983),
carbon tetrachloride (Traiger & Plaa, 1971; Hasumura et al., 1974), aflatoxin Bi (Glinsukon
et al., 1978) and benzene (Nakajima et aL., 1985). It increases the hydroxylation of aniline
(Morgan et al., 1981; Villeneuve et al., 1976). The unique cytochrome P450 isozyme (HEl)
induced by ethanol catalyses the oxidation of some other alcohols, aniline (Morgan et al.,
1982) and N-nitrosodimethylamine (Yang et al., 1985a,b).

ln contrast, ethanol inhibited the metabolIsm of xenobiotics in vitro (for examples, see
Table 42). Acute administration of ethanol also inhibited the metabolism of some drugs in
vivo (see Rubin et al., 1970; Mezey, 1976; Sato et al., 1985). There are two possible

explanations for this phenomenon: direct competition for cytochrome P450 (Sato, A. et al.,
1981) or a decrease in the supply of a cofactor for the monooxygenase system (Reinke et aL.,
1980).

The hepatic enzymes that catalyse conjugation ofxenobiotics, such as UDP-glucuronyl-
transferase (Dioguardi et aL., 1970; Idéo et al., 1971; Yost & Finley, 1983; Reinke et al., 1986;
Sweeny & Reinke, 1987) and glutathione-S-transferases (Younes et al., 1980; Hétu et al.,
1982; David & Nerland, 1983; Schnellmann et aL., 1984), are simIlarly induced by feeding
ethanoL.

Conjugation reactions have also been found to be inhibited by concomitant ethanol
administration; for example, glucuronidation was inhibited in isolated hepatocytes
(Moldéus et al., 1978; Sundheimer & Brendel, 1984) and in rat lIver microsomes (Marniemi
et al., 1975), and glucuronidation and sulphation were inhibited in perfused rat liver (Reinke
et al., 1986).

Pretreatment of rats with ethanol increases the metabolIsm of N-nitrosamines in the-
lung, oesophagus (Farinati et al., 1985) and nasal mucosa (Castonguay et aL., 1984). When
ethanol was given concomitantly with NDMA, concentrations of the nitrosamine in brain,
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Table 42. Inhibition of cytochrome P450-dependent metabolism by ethanol in the liver in
vitro

Substrate tested Species Reference
examined

Halogenated alkanes and alkenes
Chloroform
1,2-Dichloroethane
Trichloroethylene

Rat Sato, A. et al. (1981 )
Rat Sato, A. et al. (1981 )
Rat Sato, A. et al. (1981 )

Rat Rubin & Lieber (1968)
Rat Sato, A. et al. (1981 )
Rat Sato, A. et. (1981 )
Rat Sato, A. et. (1981 )

Aromatic compounds
Aniline
Benzene
Styrene
Toluene

Polycyclic aromatic compound
Benzo (~)pyrene Rat Rubin & Leiber (1968)

Nitrosamines
N-Ni trosodimethylamine
~-Ni trosoethylmethylamine

Rat
Rat

Swann et al. (1984); Tomera et al. (1984)
Peng~. (1982)

Drugs
Meprobamate
Pentobarbi tal

Rat
Rat

Rubin et al. (1970)
Rubin ët. (1968)

lung, liver, kidney and blood were increased markedly (Anderson et al., 1986). First-pass
clearance of NDMA by the liver in rats was prevented when it was administered in ethanol
(1 ml, 5% v Iv) instead of in water. The prevention of first-pass clearance has a dramatic
effect on alkylation ofkidney and oesophageal DNA: at dose levels of30 ¡.gl kg bw NDMA,
methylation of kidney DNA of ethanol-treated rats was five times that in controls; lower
doses of NDMA induced methylation in the kidneys of ethanol-treated rats but not in
controls (Swann, 1984). Similarly, administration of N-nitrosodiethylamine (NDEA; 20
¡.gj kg bw) in ethanol (1 ml; 5% vI v) led to a five-fo1d increase in N7 ethylation of guanine in
oesophageal DNA over that seen with a similar dose of NDEA alone (Swann et al., 1984).

(d) Modifying effects of ethanol on intermediary metabolism

As described ab ove, when ethanol is oxidized to acetaldehyde via ADH, NAD is
required as a cofactor and is reduced to NADH during the reaction. Under normal
conditions, the rate of NADH production exceeds its rate of reoxidation, resulting in an
increase in the ratio of NADH:N AD in the liver. Oxidation of ethanol via acetaldehyde to
acetate also results in the reduction of both cytosolic and mItochondrial redox states
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(Lieber, 1983, 1984a), refIected in increases in the ratios of lactate to pyruvate and ß-
hydroxybutyrate to acetoacetate (Forsander, 1970). These changes are used widely as

markers of cytosolic and mitochondrial redox states (Bücher & Klingenberg, 1958; Hohorst
et al., 1959) and of ethanol-induced changes in the redox balance of the liver (Forsander et
aL., 1965; Salaspuro & Mäenpää, 1966). Most of the acute metabolic effects of ethanol, such
as inhibition of hepatic gluconeogenesis (Krebs et al., 1969), decreases in citric acid cycle
activity (Thurman, 1977) and impairment of fatty acid oxidation (Lie ber & Schmid, 1961),
are due to this major effect on the intermediary metabolism of the liver (see Table 43).

Table 43. Effects of ethanol on interrnediary metabolism in the liver

Metabolic effect Reference

Redox change in 1 ive r
NADH:NAD ratio increases

Lactic:pyruvic acid ratio increases
ß-Hydroxybutyrate: acetoacetate ratio increases

Inhibition of citric acid cycle in liver
Inhibi tion of glycolysi. in li ver
Inhibition of gluconeogenesis in liver
Inhibition of fatty acid oxidation and accumulation

of triglycerides in liver

Inhibition of protein synthesis and secretion in
liver
Accumulation of protein in liver

Inhibition of glycoprotein secretion in liver
Potentiation of hepatic lipid peroxidation
Inhibi tion of intestinal arnino acid transport
Elevation of blood lipoproteins
Increase in peripheral fat rnobilization

Increased formation and decreased urinary excretion
of urates

Lieber (1983, 1984a)
Smith & Newman (1959); Räihä
& Oura (1962)
Forsander et al. (1965)
Forsander et al. (1965)
Thurrnan (1977)

Thurrnan (1977)

Krebs et al. (1969)
Lieber~vidson (1962);
Rebouças & Isselbacher (1961);
Mallov & Bloch (1956)
Perin et al. (1974); Baraona
et aL. (1980)
Baraona et al. (1977)
Tuma et ~1980)
Shaw et al. (1981)
Mezey (1985)
Baraona (1985)
Mallov & Bloch (1956);
Lieber (1985b)
Lieber (1985b)

ln rats, administration of ethanollowers the levels of vitamin A in the liver (Sato &
Lieber, 1981), an effect which is potentiated by, e.g., phenobarbital and butylated
hydroxytoluene (Leo et al., 1987).

(e) Major toxic effects

The single-dose acute oral toxicity (LDso) of ethanol has been reported to be 6.2- 1 7.8
g/ kg bw in rats (Smyth et al., 1941; Kimura et aL., 1971; Bartsch et al., 1976),8.3-9.5 g/kg bw
in mice (Spector, 1956; Bartsch et al., 1976),5.6 g/ kg bw in guinea-pigs (Smyth et al., 1941),
6.3-9.5 g/ kg bw in rabbits and 5.5-6.5 g/ kg bw in dogs (Spector, 1956). The LDso after a
single intraperitoneal administration ofethanol was 4.3 g/ kg bw in bats (Greenwald et al.,
1968) and 8.6 g/ kg bw in mice (Forney et al., 1963); 29-38% of mice given a single
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intraperitoneal injection of6.5 gj kg ethanol survived over 24 h (Macdonald et al., 1977). An
intraperitoneal LDso of 5.0 gjkg was reported in rats (Barlow et al., 1936; Bartsch et al.,
1976); however, it was reported that LDso values decrease in male Wistar rats with age: the
oral LDso was 10.6 gjkg bw in three- to four-month-old rats and 7.06 gjkg bw in 10- to
12-month-old animaIs; the intraperitoneal LDso was 6.71 gjkg bw and 5.10 gjkg bw at the
two ages, respectively (Wiberg et al., 1970).

(i) Alterations in the liver
Liver injury due to ethanol ingestion was initialIy attributed to malnutrition rather than

to toxicity (Best et al., 1949). Later, many experimental studies showed that ethanol can
cause morphological alterations and effects on liver metabolIsm in welI-fed animaIs (Lie 

ber& DeCarli, 1974; Lieber et al., 1975). (The Working Group noted that since ethanol
interferes with the uptake of some vitamins from the gut in humans (see section 4.3(e)), it is
unlikely that nutritional effects can be distinguished from the effects of ethanol per se. J

The degree and type of liver injury depend on a number of factors, including ethano1
concentration, nutritiOnal state, time of administration and type of animaL. Liver changes
may occur in severa1 steps, froID hepatomegaly, fatty liver, necrosis and fibrosis to cirrhosis.

Hepatomegaly and the accumulation of lipids in hepatocytes (steatosis) are the earliest
manifestations of acute administration of ethanoL. A significant increase in the lipid content
of the lIver ofrats may be produced bya single dose of ethanol (Mallov & Bloch, 1956). The
fatty acid composition of the lipids which accumula te resembles that of adipose tissue
(Brodie et al., 1961), which indicates that they are derived from extrahepatic tissue. Other
possible mechanisms behind the acute fatty infiltration of the lIver are related to the
ethanol-induced increase in the ratio ofNADH:NAD in the liver, which inhibits fatty acid
oxidation (Lieber & Schmid, 1961; see Baraona, 1985) and may enhance the synthesis of
glycerolIpids (Nikkila & Ojala, 1963).

Subchronic and chronic administration of ethanol to rats also causes fatty liver (Lieber
et al., 1963), hepatocellular en1argement and a decrease in totallIver tubulin (Baraona et al.,
1975, 1977, 1984). The latter result has been shown to be associated with the inhibition of
tubulin polymerization and decreased formation of microtubules (Baraona et al., 1977,
1981a; Matsuda et al., 1979; Okanoue et aL., 1984), a phenomenon which may be mediated
via acetaldehyde (Matsuda et al., 1979). This conclusion is supported by the demonstration
that disulfiram, which inhibits acetaldehyde oxidation, produces a further decrease in
microtubules (Baraona et aL., 1981a).

Subchronic administration of ethanol to rats in a liquid diet was reported in one study to
cause dose-related acidophilic degeneration, necrosis, formation of MalIory bodies and
centrolobular steatosis (Holmberg et aL., 1986). The production of necrosis, inflammation
and fibrosis is enhanced in rats when the ethanol-containing lIquid diet is supplemented with
either vitamin A (Leo & Lieber, 1983) or 4-methylpyrazole (Lindros et al., 1983).

When rats were given ethanol by an intragastric intubation at levels rising from 8 to 15
g/ kg bw per day(32-47% of total calories) over four months, togetherwith a diet containing
25% of total calories as fat, focal necrosis, inflammation and fibrosis were observed in the
liver. Serum levels of transaminases were also elevated. AlcoholIc hepatitis and MalIory



124 IARC MONOGRAPHS VOLUME 44

bodies were not detected (Tsukamoto et al., 1986). When ethanol was given to rats conti-
nuously by intragastric intubation at doses which resulted in blood concentrations of 2.16
:f 1.2 gj l, together with a low-fat diet (4.9% of total calories), progressive fatty infitration of
the liver was detected; after 30 days, one-third ofthe animaIs also showed focal necrosis with
infiltration of macrophages in the lIver (Tsukamoto et aL., 1985).

It has not been possible to reproduce hepatitis or cirrhosis by feeding ethanol to rats
(Salaspuro & Lieber, 1980). A high-fat diet together with a1cohol has been shown to produce
fatty liver in dogs, and four of 16 animaIs developed cirrhosis (Connor & Chaikoff, 1938).

Advanced alcoholIc liver injury has also been produced in primates. AlI of ni 
ne baboons

fed ethanol at 50% of total calories developed fatty liver, and four animaIs developed
hepatitis within ni ne to 12 months (Lieber et al., 1975). Of 18 baboons fed ethanol, 15
developed focal fibrous septa, five with diffuse septal fibrosis, of which four proceeded to
septal cirrhosis and one each to micronodular and to mixed micro-macronodular cirrhosIs;
cirrhosis can occur in baboons without the polymorphonuclear inflammation characteristic
of human a1coholic hepatitis (Popper & Lieber, 1980). The production of lIver fibrosis in
baboons fed ethanol has been confirmed, even in studies in which choline was given in excess

(Nakano & Lieber, 1982; Lieber et al., 1985; Miyakawa et al., 1985); however, long-term
feeding of ethanol produced fatty infitration but not liver fibrosis in monkeys (Mezey et al.,
1983).

ln rats, large single or multiple doses of ethanol (5-6 gj kg bw) produced lipid peroxi-
dation in the lIver, as measured by malonaldehyde production (Di Luzio & Hartman, 1967;
Macdonald, 1973; Valenzuela et al., 1980; Videla et al., 1980), whereas smaller single doses
(::3 gjkg) had no effect (Hashimoto & Recknagel, 1968). However, after long-term
administration of ethanol (36% of total calories for five to six weeks) to rats, a single 3-gj kg
bw dose of ethanol caused increased hepatic diene conjugation; diene conjugation could be
prevented, in part, by the administration of methionine (Shaw et al., 1981).

(ii) Alterations at other sites
Ethanol can, depending on dose, irritate the oral cavity, oesophagus and gastric mucosa

in experimental animaIs. Tissue da mage has been observed in the gastric epithelium of mIce

(Eastwood & Kirchner, 1974) and in the smalI intestinal mucosa of rats (Baraona et aL.,
1974). An increase in celI proliferation in rat oesophageal epithelium was found after
ethanol had been fed in a liquid diet (Mak et al., 1987). CelIular proliferation has also been
observed in the gastrointestinal tract of rats and dogs after repeated administration of
ethanol (Wilems et al., 1971; Baraona et al., 1974).

A significant enhancement of rectal-celI production and an extension of the prolIferative
compartment in rectal crypts following chronic ethanol ingestion has been demonstrated in
rats (Simanowski et al., 1986).

(iii) Effect of vitamins
Consumption of ethanol under conditions of vitamin A deficiency increased the

incidence of squamous metaplasia in rat trachea. Abnormal cila and increased numbers of
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lysosomes in cilated cells were also observed in rats depleted of vitamin A and administered
ethanol (Mak et al., 1984).

(iv) Efect on hormones
ln male rats, plasma testosterone and luteinizing hormone levels fell following ethanol

administration (Cicero et al., 1977, 1979). Chronic ethanol ingestion produced testicular
atrophy in rats (see Gavaler & Van Thiel, 1987); in addition, ethanol reduced the levels of
luteinizing hormone as well as the receptor for the hormone on the Leydig cells of rat testis
(Bhalla et al., 1979).

ln femalemice, rats, rabbits and monkeys, subchronic and chronic administration of
ethanol results in significant disturbances of the oestrous cycle, ovulatory function and
fertilIty (see Gavaler & Van Thiel, 1987 and below).

(v) H epatic and pancreatic loci

Effects on A TPase-deficient foci were investigated in six-week-old female Wistar rats
administered 10% ethanol in water as the drinking fluid (daily intake, 8 g/kg bw) either
continuously during intragastric administration of NDEA (3 mg/ kg bw) or N-nitroso-
morpholine (NMOR; 40 mg/lin the drinking-water; daily intake, 5 mg/ kg bw) on four days
per week, or alternately with the carcinogens (on the remaining three days per week), for 11
or 15 weeks, respectively. Another group of 12-week-old rats received 3 mg/ kg bw NDEA in
a 3-ml aqueous solution by stomach tube three times a week for nine weeks, followed
subsequently by 10% ethanol in water as the drinking fluid continuously or intermittently
(at weekly intervals) for 16 weeks. Fourteen days after the termination of treatment, both
the size and number of A TPase-deficient foci in the lIver were increased in animaIs that had
received ethanol continuously or intermittently during NDEA or NMOR administration,
but no such enhancement was obtained in animaIs that had received ethanol after the
cessation of carcinogen treatment (Schwarz et al., 1983, 1984). (The Working Group noted
that a single marker was used for preneoplastic foci.)

ln male Sprague-Dawley rats that received ten intragastric intubations of 0.38 mg/ kg bw
aflatoxin Bi. followed five days later by a low-fat (Il % of calories as corn oil) or high-fat
(35% of calories as corn oil) diet containing ethanol (35% of calories) for 12 weeks, no
difference in the incidence of y-glutamyl transferase-positive foci was observed in rats in
either group (Misslbeck et al., 1984). (The Working Group noted that a single marker was
used for preneoplastic foci.)

A significant increase in the number of acidophilc and basophile acinar-cell foci was
observed in the exocrine pancreas of male weanling SPF Wistar rats that received 15%
ethanol (v/v) in the drinking-water for 17 weeks, as compared to controls not receiving
ethano1, after a single intraperitoneal injection of 30 mg/ kg bw azaserine followed by a
low-fat (5% corn oil) or high-fat (25% corn oil) diet. There was a positive interaction
between dietary fat and ethanol in terms of the size of basophile foci (W outersen et al.,
1986).

No modulating effect of ethanol was observed after 17 weeks on the number or size of
putative preneoplastic cystic or ductular exocrine pancreatic lesions in male, weanlIng
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Syrian golden hamsters that received subcutaneous injections of 20 mg/ kg bw N-nitro-
sobis(2-oxopropyl)amine at six and seven weeks of age and were fed low-fat (5% corn oil) or
high-fat (25% corn oH) diets with or without 15% ethanol (v/v) in water as the drinkingfluid
(Woutersen et al., 1986).

(f Effects on reproduction and prenatal toxicity

The effects of acetaldehyde, a metabolite of ethanol, on reproduction and prenatal
toxicity have been reviewed. Fetal malformations and resorptions were found in rats and
fetal malformations were found in mice treated with acetaldehyde (lARC, 1985).

(i) Reproductive effects
The effects of ethanol on reproduction have been reviewed recently (Gavaler & Van

Thiel, 1987). Studies in mice and rats have shown effects on the testis and on other
reproductive tissues but generalIy have not shown an effect on reproductive performance.

When female C57Bl/ Crgl mice were given 10% ethanol (v/v) in water as the drinking
fluid before mating, throughout gestation and lactation, no significant effect on reproduc-
tive capacity or pup development or behaviour was seen (Thiessen et al., 1966).

When female Wistar rats were given 20-25% of the calories consumed as 12% ethanol in a
sucrose solution as the drinking fluid before mating and throughout gestation and lactation,
there was no effect on reproductive performance or on development of offspring (Oisund et
al., 1978). Offspring offemale Sprague-Dawley rats that were administered ethanol in water
as the drinking fluid at a concentration of 20% v/v for four weeks before mating and at a
concentration of 30% v/v during gestation were physicalIy and developmentally retarded
and failed to catch up with control offspring during the first four weeks postpartum
(Leichter & Lee, 1979).

ln a study in which male C57Bl/ 61 mice were given 5 or 6% (v / v) ethanol in a liquid diet
for 70 days or 35 days, respective1y, there was a significant decrease in testicular weight and
in seminal vesicle/ prostate weight, an increase in the frequency of germ-cell desquamation,
inactive seminiferous tubules, inhibition of in-vitro fertilization of mouse oocytes hy
epididymal spermatozoa, as well as a significaiit decrease in the total numher of motIle
sperm. During a ten-week recovery period, improvement was greater in the group given 5%
than in those given 6% ethanol (Anderson et al., 1985). Preparation of sperm from the cauda
epididymis five weeks after oral administration of ethano1 (1,2 or 4.0 ml/ kg hw) to male
(CBA X Balb/ c)-Fi mice five times daily did not show sperm anomalies (Topham, 1980,
1983). Addition of ethanol to ram spermatozoa (0.62 M; 15 lLI in 0.4 ml semen samples
containing 2-dioxy-D-glucose) inhibited sperm motilty (Mayevsky et aL., 1983).

There is evidence in vitro and in vivo that ethanol is toxic to animal and human Leydig
celIs and seminiferous tubules (Gavaler & Van Thiel, 1987; Van Thiel et al., 1983). Male
Sprague-Dawley rats maintained on a liquid diet containing 6% ethanol (95% v/v) for one
week followed by four weeks on a 10% ethanol liquid diet showed adverse effects on sex
organs (testes, seminal vesicles, ductules) as well as a significant decrease in serum
testosterone levels (Klassen & Persaud, 1978). Male Sprague-Dawley rats that received an
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intraperitoneal injection of2.5 g/ kg bw ethanol showed a significant decrease in the levels of
luteinizing hormone and testosterone and marked attenuation of testicular steroidogenesis
(Cicero et al., 1979).

Exposure of male rats (strain unspecified) to ethanol in utero or as neonates by
administration of a liquid diet containing ethanol (36% of total calories) resulted in adverse
effects on gonadal growth and development and disturbances in their sexual behaviour and
performance when adult (Parker et al., 1984). Subcutaneous administration of7.9 g/kg bw
ethanol to female CD rats inhibited ovulation, primarily by blocking ovulatory surges of
luteinizing hormone (Kieffer & Ketchel, 1970). Blood levels of luteinizing hormone varied
with dose and timing of treatment, but ethanol administered by intraperitoneal injection
increased the secretion ofprolactin by female Wistar rats (Alfonso et aL., 1985). Exposure of
Sprague-Dawley rats to ethanol (average, 11.6 g/ kg bw) in utero altered the adult patterns
of luteinizing hormone secretion in male and female offspring, indicating an effect on the

1

centdl.l mechanisms that control secretion of pituitary luteinizing hormone (Handa et al.,
1985). Administration of 5% ethanol (36% oftotal calories) in a liquid diet to female Wistar
rats for 49 days decreased ovarian weight by 60% and significantly decreased plasma
oestradiol-17ß levels and the development of oestrogen target organs (Van Thiel et al.,
1978). Ovarian function in female Holtzman rats, 20 days of age, was suppressed by feeding
ofliquid diets containing 5% ethanol (36% oftotal calorie intake) for up to 55 days, in which
blood ethanol concentrations averaged 2.5 gjl, but not by 2.5% ethanol (Bo et al., 1982).

Vaginal opening was delayed in female Holtzman rats fed a liquid diet containing 5%
ethanol for eight or 16 weeks. Among rats treated for 16 weeks, irregular oestrous cycles and
cycles longer than those in controls were observed. Mating of these females with untreated
males resulted in no adverse effect on fertility, litter size or neonatal body weight (Krueger
et al., 1982).

ln female macaque monkeys that administered ethanol to themselves intravenously on a
schedule of reinforcement used for food acquisition, providing 2.94.4 g/ kg bw ethanol per
day for three to 6.5 months, amenorrhoea, atrophy of the uterus, decreased ovarian mass
and significant decreases in 1uteinizing hormone leve1s were observed (Mello et al., 1983). ln
female rhesus monkeys infused intravenously with 24 g/ kg bw ethanol after spontaneous
onset of labour or following the induction of labour by infusion of oxytocin, partial
suppression of labour was observed only in preterm animaIs with irregular uterine
contractions (Horiguchi et al., 1971).

(ii) Male-mediated developmental effects
Male C3H mice were fed ethanol (20 or 30% of total calories) in a liquid diet and, after

four weeks of treatment, were mated to untreated females. The resulting litters showed no
change in the number of implants, prenatal mortalIty, fetal weight, sex ratio or soft-tissue
malformations (Randall et al., 1982).

Male Sprague-Dawley rats maintained for six weeks on a lIquid diet containing 10%
ethanol were paired with untreated females. There was bt?dy weight 10ss and central nervous

system impairment, and only ha1f of the treated animaIs had successful matings, compared
to all of the controls. There was a decrease in lItter size and an increase in prenatal mortality
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among the litters (Klassen & Persaud, 1976). When 20% ethanol in water (v / v) was given as
the drinking fluid for 60 days to male Long-Evans rats, which were mated with untreated
females one to three weeks after cessation of treatment, the incidence of congenital
malformations in the offspring was increased (Mankes et al., 1982).

(iii) Placental transfer

CD-l mice received intraperitoneal injections of 4, 6 or 7 g/ kg bw ethanol on gestation
day 10. Ethanol crossed the placenta rapidly and was found in the embryo 5 min after
dosage. The blood ethanol concentrations in maternaI blood and liver were dose dependent;
acetaldehyde was detectable in maternaI blood at alI dose levels and in maternalliver and
embryos after administration of 7 g/ kg. Within 5 min after intraperitoneal injection of
pregnant dams with 200 mg.j kg bw acetaldehyde on gestation day 10, acetaldehyde was
detectable in the embryos. Thus, both ethanol and acetaldehyde were found to be accessible
to the embryo during a sensitive period of organogenesis (Blakley & Scott, 1984a).

Sprague-Dawley rats received an intraperitoneal dose of2 g/kg bw ethanol four to five
days before term. MaternaI and fetalethanol levels were similar; the concentration of
acetaldehyde in maternaI blood was four times that in the placenta, and none was found in
fetal tissues (Kesäniemi & Sippei, 1975). With similar analytical techniques, acetaldehyde
was found in fetal blood 150 min after intravenous or oral administration of 2.5 g/ kg bw
ethanol to pregnant Wistar rats on gestation day 21. Ethanol concentrations in the fetal
compartment were found to be similar to those in the mother's blood 150 min after dosage.
The authors concluded that, since ADH activity is very low in the fetus, the acetaldehyde
was probably transported across the placenta (Espinet & Argilés, 1984). ln a subsequent
study with improved methods of analysis, the acetaldehyde levels were much higher (~five
fold) in maternaI blood than in either umbilcal or fetal blood of rats (Gordon et aL., 1985).

Intraperitoneal injection of golden hamsters with 1.5 g/ kg bw 14C-labelled ethanol on

gestation days 6 or 15 or intravenous administration of 0.5 g/ kg bw 14C-labelled ethanol to
cynomolgus monkeys during the last 30 days of pregnancy resulted in transfer of 14C_
labelIed ethanol to the fetus in both species (Ho et al., 1972).

Dorset ewes were infused intravenously with a total dose of 15 ml/kg bw of 9.75%
ethanol over a period of 1-2 h on gestation days 121-138. Diffusion across the placenta was
rapid, and blood ethanol concentrations in the maternaI and fetal compartments reached
about 2.3 g/l (Mann et al., 1975).

Ewes were given six doses of 0.8 ml/kg bw ethanol intravenously between days 125 and
135 of gestation. At dose levels of ethanol sufficient to cause about 2 g/ 1 maternaI and fetal
blood ethanol, there was rapid depression of fetal myocardial contractilty, which was
maintained for several hours after cessation of ethanol administration (Lafond et al., 1985).

Cynomolgus and rhesus monkeys were administered 0.8-1.5 g/ kg bw ethanol intra-
venously over a period of 30 min on days 106-160 of gestation. The rate of clearance from the
fetus paralleled that of the mother and was determined by the rate of elImination froID the
mother (Hil et aL., 1983). Similar findings were reported by Horiguchi et al. (1971).
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(iv) Preimplantation effects
ln a study on the effects of preimplantation exposure, RAP strain mice were given

ethanol intravenously on days 3 and 4 of pregnancy and offspring were examined on day 19
of pregnancy. Mean fetal and placental weights were significantly lowered, but there was no
effect on skeletal development (Checiu & Sandor, 1986).

Treatment of(C3HxC57Bl)F¡ female mice with a single dose of 1 ml of 12.5%ethanol by
gavage 2 h after a 30-min mating period produced an increase in late (after day 11) fetal
deaths. The same treatment given 1 h after mating did not produce this effect. The authors
proposed that the effect was due to a specifie action on the fertilized ovum at the time of
second meiotic division, causing aneuploidy (see also pp. 138-139), but the numbers of
embryos available for examination in this study were inadequate to confirm this hypothesis

(Washington et al., 1985).
Preimplantation effects were studied by the examination of uterine contents of albino

rats following consumption of plum brandy (reported as 24% ethanol) or cognac (reported
as 20% ethanol) for 40-45 days before mating and during pregnancy until the rats were kiled
on day 5. Development was retarded, and there was an increased number of pathological
morulae and b1astocysts (Fazakas-Todea et al., 1985).

(v) Fetotoxicity and structural teratology

Adverse development and teratogenic effects caused by ethanol have been reviewed
(Chernoff, 1979; Abel, 1980; Streissguth et al., 1980; Abel, 1985a).

Groups of C3H mice were given a lIquid diet or a fortified liquid diet, each either alone or
with 4.1 % w / v ethanol, from days 0- 1 7 of pregnancy; a further group was given an amount
of liquid diet equal to that consumed by the group given liquid diet plus ethano1. Ethanol
consumption inhibited fetal growth and development but did not affect lItter size,
irrespective of the diet used (Goad et al., 1984). Retardation of muscle growth was seen in
offspring kiled at 12 weeks of age of inbred mice (strain unspecified) given 10-20% ethanol
in the drinking-water for 11 weeks before mating and 30% ethanol after breeding until
delivery. Prenatally, there was suppression of hyperplasia of muscle fibres during
myogenesis; postnatalIy, there was suppression of normal hypertrophy ofindividual muscle
fibres (lhemelandu, 1984).

Some studies in several mouse strains have shown no teratogenic effect, even at dose
levels providing blood ethanol concentrations of2 g/ 1 or higher. CF-l (Schwetz et al., 1978),
CD-l (Hood et al., 1979) and C3H (Lochry et al., 1982) mice given ethanol orally or in the
drinking fluid had pups with minor skeletal variants or decreased fetal body weight, but
there was no Increase in resorptions or malformations. Other studies in mice showed
teratogenic effects and resorptions, typically at blood ethanol concentrations in excess of
2 g/1. The effects, such as fetal resorptions, intrauterine growth retardation, cleft palate,
altered craniofacial development and exencephaly, limb defects and heart defects, varied
with the strain of mice, mode of administration and stage of gestation at which ethanol was
administered (Kronick, 1976; Chernoff, 1977; Randall et al., 1977; Boggan et aL., 1979;
RandalI & Taylor, 1979; Chernoff, 1980; Giknis et al., 1980; Rasmussen & Christensen,
1980; Webster et al., 1980; SulIk et al., 1981; Bannigan & Burke, 1982; ChecIu & Sandor,



130 IARC MONOGRAPHS VOLUME 44

1982; Sulik & Johnston, 1983; Padmanabhan et al., 1984; Stuckey & Berry, 1984; Webster
et al., 1984; Martinez et al., 1985; Padmanabhan & Muawad, 1985; Daft et al., 1986).

ln a study to evaluate the role of zinc deficiency in the developmental toxicity of ethanol,
CBAj J mice were given a liauid diet, either fortified with zinc or deficient in zinc, and
ethanol (15 or 20% of total calories). Zinc deficiency potentiated the ethanol-induced
increase in resorptions and external malformations and the decrease in fetal weight (Keppen
et al., 1985). Similarly there was an increase in the incidence of both external and internaI
malformations in C57Blj 6 mice given a marginally zinc-deficient diet and ethanol during
gestation, in comparison with mice given a control diet and with mice treated with ethanol
alone (Miler, S.I. et aL., 1983).

Long-Evans rats administered 6 gjkg bw ethanol orally on gestation days 5-19 had
blood ethanol concentrations of over 2.6 gj 1. Fetuses had decreased body weight, increased
body water and sodium content and decreased lIpid-free solid content (Abel & Greizerstein,
1979).

Sprague-Dawley rats were given 15 or 25% ethanol-derived calories in liauid diets 20
days before mating, throughout mating and until gestation day 19; additional groups were
pair-fed an isocaloric diet. There was decreased calorie intake in the group given 25%
ethanol-derived calories and in the pair-fed controls, and in both ofthese groups there were
associated decreases in fetal body weight, organ weights and DNA and protein contents
compared to the pair-fed controls of the group given 15% ethanol-derived calories. The
effects of 15% ethanol-derived calories were attributed to ethanol, while the effects of 25%
ethanol-derived calories were attributed partly to decreased caloric intake (Sorette et al.,
1980).

Sprague-Dawley rats were provided with 18, 25 and 32% protein-derived calories and
36% ethanol-derived calories in a liauid diet on gestation days 1-21. The maternaI ethanol
blood levels were 1.5-2 gj 1. Ethanol caused a significant decrease in fetal body weight and
brain weight but an increase in relative brain weight, irrespective of the protein content of
the diet (Weinberg, 1985).

Sprague-Daw1ey rats received 15% ethanol in drinking-water on days 6-15 of gestation.
Decreased maternaI weight gain and fetal growth retardation but no teratogenic effect were
observed. The maximal blood ethanol concentration was about 400 mgjl (Schwetz et al.,
1978). The offspring of Sprague-Dawley rats given 20% ethanol in the drinking-water four
weeks before mating and 30% ethanol in drinking-water until gestation day 20 had retarded
skeletal development and decreased body weight but no gross .malformation (Lee &
Leichter, 1983). Following oral administration of 4 gjkg bw ethanol to Sprague-Dawley
rats twice daily for three-day periods between days 7 and 15 of gestation, an increased
incidence of resorptions and a marginal effect on fetal body weight but no teratogenic effect
were observed (Fernandez et aL., 1983). Long-Evans rats were administered 5% ethanol in
drinking-water for 90 days prior to mating and during gestation or during gestation only.
The effects were similar. No gross malformation was observed, but there was a significant
decrease in fetal body weight (Samson, 1981).
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ln contrast to studies in which gross malformations were not observed, polydactyly and
polysyndactyly were reported in the offspring ofSprague-Dawley rats given 5 gl kg bw (but
not in those given 6 gl kg bw) per day ethanol orally on gestation days 1- 15 or 1-20. Maximal
blood ethanol concentrations of 2.5-3.25 gll were reported with the two doses (West et al.,
1981a). ln Long-Evans rats given 4 mllkg bw ethanol as a single oral dose between days 6
and 15 of gestation, a variety of gross malformations was reported in 72-100% offspring
compared to 12% of controls (Mankes et aL., 1983).Prenatal treatment of Long-Evans rats
with 35% ethanol-derived calories in a liquid diet shortened the umbilical cord (Barron et
al., 1986).

When Sprague-Dawley rats were given ethanol as 35% of total calories in a liquid diet on
gestation days 1-21, offspring had abnormal distribution of nerve fibres in the temporal
regions of the hippocampus, which persisted to maturity (West et aL., 1981b). Sprague-
Dawley rats were exposed in utero andl or postnatally to ethanol as 36% of total calories in a
liquid diet from gestation day 16 until postnatal day 14 or from birth untilpostnatal day 14.
The sexually dimorphic nucleus in the preoptic area of the brain of adult male offspring was
significantly decreased in volume (Rudeen et al., 1986). ln hooded rats given a liquid diet
containing 37% ethanol-derived calories from day 6 of gestation to time of birth (gestation
day 23 for ethanol-exposed rats; day 22 for controls), delayed and extended period of
cortical neuron generation, reduced number of neurons and altered distribution of neurons
were seen (Miler, 1986).

Sprague-Dawley rats were exposed by inhalation to concentrations ofup to 20000 ppm
(37800 mglm3) ethanol for 7 h per day on gestation days 1-19; blood levels as high as 1.5-2
gl 1 were reported. At 20 000 ppm, the dams showed signs of narcosis and had decreased food
consumption; the incidence of malformations in the offspring was of borderlIne significance.
At 16000 and 10000 ppm (30240 and 19000 mgl m3), corresponding to blood levels of 40-80
mgllOO ml and 3 mgl100 ml, respectively, there was no increase in malformations (Nelson
et al., 1985a).

The fetuses of New Zea1and white rab bits given 15% ethanol in the drinking-water on
gestation days 6- 18 showed no adverse effect. The maximal blood ethanol concentration in
the mothers was 250 mgll (Schwetz et al., 1978).

Whenferrets were administered 1.5 gl kg bw ethanol daily as a 25% solution orally on
days 15-35 of gestation, there was a significant increase in the number offetuses and lItters
with malformations but no effect on fetal weight or resorptions. The peak blood ethanol
concentration was 2 gll (McLain & Roe, 1984).

Dogs were administered 1.8 gl kg bw ethanol as a 25% solution by gavage twice daily and
were given either a normal-protein or low-protein diet throughout gestation. Ethanol
consumption and low dietary protein intake, independently of each other, significantly
decreased maternaI weight gain as well as the weight of the neonates (Switzer et al., 1986).

Oral administration of 3 or 3.6 gl kg bw ethanol to dogs by gavage throughout gestation
resulted in no gross or histological abnormality, a slight decrease in the number of offsprings
per lItter and in pup weight, and an increase in the number of stil births. Blood ethanol
concentrations were 1.3-1.75 gll (Ells et al., 1977).
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ln miniature swine given 20% ethanol in drinking-water ():3 g/ kg bw / day) as gilts (18
months old) or sows (three years old), there was a significant decrease in mean lItter size and
in the birth weight of piglets and a significant increase in the incidence of multiple malfor-
mations (Dexter et aL., 1980).

Cynomolgus monkeys administered up to 5 g/ kg bw ethanol daily on gestation days
20-150 revealed an increase in pregnancy wastage (abortions and stil births) but no

structural malformation or facial change (Scott & Fradkin, 1984). Pregnant pigtailed

macaque monkeys were administered 0.3-4.1 g/ kg bw ethanol by gavage once a week
throughout gestation starting either before day 10 or on day 40. Spontaneous abortion
frequency increased at peak plasma ethanol concentrations above 2 g/1. Developmental
alterations were observed consistently in offspring of monkeys with blood levels greater
than 1.5 g/ 1 when treatment was initiated at the start of gestation; infants exposed only after
gestation day 40 were less consistently abnormal despite higher blood ethanollevels (5.5 g/l;
Clarren et al., 1987a,b). ln rhesus and cynomolgus monkeys given 3 g/ kg bw ethanol
intravenously over 1-2 min on gestation days 120-147, transient but marked colIapse of
umbilcal vasculature was observed within 15 min. This resulted in severe hypoxia and
acidosis in the fetus, but recovery occurred during the succeeding hour (Mukherjee &
Hodgen, 1982).

When ethanol is given in combination with other chemicals which tend to increase the
blood level of ethanol by reducing its metabolism, e.g., 4-methylpyrazole (Blakley & Scott,
1984b) and pyrazole (Varma & Persaud, 1979), the teratogenic and fetotoxic effects are
increased. Administration of ethanol with chemicals that tend to increase the acetaldehyde
level, however, e.g., disulfuram (Webster, W.S. et al., 1983), does not increase the terato-
genicity of ethano1.

Combined administration of ethanol and metronidazole to Swiss-Webster mice

increased the number of resorptions, decreased fetal body weight and had a marginal effect
on the incidence of malformations (Giknis & Damjanov, 1983).

Administration of ethanol in combination with an unspecified extract of marijuana
containing ¿j9-tetrahydrocanabinol to Swiss-Webster mice by subcutaneous injection on
days 1-15 of gestation and to Long-Evans rats intragastrically on days 7-15 of gestation
produced a significant decrease in maternaI weight gain and an increased incidence of
resorptions. ln both species, the incidence of resorptions was increased with marijuana
alone, but the increase was more than additive with the combination of marijuana and
ethanol (Abel, 1985b).

Ethanol increased the incidence of cleft palate in Swiss mice administered methyl-
mercuric chloride and retinyl acetate (Lee, 1985). Ethanol in combination with lithium
carbonate had a synergistic effect on the induction of fetal abnormalIties in albino rats
(Sharma & Ra wat, 1986).

(vi) Behavioural andfunctional teratology
Male and female Sprague-Dawley rats were exposed by inhalation to concentrations of

10 000 or 16000 ppm (19 000 or 30 240 mg/ m3) ethanol for 7 h per day; males were exposed
for six weeks before mating and females throughout gestation. With 16000 ppm, the blood
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ethanol concentration was about 500 mg/ 1. There was no physical or behavioural difference
among offspring of treated and control animaIs. Behavioural testing included rotorod,
open-field and wheel activity and avoidance conditioning tests (Nelson et al., 1985b).

ln a study of Long-Evans hooded rats gives daily doses of 1 or 2 g/ kg bw ethanol orally
throughout gestation, there were decreases in lItter size, litter weight and mean pup weight,
but no gross malformation or evidence of behavioural teratogenic effects (Abel, 1978).

ln other studies, the most frequently reported behavioural teratogenic effect was

alteration in motor activity. When Long-Evans hooded rats were administered 4 or 6 g/ kg
bw ethanol daily througout gestation, there was decreased lItter weight but not litter size at
birth and increased postnatal mortality. Motor activity of neonates raised by surrogate
mothers was impaired at 16 and 20 days of age (Abel & Dintcheff, 1978). Increased motor
activity was also reported in offspring of Long-Evans hooded rats given liquid diets
containing ethanol (35% of total calories) on gestation days 6-20 (Zimmerberg et al., 1986).
A significant increase in motor activity was reported at 16 days of age among offspring of
Wistar rats given liquid diets containing 5% ethanol on days 6-19 of gestation. There was no
significant effect on length of gestation, lItter size at birth or pup weight from birth up to 28
days of age (Bond, 1986).

Offspring of pregnant Long-Evans rats administered lIquid diets containing ethanol
(35% of total calories) during days 6-20 of gestation exerted a lower maximal suckling
pressure, spent less time suckling during test sessions and displayed an altered suckling
pattern (Rockwood & Riley, 1986).

Confirming evidence ofbehavioural teratogenic effects has been reported in rats (Viirre
et al., 1986; Vorhees & Fernandez, 1986) and mice (Yanai & Ginsburg, 1976; Randall et aL.,
1986).

Open-field activity was significantly increased in the offspring of ethanol-treated

miniature swine treated as described on p. 132 (Dexter et al., 1980).

(vii) ln-vitro studies
ln studies with explanted cultured embryos from rats and mice, demonstrating the effect

of ethanol on embryonal development independent of maternaI metabolism, growth

retardation and malformations were seen following exposure to ethanol in the culture
medium. Adverse effects were generally found at concentrations of 1.5 g ethanol/ 1 medium
or greater (Brown et al., 1979; Sandor et al., 1980; Priscott, 1982; Wynter et aL., 1983).
Acetaldehyde has been shown to have similar effects (lARC, 1985).

(viii) Other effects
ln Sprague-Dawley rats given 30% ethanol-derived calories in a lIquid diet throughout

gestation, reduced placental transfer of the glucose analogue 2-deoxyglucose was observed
(Snyder et al., 1986). There is also evidence that administration of ethanol to rats during
gestation decreases placental transport of ami no acids (Henderson et al., 1981; Snyder et al.,
1986) and sodium-potassium A TPase activity (Fisher et al., 1986).

ln Sprague-Dawley rats exposed to increasing concentrations of ethanol in a liquid diet

(up to 36% of ethanol-derived calories) before and during gestation, there was a significant
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increase in placental weight and a decrease in membrane-associated placental folate

receptor activity. The authors considered this to be evidence for the role of placental toxicity
in ethanol-associated intrauterine growth retardation (Fisher et al., 1985).

(ix) Efects on sexual differentiation

When Long-Evans rats were given 10% ethano1 in drinking-water from gestation day 7
to delivery, gestation was prolonged, and offspring of each sex showed decreased anogenital
distances at birth. Pups nursed by ethanol-drinking mothers had a significantly earlier
preputial separation, but there was no effect on adult masculine sex behaviour, plasma
testosterone or weights of accessory sex glands (Chen & Smith, 1979).

When Sprague-Dawley rats were given lIquid diets containing ethanol (35% of total
calories) on day 7 of gestation through parturition, absence of sexual dimorphism (saccha-
rin preference and maze learning) was seen among offspring, suggestingdisrupted perinatal
androgen status (McGivern et al., 1984). ln the offspring of Long-Evans hooded rats given a
liquid diet containing 35% ethanol-derived calories on gestation days 6-20, males showed
feminized behaviour and females showed masculInized behaviour, suggesting disruption of
the hormonal environment prenatally (Meyer & Riley, 1986). No evidence of altered sexual
dimorphism in saccharin preference was found among offspring of Long-Evans hooded rats
administered 3.5 g/ kg bw ethanol twice daily intragastricalIy on gestation days 11-21 (Abel
& Dintcheff, 1986).

Among offspring of Long-Evans rats fed lIquid diets containing 35% ethanol-derived
calories during gestation days 6-20, there was evidence of behavioural deficits, which
persisted until adulthood. Female offspring showed a variety of deficits in maternaI
behaviour when adult, which may have been related to prenatal hormonal alterations
(Barron & Riley, 1985).

ln male progeny ofWistar rats given ethanol in a liquid diet (36% of total calories) from
gestation day 12 to ten days postpartum, there was decreased anogenital distance; the
weights of the testes and seminal vesicles/prostate were decreased 55 and 110 days
postpartum; serum testosterone and luteinizing hormone levels were decreased on day 55
but not on day 110; and sexual motivation and performance were reduced. The authors

concluded that there was less phenotypic masculInization at birth in the treated offspring
(Udani et al., 1985).

(x) Lactational and postnatal effects
Ethanol and acetaldehyde were measured in milk and peripheral blood of Wistar rats

given ethanol as 36% of total calories in a lIquid diet. Ethanol levels in the blood increased
slIghtly (26-29 mmol/l; 1.2-1.3 g/l) from day 5 to day 15 of lactation, and levels of
acetaldehyde increased from 41 to 53 J.M/l (1.9-2.4 mg/l). The concentration of acet-
aldehyde in milk was 50% of that in the blood, while the concentration of ethanol was
44-80% of the blood leveL. Blood ethanol concentrations in suckling pups (around 0.3 ¡iM/ l,
14 mg/l) were much lower than those in maternaI blood but increased after day 15; by the
end of lactation, some pups had started to consume the lIquid diet (Guerri & Sanchis, 1986).
Increases in pH, protein and lIpids and a decrease in lactose were seen in milk from
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ethanol-treated Wistar rats (Sanchis & Guerri, 1986). Sprague-Dawley rats receiving 5%
ethanol in drinking-water during the second half of pregnancy showed decreased mammary
gland development; when they were treated after parturition, no effect was observed (Jones
& Stewart, 1984).

Pups of Sprague-Dawley rats were given feed containing ethanol (6.6-9.8 g/ kg bw per
day) by gavage on postnatal days 4-10. An oral dose of 7.4 g/kg bw gave a blood ethano1
concentration of 1.6 g/L. At dose levels of 7.4 g/kg bw and above, microencephaly was
observed on day 10 (Pierce & West, 1986). ln Sprague-Dawley rats administered 6 and 10%
ethanol in the drinking-water during lactation, blood ethanol concentrations were about
190 and 410 mgjl, respectively. A significant decrease in neonatal body weight gain was
observed. However, when neonates were given ethanol directly by exposure to vapour at
concentrations of 3.5-4.2% v/v, providing blood ethanol concentrations of more than 2.5

g/l, there was only minimal growth retardation (Swiatek et al., 1986).
Sprague-Dawley rats administered 4 g/ kg bw ethanol per day oralIy on days 6-16 of age

or 6 g/ kg bw ethanol on day 6 showed significant decreases in whole brain weight, in
cerebellar weight and in the number of cerebellar cells, and altered balancing ability on days
17 and 70 postnatally(Burns et al., 1986). Exposure ofSprague-Dawley rats to high levels of
ethanol (7.2- 12.0 g/ kg bw per day) during days 4-8 of age decreased the weights of the brain,
cerebral cortex and cerebelIum, increased receptor affinity and decreased the number of
neurotransmitter receptors (Serbus et aL., 1986).

(g) Genetic and related effects

Ethanol

The genetic effects of ethanol were reviewed recently (Obe & Anderson, 1987).

(i) Prokaryotes
ln the rec-type repair test with Proteus mirabils, ethanol (0.1 ml per plate) was inactive

in the absence of an exogenous metabolIc system (Braun et al., 1982). Rapid lysis mutants in
bacteriophage T4D were not induced by ethanol (up to 130.4 1.i/ ml) in the absence of an
exogenous metabolic system, but the yield of phages was reduced by concentrations of
ethanol greater than 69.7 p.l/ ml (K velland, 1983). ln DN A repair tests with different strains
of Escherichia coli WP2, ethanol gave very weak positive results at 5 mg/ well (De Flora et
al., 1984a,b). It was not mutage nie in the presence or absence of an exogenous metabolic
system in Salmonella typhimurium strains TA97, TA98, TAI00, TA1535, TA1537 or
T A1538 (McCann et al., 1975; Cotruvo et al., 1977; Arimoto et al., 1982; Blevins & Taylor,
1982; Blevins & Shelton, 1983; De Flora et al., 1984a,b).

ln the presence of an exogenous metabolic system, De Flora et al. (1984a, b) consistently
found a small (approximately two-fold) increase in the number of revertants in S. typhi-
murium strain TA 1 02 in the presence of 200 and 300 p.l ethanol (160 and 240 mg/ plate). (The
W orking Group noted that S. typhimurium strain TA 102 is considered to respond to the
presence of oxygen radicals.)
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(ii) Plants
Ethanol (up to 0.5 M) produced chromos omal aberrations in root-tip meristems of Vicia

faba (Michaelis et al., 1959; Rieger & Michaelis, 1960, 1961, 1970, 1972; Schubert et aL.,
1979; Rieger et al., 1982, 1985); exclusively chromatid-type aberrations were induced
dose-dependently. Treatment of roots with ethanol (0.2 M) led to a significant elevation of
sister chromatid exchange frequencies (Schubert et al., 1979). Anomalies of anaphases and
micronuc1ei were not observed when Allum cepa root-tip celIs were exposed to up to O. 17 M
ethanol, but sister chromatid ex changes were induced dose-dependently folIowing exposure
of roots (Cortés et aL., 1986). Exposure of cuttings of Tradescantia paludosa to ethanol
(5-12.5%) for 6 h in a nutrient solution led to micronuclei in tetrads 24 h after exposure (Ma
et al., 1984).

(iii) Fungi
ln Saccharomyces cerevisiae, ethanol produced respiration-deficient (or petite) mutants

(Bandas & Zakharov, 1980; Bandas, 1982; Cabeça-Silva et al., 1982; Hamada et al., 1985).
When cells were treated and held at 4°C in water instead of at 30°C in complete medium,
ethanol was no longer mutage nie, showing that metabolic processes are necessary for its
activity in this system (Bandas, 1982). Ethanol (5%) had no effect on the frequencies of gene
conversions in S. cerevisiae in the absence of an exogenous metabolic system (Barale et al.,
1983).

ln Aspergilus nidulans, ethanol (approximately 5%) led to nondisjunction (Käfer, 1984)
and to nondisjunction and mitotic crossing-over (Harsanyi et al., 1977). Treatment of
germinating but not of quiescent conidia of A. nidulans with ethanol (6 and 7%) led to
induction ofnondisjunction; point mutations were not induced in this test (Morpurgo et al.,
1979; Gualandi & Bellncampi, 1981).

(iv) Insects

When ethanol (10%) was fed to Drosophila melanogaster larvae for 2-96 h, neither
somatic mutation nor recombination was induced (Graf et al., 1984).

Feeding of ethanol to male Drosophila larvae (9-11 days, 4% ethanol in the food; V ogel
et al., 1983) or adults (three days, 5% ethanol in fluid; V ogel, 1972; V ogel & Chandler, 1974)
did not lead to sex-lInked recessive lethal mutation. When Drosophila eggs were seeded in
medium containing 1 ml ethanol in 25 ml food and allowed to grow until hatching (Creus et
al., 1983), or when adult fles were fed with 5% aqueous sucrose containing up to 30%
ethanol (Woodruff et aL., 1984), no sex-linked recessive lethal mutation was induced.

(v) Mammalian cells in vitro
Treatment of primary cultures of rat hepatocytes for 3 h with 1 % ethanol did not induce

DNA damage as measured by the alkaline elution technique (Sina et aL., 1983). Ethanol (up
to 0.78 M) did not induce mutations in mouse lymphoma L5178Y TK+j- cells (Amacher et
al., 1980).

ln the absence of an exogenous metabolIc system, ethanol (0.1 % for 44 h) did not induce
sister chromatid ex changes in mouse kidney fibroblasts (Garcia Heras et aL., 1982). ln the
absence of an exogenous metabolic system, ethanol (50 lLl/ ml for 1 h) did not induce
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micronuclei in Chinese hamster V79 cells (Lasne et al., 1984). ln Chinese hamster ovary
celIs, it did not induce sis ter chromatid exchanges (Obe & Ristow, 1977 - 0.1% one
application per day for 8 days; Schwartz et al., 1982 - 1 % for 28 h; Darroudi & Natarajan,
1987 - 0.16 M for 30 min) or chromosomal aberrations (Darroudi & Natarajan, 1987
- 0.16 M for 30 min) in the absence of an exogenous metabolIc system, although a slIght

increase in sis ter chromatid exchange frequencies was reported in one study (de Raat et al.,
1983 - 31.6 g/ l, 1 h treatment). The frequencies were higher in the presence of an exogenous
metabolIc system (de Raat et al., 1983). ln another study, also in the presence of an
exogenous metabolic system, up to 0.1 M for 3 h induced exchanges (Takehisa & Kanaya,
1983). Sister chromatid exchanges (Takehisa & Kanaya, 1983; Darroudi & Natarajan, 1987)
and chromosomal aberrations (Darroudi & Natarajan, 1987) were also induced in the
presence of extracts from plants. These are unusual exogenous metabolic systems.

Treatment of primary cultures of Syrian golden hamster embryo celIs (ELa/ ENG strain)
with 0.5% ethanol did not lead to transformed celI colonies (Bokkenheuser et al., 1983). As
reported in an abstract, treatment ofmouse C3H/ lOT1/2 celIs with4-32 mg/ ml ethanol for
24 h led to a small fraction (1.2-2.6%) of dishes with transformed foci (Abernethy et al.,
1982). Ethanol inhibited intercellular communication in a dose-dependent manner (up to
200 ¡.d/ 5 ml (32 mg/ ml)), as measured by metabolIc cooperation between cultured 6TG5and
6TGr Chinese hamster V79 cells (Chen et al., 1984).

(vi) Human cells in vitro

Treatment of HeLa celIs with 0.1 % ethanol (one applIcation per day for nine days) did
not lead to an elevation of exchange-type aberrations or of micronuclei in the absence of an
exogenous metabolIc system (Obe & Ristow, 1979). Ethanol (0.1 %) did not produce sister
chromatid exchanges in human lymphoid celIs in the presence (l-h treatment) or in the
absence (48-h treatment) of an exogenous metabolic system (Sobti et al., 1982, 1983).

ln human lymphocyte cultures, both chromosome- and chromatid-type aberrations
were found with different doses of ethanol (up to 3.5 mg/ml for 50 h) in the absence of an
exogenous metabolIc system (Badr et al., 1977). Treatment ofhuman lymphocytes in culture
with ethanol (up to 0.5% for 72 h) led to a dose-related elevation of sister chromatid
exchange frequencies in the absence of an exogenous metabolIc system (Alvarez et al.,
1980a). ln other analyses in lymphocytes, ethanol in the absence of an exogenous metabolic
system did not induce chromos omal aberrations (Cadotte et al., 1973 - up to 500 mg/ 100
ml (0.6%) for 72 h; Obe et aL., 1977 - 0.5% for 24 h; Königstein et al., 1984 - up to 1 % for

24h; Banduhn& Obe, 1985 -1%for 24 or48 h; Kuwano & Kajii, 1987 -up to l%for26 h)
or sis ter chromatid exchanges (Obe et aL., 1977 -0.5% for 72 h; Véghelyi& Osztovics, 1978
-0.5%for72 h; Athanasiou& Bartsocas, 1980-0.2%for72 h; Jansson, 1982-up to 2%
for up to 68 h; Hil & Wolff, 1983 - 20 p,l/ 5 ml (0.4%) for 70 h; Königstein et al., 1984 - up
to 1% for up to 48 h).

ln human lymphocytes, ethanol (1 %) alone had no effect on the frequencies of sister
chromatid exchanges. When a1cohol dehydrogenase (ADH) was added together with
ethanol, the sister chromatid exchange frequencies were elevated; exposure of cells to
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ethanol, ADH and aldehyde dehydrogenase led to fewer sister chromatid exchanges than in
ce Ils treated with ethanol and ADH alone (Obe et al., 1986).

(vii) Mammals in vivo
Oral or subcutaneous administration of 0.05 ml of 95% ethanol to male ddY mice or up

to 40% ethanol given in water as the drinking fluid to male Swiss mice for 26 days did not
increase the frequency of micronuc1ei in the polychromatic erythrocytes of the bone marrow
(Chaubey et al., 1977; Watanabe et al., 1982). Giving male CBA mice 10 and 20%ethanol as
their only lIquid supply for up to 16 weeks led to an elevation in the frequencies of sister
chromatid exchanges in the bone-marrow celIs (Obe et al., 1979), but oral administration of
10% ethanol to male Swiss Webster mice once a day for four days did not (Nayak & Buttar,
1986).

Feeding male CD rats for six weeks with a liquid diet containing 36% of the calories as
ethanol led to an elevation in the frequencies of micronuc1ei in the erythrocytes of the bone
marrow (Baraona et al., 1981 b), but male Wistar rats receiving 10 and 20% ethanol as the
only liquid supply for three or six weeks did not show an increase in the frequency of
mIcronuc1ei in the erythrocytes of the bone marrow or in hepatocytes. Nor did the treatment
lead to chromos omal aberrations in bone-marrow cells or in lymphocytes; the frequencies of
sis ter chromatid exchanges were elevated in the peripheral lymphocytes but not in bone-
marrow celIs (Tates et al., 1980).

Giving Chinese hamsters 10% ethanol as their only liquid supply for nine weeks did not
lead to an elevation in the frequencies of chromosomal aberrations in the bone marrow
(Korte et al., 1979); the same treatment for 46 weeks did not lead to an increase in the
frequency of sis ter chromatid exchanges in bone-marrow celIs or chromos omal aberrations
in lymphocytes (Korte & Obe, 1981). Treatment of Chinese hamsters with ethanol via the
drinking-water (10% in week 1, 15% in weeks 2 and 3, 20% in weeks 4-12) did not lead to an
elevation in the frequencies of chromos 

omal aberrations or sis ter chromatid exchanges in
bone-marrow cells (Korte et al., 1981).

Intubation of pregnant ICR mice with ethanol in such a way that the total dose was 4-8
g/ kg bw led to a dose-dependent elevation of the frequencies of sis ter chromatid exchanges
in embryonal lIver cells (Alvarez et al., 1 980b). A single intraperitoneal injection of 4 g/ kg
bw 10% ethanol to ICR mice on day 10 of pregnancy induced sis ter chromatid exchanges in
embryonal cells (Czajka et al., 1980).

Intragastric administration to Wistar rats of 2 ml 40% ethano1 daily on days 10-25 of
pregnancy led to an elevation in the number of anaphases with bridges and fragments in
embryonic liver cells (Kozachuk & Barilyak, 1982).

Intra-amniotic injection of 0.02 ml of a 40% ethanol solution to 13-day-old embryos of
Wistar rats did not lead to chromos omal aberrations or aneuploidy (Barilyak & Kozachuk,
1983).

No elevation in the frequency of chromosomal aberrations was seen in spermatogonia of
male Wistar rats given 10% ethanol via the drinking-water (Kohila et al., 1976) or of male
Sprague-Dawley rats given ethanol as their only lIquid supp1y (7% in weeks 1-2, 10% in
weeks 3-4, 15% in weeks 5-6, 20% in weeks 7-36; Halkka & Eriksson, 1977). Oral
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administration of 0.8 ml of 12.5 or 15% ethanol to CBA/CA or MF1 mice with analysis of
second meiotic metaphases in the testes 2-6 h later, significantly increased the frequencies of
hypo- and hyperploidies (2.99 and 4.2%, respectively, compared to a control frequency of
0.5%; Hunt, 1987). Intubation of ethanol (1.5 ml of 12.5%) in male Chinese hamsters was
reported not to induce aneuploidies in spermatogonia or in spermatocytes 1 and II (Daniel &
Roane, 1987).

A high incidence of aneuploid female pronuc1ei was found in fertilized eggs of female
(C57Bl x CBA) FI mice given ethanol orally (1 ml of 10-15%, 1.5-2.5 h after the predicted
time of ovulation; Kaufman, 1983). Intragastric administration of ethanol to female CFLP
mice (1.5 ml of a 12.5% solution) 1.5 h before, or 1.75 h, 4 h, 13.5 h or 17 h after treatment
with human chorionic gonadotrophin (given to induce superovulation) led to high
frequencies of aneuploid (hypo- and hyperploid) first-c1eavage mitoses (15.3-25.0%) of the
Iemale pronuc1ear set in fertilized eggs, which was independent of the treatment schedule.
Essentially the sa me result was found when female MFI mice were treated with ethanol
(15.7-24.0% aneuploid first-cleavage mitoses; Kaufman & Bain, 1984a). ln another analysis,
female CFLP mice were intubated with 1.5 ml of a 12.5% ethanol solution in distiled water
4 h, 13.5 h or 17 h after injection of human chorionic gonadotrophin. The animaIs were
sacrificed 20-21 h after the injection (one-cell-stage embryos), three days later ( morula stage)
or 10-11 days later. The first-cleavage metaphases showed a high incidence of aneuploidy
(15.3-22.8%), and aneuploidy was also found in the morula stages (11.1-15.4%). The time of
administration of ethanol did not influence the frequencies of aneuploidies considerably. At
the IOth or 1 !th day following ethanol administration, morphologicalIy abnormal con-
ceptuses were seen, and trip10id and trisomic embryos were found (Kaufman & Bain,
1984b). (The W orking Group noted that the effects of ethanol and acetaldehyde on the
formation of microtubules (see p. 123) could explain the abilty of ethanol to induce

aneuploidy in various test systems.)

Genetic effects of ethanol in the male germ line have been reviewed (Anderson, 1982).

Administration ofup to 30% ethanol as the only liquid supply for 35 days to male Wistar
rats did not lead to dominant lethal mutations (Chauhan et al., 1980). Feeding male

Sprague-Dawley rats a lIquid diet corÌtaining 6% ethanol for one week, followed by 10%
ethanol for four weeks (Klassen & Persaud, 1976) and administration of 20% ethanol in
water as the drinking fluid to male Long-Evans rats for 60 days led to the induction of
dominant lethal mutations (Mankes et al., 1982). Dominant lethal mutations have been
reported in male CBA mi ce after intubation on three consecutive days with 0.1 ml 40-60%
ethanol (Badr & Badr, 1975). Conflcting results were obtained in CFLP mice after oral
administration of2 ml/kg bw 40% ethanol on five consecutive days (James & Smith, 1982;
Smith & James, 1984).

(The W orking Group noted that chromos omal aberrations, sister chromatid exchanges
and point mutations are induced by ethanol in test systems in which ethanol can be
metabolized. This may indicate that acetaldehyde rather than ethanol is the mutagen in
these systems.)

The activity profie for ethanol in short-tetm tests is shown in Appendix 2.
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Alcoholic beverages

The mutagenicity of severa1 components of alcoholIc beverages has been discussed in
various volumes of ¡ARC Monographs: formaldehyde (IARC, 1987b), acetaldehyde
(lARC, 1987b), acrolein (lARC, 1987b), N-nitrosamines (lARe, 1978), benzene (lARC,
1 987b), styrene (lARC, 1 987b), benzo( a )pyrene (lARC, 1 983c) and tannins (IARC, 1976b).

Different alcoholic beverages (30 home-made apple brandies, 18 commercial apple
brandies and 28 other commercial alcoho1ic beverages: eight whiskies, eight rums, eight
cognacs, four armagnacs) were not mutagenic to S. typhimurium T A98 or T A 

100 either in
the presence or absence of an exogenous metabolIc system when 200-~1 samples were tested.
AlcoholIc fractions of some of these beverages were mutagenic in the presence or absence of
an exogenous metabolic system in TA98 and TAlOO (Loquet et al., 1981).

Alcohol-free extracts prepared from alcoholic beverages have generally been found to be
mutagenic in the presence and absence of an exogenous metabolIc system (Table 44).
Extracted residues of pooled and concentrated Canadian beers were not mutagenic to S.
typhimurium T A98, T A 100 or T A 102 in the presence or absence of an exogenous metabolic
system (Brusick et al., 1988).

Treatment ofChinese hamster ovary cells with geneva (15.8 and 32.6 g/ 1), rum (15.8 and
32.6 g/l) or port (15.8 g/l) led to the induction ofsister chromatid exchanges in the presence
but not in the absence of an exogenous metabolic system. Port (32.6 g/l) and sherry (15.8
g/l) also induced sis ter chromatid exchanges in the absence of an exogenous metabolic
system (de Raat et al., 1983).

Treatment of human lymphocytes in vitro with different types of alcoholic beverages for
24 h, such that the final ethanol concentration was always 0.5%, did not lead to the induction
of chromosomal aberrations (Obe et al., 1977). Alcohol-free extracts of whisky, rum,
brandy (Hoeft & Obe, 1983) and red wine (Rueff et aL., 1986) induced sister chromatid
exchanges in human lymphocytes in vitro in the absence of an exogenous metabolic system.

When tested with S. typhimurium strains, microsomes from lIver, lung, intestine and
oesophagus of ethanol-treated animaIs more effectively transformed indirect mutagens to
mutagenic compounds than did microsomes from control animaIs. These effects were
specifie to the organs from which the microsomes were prepared and to the mutagens tested

(Seitz et al., 1978; McCoy et al., 1979; Garro et al., 1981; Seitz et al., 1981a,b; Lieber, 1982;
OIson et al., 1984; Smith & Gutmann, 1984; Farinati et al., 1985; Neis et al., 1985; Sato et al.,
1986; Steele & loannides, 1986; Lieber et al., 1987).

Genetic and related effects of metabolites

Acetaldehyde increased the incidence of sis ter chromatid exchanges in bone-marrow
cells of mice and hamsters treated in vivo and induced chromos omal aberrations in rat
embryos exposed in vivo. It induced DN A cross-links, chromosomal aberrations and sister
chromatid exchanges in human cells in vitro and chromosomal aberrations, micronuclei
and sister chromatid exchanges in cultured rodent cells. It induced chromosomal
aberrations, micronuclei and sister chromatid exchanges in plants and DNA damage and
mutation in bacteria. Acetaldehyde induced cross-links in isolated DNA (IARC, 1987b).
The activity profie for acetaldehyde is given in Appendix 2.



Table 44. Mutagenicity of alcohol-free extracts of alcoholic beverages

Beverage Test system& Comment Reference

Lee & Fong (1979)

Lin & Tai (1980)

Loquet et al, (1980,
1981 )

Tamura et al. (1980 )

Tamura et al. 11980 ) t:
Tuyn. et al. (1980 )

-0
t"

Nagao et al. (1981 )
00-

Stol tz et al. (1982a) (j
~

Stoltz et al, (1982b) t"
0

stavric et al, (1983) ~
"'
~

17 Chinese spirits

Chinese wine treated with nit rite

Home-made and commercial apple
brandies, whiskies, cognacs 1
armagnacs 1 rums

Red wine

Whi te wine

Apple cider-based drinks,
commercially available beverage.

Whiskies, brandies

Red wine

Red wine, white wine, light beer

Red wine

Red wine

Red wine

Red wine

Red wine

Red wine

TA98 , TA100, TA1535: +j-

TA98 , TA100, TA1535,

TA1538: +j-

TA98 , TA100; +j-

TA98; +j-

TA98; +j- )

TA98, TA100; +j-

TA100; -

TA98, TA100; +j-

TA98, TA100: +

T A9 8; +

TA98 , TA100; +

T A9 8; +

TA98, TA100; +j-

TA98: +

TA98; +; SOS chromotest
with E. coli PQ37

Red wine TA98, TA100; +
Chilean commercial and home-made red TA98 , TA100; +j-

and white wines, European red wines

- in some cases only

No effect when not
treated with nitrite

Not always congruent

Slight effect

+ more effective

Dark beer, gin,
liqueur no effect

Whi te wine f one rosé

wine no ef fect

Bee ri saké, whi Bky no
etfect

+ more effective

Subden et al, (1984)

Kikugawa et al. (1985)

Sousa et aL. (1985)

Ong et aL. (1986)

Rueff et al. (1986)

Yu et aL. (1986)

Bull .t aL. (1987)

a+, with exogenous metabolic system; - without -.i-
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4.3 Other relevant data in humans

The term 'alcoholIcs' is used in this monograph in abroad sense to indicate persons who
have a high alcohol consumption or who are considered to be alcohol-dependent.

Information that would allow a more precise categorization was usually not given in the
reports reviewed.

(a) Absorption, distribution and excretion

Ethanol occurs at concentrations similar to those of alcoholIc beverages in the stomach
and upper jejunum after ingestion (Halsted et al., 1973). Absorption of ethanol from the
gastrointestinal tract occurs by simple diffusion (Wallgren & Barry, 1970). Most ingested
ethanol is absorbed within the first hour from the stomach and upper intestine, resulting in
ethanol concentrations in the ileum and colon simIlar to that of the vascular space (Halsted
et al., 1973).

(b) Metabolism

(i) Ethanol metabolism
The rate of ethanol metabolism varies among individuals, and studies of twins indicate

that interindividual variabilty in the rate of ethanol metabolism is under genetic control
(Vesell et al., 1971; Kopun & Propping, 1977).

The disappearance of ethanol from the blood follows zero-order kinetics; the
elImination rate is approximately 0.1 gjkg bw per h (Newman & Lehman, 1937).

It is generally accepted that the main pathway for ethanol oxidation in man is via the
ADH pathway. Human ADH is coded by three structural gene loci, the corresponding
products ofwhich, a, ß- and 'Y-polypeptides, combine to form active dimeric isozymes. The
ADH molecu1e may appear in at least nine electrophoretically different isozyme forms
(Smith et al., 1971, 1973).

An 'atypical' ADH has been described which differs from the usual enzyme in its
catalytic activity, pH optimum, kinetic parameters and molecular structure (von Wartburg
et al., 1965; von Wartburg & Schürch, 1968; y oshida et al., 1981). ln European countries,
the incidence of atypical ADH ranges from 4 to 20% (von Wartburg & Schürch, 1968). ln
Japan, however, 85-98% of the population carries the atypical ADH (Fukui & Wakasugi,
1972; Agarwal et al., 1981; Agarwal & Goedde, 1986). ln spite of the presence of highly
active atypical ADH, however, the rate of ethanol metabolism in normal and atypical ADH
phenotype carriers is not significantly different (see p. 145; Edwards & Priee Evans, 1967).
Other isozyme forms found in human lIver inc1ude 1T-ADH (Li & Magnes, 1975; Li et al.,
1977) and ADH-Indianapolis (Bosron et al., 1980).

Human hepatic ADH catalyses the oxidation of not only a1cohols but also endogenous
and exogenous sterols (Frey & Vallee, 1980).
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A cytochrome P450 isozyme immunologically identical to the ethanol-inducible forms
from rats and rabbits, P450 HEl, has also been isolated from human lIver (Lasker et al.,
1986b; Song et al., 1986; Lasker et al., 1987).

A nonoxidative pathway of ethanol metabolIsm - esterification of ethanol with fatty
acids - has been described in man y human organs (Lange, 1982; Laposata & Lange, 1986);
its importance remains to be determined.

(ii) Acetaldehyde metabolism
Acetaldehyde is oxidized further to acetate by aldehyde dehydrogenase (ALDH), which

also occurs in several isoenzyme forms (Agarwal et al., 1981). Acetaldehyde concentrations
during ethanol oxidation in the blood folIowing ingestion of 0.8 g/ kg bw were low in healthy
male Caucasians: 2-20 JLM (0.1-1 mg/l) in hepatic venous blood; less than 2 JLM (0.1 mg/l) in
peripheral venous blood (Nuutinen et al., 1984). ln contrast, a1cohol ingestion by OrientaIs
resulted in marked elevations of blood acetaldehyde levels concentrations ranging from 0.4
to 3 mg/l (Ijiri, 1974); and individuals developed facial flushing and tachycardia as a direct
consequence of elevated blood acetaldehyde levels (Ijiri, 1974; Mizoi et al., 1979; Inoue et
al., 1980). Acetaldehyde-mediated facial flushing occurs in individuals in whom one of the
ALDH isoenzymes, ALDH2, occurs in low concentrations or is absent (Agarwal et al.,
1981; Ikawa et al., 1983).

ln one study of volunteers, it was found that infusion of fructose caused a marked
elevation of acetaldehyde in the blood of four nonalcoholic control subjects but not in four

a1coholIcs. The oxidation of acetaldehyde in blood in vivo and in vitro was similar in

alcoholIcs and nonalcoholIcs (Nuutinen et al., 1984).

(ii) Modifying effects of chronic ethanol consumption on the metabolism of
ethanol

A 30-80% increase in the metabolIsm of ethanol in a1coholIcs who consume 100 g or
more ethanol per day has been described in several studies (Bernhard & Goldberg, 1935;
Kater et aL., 1969; Ugarte et al., 1972; Salaspuro & Lieber, 1979; Keiding et al., 1983;
Nuutinen et al., 1983, 1984). Consumption ofsmaller amounts of ethanol (45 g perday) for
three weeks did not affect the rate of its disappearance in volunteers of either sex (Holtzman
et al., 1985).

Cirrhotic patients with jaundice who had not taken a1cohol for more than four weeks
showed decreased rates of ethanol elImination due to lIver injury (Lieberman, 1963). ln
contrast, ethanol elImination rates were elevated even in the presence of relatively severe
lIver damage when measurements were taken during the first month of abstinence (Ugarte
et al., 1977).

(iv) Modifying effects of chronic ethanol consumption on the metabolism of
acetaldehyde

Early studies of the concentration of acetaldehyde in the blood of alcoholics may have
been lImited by methodological difficulties (Majchrowicz & Mendelson, 1970; Truitt, 1971;
Magrinat et al., 1973), as pointed out by Stowell et aL. (1977). Following intravenous a1cohol
administration, blood acetaldehyde concentrations were demonstrated to be higher In
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alcoholic than in nonalcoholic subjects (Korsten et al., 1975). More recent studies with
better methods have confirmed that blood acetaldehyde concentrations increase folIowing
chronic alcohol consumpi.on (Lindros et al., 1980; Palmer & Jenkins, 1982). ln alcoholic
patients, peak blood acetaldehyde concentrations were higher at high than at low ethanol
blood levels (N uutinen et al., 1983). Blood acetaldehyde values correlated positively with
rates of ethanol elimination (Lindros et aL., 1980) and negatively with liver ALDH activity
(Jenkins & Peters, 1980; Nuutinen et al., 1983; Jenkins et al., 1984; Matthewson et al., 1986).

Several factors, such as hepatomegaly (Pelkonen & Sotaniemi, 1982), increased reoxi-
dation ofNADH (Thurman et aL., 1988) and increased cytochrome P450 levels (Pelkonen &
Sotaniemi, 1982), may be responsible for the enhanced elimination rates of ethanol by
alcoholics.

Sera of alcoholic patients were found to contain antibodies to acetaldehyde-protein
adducts. Anti-acetaldehyde adduct immunoglobu1in titres in 21 healthy nondrinking
individuals ranged from 10 to 80, whereas 25 of 34 alcoholics had titres of 160 or above
(p c: 0.001). These results suggest that acetaldehyde-induced immunogenic determinants
can initiate an immune response which may be used to differentiate alcoholics from
nonalcoholics (Hoerner et al., 1986).

(c) Modifying effects of ethanol on the metabolism of xenobiotics

ln both a1coholics and nonalcoholics, acute drinking of a1cohol results in inhibition of
xenobiotic metabolism as observed in experimental systems (see Table 42). For example,
the metabolism of meprobamate and pentobarbital is inhibited by acute administration of
ethanol (Rubin et al., 1970). After ethanol intake, blood xylene levels in volunteers exposed
to xylene by inhalation were increased 1.5-2.0 fold, while urinary excretion of methyl-
hippuric acid, a xylene metabolite, declined by about 50% (Riihimäki et al., 1982). During
exposure to toluene by inhalation (3.2 mmol/ m3) for 4.5 h, moderate doses of ethanol
(15 mmol/kg bw) given orally to volunteers almost doubled the maximum toluene concen-
tration in blood and decreased the blood clearance of toluene by approximately 44%
(Wallén et al., 1984). Trichloroethylene concentrations in plasma increased two fold, and
decreased urinary excretion of a major metabolite of trichloroethylene - trichloroethanol

- was observed when ethanol was ingested immediately prior to exposure to trichloro-
ethylene by inhalation (MülIer et al., 1975). Drinking of alcoholic beverages inhibits liver
metabolism of nitrosamines, such as N-nitrosodimethylamine and N-nitrosodiethy1amine.
As a result, nitrosamines are excreted in urine of beer drinkers and volunteers given amines
and ethanol (Eisenbrand et al., 1981; Spiegelhalder et al., 1982; Spiegelhalder &
Preussmann, 1985).

ln chronic alcoholics with normal liver function, xenobiotic metabolIsm is enhanced in
the absence of alcohoL. Consumption of 46% of total calories as ethanol for one month by
volunteers resulted in a striking increase in the rate of clearance from the blood of
meprobamate and pentobarbital (Misra et al., 1971). Similarly, increases in the metabolIsm
of antipyrine (Cushman et al., 1982), tolbutamide (Carulli et al., 1971), warfarin and
phenytoin, but not aminopyrine (lber, 1977), have been described.
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When volunteers were given ethanol in the diet in increasing amounts up to 46% of total
calories for 16- 18 days, electron microscopy of biopsy specimens of the liver revealed a
marked increase in the smooth endoplasmic reticulum (Lane & Lieber, 1966). No such
change was detected in 17 alcoholics with hepatic steatosis (but not fibrosis; Hakim et al.,
1972). These results are probably due to induction of cytochrome P450; for example,
hepatic pentobarbital hydroxylase activity, measured in biopsy specimens, was doubled in
three nonalcoholic volunteers after 12 days of feeding 42% of total calories as ethanoL. No
change was detected in the activity of benzo(a)pyrene hydroxylase (Rubin & Lieber, 1968).

Alcoholics with normalliver histology had elevated levels of hepatic cytochrome P450
and in-vitro activities of monooxygenase, as well as increased clearance of antipyrine in vivo
(Pelkonen & Sotaniemi, 1982); in contrast, alcoholics with hepatitis or cirrhosis had lower
than normal values in alI these analyses (Pelkonen & Sotaniemi, 1982; Woodhouse et al.,
1983).

It is well accepted that chronic consumption of ethanol enhances the metabolism of
many drugs and halogenated hydrocarbons to reactive intermediates, resulting in increased
toxicity (Lieber, 1982; Zimmerman, 1986), due probably to induction of P450 HEl by
ethanol (Coon & Koop, 1987). For example, severe hepatic failure has been reported to
develop in chronic a1coholics after ingestion of normalIy nontoxic doses of acetaminophen

(Emby & Fraser, 1977; McClain et aL., 1980; Seeff et al., 1986).

(el Modifying effects of ethanol on intermediary metabolism

Most of the acute metabolic effects of ethanol that have been observed in experimental
animaIs have also been detected in humans, as reviewed by Lieber (1982). These include
elevation of the NADH:NAD redox state (i.e., increases in the lactate:pyruvate and
ß-hydroxybutyrate:acetoacetate ratios), inhibition of carbohydrate and lipid metabolism
and accumulation of hepatic triglycerides (Lieber, 1984a).

It is generalIy accepted that ethanol metabolism in humans is regulated by the ADH
system. This conclusion is supported by the numerous studies in humans which have
demonstrated that administration offructose, which increases rates ofNADH reoxidation,
elevates rates of ethanol metabolIsm from 30 to 80%. The absence of elevated alcohol
elimination rates in individuals with atypical ADH, who have increased enzyme activity
(von Wartburg et al., 1965), further supports the conclusion that the ADH system is
regulated predominantly by the NADH:NAD redox state (Thurman et al., 1988).

(e) Major toxic effects

The clinical features of ethanol intoxication are related to blood ethanol levels: mild
intoxication (500-1500 mg/1) is manifested in emotional la~ilty and slight impairment of
visual acuity, muscular coordination and reaction time; moderate intoxication (1500-3000
mg/1) results in visual impairment, sensory loss, muscular incoordination, slowed reaction
time and slurred speech; severe intoxication (3000-5000 mg/l) is characterized by marked
muscular incoordination, blurred or double vision, sometimes stupor and hypothermia, and
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occasionalIy hypoglycaemia and convulsions; in coma ~5000 mg/l), there are depressed
reflexes, respiratory depression, hypotension and hypothermia. Death may occur from
respiratory or circulatory failure or as the result of aspiration of stomach contents in the
absence of the gag reflex (WeatheralI et al., 1983).

Long-term, high-level alcohol consumption caused toxicity in almost aU organ systems
of the body (Lie ber, 1982).

(i) Gastrointestinal tract

A1coholism comrtonly affects the mouth, with enlargement of the parotid gland and an
increase in salivary secretion in patients with a1coholic liver injury (Dürr et al., 1975; Bode &
Menge, 1978). Glossitis and stomatitis are common in a1coholics.

Oesophageal complications that are often diagnosed in a1coholics inc1ude oesophagitis,
columnar metaplasia (Wienbeck & Berges, 1985) and functional alterations in peristaltic
contractions, especialIy in patients with peripheral neuropathy (Winship et al., 1968).

Ethanol also has acute and chronic effects on gastric secretion and the gastric mucosa.
Increased gastric acid secretion occurs as an acute effect (Cooke, 1972). Long-term
consumption of a1cohol decreases basal and maximal acid output (Chey et al., 1968) and can
cause chronic antral gastritis (ParI et al., 1979). Acute mucosal lesions ('haemorrhagic
gastritis') are a significant cause of upper gastrointestinal blood loss in a1coholics (Katz et
aL., 1976).

A number of syndromes or pathological effects of a1coholic beverages in the upper
intestine have been attributed to the high a1cohol concentrations attained in the upper small
intestine, inc1uding alterations in intestinal motility (decreased impeding waves in the
jejunum; Robles et aL., 1974) and impaired transport of, for example, glucose (Thomson &
Majumdar, 1981), amino acids (Israel et al., 1969), electrolytes (Mekhjian & May, 1977),
thiamine (Wilson & Hoyumpa, 1979), vitamin B12 (Lindenbaum & Lieber, 1969) and folie
acid (Halsted et al., 1967).

Since malnutrition impairs the nutrient absorptive function ofthe gastrointestinal tract,
the malnutrition that often accompanies a1coholism may itself contribute to, or exacerbate,
the malabsorption seen in a1coholIcs (Mezey, 1975; Lieber, 1982).

Pyridoxine deficiency occurs in a1coholIcs, and acetaldehyde has been incriminated in
theaccelerated destruction of vitamin B6 (Lumeng & Li, 1974). Abnormally low blood
levels of vitamin E have been reported in a1coholIcs (Losowsky & Leonard, 1967). Defi-
ciencies in other vitamins and trace elements have been reviewed (Thomson & Majumdar,
1981).

(ii) Liver
AlcoholIc liver disease ranges from fatty liver, alcoholIc hepatitis and fibrosis to

irreversible cirrhos.is (for review, see Lieber, 1984b).
A1coholic hepatitis is characterized by an inflammatory reaction of the liver with

necrosis of hepatocytes and may be associated with the occurrence of hyalin bodies
(MaUory, 1911; Denk et al., 1975; French & Burbige, 1979; Phillps, 1982; Denk, 1985).
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Most studies suggest that intake ofmore than 120-180 gethanol per day for more than 15
years is the critical dose-duration factor for the development of cirrhosis (Lelbach, 1975).
Some other reports (Péquignot et al., 1978; Tuyns & Péquignot, 1984; Norton et al., 1987)
have shown an elevated risk for cirrhosis folIowing even lower daily consumption of
ethanol. Risk factors for the development of a1coholic cirrhosis inc1ude poor nutrition,
genetic susceptibility and female gender (Burnett & Sorrell, 1981; Tuyns & Péquinot, 1984;
Norton et al., 1987).

It has been suggested that viral hepatitis B is more common among alcoholics than
among corresponding nonalcoholic populations, and an increased prevalence of serological
markers of viral hepatitis has been reported in a1coholics (Mils et al., 1979; Pimstone &
French, 1984). The extent to whichjoint exposure to hepatitis B virus and alcoholleads to
mutual modification of effects has not been clearly establIshed.

(iii) Pancreas
Alcoholic pancreatitis is generalIy described as both acute and chronic (Sarles &

Laugier, 1981). The acute form is associated with considerable mortality (Geokas, 1984).

Chronic alcoholic pancreatitis generally develops after eight to ten years of heavy drinking
(Strum & S piro, 1971). Drinking binges (heavy drinking during weekends) often precipitate
relapses of pancreatitis in alcoholics; similar excesses by nonalcoho1ics rarely provoke the
disorder (Sarles & Laugier, 1981).

(iv) Endocrine organs
Alcohol interacts with the endocrine system, inc1uding the hypothalamus, pituitary and

gonads. ln addition, liver injury may disturb peripheral metabolism of hormones by
affecting hepatic b100d flow, protein binding, enzymes, cofactors or receptors.

Chronic ethanol abuse increases plasma cortisol levels (Mendelson & Stein, 1966;
Mendelson et al., 1971). Ethanol stimula tes adrenal medulIary secretion of catecholamines;
in addition, the peripheral metabolism of the released catecholamines is altered byethanol

(Davis et al., 1967). Alcohol and a1coholic liver injury affect thyroid function; acute
administration' of ethanol increases the liver:p1asma ratio of thyroid hormones (Szilagyi,
1987), a finding that may explain some of the metabolic effects of ethanol.

Blood testosterone concentrations fall reversibly in normal male volunteers within hours
of their ingesting sufficient amounts of alcohol to produce hangover (Van Thiel et al., 1983).
Chronic intake of alcohol further decreases serum testosterone levels which may lead to
testicular atrophy and impotence (Mendelson & Mello, 1974; Gordon et aL., 1976; Van Thiel
& Lester, 1977; VälImäki et al., 1982; Van Thiel & Gavaler, 1985; Gavaler & Van Thiel,
1987). The finding of simultaneously elevated luteinizing hormone levels, especialIy in
cirrhotics (Välimäki et al., 1982), suggests a primary testicular effect of ethanol.

It is generalIy accepted that acute ethanol administration has little or no effect on human
female hypothalamic-pituitary-gonadal function. On the contrary, chronic ethanol abuse
leads to early menopause, lower postmenopausal gonadotropin levels and increased plasma
levels of the c1assic female sex hormones, despite the presence of amenorrhoea (Gavaler
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& Van Thiel, 1987). Elevated basal prolactin levels and exaggerated prolactin responses to
thyrotropin-releasing hormone have been described in a1coholIcs (YlIkahri et al., 1980).

(v) Immune system
The effects of alcohol on the immune system have been reviewed (Kanagasundaram &

Leevy, 1981; Lieber, 1982; MacSween&Anthony, 1985). Studiesinpatientswitha1coholic
liver disease have shown decreased immune responsiveness (Berenyi et al., 1974).

(vi) Heart
Acute and prolonged ingestion of alcohol has a deleterious effect on left ventricular

function (Gould et al., 1971; Regan et al., 1975). The association between heavy drinking
and cardiomyopathy is widely recognized (New York Heart Association Criteria Committee,
1964; Wendt et al., 1966; Friedberg, 1971; McDonald et aL., 1971; Perloff, 1971; Demakis et
al., 1974; Regan et al., 1975).

Protective effects of moderate alcohol consumption with regard to cardiovascular
disease are discussed on p. 37.

(j Efects on reproduction and prenatal toxicity

Numerous reviews of the reproductive effects and prenatal toxicity of alcohol are
available (Jones & Smith, 1975; Warner & Rosett, 1975; Majewski, 1978; Neugut, 1981;
Colangelo & Jones, 1982; Streissguth, 1983; Barrison et al., 1985; Gavaler & Van Thiel,
1987). The adverse effects of alcohol in pregnancy have been known since biblical times, and
occasional reports were published in the eighteenth and nineteenth centuries about the
effects of excessive drinking on pregnancy. FolIowing publication of the term 'fetal alcohol
syndrome' by Jones and Smith (1973), contemporary interest in the effects of a1cohol in
pregnancy increased extensively, and, within eight years, Abel (1981) had publIshed a
comprehensive biblIography on the subject containing more than one thousand references.

The 'fetal a1cohol syndrome' is characterized by both physical and mental effects. The
major physical features are pre- and postnatal growth deficiency with regard to both weight
and length, microcephaly, and characteristic facial features, including short palpebral
fissures, short upturned nose with hypoplastic philtrum, thinned upper vermilon and
retrognathia. The major neuro10gical features are mild to moderate mental retardation,
poor coordination, hypotonia, irritabilty in infancy and hyperactivity in childhood

(Clarren & Smith, 1978). The two sexes seem to be equally at risk (Abel, 1979). Not all
affected children have all of the features of the syndrome, and difficulty in recognizing the
facial features seems to present the major problem in diagnosis. The syndrome was first
described in the children of chronic a1coholIc women, and much of the subsequent research
has been devoted to finding whether the effects are dose-re1ated and whether a threshold
exists below which no adverse effect is detectable.

Hanson et al. (1978), as part of a large study on drinking, smoking, diet and use of of
medicines in 1529 women in Seattle, W A, USA, separated a subgroup ofinfants born to 70

mothers who drank at least 1 oz (29.6 ml) ethanol per day on average, and these were
compared with 93 infants born to mothers drinking"(l oz ethanol per day (five or more
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drinks per occasion). These 163 infants underwent special examination for features of fetal
alcohol syndrome without prior knowledge of the mothers' drinking habits. Fetal alcohol
syndrome-type features were diagnosed in 9/70 infants from mothers who consumed 1 oz
(= 23 g) ethanol per day or more, compared with 2/93 from mothers who consumed less
than 1 oz/ day (p = 0.023). Significantly lower body weight, body length and reduced mental
and motor development were found among infants of the mothers who drank more heavily
on follow-up of infants of the original cohort at eight months of age (Streissguth et al.,
1981).

A prospective study by Oleg~rd et al. (1979) in Göteborg, Sweden, in 1977/1978
identified 28 pregnancies in 25 a1coholIc women. During the study period, there were about
7600 deliveries in the wh.ole of Göteborg, and the study included antenatal clInics covering
about one-third of the population. Five of the pregnancies ended in induced abortions, and
two babies died during birth. Of the remaining 21 pregnancy outcomes, seven infants had
full fetal alcohol syndrome and seven others partial features of the syndrome.

ln a number of other studies, evidence was found for adverse effects of alcohol consump-
tion during pregnancy, but not necessarily typical features of the fetal alcohol syndrome. A
prospective study in Boston, MA, USA, by OuelIette et al. (1977) on 633 women who had
registered for prenatal care at the Boston City Hospital, addressed alcohol intake, smoking,
drug use and diet. At publIcation, 322 babies had been delivered. The abnormality rate,
defined as infants with congenital anomalIes, growth abnormalities or neurological

abnormalIties, was 29/42 (71 %) in heavy drinkers, 45/128 (36%) in moderate drinkers and
52/150 (35%) in rare drinkers or abstainers (pc( 0.001). The authors defined heavydrinkers
as having an average daily intake of ::45 ml (~ 36 g) ethanol per day or more, and
abstinent/ rare drinkers as less than one drink per month; the remainder were classified as
moderate drinkers. There was a marked excess of infants of heavy drinkers who were small
for their gestational age or had congenital anomalIes or microcephaly. There was no specifie
pattern of anomalIes, such as the feta1 a1coho1 syndrome. (The W orking Group noted that
this is a high-risk population, among which 35% of all newborns are admitted to intensive
care. Also, there was an association between heavy alcohol intake and both smoking and
previous use of psychotropic drugs, but these were not corrected for in the analysis.)

A large prospective study in France (Kaminski et al., 1976) was carried out on 9236
women delIvered in Paris between 1963 and 1969. Using as the criterion for heavy drinking
consumption of 400 ml wine containing 11% or more alcohol (~ 35 g ethanol) (or equivalent
in other a1coholic beverages) per day, an excess of stilbirths was reported (2.6 versus 1.0%),
as well as an excess of babies small for their gestational age (4.8 vers us 2.5%) and reduced
placental weight. The effects of alcohol were stil significant (p ~ 0.01) after adjusting for
maternaI age, marital state, smoking and previous pregnancy outcomes. Two further studies
(Kaminski et al., 1981), one retrospective and the other prospective, did not confirm the
increase in stilbirths found in the first study, and none of the three studies showed an
increase in congenital malformations associated with a1cohol intake.

Sokol et al. (1980) reported the results of a study of women from one obstetric hospital in
Cleveland, OH, USA, who were classified as alcohol abus ers (204), compared with 11 923 in
a 'no a1cohol group'. Alcohol abuse was associated with reduced birth weight (average
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reduction, 190 g), a significant increase in congenital anomalies and problems during
delivery. Five cases of fetal a1cohol syndrome were diagnosed. (The W orking Group noted
that a number of confounding factors, such as drug abuse and gravidity, were identified but
were not controlIed for.)

ln a later study, the same group ofworkers (Ernhart et aL., 1987) analysed data from 359
mother-infant pairs classified according to a1cohol intake, almost alI of whom were from
lower social classes. The prevalence of the cranio-facial anomalies associated with the fetal
alcohol syndrome was related to the amount of maternaI drinking during the first trimester
of pregnancy. The relationship was most marked at higher levels of consumption (above
3 oz (88.8 ml) ethanol).

A prospective study on 32019 women attending 13 clInics in California, USA, in 1974-77
was reported by Harlap and Shiono (1980), who studied the relationship between alcohol
consumption, smoking and first- and second-trimester abortions. They found a significant
increase in the incidence of second-trimester abortions with alcohol intake, giving age-

adjusted relative risks of 1.03 (not significant), 1.98 (p ~ 0.01) and 3.53 (p~ 0.01) forwomen
taking less than one, one to two and three or more drinks (not defined) per day. There was no
relationship with the incidence of first-trimester abortions; the effects observed were not
explained by age, parity, race, marital status, smoking or the number ofprevious abortions.

Kline et al. (1980) conducted a case-control study on the relationship between a1cohol
intake and spontaneous abortion. Cases were a consecutive series of spontaneous abortions
in three hospitals in Manhattan (NY, USA) between 1974 and 1978. Controls, matched for
age and hospital and who had been delivered after 28 weeks' gestation, were selected
concurrently, and 657 case-control pairs were included in the analysis. The authors found
that 17.0% of cases and only 8.1 % of controls reported drinking twice per week or more. The
odds ratio, adjusted for three variables (age, interval between last menstrual period and
interview and drinking before pregnancy) was 2.6 (95% confidence interval, 1.6-4.2). No
significant interaction was found between alcohol intake and several other variables, such as
smoking, previous spontaneous abortion, nauseaj vomiting, weight, age, race, marijuana
use or caffeine use. The effect was dose-related and, for those who drank twice a week or
more, each type of beverage was significantly associated with increased risk of abortion. The
association for wine and spirits (average intake per occasion,:? 1 oz (~23 g) ethanol) was
slightly greater than that for beer (average intake, ~1 oz ethanol, except for dai1y drinkers).
The authors concluded that 1 oz ethanol twice per week is about the threshold amount that
may produce an abortion.

Marbury et aL. (1983) reported on a large study on a1cohol consumption in 12440 women
from two hospitals in Boston, USA, interviewed at the time of delIvery. After controllng for
confounding by demographic factors, smoking, parity and obstetric history, a1cohol
consumption of 14 drinks per week or more was associated only with an increase in abruptio
placenta. There was no adverse effect below 14 drinks per week, and no increase in
malformations at any intake leveL.

Full fetal a1cohol syndrome is seen only in the children of very heavy drinkers, usually
chronic alcoholics. Some of the features of the syndrome are seen, however, at lower doses,
and one of the most sensitive effects seems to be reduced birth weight. Little (1977), using
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multiple linear regression, showed in a study on 263 women that an average intake of 1 oz
(~ 23 g) ethanol daily before pregnancy was associated with a decrease in birth weight of
91 g, and the sa me amount in la te pregnancy with a decrease of 160 g. Wright et aL. (1984)
published a review of previous studies, including a detailed analysis of their own study on
1122 pregnancies in the UK, in which they used both the Mantel-Haenszel method and
stepwise logistic regression. They found that intake of more than lOg ethanol per day before
or in very early pregnancy doubled the risk of a light (-:ioth centile) baby. Both of these
studies showed an association between alcohol intake and smoking and showed that the
effect of smoking on birth weight is independent of, and additive with, the effect of alcohoL.
Smith et al. (1986) showed, in a group of moderate drinkers, that women who stop drinking
by mid-pregnancy have a lower risk in terms of both growth and behavioural outcomes than
those who continue throughout pregnancy.

Follow-up of children with fetal alcohol syndrome shows that the effects remain severe
and permanent, with little or no evidence of catching up either physically or mentalIy. This
observation is independent of whether the child is brought up in his own home or in a foster
home, and suggests that the majority of the defects are the result of prenatal exposure to
alcohol (Kyllerman et al., 1985; Streissguth et al., 1985).

As welI as the facial dysmorphology, growth and mental retardation, a number of other
malformations have been observed in association with fetal alcohol syndrome. The most
common, occurring in up to 50% of cases, are cardiac malformations, especialIy atrial and
ventricular septal defects (Löser & Majewski, 1977; Dupuis et al., 1978; Sandor et al., 1981),
renal defects (DeBeukelaer et aL., 1977; Quazi et al., 1979; Havers et al., 1980) and a variety
ofskeletal defects (Spiegel et al., 1979; Herrmann et al., 1980; Halmesmäki et al., 1985; Pauli
& Feldman, 1986). Although mental retardation is a major feature of fetal alcohol
syndrome, there have been few reports of brain dysmorphology; however, severe disorders
in brain development have been reported (Clarren et aL., 1978; Goldstein & Arulanantham,
1978; Peiffer et al., 1979; Wisniewski et al., 1983), suggesting an action at different stages.
Other less frequent effects include alteration in palmar creases (Tilner & Majewski, 1978),
liver abnormalities (Habbick et aL., 1979; MØller et aL., 1979) and eye defects (Strömland,
1981).

Studies of hypothalamic-pituitary hormonal function in children with fetal alc.ohol
syndrome have shown no abnormality, indicating that the deficit in height and weight is not
due to lack of growth hormone (Root et al., 1975; Tze et al., 1976; Castells et al., 1981).

(g) Mutagenicity and chromosomal effects

Chromos omal aberrations and aneuploid metaphases were found in the peripheral
lymphocytes of alcoholics. ln 200 a1coholics, de Torok (1972) found a high frequency of
metaphases with nonmodal chromosome numbers, particularly in those with a1coholIsm-
related organic brain syndrome, in whom 43.7% of the celIs had 45 ~hromosomes and on1y
4.4% of the celIs had the normal chromosome number of 46. ln 100 alcoholics without
organic brain syndrome, 23.6% of the cells had 46 chromosomes. ln 20 ex-alcoholics who no
longer drank,47.2% of the celIs had 46 chromosomes, and, in 60 nona1coholIcs, there were
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91.6% metaphases with 46 chromosomes. The author stated that a high incidence of
structural changes was also 0 bserved.

Mitelman and Wadstein (1978), using 72-h cultures, found a significant elevation of the
frequencies of hyperploid and hypoploid metaphases and of chromosomal aberrations in
celIs from ten a1coholics. Significant increases in the inCidences of hyperploid and hypoploid
metaphases and of metaphases with aberrations were observed using 72-h cultures of cells
from 77 alcoholics (Kucheria et aL., 1986).

(The W orking Group noted that a culture time of three days was used in these studies,
which is not ideal since second- and third-division metaphases are present in such cultures.
ln addition, aneuploidies, especially metaphases with 45 chromosomes, could arise during
preparation of the celIs.)

ln a series of studies with two-day cultures, Obe and his coworkers analysed

chromos omal aberrations in lymphocytes of a1coholIcs (Obe et al., 1977; Obe & Ristow,
1979; Obe et al., 1979, 1980; Obe & Salloch-Vogel, 1985; Obe et al., 1985; Obe, 1986) and
found that they had higher frequencies of chromosomal aberrations than nonalcoholics. A
comparison of the numbers of exchange-type aberrations per 104 metaphases in 379
alcoholics (number of metaphases analysed, 65 952) with historical control values gave the
folIowing results: chromatid translocations, 15.62 versus 5.13; dicentrics, 19.56 versus 8.00;

rings, including minutes, 7.88 versus 1.77. These results indicate that there are nearly three
times more ex change-type aberrations in a1coholics as in nonalcoholics (Obe & Anderson,
1987). ln a study of 200 a1coholics, the frequencies of exchange-type aberrations were not
correlated with age or sex but were correlated positively with the duration of alcohol
dependence; smoking a1coholics had a higher frequency of exchange-type aberrations than
nonsmoking a1coholics (Obe et al., 1980). A1coholics who were not currently drinking
alcohol had fewer aberrations than those drinking currently (Obe et al., 1980, 1985).

ln a study of peripheral blood lymphocytes from a1cohol drinkers and 20 controls,

cultured for 48 h, there were more chromosome-type aberrations in those with a daily
ethanol consumption of more than 80 ml (Horvat et al., 1983).

Several studies have suggested that alcoholics have higher sister chromatid exchange
frequencies in their lymphocytes than nonalcoholics (Butler et al., 1981; Seshadri et al.,
1982; Horvat et al., 1983; Hedner et al., 1984; Kucheria et al., 1986). Butler et al. (1981)
showed that in ni ne alcoholics who were not currently drinking alcohol there was no
elevation in such frequencies. Seshadri et al. (1982) reported that sister chromatid exchange
frequencies in babies of ten alcoholic mothers who had elevated sister chromatid exchange
frequencies were similar to those in babies from nona1coholic mothers.

(The W orking Group noted that in these studies smoking and other confounding factors
were frequently not controlIed for, which may have influenced the results.)

Activity profies appear in Appendix 2.



5. EPIDEMIOLOGleAL STUDIES OF eANeER lN HUMANS

As early as 1910, it was observed in Paris, France, that about 80% of patients with cancer
of the oesophagus and cardiac region of the stomach were alcoholics, who drank mainly
absinthe (Lamy, 1910). ln the first half of this century, it was also noted from mortality
statistics in various countries that high risks for cancers of the oral cavity, pharynx,
oesophagus and larynx occurred among persons employed in the production and
distribution of alcoholIc beverages (Young & RusselI, 1926; Clemmesen, 1941; Kennaway &
Kennaway, 1947; Versluys, 1949). Later studies showed that cancers at these sites occur at
lower rates of incidence (and mortality) in religious groups that proscribe alcohol intake,
such as Seventh-day Adventists (Wynder et aL., 1959; Lemon et al., 1964; Philips et al.,
1980), compared with corresponding national populations. Although many aspects of the
life style of such populations are particular, differences in drinking (and smoking) habits
may contribute to the differences in disease rates. Subsequent to these historical
observations and studies of religious groups, analytical studies of the cohort and case-
control type have been carried out.

5.1 Measurement of alcohol intake in epidemiological studies

ln descriptive studies, discussed below, a very crude level of a1cohol intake is typically
inferred for a group of individuals, on the basis of characteristics such as treatment for
a1coholism. Frequently, even measurements of average a1cohol intake in these groups and in
the groups with which they are compared are not avaIlable.

ln case-control and cohort studies involving individual subjects, measurements of
a1cohol intake are usually obtained by structured interview or questionnaire. The questions
asked vary widely among studies, providing markedly different levels of detail about alcohol
intake (Room, 1979). ln some studies, a single question was asked that provided only a few
categories of alcohol consumption. ln many studies, separate questions were asked
regarding the average frequency (usually in terms of standard units) of drinking beer, wine,
spirits and other specific beverages. This information allows a calculation of usual total
ethanol intake as weIl as an estimation of that from the specific beverages. ln some studies,
further information was colIected about a1cohol consumption at different ages. ln genera1,
details about intraindividual variations, such as 'binge drinking', have not been incorpo-
rated in the studies reviewed.

-153-
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The validity of self-reported alcohol consumption has been reviewed by Midanik (1982).
ln some populations (Pernanen, 1974), but not necessarily all, self reporting of alcohol
intake results in a lower total than that for alcohol sales. However, even if a population as a
whole tends to underestimate intake, this may not necessarily be true of participants in
epidemiological studies, such as those who volunteer to enrol in a cohort study. Moreover,
there is some evidence that underestimation tends to be proportional to consumption, so
that the broad ordering of respondents is maintained (Boland & Roizen, 1973).

The reproducibility and valIdity of the measurements of alcohol consumption used in
epidemiological investigations have been examined in several recent studies. Rohan and
Potter (1984) interviewed 37 men and 33 women in Australia regarding food and beverage
intake twice at a three-year interval; mean intakes were reported almost identicalIy on the
two questionnaires, and the correlation between the original report and recalled intake was
0.87 for men and 0.79 for women. ln a comparison of intake measured by diet record and a
dietary history interview four years later among 79 Dutch men and women, mean alcohol
consumption was found to be identical using the two methods, and the correlation among
individual subjects was 0.82 (van Leeuwen et al., 1983).

Riboli et al. (1986) compared wine intake as assessed by an interviewer-administered
questionnaire among 29 Italian adults with consumption reported in a one-week dietary
record. The estimate from the questionnaire was about 40% higher than that determined
from the diary, and the correlation between the methods was 0.57. ln a valIdation study of a
self-administered dietary questionnaire conducted among 173 participants in a large US
cohort of women, Wilett et al. (1987) compared alcohol intake computed from two
administrations of a questionnaire at a one-year interval with intake assessed by four

one-week diet records collected during the interviewing year. Mean alcohol intake by this
group of women was nearly identical whether assessed by either of the two questionnaires or
the dietary record: the correlation between the two questionnaires was 0.90, that between
the first questionnaire and the diet record, 0.86, and that between the second questionnaire
and diet record, 0.90. Furthermore, significant correlations were observed between the
questionnaire measure of alcohol intake and plasma high-density lipoprotein-cholesterol
levels (which is known to be sensitive to alcohol ingestion), providing qualItative evidence of
a physiological response to alcohol intake. It thus appears that a1cohol intake can be
measured in a reproducible and valId manner by .the relatively simple questionnaires
employed in many epidemiological studies. Additional characterization of drinking habits,
including use of a1cohol at different ages and shorter-term patterns of individual variation,

may provide useful information and improve the classification of subjects according to
long-term alcohol use.

ln case-control studies, errors in recall of alcohol intake that are different between cases
and controls could distort the relation with cancer risk; it is possible that the occurrence of a
grave ilness cou1d affect recall. ln several studies of dietary recall, it has been noted that
current dietary intake has a major influence on the reporting of earlIer diet (Jensen et al.,
1984). Since alcohol intake may be altered by serious ilness or by its treatment, it is possible
that studies of prevalent cases of cancer are less relIable than studies of newly diagnosed
cases, even if alcohol does not influence prognosis.
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5.2 Descriptive studies

Descriptive studies (also referred to as ecological or correlation studies) of the relation-
ship between alcohol consumption and cancer risk enta il analysis of the co-variation of
population-based measures of those two variables. Variations (known or inferred) in
alcohol consumption by time, geographic location and category of person are examined in
relation to variations in cancer incidence or mortality rates. Since alcohol consumption
tends to be associated with other forms of behaviour that might also influence the risk of
developing cancer (especially cigarette smoking and aspects of diet), and for which
equivalent measures of exposure are frequently not available, it is not possible in descriptive
studies to infer a causal relationship between a1cohol consumption and cancer risk. ln
addition, in descriptive studies, average values of a1cohol consumption are attributed to
population groups as a whole; depending on the actual distribution of exposures within the
population, this can result in considerable misc1assification of exposure and consequent
errors in estimation of effects.

(a) Geographical and temporal studies

Geographical and temporal variations in alcohol consumption are usually estimated
from systematic records (governmental or commercial) of production and sales, or from
changes in the rates of other acknowledged diseases of 'alcohol abuse' (especially alcoholIc
liver cirrhosis). ln some cross-sectional, regional, ecological studies, a1cohol consumption in
different population subgroups has been estimated by direct survey(e.g., Hinds et al., 1980).

Intrapopulation studies, in which identifiable groups of people with known differences
in a1cohol consumption (e.g., abstainers, relIgious groups, ethnie groups) or with known or
presumed changes in drinking habits (e.g., migrants) are studied, are also a usefu1 source of
descriptive epidemiologica1 data. Again, however, measures of confounding variables are
often not available, or, if avai1able, may be difficult to 'control for' in data analysis at the
population leveL.

Descriptive studies have been used most frequently to study a1cohol consumption in
relation to specifie cancers orthe upper alimentary tract and larynx. Oesophageal cancers,
in particular, have been studied in this way in both developed and developing countries.
Many geographic correlation studies have been carried out to examine mortality from
alimentary tract cancer in relation to mortality from liver cirrhosis and alcoholIsm within
the departments of France (Lasserre et al., 1967). These studies have consistently shown a
strong correlation of oesophageal cancer with the index of alcohol consumption; less strong
correlations have been seen for cancers of the mouth, pharynx and stomach. Geographie
studies have also been carried out in eastern and southern Africa to examine the substantial
local variations in oesophageal cancer mortality in relation to alcohol consumption and to
brewing practices (Day et al., 1982). Several international studies have demonstrated a
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positive correlation between national consumption of beer per head and mortality from
cancer of the rectum (Breslow & Enstrom, 1974; Potter et al., 1982).

Time trends in a1cohol consumption per head and mortality from selected cancers have
been analysed in some countries, predominantly in relation to cancers of the upper
alimentary tract and larynx (Tuyns et aL., 1977; McMichael, 1979). Positive correlations
have been reported consistently for some specifie sites. ln studies in which simultaneous
time trends in several countries have been examined, a role has been suggested for alcohol
consumption in the etiology of, for example, cancers of the large bowel (McMichael et al.,
1979).

Variations in the male:female ratio of cancer rates in relation to variations in the
male:female ratio of mortality from alcoholic liver cirrhosis, or of alcohol consumption as
determined by surveys of population samples, have also suggested a role for alcohol
consumption in the etiology of cancers of the upper alimentary tract, the larynx, the liver,
and, less clearly, the stomach and large bowel (Flamant et aL., 1964; Enstrom, 1977; KelIer,
1977).

ln very few descriptive studies has deliberate attention been paid to the relationship

between alcohol consumption and cancers at other possibly relevant sites, such as the breast,
pancreas and lung.

(b) Studies of cancer rates in cultural subgroups

The Mormons (Church of Jesus Christ of Latter-day Saints) expect abstention from
alcohol and tobacco by active members; while the Seventh-day Adventists pro scribe
tobacco smoking, alcohol drinking and meat eating.

Wynder et aL. (1959) compared the relative frequencies ofvarious cancers in Seventh-day
Adventists and in nonmembers recorded in eight US hospitals (83% in California), where
Seventh-day Adventists represented approximately 10% of all hospital admissions. There
were fewer cancers than expected of the lung (not adenocarcinoma), urinary bladder,
uterine cervix, mouth, larynx and oesophagus in the Seventh-day Adventists.

Lemon et al. (1964) compared the age- and sex-standardized rates for causes of death of
Californian Seventh-day Adventists with those of other Californians in a five-year folIow-
up of 47866 membtrs ofthe Church. A total of3481 deaths (64.9% of expected for men and
74.1% for womén) were reported, and death certificates were obtained for 3451 of them;
cancer mortality was 70.6% of the expected value for men and 80.1 % for women. The major
deficits were in buccal and pharyngeal cancer (3 observed, 16 expected) and lung cancer (19
observed, 50 expected).

Phillps et aL. (1980) compared cancer mortality among Seventh-day Adventists in
California with that of a sample of other CalIfornians who were similar with regard to
various demographic and socioeconomic factors. The two cohorts comprised 22 940
Seventh-day Adventists and 112725 nonmembers, who were folIowed for 17 (1960-76) and
13 (1960-72) years, respectively, and who had completed the same baseline questionnaire in
1960. Deaths were ascertained by annual folIow-up of each study member and by record
linkage with the California State death certificate file. Age- and sex-adjusted mortality
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ratios (Seventh-day Adventists:other Californians and Seventh-day Adventists: US white
population for 1960-75) were given for alI cancers, for stomach, colorectal, lung, breast and
prostatic cancer, and for leukaemias and lymphomas. Significant deficits were detected for
aU cancers combined, for colorectal cancer, for lung cancer and for other smoking-related
cancers.

Jensen (1983) studied 1589 male Copenhagen Temperance Society members in
Denmark, 781 of whom were Seventh-day Adventists. Expected numbers of cancer cases
were obtained by multiplying sex-, age- and calendar-time-specific incidence rates for the
general Copenhagen population by the sex-, age- and time-specific person-years of obser-
vation in the several groups. For cancers at aU sites, a reduced risk was observed among
Seventh-day Adventists (relative risk (RR), 0.7;p': 0.01), in contrast to that ofmembers of
other temperance societies (RR, LI). The author attributed the overaU reduction in cancer
risk to the deficits of a1cohol- and tobacco-related cancers among the Seventh-day
Adventists. The risk of cancer of the colon, including cancer of the rectosigmoid junction,
was also reduced, whereas the risk for rectal cancer was not significantly different from that
of the general population.

A comparison of the cancer incidence rates in Mormons and non-Mormons in Utah,
USA, during 1966-70, was carried out by Lyon et al. (1976). The study was based on 10 641
cases of cancer in Utah classified according to membership in the Mormon Church. Some
beliefs and practices of the Mormon Church include emphasis on family life and education,
strict sexual mores, and abstinence from alcohol, tobacco, tea, coffee and nonmedicinal
drugs (Lyon et aL., 1980). Significantly reduced standardized incidence ratios (SIR) for
Mormons:non-Mormons were found for the folIowing cancers: alI, 0.9 for men and 0.8 for
women; oesophagus, 0.4 (p .: 0.001) and 0.1 (p .: 0.01); larynx, 0.4 (p -( 0.001) and 0.3 (p =
0.02); stomach, 0.8 (p = 0.04) for men; colon, 0.7 (p': 0.001) for women; lung, 0.5 (p -( 0.00 1)
for men; uterine cervix, invasive, 0.6, in situ, 0.4 (p': 0.001); and breast, 0.9 (p = 0.008) for
women. ln contrast, male Mormons had slightly but significantly elevated incidences of
cancer of the prostate and of the brain and nervous system. The findings were very similar
when the analysis was extended to the period 1967-75, thus including 20 379 cases of cancer
(Lyon et al., 1980), approximately 90% of which had been histologicaUy confirmed.

Enstrom (1978) examined cancer mortality among male Mormons in California, USA,
during 1968-75. The death rate from cancers at combined smoking-related sites was 58%
that of the general Californian population, and that from alI other cancers, 68%. Most
Mormons smoke and drink a1cohol about ha If as much as the general population, being
fairly similar in other respects, such as socioeconomic status and urbanization. Active
Mormons abstain almost completely from tobacco and a1cohol (Enstrom, 1975). ln a
subsequent report, Enstrom (1980) was able to use Mormon Church records to subdivide
the male Mormon population into those who were active members ofthe Church and those
who were not. The deficit in cancer mortality was greater in active than in aU male
Mormons. For stomach cancer and colon cancer, the age-standardized mortality ratios
(SMRs) did not differ noticeably between active and aH male Mormons; however, for rectal
and lung cancer, the SMRs were much lower in active Mormons (0.4 and 0.2) than in aH
male Mormons (0.7 and 0.6). (ln these studies of Californian Mormons, it is not made clear
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how welI the numerator deaths, as recorded by the state, correspond to the apparent
denominator, as provided by the Mormon Church.)

5.3 Analytical studies

(a) General introduction

The relationship between alcohol intake and cancer at a variety of sites has been assessed
in many large cohort studies. With few exceptions, detailed information on type of
beverage, amount drunk and on smoking was not available. Tobacco smoking and a1cohol
drinking are often correlated at the individu al level, and tobacco smoke is a cause of cancer
at many sites that may also be related to a1cohol consumption (lARC, 1986a). However, a
major methodological advantage of cohort studies over case-control studies is the lesser
probability of selection bias and bias with regard to information on exposure. The most
detailed evidence about the relationship between alcohol and cancer at individual sites has
come from case-control studies, many of which are described in subsequent sections.

Most of the cohort studies have been of the retrospective (historical) type, comparing
cancer incidence or mortality in groups with high alcohol intake (e.g., alcoholics and
brewery workers) with that of the general population. The distinction between such cohort
studies and descriptive studies is not always clear; several of the investigations of religious
groups, described above, could be considered cohort studies but were included with the
other studies of these groups for coherence. A few prospective (concurrent) cohort studies in
which information on drinking and smoking was available for individual cohort members
have been of sufficient size for site-specifie risks to be determined.

ln a number of cohort studies initiated to study cardiovascular disease, total cancer
incidence or mortalIty has been reported; however, because of the absence of site-specifie
risk estimates, such studies have not been included.

Since, in some of the cohort studies, the risk of cancer at many different sites was
examined, their design is described and commented upon here in order to save unnecessary
repetition. Studies in which cancer at only one site was studied are described in the relevant
section.

The design of the major retrospective and prospective cohort studies is summarized in
Table 45.

(i) Norwegian Alcoholics Study (Sundby, 1967)
A total of 1722 men discharged during 1925-39 from the Psychiatrie Department of an

Oslo hospital with a diagnosis of a1coholIsm were enrolled in the study and observed until
the end of 1962. No information was available on drinking and smoking habits of individual
cohort members or of the cohort as a whole, but 408 were considered to be vagrant
alcoholics. Evidence of persistent alcoholIsm was available for about 75% of the vagrants
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and for 50% of the remaining group. FolIow-up was virtualIy complete, with 1061 deaths.
Death certificates were located for 1028 of these, and information on cause of death was
available for another 28 persons. The observed numbers of deaths were compared with
expected numbers based on causes of deaths for alI of Norway (496.9) and for Oslo (629.0).

(ii) Pinnish Alcohol Misusers and Alcoholics Study (Hakulinen et al., 1974)

Between 1944 and 1959, male 'alcohol misusers' were registered by the Finnish State
Alcohol Monopoly on the basis of conviction for drunkenness, sanctions imposed by the
municipal social welfare boards, and various breaches against the regulations governing
alcohol usage. No information was available on the amount of alcohol consumed by the
cohort members, nor on types of beverage or smoking habits. The numbers of incident cases
of cancer of the oesophagus, of the liver and of the colon among an estimated 205 000 men
born 1881-1932 and alive in 1965-68 were obtained bya manual match between the files of
the Finnish Cancer Registry for these years and the files of the Alcohol Misusers Registry.
Person-years at risk during the period 1965-68 were estimated from samples, and these
formed the basis for computing expected numbers of cases. Lung cancer risk was
determined in a similar fashion, but for only one-third of the group in 1968.

A second group of men more than 30 years of age, who in 1967-70 had been listed as
chronic alcoholics by the Social Welfare Office of Helsinki, were also studied. The mean
annual number of such men was estimated to be 4370. No information was available on type
or amount of a1coholic beverages drunk or on tobacco smoking, but the persons in the
group of chronic a1coholics were heavy a1cohol drinkers, most ofwhom drank cheap, strong
beverages, wines and denatured alcohols. Incident cases of cancer occurring during 1967-70
were identified by record linkage with the Finnish Cancer Registry, and expected numbers
were derived on the basis of national incidence rates and computed person-years.

(The W orking Group noted that cancer incidence was determined over a brief period
(four years) offolIow-up. Determination of only a smaH part of the total experience of each
of the underlying source populations of alcohol misusers and chronic a1coholics could

introd uce bias if the distribution of time since entry into the cohort was limited or skewed
and if alcohol-related cancer deaths are distributed unevenly over cohort foHow-up time.)

(iii) UK Alcoholics Study (Nicholls et aL., 1974)
A total of 935 patients who had been discharged from four mental hospitals in or near

London, UK, during the years 1953-57, or who had died during the key hospitalization and
who had been given a primary or secondary diagnosis implicating abnormal drinking, were
followed for 10-15 years. Of the total sample, 70 (7.5%) remained untraced and 233 men
(34.4%) and 76 women (29.6%) had died; a total of 112.7 deaths was expected (SMR, 2.7).
The SMR for all cancers was 1.7 (37 cases, p c( 0.05) for men and 1.9 (13 cases,
nonsignificant) for women. The study was extended to aH of 

England and Wales 1953-64 by
Adelstein and White (1976), who covered a total of 1595 men and 475 women. The SMRs
for alI causes of deaths were 2.1 for men and 2.8 for women.
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Table 45. Main characteristics of cohort studies on the relationship between alcohol and cancers at many si tes

Study and reference Period of Population Duration of Completeness Information on
enrolment at start follow-up; of follow-up

(effecti ve no. of deaths;
population) no. of cancers Tye of 1Iount Smoking

beverage of alcohol status

Norwegian Alcoholics 1925-39 1722 men 37 years; 98.3%
( Suncly , 1967) (1693 ) 1061 deaths;

204 ca deaths -
~

Finnish Alcohol ~
Misusers 1944-59 Estimated Incidence - - - - n

205 000 men of selected ~
alive in ca si tes only; 01965-68 449 ca cases Zand (born 01881-1932 ) 0

Alcoholics 1967-70 Mean annual 4 years; - - - - ~
~

(Hakulinen et al. numer of 81 incident "'
1974 ) men in the ca cases ::registry , í/

4370 ..
UK Alcoholics 1953-57 678 men, 10-15 years; 92.5% - - - 0

t"
(Nicholls et al., 257 women 309 deaths; c:
1974 ) ( 865) 50 ca deaths ~
Massachusetts 1930, 1935 1139 men, 41 years; 66% - - - tT

Alcoholics or 1940 243 women 894 deaths; ~~
(Monson & Lyon, 1975) 105 ca deaths

England and Wales 1953-64 1595 men 17 years;

(Adelstein & White, 475 women 605 men

1976 ) 189 women

Dulin Brewery 1954-73 - (men) 20 years;
a a

Workers 1628 deaths;
(Dean et al., 1979) total no. of

ca deaths not
stated



Table 45 (contd)

Study and reference Period of Population Duration of Completeness Information on
enrolment at start follow-up; of follow-up

(effecti ve no. of deaths;
population) no. of cancers Tye of Amunt Smoking

beverage of alcohol status
m
"0

Japanese Prospective 1965 122 261 10 years; -- + +' + 0(Hirayama, 1979) men, 27 993 deaths;
tT142 857 7377 ca deaths
s:women -

(40+ years) 0
t"

Danish Brewery 1939-63 14 313 men 30 years; 99.4% a a . 0- - -
Workers (6 or more 3550 deaths; 0
(Jensen, 1979, months' 951 ca deaths; -

(j1980 ) employrent, 1303 incident ~14 227) ca cases t"
CFUS Veterans 1944-45 4401 men 29 years; 90-98% - - - ""Alcoholics 1438 deaths; ~

(Robinette et al., 166 ca deaths 01979 ) -
tT

Hawaiian Japanese CF1965-68 8006 men Av. 14 years; 98% + + + 0(Blackwelder et al., (7846 ) 426 ca deaths .
1980; Pollack et al., (only 5 si tes 'T
1984 ) considered) (j

~
Kaiser-Permanente 1964-68 87 926 10 years; 82-92% - + + Z
(Klatsky et al., (8060 men 745 deaths; (j

tT1981 ) and women) 215 ca deaths
~

Canadian Alcoholics 1951-70 9889 men 21 years; 96.5% a a -- - -
Z(Schmidt & Popham, (9543 ) 1823 deaths;

1981) 240 ca deaths ::
c:

Japanese Doctors 1965 6815 19 years; 94% - + + s:
(Kono et al. 1983, (5135 men) 1283 deaths; ~1985, 1986) Z

CF
Framingham 1950-54 5209 22 years 91% + + +
(Gordon & Kannel, (2106 men, 1167 deaths;
1984 ) 2641 women) 257 ca deaths

(only specifie
si tes)

aEstimates of type and/or consumtion given for the group -
0'-
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(iv) Massachusetts Alcoholics Study (Monson & Lyon, 1975)
The study comprised 1382 pers ons (1139 men and 243 women) admitted to mental

hospitals in 1930, 1935 or 1940 with a diagnosis indicative of chronic alcoholism. No
information was provided on the amount or type of a1cohol consumed by individuals or by
the cohort as a whole, or on smoking habits. Death certificates were traced up to i January
1971 for 909 members of the cohort (66%), while the vital status of the remainder was
unknown. Because of the high percentage of persons lost to follow-up, absolute death rates
could not be calculated; instead, the proportional distribution of deaths by cause in the
cohort was compared with that ofthe USA, taking into account age, sex and calendar time.
The analysis was restricted to 894 deaths among whites. (The W orking Group noted that the
high percentage of 10ss to folIow-up seriously limits the usefulness of these data.)

(v) Dublin Brewery Workers Study (Dean et aL., 1979)
A list of 1628 deaths during the period 1954-73 was provided by a large brewery in

Dublin, Ireland. On the basis of death certificates for aIl but two of these men and of
statistics for the population of employees and pensioners in 1957, 1960, 1967 and 1970, RRs
for specifie causes of death were estimated employing both national and regional rates. The
expected number of deaths was 1675.8 (regional rates). It was estimated from previous
research that ethanol intake among the brewery workers was 58 g per day, compared with
16-33 g per day for other groups of the Irish population. Beer (stout) was consumed on the
premises. No information was available on individual consumption of a1cohol or tobacco;
smoking was forbidden at the brewery for many years. (The W orking Group noted that the
cohort at risk was estimated indirectly as 2000-3000 men at any one time during foIlow-up,
and no individual folIow-up of cohort members was performed.)

(vi) Japanese Prospective Study (Hirayama, 1979)

ln 1965,122261 men and 142857 women aged 40 years and over (91-99% of the census
population) were interviewed in 29 health centre districts in Japan. The main items studied
were diet, smoking, drinking and occupation. A record linkage system with death

registrations was established for the annual folIow-up. Associations between alcohol and
cancer were investigated on the basis often-year follow-ups through 1975, when there were
27993 deaths from all causes (16 515 for men and 11478 for women) and 7377 from cancer.

(vii) Danish Brewery Workers Study (Jensen, 1979, 1980)
A total of 14 313 male members of the Danish Brewery Workers' Union who had been

employed for six or more months in a brewery during the period 1939-63 were enrolled in
this retrospective cohort study. The brewery workers had the right to consume six bottles
(2.1 1) oflight pilsener (lager) beer (alcohol content, 3.7 g( ~ 78 g ethanol) per 100 ml) on the
premises of the brewery per working day; 1063 members of the cohort worked in a
mineral-water factory, with no free ration ofbeer. No information was available on alcohol
consumption or smoking habits of individual members of the cohort; but, on the basis of
comparisons with alcohol statistics and population surveys, it was estimated that cohort
members with employment in a brewery had a four times higher average beer consumption
than the general population. Vital status was ascertained for 99.4% of the cohort members.
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There were 3550 deaths (SMR, 1.1) in the cohort, and 1303 incident cases of cancer were
identified during the period 1943-72 by record linkage with the Danish Cancer Registry.
Expected numbers of cancer cases and deaths were computed on the basis of age-, sex-,
residence- and time-specific rates. Relationships between use of alcohol and tobacco and
cancer of the pharynx, larynx and oesophagus were further explored in a nested case-
control study (Adelhardt et al., 1985).

(viii) US Veterans Alcoholics Study (Robinette et al., 1979)
A cohort of 4401 US Army service men hospitalized for chronic alcoholism in 1944-45

was drawn as a sample from records of the US Department of Defense and the Veterans'
Administration. Of these, 98% were ':40 years of age at the time of hospitalization. They
were matched for age with an equal number of enlisted men hospitalized for acute
nasopharyngitis during the same period. Deaths in these groups were ascertained through
the Veterans' Administration Beneficiary Identification and Records Locator Subsystem,
and death certificates were obtained to code for cause of death. FolIow-up for death was
estimated to be 90-98% complete. No information was available on the drinking habits of
individual members of the cohort or on average consumption by the cohort members. It was
noted that only 7.5% ofthe chronic alcoholics had been discharged from military service for
medical disability, inc1uding a1coholism. The mortality experience of the cohort was
compared with that of the matched cohort of nasopharyngitis patients, and the mortality of
both cohorts was compared with that of US males for selected causes of death. OveralI
mortality was approximately 80% higher in the alcoholics group than in the nasopharyngitis
group (SMR, 1.9).

(ix) Hawaiian Japanese Study (Blackwelder et aL., 1980; PolIack et al., 1984)
A detaIled interview questionnaire on diet, alcohol consumption, smoking history,

socioeconomic factors and demographic variables was given to a cohort of 8006 Japanese
men inc1uded in a study of cancer in HawaiianJapanese during 1965-68. Because only about
2.5% of the subjects had moved from Oahu, Hawaii, after the initial examination, the
authors considered that the surveilance system had aUowed identification of virtually aU
newly diagnosed cancer cases in the cohort. Two kinds of information on alcohol

consumption were obtained at interview: usual monthly consumption of wine (inc1uding
Japanese saké and fortified wines), beer and spirits (including whisky, gin and brandy), and
actual intake of each during the 24-h period preceding the interview. Information on usual
consumption was converted into ounces of each type of beverage cònsumed per month and
total ounces of ethanol consumed per month. Subsequent cancers occurring up to
31 December 1980 (the average foUow-up period was 14 years) were identified from many
sources, including the Hawaii Tumor' Registry. The relation between alcohol consumption
and epithelial cancers of the stomach, colon, lung, rectum and prostate was analysed,
controllng for age and cigarette smoking.

(x) Kaiser-Permanente Study (Klatsky et al., 1981)
Between July 1964 and August 1968, 87 926 persons responded to a self-administered

qnestionnaire on alcohol intake as part of a multiphasic health examination in Oakland or
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San Francisco, California, USA. This corresponded to 48% of the Kaiser Foundation
Health Plan members in 1968. Of these, 22.6% reported that they had not drunk alcohol
during the preceding year; 8% did not respond satisfactorily. Of 2084 persons who reported
taking six or more drinks per day, 2015 were matched to equal numbers of persons who
reported taking three to five drinks per day, two or fewer drinks per day, or total abstinence.
The overalI mortality of pers ons taking six or more drinks a day was twice that of those
ta king two or fewer drinks a day. Matching was for sex, race, presence or absence of current
cigarette smoking, examination date and age. Altogether, 745 deaths occurred during ten
years offolIow-up among the 8060 persons in this study. Deaths were ascertained only from
the California death index, and it was estimated that 82-92% of aIl deaths had been
identified.

(xi) Canadian Alcoholics Study (Schmidt & Popham, 1981)

The cohort consisted of 9889 men (79% middle-class; cCl % nonwhite) who had been
admitted to the main clinical services for alcoholIcs in Ontario between 1951 and 1970. No
information on individual drinking or smoking habits was available, but investigations of
samples of the cohort indicated an average daily consumption of 254 ml (~ 200 g) ethanol
and that ::92% were still drinking ten years after admission. A total of 94% of cohort
members were current smokers, who smoked an average of 28 cigarettes per day.
Altogether, 1823 deaths occurred before 1972; 960.9 were expected. Vital status could not be
determined for 3.5% of cohort members. Cause-specifie mortality was compared with that
of the Ontario male population. A further comparison was made with US veterans who
smoked 21-39 cigarettes per day, in an indirect attempt to control for the effect oftobacco on
the risk of a1cohol-related cancers. Results were also reported for 1119 women folIowed up
for 14 years, but only a few cancer deaths were observed (Schmidt & de Lint, 1972).

(xii) Japanese Doctors Study (Kono et aL., 1983, 1985, 1986)

A survey of smoking and drinking habits was carried out in March and April 1965 on
6815 male physicians in western Japanby means of a self-administered questionnaire. Of
these, 5477 provided sufficient identifying information for prospective follow-up; 5135
provided sufficient information on drinking and smoking to classify them as nondrinkers
(21 %), ex-drinkers (10%), occasional drinkers (31 %) and drinkers by daily intake. Similarly,

quantitative information on cigarette smoking was available. FolIow-up over 19 years
revealed 1283 deaths, and was estimated to be 94% complete.

(xiii) Framingham Study (Gordon & Kannel, 1984)
MortalIty from cancers of the lung, colon, stomach and breast in relation to a1cohol

consumption was studied in a cohort of 5209 men and women in Framingham, MA, USA.
Alcohol consumption, recorded during 1950-54, was examined in relation to cancer
mortality over 22 years of folIow-up and obtained from 2106 men and 2641 women. (The
W orking Group noted that cancer is considered in only one table, analysed by a multivariate
technique, but the levels of a1cohol consumption included in the analysis are not specified.)
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(b) Cancer of the oral cavity and pharynx

Since nasopharyngeal cancer is rare in most of the countries in which studies have been
carried out, it can be assumed that the pharyngeal cancers referred to are predominantly of
the oro- and hypopharynx. It is often difficult to determine whether cancers of the oral
cavity or pharynx arise in one or other adjacent part c1assified as different sites in the
International Classification of Diseases (lCD) since 1950. For this reason, and because the
incidence of tumours at these sites is relatively low, investigators have grouped tumours of
the oral cavity and pharynx together in different ways. This may affect the estimates of risk
since the strength ofthe association with alcohol drinking may vary for adjacent parts of the
buccal cavity and pharynx.

The risks for oral cavity and pharyngeal cancer in relation to alcohol consumption are
summarized in Tables 46-49; whenever the information has been available, the composition
of the tumour group has been given.

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164)

Increased mortality from cancer of the oral cavity and pharynx has been observed in
people with occupations involving high a1cohol consumption (Young & Russell, 1926;
Registrar General, 1958; Logan, 1982).

The results of the few available cohort studies are summarized in Table 46. Increased
relative risks were found in alI, notably in the studies of a1coholics carried out in N orway and
Finland (Sundby, 1967; Hakulinen et al., 1974), while the RR was only marginalIy increased
among Danish brewery workers (Jensen, 1980).

Alcoholics in Norway, the USA and Canada had RRs for oral cavity and pharyngeal
cancer that were two to five times higher than those of the general populations used for
comparison (Sundby, 1967; Monson & Lyon, 1975; Robinette et aL., 1979; Schmidt &
Popham, 1981). No account could be taken of tobacco smoking, which is known to increase
the risk for oral cavity and pharyngeal cancer (lARC, 1986a); however, the RR was stil
increased when mortality from oral cavity and pharyngeal cancer among Canadian
alcoholics was compared with that of US veterans who smoked similar numbers of
cigarettes per day (3.3-17.7 according to number of cigarettes smoked per day; Schmidt &
Popham, 1981). ln the Kaiser-Permanente study(Klatsky et al., 1981), the risk for cancer of
the oral cavity, pharynx and oesophagus combined was four times higher among consumers
of six or more drinks per day than among nondrinkers roughly matched for smoking habits.
The RR was only slightly increased (l.4) among Danish brewery workers with an ab ove-
average beerconsumption (Jensen, 1980). ln the Japanese Doctors study, Kono et al. (1986)
found an increasing risk for cancer of the upper digestive and respiratory tracts with
increasing amount of alcohol taken per day, but the data are presented for aH of the oral
cavity, pharynx, oesophagus and larynx combined. The association remained after
stratifying for tobacco consumption.

(ii) Prevalence study
Between March 1964 and September 1966, 346 cases (296 male, 47 female, three of
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Table 46. Relative risks for oral cavity and pharygeal cancer in cohort studies

study and reference ConuentsNumber of
subjects

Relative
dsk

95% CI

Oral cavity
Norwegian Alcoholics

(Sundby, 1967)
Danish Brewery Workers

(Jensen, 1980)

Pha rynx
Norwegian Alcoholics

(Sundby, 1967)
Finnish Alcoholics

(Hakulinen et al., 1974)
Danish Brewery Workers

(Jensen, 1980)

Oral cavity and pharynxC
Norwegian Alcoholics
(Sundby, 1967)
Massachusetts Alcoholics

(Monson & Lyon, 1975)
US Veterans Alcoholics
(Robinette et al., 1979)
Danish Brewery Workers

(Jensen, 1980)
Canadian Alcoho1ics

(Schmidt & Popham, 1981)

Kaiser-Permanente
(Klatsky et al., 1981)

Japanese Doctors
(Kono et al., 1986)

Occasional
ddnklrs
(2 ~ /day
~2 ~/day

13 deaths 5.0 ( 2 . 6-8 . 6 ) Comparison wi th
Oslo population

Compadson with
Oslo population

Compadson with
Oslo population

90% CI

Inc1udes Hp

Compadson with
Ontario population
Comparison wi th
US veterans
Comparison of
consumers of 6+
drinks/day versus
o ddnks/day,
adjusted for
tobacco use
Crude RR not
changed by
adjustment for
smoking

18 cases 1.4 o . 9-2.3

9 deaths 4.4 (2.1-8.5)

3 cases 5.7 (1. 2-16.5)
b

12 cases 1.9 1.0-3.4

22 deaths 4.8 ( 3 . 0- 7 . 2)

13 deaths 3.3 ( 1. 8-5 . 6 )

14 deaths 2.2 1.1-4.6

46 cases 1.3
11 deaths 0.8
24 deaths 4.2

0.9-1. 7

0.4-1. 5

( 2. 7-6 . 3 )

7.2 (5.0-10.7)
d15 deaths 4.0 1. 7-7. 9

3 deathse (1.0)

3 deathse
12 deathse

(1.5)
(8.6)

(0.8-2.4)
(6.9-10.6)

~confidence interval; ( ) when calculated by the Working Group
Excludes nasopharynx

~Includes different tumours, depending on study (see text)
Includes oesophaguse
flncludes oesophagus and laryx
go = 27 ml alcohol
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unknown sex) of oral and oropharyngeal cancer were diagnosed in Mainpuri District of
India (Wahi, 1968). ln a study of the prevalence of this cancer in relation to various
population characteristics, information was elicited on chewing, smoking and drinking
habits and occupation among the oral cancer cases and for a 10% sample ofthe population.
Altogether, 34 997 persons aged 35 years and over were thus interviewed, and period
prevalence rates were calculated; those for regular drinkers and nondrinkers were 9.1 7 and
0.89 per 1000, respectively: The author noted that it was difficult to obtain reliable
information about drinking habits in India.

(iii) Case-control studies
Cancer of the oral ca vit y: Data are summarized in Table 47.

ln a study of 462 white men with histologically verified squamous-cell carcinoma of the
oral cavity and 81 with pharyngeal cancer, Wynder et al. (1957a) compared smoking and
drinking habits, as welI as a number of other risk factors, with those of207 controls, who did
not differ from the cases with regard to age, religion, educationa1 background or hospital
status. Information on exposures was obtained by personal interviews carried out in
hospitals. The RR increased with increasing number of units (drinks) per day, irrespective of
the type of alcoholIc beverage. One unit was defined as 8 oz beer (about 9.5 g ethanol), 4 oz
wine (about 12 g) or 1 oz whisky (about 9.5 g). Dose-response relationships remained for
both whisky and beer as the predominant drink after adjustment for tobacco smoking. A
particularly strong association with a1cohol drinking was found for cancers of the floor of
the mouth and of the tongue.

ln France, Schwartz et al. (1962) studied the smoking and drinking habits of 3937 male
patients with cancers at various sites and 1807 controls admitted to hospital for traffc and
work accidents in Paris and certain other French towns during 1954-58. Controls were
matched to patients by age, sex and interviewer. A personal interview elicited information
on tobacco smoking, consumption of alcoholic beverages, diet, socioeconomic factors and
hereditary factors. ln addition, the interviewer sought objective signs of alcoholIsm.

Alcohol intake was measured as the average consumption over the ten years prior to
interview. Since patients admitted for accidents are lIkely to have a higher a1cohol

consumption than the population giving rise to the cases, alcohol consumption was also
compared with that of a second control group consisting of 1 196 men with cancers assumed
to be unrelated to use ofalcohol or tobacco (cancers ofthe stomach, small intestine, colon,
rectum, other digestive system, skin, kidney, prostate, penis, nervous system, endocrine
system). No association with a1cohol drinking was found for cancer of the lIp (49 cases) or
for cancer at other sites in the oral cavity after adjustment for tobacco consumption, in
comparison with the accident controls. However, a1cohol consumption was significantly
higher among cases of cancers 'of the tongue (164 cases; 153 ml (121 g) ethanol/ day) and of
the oral cavity (144 cases; 138 ml (109 g) ethanol/ day), when compared with cancer controls

(113 ml (89 ~) ethanol/ day). (The W orking Group noted that RRs could not be calculated
from the data presented.)

Vincent and Marchetta (1963) investigated the alcohol and tobacco consumption of 33
men and ni ne women with cancer ofthe oral cavity and of 100 male and 50 female controls.



Table 47. Sumary of results of case-control studies on oral cavity cancer and alcohol consumption

Place (reference)
site

USA, New York (Wyder
et aL., 1957a)
Lip, floor of mouth,

gu, buccal mucosa,
tongue, palate

USA, Buffalo (Vincent &
Marchetta, 1963)c

Tongue , floor of mouth,
palate, gingi va,
buccal mucosa

Sri Lanka (Hirayama, 1966)
Lip, floor of mouth,c
tongue , buccal mucosa

Puerto Rico (Martinez,
1969 )
Lip, floor of mouth,
tongue, other mouth

USA, Buffalo (Bross &
Coorns, 1976)

Mouth, tongue

USA, Buffalo (Graham etal., 1977) --
~ip, tongue, floo r of

mouth, gu, other mouth

Subjects
(cases, controls)

Men

(462, 207)

Men

(33, 100)

Women

(9, 50)

Men and women
(76, 228)

Men
(108, 108)

Women
(30, 30)

Women

(145, 1973)

Men
(584, 1222)

Alcohol
, aconsurtion

Relative
risk (RR)

Never
(1 unit/day
1-2 uni ts/cly

3-6 uni ts/cly

) 6 uni ts/day

1.0
1.2
1.4
3.1
5.2

Nondrinkers
(2 oz (47 gl/day
)2 oz (47 gl/day

1.0
1. 7
9.7

Nondrinkers
(2 oz (47 gl/day
)2 oz (47 gl/day

1.0
5.1

41.0

Nondrinkers
Drinkers

1.0
1.5

None
(l unit/day
2-4 uni ts/cly

25 units/day

1.0
0.5
1. 7

2.8

None

2 1 unit/cly
1.0
0.8

Nondrinkers
(30 drinks/month

230 drinks/month

1.0
1.3
3.4

(l drink/week
1-6 drinks/week

7-13 drinksjweek

)14 drinks/week

1.0
1.1
2.0
2.7

95% Cib

0.6-2.8
o . 6-3 .1
1. 3- 7 . 4
2.2-12.4

0.5-5.9
3.0-31.9

0.9-28.9
3.4-495.3

0.9-2.8

0.2-1.5
0.7-3.9
1.1-7.0

0.2-3.6

0.8-2.2
1. 7-6 . 6

0.8-1.5
1. 3-3 . 0
1.9-3.7

Conuents

Crude RR calculated
by the Working Group;
incidence study

Crude RR calculated
by the Working
Group

RR adjusted for
chewing, calculated
by the Working Group

Crude RR calculated
by the Working Group
based on pairs rntched
for age and smoking

RR adjusted for
age and smoking,

calculated by the
Working Group

Crude RR
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Controls were selected from the gastrointestinal clinic of the same hospital that gave rise to
the cases and were in the same age groups. Crude RRs of9.7 and 41 (based on three cases,
ca1culated by the W orking Group) were seen for men and women who consumed ~2 oz
(47 g) ethanol per day when compared with nondrinkers.

As part of a study of risk factors for oral cancer in Southeast Asia, Hirayama (1966)
inquired about drinking, chewing and smoking habits in Sri Lanka. Seventy-six patients
with histologicalIy verified oral cavity cancer (54 men, 22 women) and 228 age- and
sex-matched controls were interviewed personalIy about their exposures. There was an
association between alcohol drinking and cancer in the whole group (RR, (3.4);p -: 0.01)
and among nonchewers (RR, (6.2); p .c 0.05). (When adjustment was made for tobacco
chewing, a RR of 1.5 (95% confidence interval (CI), 0.9-2.8) was found for a1cohol drinkers
compared with nondrinkers.)

ln Puerto Rico, Martinez (1969) studied 153 cases (115 male, 38 female) of squamous-
celI carcinoma of the oral cavity and 488 controls (345 male, 144 female) matched for age
and sex, as part of a larger investigation including cancers of the oesophagus and pharynx.
The study included alI cases diagnosed in hospitals and clinics in Puerto Rico during 1966,
and three controls for each case, consisting of one patient from the same hospital or clinic at
which the case was diagnosed and two neighbourhood controls; the hospital and
neighborhood controls were homogeneous for most variables. Information on drinking,
smoking and dietary habits was obtained by personal interview. Possible confounding by
tobacco use was eliminated by studying a subset of cases and controls also matched on
tobacco consumption. The risk for cancer ofthe oral cavity in men increased with increasing
units of a1cohol (18 oz beer (~ 21 g ethanol), 8 oz wine t24 g ethanol), 2 oz spirits (19 g
ethanol)) taken per day, after taking account of smoking: 0.5 for -:1 unit/ day; 1.7 for 2.4
units per day; and 2.8 for ~5 units per day. No association was seen for the small group of
women.

Two studies were based on interviews of patients admitted to the Roswell Park
Memorial Institute in Buffalo, NY, USA. Bross and Coombs (1976) compared the drinking
habits of 145 white women with cancer of the mouth and tongue with those of 1973 controls
with non-neoplastic diseases. AlI information was elIcited by personal interview prior to the
final diagnosis used for determining the case-control status of the persons. (After
adjustment for age and smoking, persons who consumed 30 or more drinks of spirits, bottles
ofbeer or glasses ofwine per month had a RR for oral cavity and tongue cancer of3.4 (95%
CI, 1.7-6.6) compared with nondrinkers.) The influence of a1cohol was seen in particular
among women age 40-64 years at diagnosis. SimIlar RRs were seen for oral cavity and for
tongue cancer separately. Graham et al. (1977) compared drinking, smoking and dietary
habits and dentition status for 584 white men with histologicalIy confirmed cancer of the
oral cavity and 1222 white male controls diagnosed at the same hospital between 1958-:65.

The crude RR increased with increasing number of drinks taken per week to 2.7 (p -: 0.000 1)
in those drinking ~14 drinks per week. This increase in risk persisted after adjustment for
smoking and po or dentition, also identified as risk factors in this study.

The Third National Cancer Survey conducted in the USA in 1967-71 (Cutler et al., 1974)
included a patient interview study(Willams & Horm, 1977). A total of7518 cancer patients
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were interviewed (57% of those randomly selected for an interview), and the questions
încluded amount and duration of alcohol and tobacco consumption. Quantitative lIfetime
drinking histories were obtained only for persons who had consumed at least one form of
alcohol at least once weekly for at least one year; per~ons who had never drunk this often
were counted as nondrinkers. Drinking and smoking habits of persons with cancers at
individual sites known from other studies to be strongly associated with tobacco and alcohol
were compared with the habits of persons with cancers at aU remaining 'unrelated' sites.
These controls consisted of 21 02 men and 3464 women. RRs for consumption of wine, beer,
spirits and total ethanol were ca1culated for each related site, adjusted for sex, age and
smoking, as compared to other unrelated sites combined. The eut-off point between the two
levels of consumption was 51 oz-years, calculated from unitsj week x number of years of
consumption, the unit being glass, can andjigger for the three forms of alcohol used, which
were converted to ounces of total ethanol using a standard conversion formula. Lifetime
a1cohol consumption of74 men with cancers ofthe lip and tongue was compared with that
of 1788 men with cancers not known to be related to either smoking or drinking. A
nonsignificant RR of 1.4 emerged for men with a consumption of~51 oz-years ethanol after
adjustment for age, race and smoking. Among the 20 women with these cancers, a
significantly increased RR of 9.7 was seen for heavy drinkers in comparison with
nondrinkers; no elevated risk (RR, 0.7) was seen in those drinking ,,51 oz-years. Among 53
men with cancer of the gum and mouth, consumers of ~51 oz-years ethanol had an
increased risk (3.7; p .. 0.01), and the RR increased with increasing lifetime consumption.
For 25 women, the RR was not significantly increased (1.2 and 1.5 in those with -(51 and
with ~51 oz-years, respectively).

A study of oral cavity, pharyngeal and laryngeal cancers in British Columbia, Canada
(Elwood et al., 1984), included 133 cases (83 male, 50 female) of cancer of the oral cavity
diagnosed between 1977 and 1980; 133 hospital controls with other cancers were
individuaUy matched for age, sex, clInic and time of diagnosis. Patients with diseases
presumed by the authors to be unrelated to smoking and alcohol use were included in the
control group, which comprised patients with stomach, colorectal and breast cancer.
Information on drinking and smoking habits, together with information on social and
occupational factors, was obtained by personal interviews. After adjustment for smoking,
socioeconomic group, marital status, history of tuberculosis and dental care, a significant
increase in trend and risk was observed with increasing amount of alcohol consumed per
week. The association with alcohol drinking was stronger than that for smoking.

ln France, Brugère et al. (1986) reported on systematicaUy recorded information on
tobacco use and alcohol consumption for 2540 male cancer patients treated at the Head and
Neck Department of the Curie Institute in Paris between 1975 and 1982. Since no control
group was available, they compared the alcohol and tobacco consumption of the patients, as
recorded on hospital charts, with the consumption of the general population elIcited as part
of a national survey on health and medical care; for persons in the national survey, the
figures were converted to intake in grams of ethanol per day by means of standard measures.
A sample of the persons enroUed in the national survey, stratified by age, was used as
controls. After adjustment for smoking, the RR for lIp cancer among 97 men increased with
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increasing daily consumption of ethanol, and increasing RRs were also seen among 759 men
with cancers of the tongue, gum, floor of mouth and buccal mucosa. (The W orking Group
noted that information on tobacco and a1cohol use was obtained by means of different
methods and in different interview situations for cases and controls; the size of the control
group is not given.)

Cancer of the pharynx: Six of the studies reviewed above also examined the RR for
cancer of the pharynx or epilarynx, when specified, in relation to alcohol intake (Wynder
et al., 1957a; Vincent & Marchetta, 1963; Martinez, 1969; Wiliams & Horm, 1977; E1wood
et al., 1984; Brugère et al., 1986). The results of these studies are summarized in Table 48. ln
alI of these investigations, the RR for pharyngeal cancer increased with increasing
consumption of alcohoL. This increase in risk was also noted in the studies in which the effect
of smoking (Martinez, 1969; Wiliams & Horm, 1977; Brugère et al., 1986), socioeconomic
group, marital status, dental care and history oftuberculosis (Elwood et aL., 1984) could be

taken into account.
A study in Sweden showed that male cases of cancer of the upper hypopharynx

(32 patients) and possibly those with cancer ofthe lower hypopharynx (nine patients) had a
higher a1cohol intake than 115 controls. No difference was seen for women with regard to
cancer of the hypopharynx or cancer of the oral cavity (Wynder et al., 1957b).

Schwartz et aL. (1962; see description, p. 167) found a higher daily alcohol consumption
among 206 cases of hypopharyngeal cancer in France (157 mIl day (~ 124 g ethanoll day))
than among accident controls (126 mIl day (~ 100 gl dayJ), which was significant after
adjustment for tobacco use and after comparison with cancer controls (113 ml/ day (~ 89
g/ day)). The alcohol consumption of 141 cases of oropharyngeal cancer was significantly
higher (144 ml/ day (~ 114 gl day)) than that of the cancer controls.

Olsen et al. (1985a) studied 32 cases ofhypopharyngeal cancer in Denmark (26 male, six
female) below the age of75 years, diagnosed in five treatment centres ofthe country during
the period 1980-82. Controls (1141) were selected at random from the population register
and stratified for age, sex and place of residence. Smoking and drinking habits were elicited
by self-administered questionnaire. (A nonsignificant RR of 1.8 (95% Ci, 0.7-3.3) was
calculated for persons who consumed ~150 g ethanol per week when compared with
persons who consumed less, after adjustment for age, sex and tobacco use.)

Tuyns et aL. (1988) studied 1147 male cases of hypopharyngeal and laryngeal cancer
together with 3057 male population controls in France, Italy, Spain and Switzerland.
Detailed information on drinking, smoking and dietary habits was obtained by personal
interview. After meticulous reclassification of the site of origin ofthe cancer, there were 281
cases of hypopharyngeal cancer (piriform sinus, postcricoid area, posterior wall, and
hypopharynx unspecified) and 118 cases of epilaryngeal cancer at the junction between the
pharynx and larynx (epiglottis, aryepiglottic fold, arytenoid and epilarynx unspecified).
The RR increased steeply with daily a1cohol consumption, taking account of smoking, age
and place of residence.

Cancer of the oral ca vit y and pharynx combined: ln two studies, the risk associated with
a1cohol drinking has been investigated for cancer of the oral cavity and pharynx together.
The results of these studies are summarized in Table 49.



Table 48. Sumary of resul ts of case-control studies on pharygeal cancer and alcohol consumtion

Place (reference)
Site

USA, New York (~der &
Bross, 1957; ~der etal., 1957a) --
--onsils, pharyx

USA, Buffalo (Vincent &
Marchetta, 1963)

Piriform sinus, tonsillar
fossa and pillar,
hypopharyx, posterior
third of tongue

Puerto Rico (Martinez, 1969)
Naso-, meso- and hypo-
pha ryx, pha ryx ,

unspecified

USA Multicenter (Williams
& Horm, 1977)

Pharyx

Denmark (Olsen et al.,

1985a)
Hypopha ryx

France, Paris (Brugère etaL., 1986) --
Oropharyx

Subjects
(cases, controls)

Men
(81, 207)

Men

(33, 100)

Women
(7, 50)

Men
(39, 39)

Men
(47, 1788)

Women

(18, 3188)

Men and women

(32, 1141)

Men
(634, unk.)

Total alcohol
, aconsumti.on

Never
(1 unit/day
1-2 units/day
3-6 units/day
)6 units/day

Nondrinkers
(47 g/day
)47 g/day

Nondrinkers
(47 g/day
)47 g/day

None
(1 uni t/day
i-4 uni ts/day

) 5 uni ts/day

Nondrinkers
(50 oz-year

251 oz-year

Nondrinkers
(50 oz-year

251 oz-year

(150 gjweek

)150 gjweek

0-39 g/day
40-99 g/day

100-159 gjday
160+ gjday

Relative 95% Cib
risk (RR)

1.0
0.7
1.1
4.4
7.7

1.0
3.8

52.5

1.0
2.6

82.0

1.0
4.1
1.4

14.7

1.0
1.9
6.2

1.0
1. 7

17

1.0
1.8

1.0
2.6

15.2
70.3

0.2-3.6
o . 2-5 . 3
o .9-21.1
1. 9-31. 2

0.5-28.7
12.7-217 . 0

0.2-28.5
14.0-481.2

o . 6-26 . 2
o . 2-9 . 8
2 . 4-89 . 7

.E ( 0.01

.E ( 0.01

o . 7-3 . 3

1. 6-4 .2
9.2-25.1
41.2-120

Commnts

Crude RR calculated

by the Working Group
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Crude RR calculated

by the Working Group

RR based on pairs
matched for age
and tobacco use

RR adjusted for
smoking, age and
race; 95% CI cou1d not
be calculated

RR adjusted for age,
sex and smoking by
the Working Group

RR adjusted for
smoking ¡ control group

fro. national survey¡

95% CI from paper
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ln the USA, KelIer and Terris (1965) investigated the smoking and drinking histories of
598 male cases of histologicalIy confirmed squamous-cell carcinoma of the oral cavity and
pharynx admitted to three Veterans Administration hospitals in New York during the
period 1953-63. A similar number of male controls was selected individually as the next
admission to the same hospital from persons in the same five-year age group. Information
on a1cohol and tobacco consumption was abstracted from clinical records based on 'data
that had been elicited routinely by the admitting physicians. The contributions from
different a1coholic beverages were summarized as daily intake of ounces of ethanoL. After
matching for smoking, the RR increased with increasing ethanol consumption in 134
case-control pairs. Rothman (1978) reported that the RR was higher for cancers at various
sites in the mouth and mesopharynx than for cancer of the hypopharynx in heavy drinkers
(:?1.6 oz (:38 g) ethanol/day).

Feldman et aL. (1975) and Feldman and Boxer (1979) compared the characteristics of a
group of 185 male patients with cancers of the head and neck and a control group of 319
patients with other types of cancer admitted to five hospitals in New York City from 1971 to
1973. Only 182 male patients with cancers unrelated to tobacco and alcohol were eventually
included in the control group. Information on dietary, smoking and drinking habits during
the period five years before diagnosis was obtained by personal interview. The RRs for head
and neck cancer were significantly related to alcohol consumption; when the comparison
was restricted to the 96 males' with cancer of the oral cavity, mesopharynx and
hypopharynx, the increasing RR with increasing amount of daily alcohol drinking after
adjustment for age and tobacco use became even more pronounced.

(iv) Risk associated with type of alcoholic beverage
ln retrospective cohort studies of a1coholics, it has generalIy not been possible to

distinguish the effects of different types of beverages. There was, however, a significantly
increased risk for cancer of the pharynx (RR, 2.1; 95% CI, 1.0-3.7), but not for cancer of the
oral cavity (RR, 1.4; 95% CI, 0.8-2.4), among beer-drinking Danish 'brewery workers
(Jensen, 1979, 1980).

Wynder et aL. (1957a) examined the dose-response relationships for whisky and beer
drinking separately in male cases of oral cavity and pharyngeal cancer. For each type of
beverage, an increasing trend was seen with increasing daily a1cohol consumption after
adjustment for smoking. The RR was highest among whisky drinkers of seven units (~65 g
ethanol) or more per day, but the RRs for consumers of beer, wine and whisky were not
substantialIy different for 1-6 units of ethanol intake. (The W orking Group noted that no
adjustment was made for consumption of other beverages.)

Increased RRs, unadjusted for smoking, were also observed by Keller and Terris (1965)
for consumers of different types of a1coholIc beverages compared with nondrinkers (wine
only: RR, 2.5, 95% CI, 1.3-5.1; beer only: 2.6, 1.7-4.0; whisky only: 3.3, 2.1-5.1; mixed
drinking: 2.7, 1.9-3.9). Wiliams and Horm (1977) found similar patterns of RR controlled
for smoking for equivalent lifetime consumption of beer and spirits among male cases of
cancers of the lip and tongue, gum and mouth. The RRs for pharyngeal cancer were higher
for those who drank wine and beer. The pattern among women was more uneven, possibly
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due to smaller numbers. (The W orking Group noted that no adjustment was made for use of
other alcoholic beverages in these two studies.)

(v) Studies of joint exposure
Tobacco smoking is causalIy related to cancer of the oral cavity and pharynx (IARC,

1986a), and alcohol and tobacco consumption are often correlated.
Rothman and KelIer (1972) and Rothman (1976) reanalysed the information on con-

sumption of alcohol and tobacco obtained by KelIer and Terris (1965) in their study of US
veterans. Altogether, 483 cases and 447 controls remained after exclusion of persans for
whom there was inadequate information on either smoking or alcohol consumption. When
stratifying for smoking, the RR for oral and pharyngeal cancer increased with increasing
alcohol consumption at every level of smoking (Table 50). Persons with a daily consumption
of~1.6 oz (36 g) ethanol had a two- to six-fold increased risk compared with nondrinkers.

Table 50. Relative risksa for oral cavity and pharyngeal cancer
according to level of exposure to smoking and alcohol

Ethanol/day (g) Smoking (cigarette equi valents/day)

0 (20 20-39 40+

1.0 1.6 1.6 3.4
1. 7 1.9 3.3 3.4
1.9 4.9 4.8 8.2
2.3 4.8 10.0 15.6

26/85 66/97 248/197 143/68

o
(9.5
9.5-35
)37

Cases/controls

aRisks are expressed relative to a risk of 1.0 for persons who

geither smoked nor drank.
From Rothman (1976)

The analysis showed a greater than multiplIcative effect between a1cohol and tobacco in the
development of oral cavity and pharyngeal cancer, and heavy drinkers who were also heavy
smokers had a RR of 15.6 when compared with persons who neither smoked nor drank.
These results are in agreement with the findings of Wynder et al. (1957a), while Graham
et al. (1977) found an additive effect of smoking and drinking. Elwood et al. (1984) could not
distinguish statistically between an additive and a multiplicative effect. ln the small Danish
study of hypopharyngeal cancer (Olsen et al., 1985a), a multiplicative effect was indicated.
ln the study of Tuyns et aL. (1988), there was a multiplicative effect of alcohol and tobacco
use on the risk of hypopharyngealj epilaryngeal cancer (Table 51).

(iv) Effect of alcohol in nonsmokers
Some investigators have been able to evaluate the risk of oral cavity and pharyngeal

cancer associated with a1coho1 drinking in nonsmokers. Wynder et al. (1957a) found no



178 IARC MONOGRAPHS VOLUME 44

Table 51. Relative risk for cancer of the hypopharynx/epilarynx
according to level of exposure to smoking and alcohol a

Ethanol/day No. of cigarettes/day
( g)

0-7 8-15 16-25 26+

0-40 1.0 4.7 13.9 4.9
41-80 3.0 14.6 19.5 18.4
81-120 5.5 27.5 48.3 37.6
)121 14.7 71.6 67.8 135.5-
Total no. of cases 32 108 177 92

a
From Tuyns et al. (1988 )

difference in drinking habits among 16 cases of oral cavity and pharyngeal cancer and nine
controls who did not smoke. By contrast, a. doubling of the RR was seen among nonsmokers
(26 cases, 85 controls) who consumed 1.6 oz or more (:37 g ethanol) alcohol per day
compared to nondrinkers (Rothman & Keller, 1972; Rothman, 1976). Elwood et al. (1984)
found a significant positive trend with alcohol intake in nonsmokers when the risk was
examined for cancers of the oral ca vit y, pharynx and extrinsic larynx combined. ln the
study of Tuyns et al. (1988), there were more consumers of 80 g or more of ethanol per day
among lifelong nonsmoking cases than among nonsmoking controls. (The W orking Group
noted that, in these studies, it is usually not possible to distinguish between current
nonsmokers and lifelong nonsmokers.)

(c) Cancer a/the larynx

The various subsites ofthe larynx must be distinguished from the point ofview of degree
of potential exposure: the endolarynx is exposed to inhaled agents, while the junctional area
between the larynx and the pharynx is exposed to both inhaled and ingested agents.
According to the ICD, these borderlIne areas (i.e., epiglottis free border, posterior surface of
suprahyoid portion, junctional region of the three folds, aryepiglottic fold, arytenoid)
should be classified partly under 161 (larynx) and partly under 146 and 148 (pharynx). ln
few studies is it stated whether these anatomical sites are included within the larynx. ln some
studies, the term 'extrinsic' and 'intrinsic' larynx are used, without specifying the subunits
included.

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164)

Studies of alcoholics have invariably shown increased risks for laryngea1 cancer in
comparison with the general population. The results of these studies are summarized in
Table 52. It has not been possible to take into account the possible influences of differences
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Table 52. Relative risks for larygeal cancer in cohort studies

Study and reference Numer of Relative 95% Cia
subjects risk Comments

Norwegian Alcoholics 5 deaths 3.1 ( 1. 0- 7 . 3 ) Compared with Oslo
(Sundby, 1967 ) inhabi tants

Finnish Alcoholics 3 cases ' 1.4 ( 0 . 3-4 .1)
(Hakulinen et al., 1974 )

Massachusetts Alcoholics 6 deaths 3.8 ( 1. 4-8 . 2)
(Monson & Lyon, 1975 )

US Veterans Alcoholics 11 dea ths 1. 7 o . 7-4 . 4 90% CI
(Robinette et al., 1979 )

Danish Brewery Workers 45 cases
b 2.0 1.4-2.7 Cohort members drank

(Jensen, 1980) on average four times
more beer than
reference population

Canadian Alcoholics 12 deaths 4.3 ( 1. 4-4 . 9) Compared with Ontario
(Schmidt & Popham, 1981 ) population

4.5 ( 2 .3-7.8 ) Compared wi th US
veterans

~confidence interval; ( ) when calculated by the Working Group
Includes one case of cancer of the trachea

in smoking habits, which would have been desirable since tobacco smoke causes laryngeal
cancer (lARC, 1986a). However, Schmidt and Popham (1981) found a SMR of 4.5 when
they compared the number of laryngeal cancer deaths among Canadian alcoholIcs, who
smoked on average 28 cigarettes per day, with that among of US veterans who smoked
similar numbers of cigarettes per day. (The Working Group noted that other factors may
vary between the two cohorts.) ln Danish brewery workers (Jensen, 1980), the SIR for
laryngeal (and tracheal) cancer was 3.7 (95% CI, 2.4-5.6) in persons with at least 30 years of
employment in beer production, while it was 0.7 (0.04-8.7) in the small group of workers
employed in mineral-water production.

These studies corroborate observations from occupational statistics (Young & Russell,
1926; Kennaway & Kennaway, 1947; Versluys, 1949) and clinical studies (Ah1bom, 1937;
Jackson & Jackson, 1941; Kirchner & Malkin, 1953) of an association between laryngeal
c~ncer and occupations with easy access to alcoholIc beverages and with heavy alcohol
drinking.

(ii) Case-control studies
The results of case-control studies on laryngeal cancer are summarized in Table 53. As

part of a study of patients with cancers of the upper digestive tract and respiratory tract, Wynder
et aL. (1956) compared the smoking and drinking habits of 209 white male laryngeal cancer



Table 53. Sumary of resul ts of case-control studies on larygeal cancer and alcohol consumption

Place (reference)

USA, New York

(wyder et al., 1956)

USA, Buffalo

(Vincent & Marchetta, 1963)

USA, Multicenter

(wyder et al., 1976)

France
(Spalajkovic, 1976)

USA, Multicenter

(Williams & Horm, 1977)

USA, Washington state
(Hinds et al., 1979)

Canada, Ontario
(Burch et al., 1981)

Subjects
(cases, controls)

Men
(209, 209)

Men
(23, 100)

Men
(224, 414)

b
Men
(200, 200)

Men
(99, 1788)

Women
(11, 3188)

Men
(47, 47)

Men
(184, 184)

Alcohol
, aconsumtion

Never or (1 unitC/day of
mainly straight whisky
1-6 units/day
7+ uni ts/day
Beer or wine, irrespective
of amunt consumed

(47 g/day

247 g/day

(1 unit/day (-10 gl
1-6 units/day (-10-60 gl
7+ units/day ()60 gl

Nondrinkers
Drinkers

Nondrinkers
(50 oz-year
)51 oz-year

Nondrinkers
(50 oz-year

251 oz-year

(1 unitd/day
1-2 uni ts/day
3-6 uni ts/day
)6 units/day

(1.04 oz (24 gl/day
1.04-2.5 oz (24-58 gl/day
)2.6 oz (~60 gl/day

Relati ve

risk (RR)

1. 0

1.8
5.3
1.8

1. 0

5.9

1.0
1.2
2.3

1.0
11.2

1.0
2.2
2.3

1.0
0.3
0.8

1.0
2.1
3.8
9.0

4.4
3.9
4.8

95% Cib

0.9-3.2
2.5-11.2
1. 0-2.9

2.4-14.3

0.8-1.9
1.5-3.4

6.9-18.2

.2 ( 0.05

.2 ( 0.05

NS

NS

o .7-6 .3

1.3-10.9
2.4-34.1

2 . 2-8 .5
2.1-7.3
2 . 3-9 . 9

Comments

RR adjusted for
smoking, calculated
by the Working
Group

Crude RR caiculated
by the Working Group

RR adjusted for
smoking, calculated
by the Working Group

Crude RR calculated
by the Working Group

RR adjusted for
smoking, age and
race; 95% CI could not
be calculated

95% CI could not be
be calculated

Crude RR

RR adjusted for
smoking¡ 90% CI
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Table 53 (contd)

Place (reference)

Ireland, Dulin
(Herity et al., 1981)

Canada, British Columia
(Elwood et al., 1984)

Demn rk
(Olsen et al., 1985b)e

USA, New Ha ven, cr

(Zagraniski et al., 1986)

France, Paris
(Brugère et al., 1986)

Subjects
(cases, controls)

Men
(59, 200)

Men and women

( 154, 154)

Men and women

(326, 1134)

Men
(87,153)

Men
(224, unk.)

(242, unk.)

Alcohol
. aconsumti.on

Nondrinkers
Light drinkers
Heavy drinkers

Extrinsic laryx
(1 oz (24 gl/week
1-4 oz (24-96 9 l/week
5-9 oz (120-216 gl/week
10-20 oz (240-480 9 l/week
)20 oz ()480 gl/week

Intrinsic laryx
(1 oz (24 gl/week
1-4 oz (24-96 9 )/week
5-9 oz (120-216 gl/week
10-19 oz (240-480 gl/week
)20 oz (2480 gl/week

0-100 g/week
101-200 g/week
201-300 g/week

2301 g/week

Never
Ever

Supraglottis
0-39 g/day
40-99 gjday
100-159 gjday
)160 gjday

Glottis + subglottis
0-39 g/day
40-99 gjday
100-159 gjday
2160 g/day

Relative
risk (RR)

1.0
0.6
3.2

1.0
1. 7

2.6
5.1
6.4

1.0
1.1
0.7
2.0
2.2

1.0
1.5
3.2
4.1

1.0
4.2

1.0
2.6

11.0
42.1

1.0
0.8
1.5
6.1

95% Cib

1.4-12.4

1.3-5.1
5.5-21.7
20.5-86.4

0.5-1.2
0.9-2.6
3.4-10.9

Comments

Crude RR; 95% CI could
not be calcu1ated

RR adjusted for
smoking, socio-
economic group,
marital status,
dental care and
history of tuberculosis;
95% CI could not be
calculated

RR adjusted for
age and tobacco; 95% CI
could not be calculated

RR adjusted for
smoking

RR adjusted for
smoking; control
group selected
from national
survey
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Table 53 (contd)

Place (reference) Subjects
(cases, controls)

Alcohol
. aconsumtion

Relative
risk (RR)

95% Cib Coimnts

(727, 3057)France, Italy, Spain,
Switzerland
(Tuyns et al., 1988)

Endolaryx
0-20 g/day
21-40 g/day
41-80 g/day
81-120 g/day
)121 g/day

1.0
0.9
1.1
1.7
2.6

0.7-1.3
0.8-1.5
1. 2-2.4
1. 8-3.6

RR adjusted for
smoking, age, area
of residence

a
bg = pure ethanol
Confidence intervals, calculated by the Working Group, when possible
~1 unit = 8 oz beer £9.5 9 pure ethanoll, 4 oz wine £12 gl or 1 oz whisky £9.5 gl
1 unit = 12 oz beer £14.3 9 pure ethanoll, 4 oz wine £12 gl or 1 oz spirits £9.5 gleIncludes hypopharyx
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patients with those of 209 hospital controls matched for age, sex, hospital status and
educational and/ or relIgious status. Information was obtained by personal interview
without knowledge of the patients case-control status. The laryngeal cancer patients had a
significantly higher a1cohol consumption than the control patients. When the comparisons
were restricted to the group of patients who smoked 16-34 cigarettes per day, whisky
drinkers consuming seven or more units per day had a 9.7-fold increase in risk compared
with nondrinkers. After adjustment for smoking, the RR increased with increasing amount
of whisky. There was no significant difference in the amounts of a1cohol consumed by
patients with intrinsic and extrinsic laryngeal cancer. Among 14 female laryngeal cancer
cases, alcohol consumption was reported to be similar to that of controls. (The Working
Group noted that some of the tumours classified as of the extrinsic larynx might have been
of the hypopharynx.)

Schwartz et aL. (1962; see description, p. 167) found a significantly higher average total
ethanol consumption among 249 male laryngeal cancer cases (146 mg/ day (115 g/ day)) than
among 249 accident controls (132 ml/ day (104 g/ day)); control patients with cancers
unrelated to alcohol or tobacco use had an average daily consumption of 113 ml (89 g).
When the comparison was restricted to workers living in the département of Seine,.the 63
laryngeal cancer patients had a significantly higher consumption (160 ml (126 g)/ day) than
the cancer controls (119 ml (94 g)/ day) after accounting for differences in age and tobacco
consumption.

ln a study of patients with cancer of the oral cavity, pharynx or larynx, Vincent and
Marchetta (1963) found increased consumption ofboth alcohol and tobacco among 23 male
laryngeal cancer patients as compared with 100 controls selected from the gastrointestinal
c1inic of the sa me hospital that gave rise to the cases and in the sa me age groups. (The
W orking Groúp ca1culated a significant crude RR of 5.9 for consumers of2 oz (47 g) or more
ethanol per day compared with those taking less than 2 oz ethanol per day.)

Wynder et al. (1976) also reported RRs for smoking and drinking habits among 224
laryngeal cancer patients from different US hospitals and among 414 contro1s. Controls
were matched to cases by year .of interview, hospital status and age at diagnosis. Information
on drinking and smoking was obtained by personal interview. There was a significant
dose-response relationship for the amount taken per day after adjustment for smoking.

ln France, Spalajkovic (1976) compared the alcohol consumption of 200 patients with
cancer of the larynx or hypopharynx with that of 200 patients with nonmalIgnant ear, nose
and throat disease. A significant increase in risk was noted for drinkers compared with
nondrinkers.

ln a study based on the Third National Cancer Survey in the USA (see description, pp.
170-171), significantly increased RRs were noted for alcohol drinking among 99 male
laryngeal cancer patients after adjustment for smoking, age and race. No such increase was
noted in women (Il cases; Wiliams & Horm, 1977).

Hinds et aL. (1979) studied 47 laryngeal cancer cases in Washington State, USA, and
47 neighbourhood controls matched for sex, race and ten-year age group. Exposure
information was obtained by interview. The RR for laryngeal cancer increased with
increasing a1cohol consumption.
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ln Ontario, Canada, 184 male laryngeal cancer cases were interviewed personally at
home on smoking and on a1cohol consumption, and on certain occupational exposures, and
compared with 184 neighbourhood controls matched for age. Significantly increased RRs
were noted for alI categories of drinkers compared with nondrinkers. No dose-response
relationship was apparent (Burch et al., 1981).

Fifty-nine male laryngeal cancer cases were inc1uded in a study ofhead and neck cancer
in Dublin, Ireland (Herity et al., 1981), and their smoking and drinking habits were
compared with those of 200 age-matched contro1s who were at the same hospital with
cancers unrelated to smoking or with benign conditions. The RR was 3.2 among drinkers of
more than 60 g ethanol per day for ten years, compared with nondrinkers and controllng for
tobacco use.

ln a study of cancers of the oral cavity, pharynx and larynx in British Columbia, Canada
(see description, p. 171), Elwood et al. (1984) inc1uded 154 cases (130 male, 24 female) of
extrinsic and intrinsic laryngeal cancer. Their drinking and smoking habits were compared
with those of 374 hospital controls with other cancers. For cancers of the extrinsic and the
intrinsic larynx, significant dose-response relationships (p = 0.001 and p = 0.05, respec-
tively) were observed for a1cohol consumption when account was taken of smoking,
socioeconomic group, marital status, dental care and history of tuberculosis.

ln a case-control study nested within the Danish brewery worker cohort, nonsignifi-
cantly increased RRs were associated with moderate and heavy alcohol consumption
(Adelhardt et al., 1985). (The Working Group noted the small size of this study.)

ln a population-based study which comprised all laryngeal cancer patients below the age
of 75 years seen at five departments involved in laryngeal cancer therapy in Denmark
between 1980-82, Ols en et al. (1985b) investigated 326 patients and 1134 controls. After
adjustment for tobacco use, a significant dose-response relationship was seen with total
a1cohol consumption, measured in grams of ethanol per week.

Zagraniski et aL. (1986) investigated the drinking habits of 87 white US male laryngeal
cancer patients and 153 hospital controls with no prior diagnosis of cancer or respiratory
disease. Controls were matched on hospital, year of admission, decade of birth, county of
residence, smoking status and type of tobacco used. The case and control groups
represented 59% and 48%, respectively, of the originally identified cases and controls.
Various measures of alcohol consumption showed an increased RR after adjustment for
residual differences in smoking habits between cases and controls.

ln France, Brugère et al. (1986) (see description, p. 171) investigated 466 men with
laryngeal cancer. Increasing RRs with increasing amount of ethanol consumed per day were
noted for three different locations in the larynx (supraglottis, glottis, subglottis), and
particularly for cancer of the supraglottis.

ln the study by Tuyns et aL. (1988) (see description, p. 172), there were 727 male cases of
laryngeal cancer (426 supraglottic, 270 glottic and subglottic and 31 endolarynx not
otherwise specified). When their drinking and smoking habits were compared with those of
3057 male population controls, a significantly increasing RR was seen with amount of
ethanol drunk daily; the RR for cancer ofthe endolarynx when comparing consumption of
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~ 121 g/ day versus 0-20 g/ day was 2.6 (95% CI, 1.8-3.6).RRs were adjusted for smoking, age
and area of residence.

(ii) Risk associated with type 0/ alcoho/ic beverages

Studies have been carried out to investigate whether the ethanol concentrations of
different a1coholIc beverages entail different RRs for laryngeal cancer. ln retrospective
cohort studies, it has generally not been possible to distinguish the effects of different types
of beverage; however, a significantly increased risk was noted among brewery workers with
an above-average beer consumption (Jensen, 1980).

Wynder et al. (1956) found the RR to be particularly high for 'heavy' whisky consumers
in the USA, but a significant RR (1.7, after adjusting for smoking) was also seen for wine
and beer drinking; no difference was found with regard to drinking whisky diluted or
undiluted. ln a later study in the USA (Wynder et al., 1976), no difference in predominant
type of a1coholic beverage was seen between cases and controls, and, in a study based on the

Third National Cancer Survey Study, similar RRs were observed with equivalent lIfetime
consumption of wine, beer and spirits (Wiliams & Horm, 1977). ln Canada, too, the RRs
were similar for consumption of comparable amounts of beer and spirits in terms of daily
ethanol intake (Burch et al., 1981). ln Denmark (Ols en et al., 1985b), the only significantly
increased RR was found for drinking beer as the preferred type of alcohol, and the RRs for
drinking wine and spirits were not increased. (The W orking Group noted that in none of
these studies was adjustment made for use of other beverages.)

(iv) Studies a/joint exposure
An extensive analysis and discussion of the joint effect of a1cohol and tobacco is

provided by Flanders and Rothman (1982) and by Walter and Iwane (1983), who reanalysed
data from the study of Wiliams and Horm (1977). They restricted the analysis to 87 male
cases and 956 male controls with cancers not related to alcohol use, tobacco use or certain
occupational exposures; information was also available on age, sex and alcohol and tobacco
use. Flanders and Rothman (1982) also reanalysed the data previously reported by Wynder
et al. (1976), restricting the analysis to 224 male cases and 414 male controls for whom
information on both alcohol use and tobacco use was available. The results point to a
multiplicative rather than an additive effect, but neither data set is suffcientlyextensive to
allow a conclusion. Similar lImitations apply to two Canadian studies (Burch et al., 1981;
Elwood et al., 1984). ln the study ofTuyns et al. (1988), a multiplicative model provided an
adequate description of the data (see Table 54). Other investigators have reported synergism
between alcohol and tobacco in the induction oflaryngeal cancer (Hinds et al., 1979; Herity
et aL., 1981, 1982; Ols en et al., 1985b; Zagraniski et al., 1986).

(v) Efect 0/ alcohol in nonsmokersl
Flanders and Rothman (1982) analysed data from Wynder et al. (1976) regarding the

drinking habits of nonsmokers and found that there were no drinkers among the five cases

i S ubseq uent to the meeting, the Secretariat became aware of a further study demonstrating an association between laryngeal cancer

and alcohol drinking in Iifetime nonsmokers (Brownson & Chang, 1987).
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Table 54. Relative risks for cancer of the endolarynx,
according to level of exposure to smoking and alcohol a

Ethanol/day (g) Cigarettes/day

0-7 8-15 16-25 26+

0-40 1.0 6.7 12.7 11.5
41-80 1. 7 5.9 12.2 18.5
81-120 2.3 10.7 21.0 23.6
)121 3.8 12.2 31.6 43.2-
Total no. of cases 50 147 357 173

a
From Tuyns et al. (1988 )

of laryngeal cancers in nonsmokers. (The W orking Group calculated that 1.4 would have
been expected on the basis of information for 84 controls.) Burch et al. (1981) observed a
positive trend in RR with amount of a1cohol consumed among lifetime nonsmokers: 7.7 in
the highest consumption category (~2.6 oz (~60 g) ethanol) compared with nondrinkers.
Elwood et al. (1984) also found a positive trend with a1cohol use in nonsmokers when the
risk was examined for cancers of the oral cavity, pharynx and larynx combined. Tuyns et al.
(1988) found no difference between observed and expected numbers of drinkers among
lifelong nonsmokers with cancer of the endolarynx.

(el Cancer of the oesophagus

(i) Cohort studies (descriptions of studies of cancer at many sites are given on
pp. 158-164.)

Almost alI of the retrospective cohort studies of pers ons with an above average intake of
alcohol have shown an approximately two-fold increased risk for cancer of the oesophagus
compared with rates for the general population (Table 55). ln these studies, no information
was available on tobacco smoking or other risk factors (e.g., poor diet), which may influence
the risk for oesophageal cancer. ln the study of Canadian alcoholIcs (Schmidt & Popham,
1981), the members had an average daily tobacco consumption of 28 cigarettes. The SMR
was only marginally affected (2.3) when the observed number of oesophageal cancer deaths
was compared with an expected number derived from the death rates for smokers of similar
numbers of cigarettes per day in the prospective study of US veterans. (The W orking Group
noted that it must be assumed that the cohorts studied had rather extreme smoking patterns
in order to explain the two-fold increase in risk compared with that of a background
population (Axelson, 1978).)

The large Japanese study is the only prospective cohort study in which information is
provided on the RR for oesophageal cancer in relation to alcoholIc beverage. After



E
PID

E
M

IO
L

O
G

IC
A

L
 ST

U
D

IE
S O

F C
A

N
C

E
R

 lN
 H

U
M

A
N

S
187

ai
G

l
i:

u
II

i:
~

II
Q

I
0

.
Q

I
0

~
-n

#
#

U
i: li

~
.

0
II

U
.ri \l

II
:.

.-
~

II
G

l
~

Q
I

#
ui

.0
u
i
 
.
.

G
l
i
:
 
~

6
ui

0
i:

0
C
!
 
.
¡

.
.
 
0

::
-n

#
l¡.rI i:

..
.-

:
.
 
0
.

.ri #.ri
..

..
#

.0
~

h.£ :3
..

0.
.¡

#
.ri

B
0

x
0

9 ~
 i:

.ri
..

~
i:

\l
G
l
 
'
0

~
ui

~
i
:
 
~

0
ui

Q
I
 
C
I

G
l

II .i 0
0

II
'0 .ri

i:
'0

.¡
el

i: #.ri
'0 .ri '0

#
Q

I #
0

Q
I
 
'
0

II
Ö

'
.ri

0
#

G
l #

Q
I

i:
~

II
# i: ro

i:
.¡

u #
II

~
I
I
 
~

G
l

II .-
'0

lQ
fI

:
3
 
.
.

~ .-
I
I
 
.
-

II
g

0
.
 
:
3

G
l

:i
u ~

~
~

 0 :3
0
.
 
:
3
 
0
.

e
l
 
0
.

lQ
T

" G
l ro

~
:3

G
l
 
.
i
 
0
.

e
l
 
0
.
 
e
l

0
0

0
II

~
 
~
 
~
 
~

0
G

l 0 0
o
 
0

0
u

U
0.

ir
f
i
 
.
0
 
U
 
0
.

U
 0. U

.¡i:IIi:
Q

I
.ri

Ö
'

~
~

~
~

~
~

el
II

:
.
 
:
3

0
~

0
0

0
0

~ ..
0

0
'0

Q
I

i:
i:

i:
i:

~
~

 'fi
II

U
i:

~
i:

Q
I

:.
~

~
~

~
Q

I
G

l ~
 .ri

0
~

Q
I

~
~

Q
I

§
i:

i:
§

Q
I

G
lal~..

§
G

l
§

Po .0
::

::
ir

i
r
 
u
i
 
(
J

ir
IIQ

I
.ri'0:3

\0
.-

N
'

it
N

N
C

X
0.

#
II

ri
C

X
:3

ui
H

it
N

m
it

.-
ll

N
'

0
U

1
1

1
1

1
it

N
1

1
~

#
m

"l
"l

"l
N

'
1

1
C

X
N

'
C

I
~

'*
m

it
0

it
N

.-
.-

0
a

,.
ri

0-
.i

m
0

.-
i:

0
-n

u
~'"

i:
Q

I

~
.ri

:..ri
~

.¡
G

l
Q

I
fI

~
N

'
..

u
.-

II
.-

r-
.-

m
\0

.
.
 
N
 
r
o

a
0

.-
N

N
'

.¡
i:

Q
I
 
.
r
i

fI
~

~
"l

ri
"l

.-
a

r
i
 
.
-
 
.
-

N
N

N
N

'
N

~
U.-

'0
II

II
G

l
G

l
~

II
II

II
..

ui
ln

.¡
Ö

'
0

II
..

fi
II

..
#

.i
II

..
II

fI
#

#
II

II
.i

.¡
II

#
Q

I
.¡

ro
..

~
u

II
fI

C
I

#
II

G
l

II
II

II
:3

0.
Q

I
C

I
Q

I
U

II
II

Q
I

'0
G

l
al

Q
l

U
0

~ :a
'0

fI
G

l
'0

'0
U

'0
..

II
ri

U
'0

ro
II

fi
:3

:3
0

0
a

m
f"

.-
\0

U
0

Z
II

""
ri

"l
it

.-
N

.-
""

.-
i:

~
Q

l
0

i
~II

-6
~

1I~
II

:i
II

~
 ""

""
U

#
m

.-
.ri

C
I ro

ro
..

II
ui

I
I
 
r
o

II
co

~
II m

m
-l ~

~
u
 
m

~
m

II
:i .-

.-
o it

Q
I

G
I

.ri -l
Q

I
.-

..
Q

I
Q

I
U

II
.
.
 
r
o

~
:.

-l
~

ln
II

:.
U

.ri
il

~
II

o
 
m

~
 
m

.ri
0

~
~

U
:;

.ri
i:

.-
.

U
u .-

~
 ~

#
..

.
~

'ri
el

'"
#

Q
I

0
.-

.ri ro
.-

U
 ~

o -l
..

fI
Q

I
fI

~
..

.-
II

-
l
 
I
I

-i
~

.-
Q

I m
u al

o ..
.¡

.-
C

I
0

0
0

i:
:.

0
.
 
r
o

:. #
:. ~

.
.
 
0
.

i:
Q

I
~

ur-
..

#
..

.¡
II

0
~

IIm
~

 a
o
 
0

.ri
~

Q
l

-
l
 
\
0

0
Q

I
0

Q
I

#
:s

Q
I

o .-
Q

I
C
I
 
C
X

U
 ø.

~
-i m

u
u

#
~

 ..
~

II
~
 
m

'; ~
Q

I
.-

-l
i:

.-
i:

Q
I

C
I

II
Pt

~
i:

Q
I

Q
I
 
.
-

U
'0

i:
-i

G
l

-i
C

I
II

c.
~

fI
fI

#
~

i:
it

i:
al

i:
i:

:i
ir #

Q
I

el
~

#
ir

i: #
Q

I
it

fI
.ri :.

.
.
 
.
r
i

.. 'ri
..

i:
C

I
II

fI
G

l
C

I
i:

I
I
 
'
0

'0
g' :§

II -l
I
I
 
r
o

U
0

i:
G

I
:.

# i:
..

C
I

'
r
i
 
.
r
i

-r
C

I
-6

.
r
i
 
:
3

.ri
:3

fI
II

.ri
i:

i
:
 
I
I

Q
I
 
.
r
i

ui
II

-
g
 
.
Ë

~
.-

~
i:

i:~
i:~

II
i:

ro
II

II ~
:
:
 
.
0

.ri
i:

i:
.0

:3
~

:3
i:

fI
i:

fI
I
I
 
0

.0 ~
0
.
 
.
.

0
~

Q
I

i
:
 
U

0
II

.¡
o ui

.ri :i
.ri :i

fI ::
I
I
 
:
i

ui ~
l-

I
I
 
u
i

u
8

(J
Z
 
-

fi -
fi -

::-
B
 
-

l--
:: -

u-
II



188 IARC MONOGRAPHS VOLUME 44

adjustment for smoking, increased SMRs of 1.7 and 2.0 (ca1culated by the W orking Group)
were noted for whisky and shochu drinking, respectively (Hirayama, 1979).

(ii) Case-control studies
The risk for oesophageal cancer in relation to various total a1cohol intakes, the effect of

various a1coholic beverages, and interactions with tobacco and nutrition have been
quantified in several case-control studies. The results are summarized in Table 56.

Wynder and Bross (1961) studied 150 men with squamous-celI carcinoma of the
oesophagus and 150 hospital controls matched for age and sex, primarily with cancer (64%)
but exc1uding smoking-related diseases. Information was obtained by personal interview, in
most cases conducted without knowledge ofthe diagnosis. The oesophageal cancer patients
took significantly more drinks per day than the controls, and a dose-response relationship
was apparent. A clear dose-response relationship was seen with increasing amounts of
whisky and beer consumed daily when the analysis was restricted to smokers of 16-34
cigarettes per day.

Schwartz et aL. (1962) (see description, p. 167) found that average total alcohol con-
sumption was significantly higher among 362 oesophageal cancer patients (154 ml (122 g)
ethanol per day) than among 362 accident controls (136 ml (107 g) ethanol per day) after
adjustment for tobacco use. A higher proportion of cases than controls had symptoms of
alcoholism. The average difference between cases and cancer controls (113 ml (89 g) ethanol
per day) was even higher and remained significant after adjusting for smoking. When the
comparison was restricted to workers lIving in the département of Seine, the 100
oesophageal cancer patients had a significantly higher consumption (157 ml (124 g)/ day)
than the cancer controls (119 ml (94 g)/ day) after accounting for differences in age and
tobacco consumption.

ln Puerto Rico, Martinez (1969) studied 179 cases (120 male, 59 female) of squamous
cell-carcinoma of the oesophagus and 537 controls (360 male, 177 female) matched for age
and sex (see description, p. 170). When the independent effect of a1cohol consumption was
examined by additional matching on tobacco (ILL male and 52 female pairs), a c1ear
dose-response relationship was seen in men, even after adjusting for smoking, while no
association was apparent in women. (The W orking Group noted that only four female cases
and four controls consumed two or more units of ethanol/ day.)

Two studies of oesophageal cancer in African male cases and hospital controls without
cancer in South Africa showed no association with consumption of alcoholIc beverages
when adjustment was undertaken for smoking habits. Men in Durban had a RR of 0.9
(Bradshaw & Schonland, 1969) and men in Johannesburg a RR of 1.0 (Bradshaw &
Schonland, 1974). (RRs were ca1culated by the Working Group.)

As part of a larger study of various digestive tract cancers, 52 cases of oesophageal
cancer in Minnesota, USA, were compared with 1657 hospital controls matched for age,
sex, race and hospital to the whole series of digestive tract cancer cases. A significant crude
association was found for consumption of beer and spirits but not of wine (Bjelke, 1973).



Table 56. Surary of results of casé-control studies on oesophageal cancer and alcohol consumtion

Place (reference) Subjects
(cases, controls)

CommntsAlcohol consumtion a Relative
risk (RR)

95% Cib

USA, New York

(wyder & Bross, 1961)
Men

(150, 150)

Puerto Rico Men
(Martinez, 1969) (111, 111)

Women

(52, 52 )

South Africa, Durban Men
(Bradshaw & Schonland, (98, 341 )
1969, 1974 )

South Africa, Men
JOhannesburg (196, 1064)
(Bradshaw & Schonland,
1974 )

USA, Minnesota Men, women
(Bjelke, 1973) (52, 1657)

Never
(1 unit/day
1-2 units/day
3-6 uni ts/day
7-12 uni ts/day
)12 units/day
Binges

None
(1 unitc/day
2-4 uni ts/day
.: 5 uni ts/day

None
(1 uni t/day
22 uni ts/day

Never
Ever

Never
Ever

Beer (1 time/month
1-5 times/month
6-13 times/month

214 times/month

wine (1 time/month
1-5 times/month i
6-13 times/month

214 times/month

Spirits (1 time/month
1-5 times per month
6-13 times/month
)14 times/month

1.0
0.6
1.6
7.1
6.8
5.0

12.5

1.0
0.6
2.1
7.7

1. 0

1.9
1.1

1.0
0.9

1. 0

1.0

1.0
0.7
2.7
4.4

1. 0

0.5

1. 0

1.9
1.6
2.1

o . 2-2 .5
o . 4- 7. 1
2.1-26.3
1.6-30.4
1. 1-22.6
1.5-78.4

o .2-2.0
0.8-5.1
3.0-20.0

o . 5-6 . 9
o . 3-4 . 6

0.4-1.9

0.6-1.8

0.3-1.9
1. 2-6 . 8

2.3-8.3

0.2-1.2

0.9-3.3
0.7-4.1
1. 0-4 .3

Crude RR ca1culated
by the Working Group

t'
""-
o
m
~-o
l'o
c.-
(j
~
l'
C/
"'
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o-
m
C/

o
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~
Z
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::
c:
~
~
Z
C/

Crude RR based on
pairs matched on
smoking, ca1culated
by the Working Group

RR adjusted for
smoking, ca1cu1ated
by the Working Group

RR adjusted for
smoking, ca1cu1ated
by the Working Group;
95% CI from paper

RR adjusted for sex;
RR for 6-13 times/
months calculated as
2.9 by the Working
Group

RR for 1-5 times/month
ca1cu1ated as 1.7 by
the Working Group

-
00
\0



Table 56 (contd)

-
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Place (reference) CommentsSubjects
(cases, controls)

, aAlcohol consumtion Relative
risk (RR)

95% Cib

singapore
(De Jong et al., 1974)

USA, Multicenter

(Williams & Horm, 1977)

France, Brittany
(Tuyns et al., 1977)

France, Normandy
(Tuyns ~, 1979)

USA, Washington De

(Pottern et al., 1981)

Men
(95, 465)

Men
(38, 1750)

Women

(19, 3169)

Men
(200, 778)

Men
(312, 869)

Men
(90, 213)

Never
(daily
Daily

1.0
2.0
2.9

Nondrinkers 1.0
(50 oz-year 0.9
251 oz-year 1.4

Nondrinkers 1.0
(50 oz-year 0.9
251 oz-year 8.1

0-20 g/day 1.0
21-40 g/day 1.2
41-60 g/day 3.4
61-80 g/day 6.1
81-100 g/day 6.6
2101 g/day 18.3

o gjday 1.0
1-40 g/day 0.8
41-80 g/day 2.3
281 g/day 11.6

Never drank more than five 1.0
glasses of alcoholic
beverages/week for )1 month
1.0-5.9 oz (9.4-55 g)/day 4.0
6.0-14.9 oz (56-140 g)/day 5.5
15.0-29.9 oz (141-281 gl/day 7.6
30.0-80.6 oz (282-757 gl/day 7.5

R ( 0.05

1. 4-12.0
2.0-15.0
2.7-22.0
2.5-22.0

Crude RR for samsu

(strong liquorl
drinking; significant
dose-response remains
after adjustmnts; 95%
CI could not be
calculated

-
;:
~
(j
~ozoo
~
;:
"'
::
CI

~o~
c:
~
trt

RR adjusted for age,
race and smoking; 95%
CI could not be
calculated

RR adjusted for
smoking; 95% CI could
not be calculated

RR adjusted for
smoking calculated by
the Working Group; 95%
CI could not be
calculated

Crude RR; RR remain
high after adjustment
for smoking; 95% CI
f~om paper
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Place (reference) Cornents

tr
"0-
tj
tr
~-o
t"o
o-
(I
~
t"
vi
"'
c:
tj-
tr
vi
o
"T

(I
~
Z
(Iti
:;-
Z
::
c:
~
~
Z
vi

Subjects
(cases, controls)

Alcohol consumption a 95% Cib

Uruguay, Montevideo

(Vassallo et al. 1985)

Southern Brazil
(Victoria et al., 1987)

Men

(185, 386)

Men, women
(171, 342)

Relative
risk (RR)

0-49 ml (39 9 l¡day

50-99 ml ¡ 40-78 9 l¡day
2100 ml (279 gl/day,

1.0
3.8
7.6

2 . 4-6 . 2
4.5-12.8

RR adjusted for age
and tobacco smoking;
95% CI from paper

Cachaça drinking;
association persisted
after adjustment for
confounders; 95% CI
could not be
calculated

Nondrinkers
1-29 g¡day
30-89 g¡day
90+ g¡day

1.0
3.5
6.3
8.2

a
bg = pure ethanol
Confidence interva1s, ca1culated by the Working Gorup, when possible, un1ess otherwise indicated

c1 unit = 18 oz beer (21.4 9 pure ethanoll, 8 oz wine (24 gl or 2 oz spirits (19 gl

-
'--
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De Jong et al. (1974) investigated risk factors for oesophageal cancer among Chinese
men in Singapore, comparing 95 cases with 465 hospital controls. Significantly elevated
RRs were associated with intake of samsu (a form of spirits reported by the authors to have
an alcohol content equivalent to that of whisky), but not with intake of other spirits. A
significant dose-response relationship for samsu drinking persisted after adjustment for
other identified risk factors, including smoking.

ln the study based on the Third National Cancer Survey in the USA (see description,
pp. 170-171), Wiliams and Horm (1977) found nonsignificantly increased RRs among men
with oesophageal cancer, but a significant risk (8.1) among women who were classified as
heavy drinkers, after controlIing for smoking.

Two case-control studies of oesophageal cancer in relation to a1cohol and tobacco
consumption, as well as to diet, were carried out in a high-incidence area for this cancer in
northwestern France (Tuyns, 1970). Aspects of the design of the studies, consumption
patterns and selection of control groups have been reported in several papers (Péquignot &
Cubeau, 1973; Tuyns & Massé, 1975; Jensen et al., 1978; Tuyns et al., 1983). ln the first
study, a1cohol and tobacco consumption were compared for 200 male cases of oesophageal
cancer representative of alI cases in the population between 1972 and 1974 and for 778
controls selected randomly from the same population. After adjustment for age and
smoking, a clear increase in RR was seen with total amount of alcohol consumed per day,
expressed as grams of ethanol derived from different types of a1coholic beverages;
adjustment for smoking did not substantialIy affect the crude risk estimates (Tuyns et al.,
1977). ln the second study of743 cases of oesophageal cancer (704 male, 39 female) and 1976
controls chosen at random from the population (923 male, 1053 female) of Normandy, a
significantly increased RR (2.7) was observed for any type of a1cohol consumption (Tuyns et
al., 1982). ln a preliminary analysis of information for 312 male cases and 869 hospital-
based controls (excluding persons with smoking- and a1cohol-related diseases), a clear
dose-response relationship was seen (Tuyns et a/., 1979). This was sustained by the first
detailed report of the fulI study in which alI cases and population controls are compared.
The study also showed an association between risk for oesophageal cancer and poor diet, on
the basis of an index incorporating citrus fruit, meat and vegetable oils. The risk assocIated
with a1cohol intake was independent of poor diet (Tuyns et al., 1987).

Pottern et al. (1981) studied black men in Washington DC, USA, who had died from
oesophageal cancer in 1975-77. Information was obtained for 120 cases (response rate, 67%)
and 250 controls (response rate, 71 %) by personal interviews with next-of-kin; about 20%
did not provide quantitative information on alcohol intake. Estimates of total ethanol
intake were made by combining levels in various beverages. Significantly increased RRs
were seen for a1cohol drinkers when compared with nondrinkers, and a dose-response
relationship emerged. A further analysis of this study (Ziegler, 1986) also showed a
relationship with low consumption ofvarious foods and nutrients. The risks associated with
alcohol intake and dietary status remained distinct.

AlI patients admitted to the Oncology Institute of Montevideo, Uruguay, were
interviewed with regard to past and current consumption of alcohol, tobacco and maté
(Vassallo et al., 1985). Between 1979 and 1984, there were226 cases (185 male, 41 female) of
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oesophageal cancer, for whom 469 controls (386 male, 83 female) with other neoplastic
conditions were selected. There was a significant positive trend with daily intake of spirits in
men after adjustment for age and smoking. No data were given for women.

ln southern Brazil, 171 histologicalIy confirmed cases of squamous-cell carcinoma of the
oesophagus were compared with twice as many individually matched (age, sex, hospital)
hospital controls, excluding patients with diseases related to alcohol and tobacco (Victoria
et al., 1987). Cases and controls were personalIy interviewed with regard to consumption of
alcohol, tobacco, hot beverages and several foodstuffs. There was an important association
with consumption of a1coholic beverages. This was seen in particular for drinking of
cachaça, a distilled sugar cane spirit which is the most common alcoholic drink in that part
of Brazil where it accounts for approximately 80% of a1cohol consumption. There were also
significant associations with lifetime consumption of beer and wine. The significant
association with daily intake and years of drinking cachaça persisted after taking account of
place of residence, smoking and fruit and meat eating in a logis tic regression analysis.

(iii) Risk associated with type 0/ alcoholic beverage
ln retrospective cohort studies of alcoholics it has generalIy not been possible to

distinguish the effects of different types ofbeverages; however, in the two studies ofbrewery
workers (Dean et al., 1979; Jensen, 1980), there was evidence that beer was the predominant
beverage consumed. The study of Dublin brewery workers showed no increased risk, while
the study of Danish brewery workers with high daily beer consumption showed a
significant, two-fold risk.

Wynder and Bross (1961) indicated that the RR increased particularly steeply in whisky
drinkers, but beer and wine drinkers were also at increased risk for oesophageal cancer. (The
Working Group noted that a high RR (6.4) was seen in the category of):6 units of whisky
per day, but the average consumption is not given; no adjustment was made for use of other
beverages.) ln the study of Pottern et al. (1981), the RR was highest among consumers of
spirits, but the RRs for consumption ofbeer and wine were compatible with those for spirits.
Martinez (1969) found no difference in RR for consumers of commercial rum only, of
home-processed fUm only or of a mixture of beverages. Tuyns et al. (1979) found an
indication that oesophageal cancer in N ormandy was associated with consumption of alI
types of a1coholic beverages but noted that the association might be stronger for consumers
of distilIates of apple eider (approximately 400 g ethanol per 1) and of cìder itself
(approximately 40 g ethanol per 1) than for those drinking wine and beer when account was
taken of both tobacco and total ethanol intake. ln an extended analysis in which cases in
Brittany were compared with population controls, beer, eider and wine had thestrongest
influence on risk, but it could not be ruled out that all types ofbeverages contributed to the
risk in proportion to their alcohol content (Breslow & Day, 1980).

(iv) Studies a/joint exposure
Tobacco smoking is causally related to oesophageal cancer (lARC, 1986a). Ziegler

(1986) found an independent effect of alcohol on oesophageal cancer risk after adjustment
for several dietary factors. Similar results were reported from the large case-
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control study carried out in Normandy (Tuyns et al., 1987), where adjustment for nutrition
could not explain the increased risk due to alcohol consumption.

The joint actions of a1cohol and tobacco and of alcohol and nutrition have been the
subject of several analyses. ln their studies in north-western France, Tuyns et al. (1977, 1979)
found a combined effect of alcohol and tobacco, which they described as multiplicative
(Table 57). Similar combined effects of alcohol consumption and nutrition in the causation
of oesophageal cancer have been reported; after adjustment for tobacco, a 90-fold increased
risk for oesophageal cancer was seen among persons who drank more than 120 g ethanol per
day and had a low consumption of citrus fruits, meat and vegetable oils, in comparison with
subjects who drank less than 40 g ethanol per day and had a high intake offresh meat, citrus
fruits and vegetable oils (Tuyns et al., 1987).

(v) Effect of alcohol in nonsmokers
Tuyns (1983) found that the RR for oesophageal cancer among 39 male and 36 female

oesophageal cancer patients who had never smoked increased considerably with increasing
alcohol consumption; values were similar in men and women (Table 58).

(e) Cancers of the stomach, colon and rectum

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164).

ln general, adjustment for any confounding effects of diet has not been possible in the
cohort studies considered below. Dietary factors are thought to be involved in the etiology
of stomach cancer and of cancer of the large bowel (colon especially), and dietary habits are
likely to vary with a1cohol consumption. However, in most ofthese cohort studies, inc1uding
the cohorts that were determined retrospectively, information on individual dietary habits
was not colIected. The studies are summarized in Table 59.

ln the study of Norwegian alcoholIcs (Sundby, 1967), the number of deaths from colon
cancer (9) c10sely matched the expected value (9.4). There was a nonsignificant excess of
rectal cancer deaths (SMR, 1.9; 12 cases) and a nonsignificant increase in the risk for death
from stomach cancer (SMR, 1.3; 45 cases) when comparison was made with the population
of Oslo.

ln the Finnish study of alcohol misusers and alcoholIcs (HakulInen et al., 1974), the
observed number of colon cancer cases (82) within the mis us ers cohort was fewer than
expected (86.6); data for stomach cancer were not reported. For the cohort of chronic
alcoholics, the observed numbers of stomach cancers (six) and colon cancers (three) did not
clearly differ from those expected (8.0 and 1.6, respectively). Data were not presented for
rectal cancer in either cohort.

ln the study of UK alcoholics (Adelstein & White,- 1976), there were eight deaths from
stomach cancer (10.2 expected), nine deaths from cancer of the small intestine and colon (6.8
expected) and four deaths from rectal cancer (4.3 expected).

ln the study of alcoholIcs in Massachusetts (Monson & Lyon, 1975), the proportions of
stomach and colorectal cancers were not significantly increased: 15 deaths from stomach
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Table 57. Cornined effect of alcohol and tobacco on
relative risks for cancer of the oesophagusa

Ethanol/day (g) Tobacco consumption/day (g)

0-9 10-19 )20-

1.0 3.4 5.1
7.3 8.4 12.3

18.0 19.9 44.4

78 58 64

0-40
41-80
)81

Total no. of cases

aFrom Tuyns et al. (1977); risks are expressed relative

to a risk of 1.0 for persons smoking (10 g/day and
drinking ~40 g/day.

Table 58. Relative risks (RR) for oesophageal cancer in
relation to average daily alcohol consumption by nonsmoking
males in Normandy, Francea

Ethanol/day (g) Males Females

No. of RR No. of RR
casês cases

7 1.0 25 1.0
15 3.8 8 5.6

9 10.2 3 11.0
8 101.0

0-40
41-80
81-120
)121

aFrom Tuyns (1983)

cancer, seven from colon cancer and four from rectal cancer were observed, whereas 14.6,
11.2 and 5.7 were expected, respectively.

ln the Japanese prospective study (Hirayama, 1979), the SMR for death from stomach
cancer (i 9 i 7 deaths) in daily consumers of alcohol as compared with nondrinkers was 1.0
among men. Data are not given for women. Data on a1cohol intake in relation to colon
cancer (96 deaths) were not tabulated; however, data displayed in a graph indicate that male
smokers who drank daily had about a 50% higher risk of intestinal cancer (colon plus small
intestine) than smokers who did not drink a1cohol; for rectal cancer, no such association was
detected. ln an earlier report of this study (Hirayama, 1977), the risk for colorectal cancer



Table 59. Relative risks for stomach, colon and rectal cancers in cohort studies

Study and reference

Ncrwegian Alccholics

(Sundby, 1967)

Finnish Alcohol Misusers

(Hakulinen et al., 1974)

Finnish Alcoholics

(Hakulinen et al., 1974)

Massachusetts Alcoholics

(Monson & Lyon, 1975)

UK Alcoholics

(Adelstein & White, 1976)

Dulin Brewery Workers
(Dean et al., 1979)

US Veterans Alcoho1ics
(Robinette et al., 1979)

Danish Brewery Workers

(Jensen, 1980)

Canadåan Alcoholics
(Schmidt & Popham, 1981)

Stomach

No. of
subjects

45 deaths

6 cases

15 deaths

8 dea ths

40 deaths

9 dea ths

92 cases

19 deaths

Relative
risk
(95% CI)

1. 3

(0.9-1.7)

0.8
(0.3-1.6)

1. 0

(0.6-1.7)

0.8
(0.3-1.5)

0.8
(0.6-1.1)

1. 0

190% CI,
0.4-2.3)

0.9
10.7-1.1)

1.0
(0.6-1.6)
1. 7

( 1 . 0-2 . 6 )

Colon

No. of
subjects

9 dea ths

82 cases

3 cases

7 dea ths

Relative
risk
(95% CI)

1.0
(0.5-1. 9)

0.95
10.7-1.1 )

1. 8

(0.4-5.4)

0.6
(0.3-1.3)

9 deaths 1.3
(intestine) (0.6-2.5)

32 deaths

7 deaths

87 cases

19 deaths

1. 3

10.9-1. 9)

0.8
(0.3-1.9)

1. 1

Rect ui

No. of
subjects

12 deaths

4 dea ths

4 dea ths

32 deaths

6 dea ths

85 cases

1.0 10 deaths
10.6-1.6 )
1. 0 (intestine)
10.6-1.6)

Relative
risk
(95% CI)

1. 9

2.9

0.7
(0.2-1.8)

0.9
10.3-2.'¡ )

1. 6

11.1-2.3)

3.3
(0.7-22.4 )

1. 0

(0.8-1.3)

1. 0

10.5-1.9)
1. 1

(0.5-2.0)

-
\0
0\

Comments

Compared wi th Oslo population

Compared wi th Norwegian population

-
~
~
(1

3:ozoo
¡i
~
'i
::
í/
~o
t"
c:
~
tTt

Compared with Dulin blue-collar
workers

Total cohort (brewers and mineraI
water bottIers)

Compared with Canadian population

Compared with US veterans smoking
21-39 cigarettes/day
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was shown to be 1.7 times higher in daily beer drinkers than in nondrinkers. (The W orking
Group noted that statistical significance was not shown, and separate data were not
presented for colon and rectal cancers.)

ln the study of a1coholIc US veterans (Robinette et al., 1979), the SMR for death from
stomach cancer (nine deaths) was 1.0. For colon cancer (seven deaths) and rectal cancer (six
deaths), the SMRs were 0.8 and 3.3, respectively.

ln the study of Danish brewery workers and mineral-water factory workers (Jensen,
1980), no increase in risk was observed for cancers ofthe stomach (RR, 0.9; 92 cases), colon
and sigmoid (RR, 1.1; 87 cases) or rectum (RR, 1.0; 85 cases). There was no variation in risk
for stomach, colon or rectal cancer in relation to duration of employment. (The W orking
Group noted that this study was designed specificalIy to examine the relationship between
beer drinking and cancer of the large boweL.) The author noted that, if the results of this
investigation are taken together with those obtained from the study of the Copenhagen
Temperance Society, the risk for rectal cancer can be compared in groups with extreme
differences in beer consumption, ranging from the low consumption of (or abstention from)
beer in Seventh-day Adventists to the average intake of almost 2.5 1 of beer per day for the
brewery workers. Since in neither group does the risk for rectal cancer differ from that of the
total population, the author conc1uded that these studies do not indicate a causal
association between beer drinking and rectal cancer (Jensen, 1983).

ln the study of Dublin brewery workers (Dean et al., 1979), there were 40 deaths from
stomach cancer, 32 deaths from cancer of the colon, and 32 from cancer of the rectum.
Expected numbers were derived for blue-collar workers in Dublin, in order to control for
socioeconomic class; the differences between the observed numbers and those expected for
cancers of the stomach (49.2) and colon (24.1) were not significant, but for rectal cancer
there was a significant excess of observed (32) to expected (19.7). (The Working Group
noted that this study was designed specifically to examine the relationship between beer
drinking and cancer of the large boweL.)

ln order to to investigate this association further, the relatives of men who had diedof
rectal cancer were sought and were questioned about the drinking habits of the deceased.
For each relative traced, two control relatives were sought from among men who had died of
other causes in the same age group, matched for age at death and the year in which they died.
It was possible to trace the relatives of 16 ofthe 32 who had died of cancer of the rectum, of
whom 15 drank stout, and 29 of the 64 control relatives, of whom 27 drank stout. The mean
alcohol intake ofthose who had died of cancer of the rectum was reported by the next-of-kin
to have been 23.6 pints (13.4 1) of stout per week and 1.8 glasses (0.13 1) of spirits per week.
The mean intake for the 29 controls was 16.1 pints (9.1 1) of stout per week and four glasses
(0.281) of spitits per week. This difference is significant (p c( 0.05) (Dean et aL., 1979). (The
W órking Group noted the high potential for bias in this comparison because of the low
interview rates.)

ln the study of Canadian a1coholIcs (Schmidt & Popham, 1981), the SMR for death
from stomach cancer was 0.95 (19 deaths; not significant), that for colon cancer, 1.04
(19 deaths; not significant), and that for rectal cancer, 1.02 (10 deaths; not significant), in
comparison with the general male population of Ontario. ln comparison with veterans who
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smoked 21-39 cigarettes daily, the SMRs for cancers ofthe stomach, intestine and rectum
became 1.7, 1.02 and 1.1, respectively. The authors postulate that the nonsignificant excess
of stomach cancer deaths was 'probably attributable to a difference in the class composition
of the two samples (alcoholics and veterans) rather than to a difference in their drinking
habits '.

ln the Kaiser-Permanente study (Klatsky et al., 1981), neither stomach cancer (13
deaths) nor colorectal cancer (19 deaths) was associated with level of alcohol consumption.

ln the Framingham study (Gordon & Kannel, 1984), there was a strong positive
relationship between heavy consumption of a1cohol and stomach cancer mortality for
people of each sex (five deaths in women, 13 deaths in men). Multivariable analysis ofthis
relationship, controllng for cigarette smoking, systolic blood pressure, age, relative weight
and plasma lipoprotein profie, showed significant positive relationships for both women
and men. There was no significant relationship between alcohol use and cancer of the colon
(17 deaths in men, 19 in women). No data were reported for rectal cancer. (The W orking
Group noted that the use of standardized logistic regression coefficients precludes
quantitative estimates of the relation between alcohol intake and cancer risk.)

ln the study of Hawaiian Japanese (Pollack et al., 1984), there were 99 incident cases of
stomach cancer, 92 cases of colon cancer, and 62 cases of rectal cancer. There was no
evidence of a relationship between alcohol consumption and stomach and colon cancers.
After adjusting for age and cigarette smoking, there was a significant trend (p": 0.001) for
rectal cancer, with increasing incidence rates accompanying successively higher levels of
a1cohol consumption. (The W orking Group calculated the RR for ~40 ozj month (800 g) in
comparison with abstainers to be 2.9.) ln order to examine this relationship further, the
authors estimated the risk for rectal cancer among subjects who consumed a given amount
of each particular type of alcoholic beverage relative to the risk for those who did not
consume the beverage at all, controlling for age, smoking and consumption of other types of
a1cohoL. The only category for which the R.R for rectal cancer was significantly raised was

the highest, consuming 500 oz (151) or more ofbeer per month; the RR for this category was
3.1 (p -: 0.01). (The Working Group noted that point estimates for lower categories ofbeer
intake are not given but can be derived from a figure presented in the paper as
approximately 1.0 for 1-9 oz, 1.5 for 10-99 oz and 1.5 for 100-499 oz per month.)

ln the study of Japanese doctors (Kono et al., 1986), age- and smoking-standardized
rates for death from stomach cancer (116 deaths) and colorectal cancer (sites combined; 39
deaths) were not clearly related to alcohol consumption category; rates for these cancers
were 10-40% higher (not statisticalIy significant) in occasional and daily drinkers than in
nondrinkers.

Wu et al. (1987) studied a cohort of Il 888 residents of a retirement community in
California, USA. Consumption of a1coholic beverages on an average weekday was assessed
bya self-administered questionnaire for wine, beer and spirits, and then combined to derive
an overall amount of ethanol consumed. Follow-up was carried out by bien niaI mailed
questionnaire and by consulting county death registrations. During 4.5 years of folIow-up,
126 incident cases of colorectal cancer occurred. The crude, age-adjusted RRs were 1.5 (95%
Ci, 1.0-2.4) and 1.9 (1.3-2.9) for those who drank 1-30 ml (0.8-24 g) ethanolj day and those
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drinking more, respectively, compared with people who did not drink alcohol daily. After
multivariable adjustment for smoking, relative weight and physical activity, the RR in men
was 2.2 (95% CI, 1.2-3.8). The corresponding analysis for women showed no significant
increase in risk. Another analysis of this study, omitting the 20 cases of rectal cancer, gave
essentialIy the sa me results.

(The W orking Group summarized of the results of the retrospective cohort studies of
alcoholics and brewery workers, as folIows: in eight studies that addressed stomach cancer,
234 cases were observed, with 251 expected; in ni ne that addressed cancer of the colon
(including one on alcohol misusers), 251 cases were observed, with 245 expected; and in
seven that addressed rectal cancer, 148 cases were observed, with 129 expeded.)

(ii) Case-control studies
Stomach cancer (see Table 60): Wynder et al. (1963a) conducted a case-control study of

stomach cancer and environ mental variables, dietary factors, cigarette smoking and a1cohol
consumption in Iceland, Japan, Slovenia and the USA. A total of 367 male and 154 female
cases, and 401 male and 252 female controls (without cancer) were included; aIl were
hospital patients. No clear association was noted between risk for stomach cancer and type
of alcohol consumed, although within the US component of the study, beer consumption
was more prevalent in both male and female cases than in their controls. (The W orking
Group noted that, in the absence of quantitative consumption data and control for
covariables, interpretation of the data is difficult.)

ln a case-control study in New York State, USA, Graham et aL. (1972) compared 160
men and 68 women with stomach cancer with 228 hospital controls individuaIly matched to
cases for sex, age, country of birth and family's ethnie background (as a proxy for
socioeconomic status). AlI patients had originalIy been hospitalized in 1957-66 and had been
interviewed routinely about social, behavioural and dietary traits by trained interviewers
who were unaware ofthe patients medical status. Usual frequency of consumption ofbeer,
wine, gin, vodka and whisky was assessed, and an index of total alcohol consumption was
derived. Comparison ofthe drinking profiles of cases and controls revealed no difference in
overall a1cohol intake. (The W orking Group noted that it was not possible to estimate RR
by level of consumption.)

Haenszel et aL. (1972) carried out a case-control study of stomach cancer among
Japanese in Hawaii. During 1963-69, 220 patients admitted to hospital with stomach cancer
(135 men, 85 women) were enroIled for study; 96% of these cases were histologically
confirmed. Two hospital contro1s were selected for each case, matched on sex, age, hospital
and date of admission, excluding patients with stomach disorders and other alimentary tract
cancers. Study subjects were interviewed about usual past frequency of intake of foods and
alcoholIc drinks. Saké and beer were the a1coholic drinks for which consumption differed
most between cases and controls. The RR in peer drinkers compared with those who did not
drink beer was 1.2; the RR for drinking saké was 1.4, confined substantially to those who
drank it daily, for whom the RR was 2.2 (p': 0.05). (The Working Group noted that, since
the data were analysed in a univariate fashion, covariables such as cigarette smoking and
major nutrients could not be controlled for.), \



Table 60. Surary of results of case-control studies of stomach cancer and alcohol consumtion

Place (reference) CommntsSubjects
(cases, controls)

Exposure measurement Resul ts a

UK Men

(stocks, 1957 ) (153, 4630 )

Iceland, Japan, Slovenia, USA Men

(W'der et al., 1963a) (367, 401 )
Women

(154, 252 )

USA, Kansas Ci ty Men

(Higginson, 1966 ) 193, 2791

USA, Buffalo
(Graham et al., 1972)

Men
1160,1601

Women

(68, 68)

Hawaii (Japanese)
IHaenszel et al., 1972)

Men
(135, 2701

Women
(85, 170)

Norway
(Bjelke, 1973)

Men, women
(228, 1394)

USA, Minnesota

(Bjelke, 1973)

Men, women

183, 1657)

Freqency of beer
consumtion

Freqency of alcohol
consumtion, by type
of beverage

Open-ended interview
about consurption of
alcoholic beverages

Freqency of consurp-
tion, by type of
beverage

Frequency of consurp-
tion, by type of
beverage

Freqency of consurp-
tion, by type of
beverage

F reqency of consurp-
tion, by type of
beve rage

No association

Few differences in consurption
profile

No difference in overall
alcohol consumtion profile;
prevalence of 'heavy
periodical' drinking higher
in cases

No difference in consurption
profile

Beer: Abstain
(6/mon th

) 6/month
Saké: Ãbstain

daily
)daily

1. 0

1.2 10.7-1.9)
1,2 10.7-2.0 i
1. 0

1. 0 (0.6-1. 9 )
2.2 11.1-4.41

No significant difference

No significant difference

No quantitative
consumtion da ta; no
control of covariates

RR not controlled for
dietary variables or
social class

RR for high ~ low
consumers among women
gives positive associa-
tion with beer
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Table 60 (contd)

Place 1 reference) CommentsSubjects
(cases, controls)

Expo5ure measurement Resul ts a

USA, ~tulticenter

,Williams & Horm, 1977)

France
,Hoey et aL., 1981)

France, Calvados
',Tuyns et aL., 1982)

üreece, Pilaeus
'Trichopou1os et al., 1985)

Foland, Craco\.
Jedrychowski et al.. 19861

Men

(120, 1668)
Women
182, 3106)

Men

(40, 168)

Men, women
(163, 19761

Men t women

1110, 100)

Men, wornen

1110, 110)

Freqency and duration
of consumtion, by
type of beverage

Freqency of consump-
tion, by type or amount

Freqency of consump-
tion, by type of
beverage

Frequency and amount of
consumption

Usual numer of glasses
per week, by type of
beverage

Men: no significant association:
women: nonsignificant doub1ing
in risk for wine and beer

(80 9 daily, 1.0

)80 9 daily, 6.9 (3.3-14.3)

Consumers versus nonconsumers:
RR, 0.5 195% CI, 0.2-1.8)

Nonsignificant positive 1inear
trend in risk

Below median, 1. a
Above median, (1.4) (0.8-2.41

Controlled for age, race,
cigarette smoking

No adjustment for socio-
economic status

RR ca1culated by Working
Group

RR in those dr inking vodka before Adjusted for smoking,
breakfast, 2.1 (1.0-4.2); no residence, diet
other difference

aRe1at:i':e risk !RRi and 95% confidence interva1 1 i J when calcu1ated by the Working Group), when available
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ln a study in France (Hoey et al., 1981), 40 new1y diagnosed (1978-80) male cases of

adenocarcinoma of the stomach were compared with 168 hospital controls. Cases and
contro1s came from the same endoscopy unit, and controls were patients with cancer or
polyp of the colon and rectum, hiatal hernia or galIstones. Three-quarters of the cases
reported a current wine consumption of one or more ìitres per day (or an equivalent amount
of alcohol from other beverages). The RR for those consuming more than 80 g ethanol daily
compared with those consuming less was 6.9. Adjustment for tobacco use (for which an
increased RR of 4.8 was found) did not substantially affect the RR observed for a1cohoL.

The authors noted that, although high consumption ofwine in France may be related to low
social class (as is stomach cancer), social class was not adjusted for in their study.

A case-control study of stomach cancer was conducted by Trichopoulos et al. (1985) in
Piraeus, Greece. Cases comprised 110 consecutive patients (57 men, 53 women) with
histologically confirmed adenocarcinoma of the stomach admitted to two teaching
hospitals during 1981 -84. Controls comprised 100 orthopaedic patients hospitalized during
the same period without cancers or other diseases of the digestive system. AlI subjects were
interviewed by the same interviewer, who recorded the usual frequency of consumption of
foods and alcohol before the onset of the present disease / disorder. There was no linear trend
of increasing risk with increasing frequency of alcohol consumption. (The W orking Group
noted, however, that comparison of subjects with consumption above the median (value not
given) with those with a consumption below the median yields a RR of 1.4.)

J edrychowski et al. (1986) carried out a case-control study of stomach cancer in relation
to diet and alcohol consumption in Cracow, Poland, in 1980-81. Each ofan incident series of
1 10 histologically confirmed cases of adenocarcinoma of the stomach was individually
matched by sex and age to a hospital patient without obvious gastrointestinal disease or
dietary abnorma1ity, who was interviewed in hospitaL. Alcohol consumption was recorded
as usual number of glasses (volume unspecified) per week of beer, wine and vodka. After
adjustment for smoking, residence and diet, the RR for stomach cancer associated with
consumption of vodka before breakfast was 2.1, 33 cases reporting this habit; however,
there was no overalI difference between cases and controls with regard to consumption of
beer, wine or spirits (vodka). The authors commented that the observed increase in risk
associated with drinking vodka on an empty stomach was biologicalIy plausible. (The
W orking Group noted that relIance on place of residence as an indicator of social c1ass
might have resulted in residual confounding.)

Large-bowel cancer (see Table 61): Wynder and Shigematsu (1967) conducted a case-
control study of colorectal cancer, based in a New York hospital, in which 791 cancer cases
were compared with two groups of controls matched for age and sex: cancer patients with
cancers other than of the alimentary and respiratory tracts and patients with nonneoplastic
diseases other than pulmonary arterial disease and chronic respiratory diseases. Infor-
mation about the amount of alcohol consumed was obtained at interview for 492 cases and
273 controls. AmC?ng men, there was no difference in consumption for those with cancers at

most subsites in the large bowel, with the exception of patients with rectal cancer in whom
there was a significantly higher percentage ofheavy drinkers than in the controls. There was
no such difference between female cases and controls. There was a significantly higher



Table 61. Sumary of results of case-control studies of large-bowel cancer and alcohol consumtion

Place (reference) CoiintsSubjects
(cases, controls)

Exposure measurement Resultsa

lJ
(Stocks, 1957)

USA, Kansas City
(Higginson, 1966)

USA, New York

(wyder & Shigematsu,
1967 )

Norway
(Bjelke, 1973)

USA, Minnesota

(Bjelke, 1973)

USA, Mul ticenter

(Williams & Horm, 1977)

France, Calvados
(Tuyns et aL., 1982)

Colon and rectum: men

(166, 4630)

Colon and rectum: men

(340, 1020)

Colon: men (174, 206)
women (114, 67)

Rectum; men (140, 206)
women (64, 67)

Colon: men, women
(162, 1394)
Rectum: men, women
(116,1394)

Colon: men, women

(259, 1657)
Rectum: men, women
(114, 1657)

Colon: men (294, 1329)
women (359, 2691)

Rectum: men (165, 1329)
women (138, 2691)

Colon: men, women

(142, 1976)
Rectum: men, women
(198, 1976)

Freqency of consum
tion

Open-ended question-
naire about consum
tion of alcoholic
beverages

Freqency and pattern
of dr inking, by type
of beverage

Freqency of consum
tion, by typ of
beverage

Freqency of consum
tion, by type of
beverage

Freqency and dura-
tion .of consumtion,
by type and amunt

Freqency of consum
tion, by typ of
beverage

Beer (daily, 1.0
Beer 2 daily, 1.4 (0.9-2.1)

RR adjusted for
sex and age
only, calculated

by the Working
Group

No difference in alcohol
consumption

Rectal cancer significantly
associated wi th heavy drinking;
significantly more beer drinkers
among male rectal and colon
cancer cases than controls

No adjustment for
social and other
behavioural
factors

No difference observed Matching ignored
in analysis

Colon: significant positive
association wi th consumtion of
spirits in men; significantly
negative in women
Rectum: significant positive
association wi th beer consumtion
for men and women combined

Matching ignored
in analysis

Colon (men): Total
Abstainers l, 0
(50 oz-yr 1.4
250 oz-yr 1.5'
Rectum: RR, 2.0' for
intake in women

Spirits
1. 0

1.5
1. 6'

alcohol

RR adjusted for
aga, race,
cigarette smoking;
" significant

wine
1. 0

1.1
2.1-
high

Beer
1. 0

1. 2

1. 7'
total

Colon: 1.4 (0.3-5.7)
Rectum: 1.6 (0.5-5.5)

Consumrs versus
abstainers-
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Table 61 (contd)

Commnts
Place (reference) Subjects

(cases, controls 1
Exposure measurement Resul ts a

Canada, Toronto

(Miller, A.B. et al.,19831 -

USA. Ne..- York
\Kabat et al., 1986\

Australia, Adelaide
~Potter & ~~~chael,
:986 '

Australia, ~elbourne
Kune et al" 198ïa¡

Colon: men, women

(348, 542)
Rectum: men, women

(194, 335)

Rectum: men (130, 3361
women (88, 2491

Colon: men, women
(220, 438)
Rectum: men, women

1199,396)

Colon and rectum: men r
women (715, 727)

Frequency of consump-
tion, by type and
amount

Frequency and dura-
tion of consumption,
by type of beverage

Freqency of consump-
tion, by type and
amount

Estimated cuulative
intake, by type of

beverage

No association
Rectal cancer:
Beer: Lew

Medium
High

with
M

1. °

0.7
1. 3

colon cancer
F

1.0
1. 6

1. 6

RR adjusted for
education, diet,
smoking

RR, 2.7 (1.3-5.7)
for men drinking
;32' oz (;768 g)/
day, adjusted for
rel igion and
education

Matched RR (; 12.9
g/day versus - (0.01
g/day) calculated
by Working Group

RR adjusted for
dietary variables
RR changed li ttle

when also adjusted
for other
a1coholic
beverages; *
significant

aRelative risk 'RRI; 95% confidence intervals in parentheses

No association wi th wine or
spirits consumptionBeer: M FAbstainers 1.0 1.0
Occasional 1.6 (0.9-2.8) 0.5 (0.3-1.01
1-7.9 oz 124-190 gl/day 1.3 (0.7-2.41 0.5 (0.2-1.21
8-31.9 oz 1192-766 gl/day 1.8 (0.9-3.51 0.7 (0.1-3.21

232 oz 12768 gl/day 3.5 Il.8-7,01

Total alcohol:
Increased risk (nonsignificant) for colon and rectal
cancer in women
Spirits: M F
Colon cancer 1.0 2.0
Rectal cancer 1.0 1.5

Colon: no significant
Rectum:

Beer quartiles:
L

2

3

4

association

M

1. 0

1. ï'
i .8'
1. 9'

F

1. 0
1. 6

1. 6
2.1

No.¡
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proportion of beer drinkers among male cases of rectal and colon cancer (35% and 31 %,

respectively), compared with 19% of controls, but there was no difference in other types of
a1cohol consumed. The authors conclude that 'the excess of heavy drinkers, particularly of
beer, among men with rectal cancer appeared to reflect factors such as religious differences,
smoking habits and the lower socioeconomic status of that group'. There was no difference
in alcohol consumption between the rectal cancer group and the second control group.

Miler, A.B. et al. (1983) conducted a case-control study in Toronto, Canada, of 348
patients with colon cancer and 194 with rectal cancer, compared with two series of controls
consisting of542 individualIy matched neighbourhood and 535 frequency matched hospital
controls. Standardized interview information was obtained on usual frequency offood and
a1cohol consumption. Analysis was done for groups of foods rather than nutrients, and
these included alcoholic beverages, in particular beer. There was sorne evidence of an
increased risk for rectal cancer, but not colon cancer, in association with beer intake;
nonsignificantly elevated RRs of 1.3 for men and 1.6 for women were found among
individuals in the highest consumption tertile. There was no indication of an association
between colon or rectal cancer and other types of alcohol consumption.

The association between beer drinking and cancer of the rectum was investigated by
Kabat et al. (1986) in a case-control study of 130 male and 88 female rectal cancer cases, aU
histologicalIy confirmed, and 336 males and 249 female controls. The controls consisted of
patients with cancers other than of the digestive tract and disease conditions not associated
with tobacco use. A maximum of three controls was matched to each case on the basis of
age, sex and calendar year ofhospital interview. Information on consumption ofbeer, wine
and spirits throughout adulthood (quantity and duration), and on smoking and socio-
demographic characteristics was obtained by standardized interview. Beer intakewas
significantly associated with estimated risk of rectal cancer in men, the RR increasing with
consumption. For drinkers of 32 oz or more of beer per day, the RR was 3.5. There was no
association with duration of beer drinking. A nonsignificant inverse association with

consumption was seen for women; however, only ni ne cases and 40 controls drank beer
more than occasionaUy. ln conditional multiple logistic regression analyses, the RR for beer
drinking decreased slightly when controUed for potential confounding variables, and the
RR for men drinking ~32 oz/ day, when adjusted for religion and education, was 2.7.
Consumption of wine or spirits showed no association with rectal cancer.

Potter and McMichael (1986) reported a population-based case-control study of 419
incident cases oflarge-bowel cancer (220 colon, 199 rectum) and 732 community controls,
interviewed regarding diet and alcohol in 1979-81 in Adelaide, Australia. Information
regarding food and alcohol intake was obtained using a quantitative frequency question-
naire; the reproducibility of information about alcohol consumption was documented in a
study of a subgroup of the study population re-interviewed by that research group in
Adelaide (Rohan & Potter, i 984). Analysis by quintile of alcohol cönsumption showed that
total a1cohol intake was associated with nonsignificantly increased risks of both colon and
rectal cancer in women but not in men. ln both men and women, there were increased risks
for colon a.nd rectal cancer associated with consumption of spirits. For colon cancer, there
was a statistically significant, approximate doublIng of risk associated with drinking a glass
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(volume unspecified) of spirits per day in women, and with drinking two glasses per day in
men, relative to abstainers. For rectal cancer, there was a weaker association with
consumption of spirits. There was no association between beer consumption and cancer at
either site.

As part of a large investigation of colorectal cancer incidence, etiology and survival in
Melbourne, Australia, a case-control study was conducted to identify whether diet and
a1cohol, among other variables, were associated with colorectal cancer (Kune et al., 1987a).
The authors compared 715 incident cases of adenocarcinoma of the large bowel with 727
age- and sex-matched community controls. Information about the total lIfetime intake of
specifie alcoholic beverages was obtained by interview, and data were c1assified by level of
consumption of beer, wine, spirits and total a1cohoL. There was lIttle evidence of an
association of any of the alcohol variables with the risk of colon cancer; however, beer was
found to be a significant risk factor for rectal cancer in men (RR, 1.0, 1.7, 1.8, 1.9 for four
increasing quartiles of consumption), controllng for ten dietary variables and for other
categories of a1coholIc beverage. This effect was greatest in older men. RRs were similar in
women but did not attain significance. Consumption of spirits was associated with a
reduced risk of rectal cancer in men. (The W orking Group noted that some controls were
re-interviewed (Kune et al., 1987b), which seriously lImits the interpretation of these
findings. )

Stomach and colorectal cancer (see Tables 60 and 61): ln an early case-control study by
Stocks (l9~7) in North Wales and Liverpool, UK, trained interviewers obtained histories
from hospitalIzed patients with and without cancer. Within each residential area, the
frequency of consumption of alcohol by cancer patients aged 45-74 years was compared
with that expected on the basis of sex- and age-specifie frequency distributions of the
non-cancer patients, who totalIed 4630 men and 4900 women 45-74 years old. ln men, usable
data were available from 153 stomach cancer patients and 166 patients with colorectal
cancer; beer drinking was positively associated with intestinal cancer (RR calculated by the
W orking Group to be 1.4 in those who drank daily or weekly in comparison with those who
drank 1ess often) but not with stomacti cancer. (The W orking Group noted that, because of
the very low prevalence of self-reported alcohol consumption in women, no informative
comparison could be made.)

A case-control study of 93 male cases of stomach cancer and 279 controls, and of 340
male cases of colorectal cancer and 1020 controls was cond ucted by Higginson (1966). Cases
were patients admitted to seven hospitals in Kansas City, USA, with histologically
confirmed cancer; controls were hospital patients with no obvious gastrointestinal disease
or recent dietary abnormality, frequency matched with cases for sex, age and race. Alcohol
consumption was estimated from interyiews conducted in hospitaL. For both stomach and
colorectal cancers, the alcohol consumption profies of cases and controls were virtually
identicaL. Stomach cancer was associated with 'heavy periodical' (i.e., weekend) drinking,
but the numbers involved were small (five cases and three controls).

ln Norway, Bjelke(l973) compared228 stomach cancer cases (l47 male, 81 female), 162
colon cancer cases (89 male, 73 female), 116 rectal cancer cases (64 male, 52 female) and 221
unconfirmed cases, with 1394 hospital controls matched for sex, age, hospital and
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interviewer. Consumption of beer, wine and spirits ànd other dietary items was assessed by
interview in terms of six categories of usual frequency. The prevalence of use of any kind of
beverage and the mean frequencies were very simIlar among cases and controls for cancer at
each of the sites, in both men and women. ln women, stomach cancer was positively
associated with beer consumption, but negatively associated with consumption of spirits.
(The W orking Group noted that each case serits was compared with the whole series of
controls without taking the original matching into account.)

ln a case-control study carried out in Minnesota, USA, the design of which was very
similar to his Norwegian study, Bjelke (1973) compared 83 stomach cancer cases (67 male,
16 female), 259 colon cancer cases (144 male, 115 female) and 144 rectal cancer cases (74
male, 40 female) aged 39-75 years, with 1657 hospital controls matched for age, sex, race and

hospital, excluding persons with gastrointestinal diseases and a few other specified
conditions. A significant positive association was seen for men and women combined for
rectal cancer and beer consumption. For colon cancer and consumption of spirits, the
association was significantly positive for men and negative for women.

ln a patient interview study (Wiliams & Horm, 1977) as part of the Third National
Cancer Survey (see description, pp. 170-171), 202 stomach cancer cases (120 male, 82
female), 653 colon cancer cases (294 male, 359 female) and 303 rectal cancer cases (165 male,
138 female) were compared with 1209 male and 2609 female controls, who were other cancer
cases in the survey. After controllng for age, race and cigarette smoking, the risk for colon
cancer among men was significantly increased with high total ethanol consumption (RR,
1.5) and for drinking beer, wine or spirits. The risk for neither rectal nor stomach cancer
showed a clear association with a1cohol consumption in men. Among women, the risk for
rectal cancer was significantly increased (RR, 2.0) with high consumption of total ethanol,
whIle the risks for colon and stomach cancers showed no statisticalIy significant increase.
There was a moderate association between stomach cancer in women and consumption of
wine and beer (but not spirits).

Tuyns et al. (1982) conducted a population-based case-control study in which 163
stomach cancer cases, 142 colon cancer cases and 198 rectal cancer cases were identified and
interviewed prospectively, during 1975-80, in Calvados, France. A total of 1976 population
controls were interviewed during 1973-80, comprising a random sample of all people aged
over 20 years in the source population. A standard interview questionnaire was used, which
was developed for French patterns of alcohol consumption and administered by specially
trained dieticians. There were nonsignificantly increased RRs for colon cancer (1.4; 95% CI,
0.3-5.7) and rectal cancer (1.6; 0.5-5.5) in alcoho1 consumers versus abstainers, and a
nonsignificantly decreased RR for stomach cancer (0.5; 0.2-1.8).

(j Cancer of the liver

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164)

ln most of the cohort studies on lIver cancer, summarized in Table 62, it is probable that
several cases classified as having primary lIver cancer in fa et had metastatic lIver cancer,



Table 62. Relative risks for liver cancer in cohort studies

IVo
00

study and reference CoimentsNo. of subjects Relative riska

Norwegian Alcoholics

(Suncly, 1967)

Finnish
Alcohol Misusers
Alcoholics

(Hakulinen et al., 1974)

Massachussetts Alcoholics

(Monson & Lyon, 1975)

UK Alcoholics

(Adelstein & White, 1976).
Dulin 'Brewery Workers

(Dean et al., 1979)

US Veterans Alcoholics

(Robinette et al., 1979)

Danish Brewery Workers

(Jensen, 1980)

Canadian Alcoholics

(Schmidt & Popham, 1981)

Japanese Prospective Study
(Hirayama, 1981)

Japanese Doctors
(Kono~, 1986)

Japan
(Shibata et al., 1986)

6 deaths 2 Compared with Norwegian
population

Daily drinkers; RRs calculated
by the Working Group
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66 cases
2 cases

1.5*
2.5

RR adjusted for age and smoking

Fishing area - RR not adjusted
for smoking

4 deaths 1

5 deaths 5.8* in males

7 deaths 1.3

2 deaths )1

29 cases 1.5*

4 deaths 2

1.3*
nonsmokers, 0.9
(200000 cig., 1.3
200 000-400 000 cig., 1.2
)400 000 cig., 1.5

51 deaths eX-drinkers, 1.4 (0.4-4.8)
occasiona1 drinkers, 1.5 (0.6-3.8)
daily drinkers (2 go, 2.0 (0.8-5.1)
daily drinkers )2 go, 2.7 (1.0-6.8)

21 deaths 7.5* for shochu drinkers

a*, significant; ;95% confidence interval in parentheses
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because of difficulties in diagnosis. Furthermore, it is clear that, in some of these studies,
cases of primary liver cancer were grouped with other cancers. Both practices would tend to
affect (probably underestimate) the strength of the association between alcohol consump-
tion and risk for primary liver cancer.

ln the prospective Japanese study (Hirayama, 1975, 1978, 1981), the most recent

(Hirayama, 1981) age-adjusted rate ratio for primary liver cancer between daily drinkers
and nondrinkers was ca1culated by the W orking Group to be 1.3, which is significantly
different from the nulI value of 1.0. (The W orking Group noted that data on hepatitis B virus
serology were not available.)

ln the study of Japanese doctors (Kono et al., 1983, 1985, 1986), the numbers of deaths
(and age-adjusted death rates per 10 000 per year) are given for primary liver cancer (lCD-8
155, 197.8) as folIows: seven deaths (3.6) among nondrinkers, four (4.9) among ex-drinkers,
14 (5.7) among occasional drinkers, 13 (7.1) among daily drinkers of less than 2 go (l go =
180 ml saké= 22 gethanol) and 13 (9.0) amongdaily drinkers ofmorethan2go. Exc1uding
ex-drinkers, and using logistic regression to control for age and tobacco smoking, the partial
regression coefficient for alcohol intake is 0.317 (standard error, 0.125). The Working
Group calculated that this corresponds to a statistically significant RR for primary liver
cancer of 1.4 for an increase in alcohol consumption of 1 go per day. ln' categorical
assessments, the RR (and 95% Ci) for primary liver cancer, with nondrinkers as referents,
were 1.4 (0.4-4.8) for ex-drinkers, 1.5 (0.6-3.8) for occasional drinkers, 2.0 (0.8-5.1) for daily

drinkers of less than 2 go, and 2.7. (1.0-6.8) for daily drinkers of more than 2 go. (The
W orking Group noted that data on hepatitis B virus serology are not available, and that no
information is given about the actual proportion of cases with primary liver cancer in the
rubric 197.8, unspecified liver cancer.)

ln the study of Hawaiian Japanese (Blackwelder et al., 1980), seven deaths were due to
primary liver cancer and 16 to cirrhosis of the liver. The mean ethanol consumption in the
seven individuals with primary liver cancer had been 12.0 ml (9.5 gJI day, compared to 36.8
ml 

(29 gJI day among individua1s who had died from cirrhosis of the liver, and to 13.6 ml (11
gJI day in living members of the cohort. AlI values were ascertained at the initial base line
examination and were not age-standardized.

Another cohort study in which role of alcohol and tobacco in the etiology of primary
lIver cancer was explored in the general Japanese population was recently reported (Shibata
et aL., 1986). The study was based on follow-up of 639 men in a farming area and 677 men in a
fishing area, in the context of a longitudinal study to evaluate risk factors for coronary heart
disease. There was no effect of saké drinking in either the farming or the fishing area nor any
effect of drinking shochu (a distiled alcoholic beverage made in Japan, containing about
25% alcohol) in the farmingarea. However, in thefishing area, the observed (18) to expected
(2.4) ratio among shochu drinkers was 7.5 (p ~ 0.001), with an apparent but nonsignificant
dose-trend. (The W orking Group noted that the association is not confounded by tobacco
smoking, but the lack of data concerning hepatitis B virus, the absence of a similar
association with shochu in the other study area, and the small overalI study size make
interpretation of these findings difficult. J
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ln several studies of cohorts of persons with high alcohol intake, the observed number of
deaths from primary liver cancer has been compared with the number expected on the basis
of the age-, sex- and calendar-time-specific mortality from this cancer in a reference

population. ln the study ofNorwegian a1coholics (Sundby, 1967), six deaths were observed,
with 3.1 expected in Norway. ln the Canadian study of Schmidt and de Lint (1972) on
alcoholics, no death from primary liver cancer was observed. (The W orking Group
estimated that approximately two would have been expected on the basis of expected figures
in studies of similar size and background rates.) ln this study, a high excess of deaths due to
cirrhosis of the liver was observed (56 among men and 12 among women, with 4.9 and 0.5
expected), but the authors of the study consider it unlikely that deaths due to primary lIver
cancer had been misdiagnosed as due to cirrhosis, since most deaths occurred in large
hospitals and autopsies were performed on 55% of those who died from cirrhosis.

ln a five-year mortality study in one company in the USA of922 alcoholics and an equal
number of nona1coholics, individualIy matched by age, sex, payroU, c1ass and geographic
location, no death from primary liver cancer was observed (PeU & D'Alonzo, 1973). (The
W orking Group estimated that approximately one would have been expected.) An excess of
deaths due to cirrhosis of the liver was found among a1coholIcs (11 deaths due to cirrhosis,
compared to none among nonalcoholics).

ln the study ofUK a1coholIcs (NicholIs et aL., 1974; Adelstein & White, 1976), there were
five deaths from liver cancer (including extrahepatic bile ducts) among men, while 0.9 wou Id
have been expected, giving a significant SMR of 5.8. ln the study of Finnish alcohol
misusers and alcoholics (Hakulinen et aL., 1974), there were 66 cases of primary liver cancer
in the misusers cohort and two in the a1coholics cohort, with 44.3 and 0.8 expected,

respectively; the first comparison gave a significant result. ln the study of Massachussets
alcoholics, Monson and Lyon (1975) found four deaths from primary lIver cancer (inc1uding
biliary passages), with 4.2 expected. ln the cohort study of male DublIn brewery workers
(Dean et al., 1979), there were seven deaths from primary lIver cancer with 5.5 expected from
Dublin death rates. ln the cohort study of male Danish brewery workers (Jensen, 1980),
there were 29 incident cases of primary lIver cancer with 19.2 expected; this result was
significant. ln the study of a1coholic US veterans (Robinette et aL., 1979), there were two
deaths in a category that inc1uded primary lIver cancer (as weU as other rare cancers in
ICD-8 rubrics 152, 156, 158 and 159), whereas no such death was observed in a comparison
age-matched group. ln the cohort study of male alcoholics in Canada (Schmidt & Popham,
1981), four deaths from primary liver cancer (lCD-8, 155, 156) were observed with 2.0

expected.

(The W orking Group noted that, taken together, the results of these ten cohort studies
on alcoholics generate 125 observed cases of lIver cancer vers us 83.3 expected. The ratio,
based on the three most reliable studies, is 1.5 (1.2-1.9). The ratio based on the total numbers
of observed and expected cases in alI the cohorts is 1.5 (1.3-1.8). Both are significant at the
1 % leve1.)

(ii) Case control studies
The results of case-control studies of primary lIver cancer are summarized in Table 63.



Table 63. Sumary of resul ts of case-control studies of primary Ii ver cancer and alcohol consumtion
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Subjects
(cases,
controls)

Exposure measurement

France, Paris
(Schwartz et al., 1962)

High but eqal ethanol consumtion among cases and
controls

USA, Multicenter

(Williams & Horm, 1977)

Switzerland, Geneva

(Infante ~., 1980b)

Philippines
(Bulatao-Jayme et al., 1982)

Hong Kong

(Lam~., 1982)

USA, New Jersey
(Stemhagen et aL., 1983)

Men
(61, 61)

Men

(18, 1770)
Women
(la, 3178)

Men
(31, 207)

Women

(4, 226)

Men
(74, 74)

Women

(16, 16)

Men
(95, 95)

Women

(12, 12)

Men
(178, 356)

Women

(87, 174)

Average daily ethano1
intake

Three categories of
wine, beer, spirits or
total

Main daily and life-long
ethanol consumption

Categorization into
'heavy' (38.4 g) and
'light' (9.8 g)

drinkers using me an
ethanol intake per day
of aH subjects

, Alcohol consumption',
details not gi ven

Categorization into
nondrinker, light,
moderate, mediumheavy
and heavy drinker

Suggestive positive but not

Men
Nondrinkers 1. a
Moderate drinkers 0.5
Heavier drinkers 2.8

significant
Women
1.0
5.1

association

Ethanol consumption among cases twice as high as that
among controls

Light aflatoxin, light alcohol: 1. a
Light aflatoxin, heavy alcohol: 3.9*
Heavy aflatoxin, light alcohol: 17.5'
Heavy aflatoxin, heavy alcohol: 35. O'

No significant positive association

ln both sexes, statistically significant
wi th increasing ethanol consumtion

Men Women1.0 1.0
1.0 (0.5-2.1) 1.7
1.2 (0.5-2.7) 2.2
2 . 5 (1. 0-6 . 5 ) 3 . 7

2 . a (O. 8-5 .1 ) 5 . 6

1inear trends

Nondrinkers
Light
Mode rate
Medi um
Heavy

( a . 7-4 .2)
(0.9-5.7)
(0.2-93.6)
(0.8-38.6)

IV....



Table 63 (contd)

IV-
IV

Place (reference) Resul ts aSubjects
(cases,
controls)

Exposure measurement

USA, Los Angeles County

(Yu et aL., 1983)

Sweden
(Hardell et al., 1984)

USA, five states

(Austin et aL., 1986)

Greece, Athens

(Trichopoulos ~., 1987)

Men
(50, 50)

Women

(28, 28)

Hepatoce1lular
carcinoma: men

(83, 166)
Cholangiocarcinoma:
men (15, 30)

Men
(60, 110)

Women
(26, 51)

Men
(173, 400)

Three categories of
ethanol intake: low,
inderate, high

Categorization into
nondrinkers, 1ight con-
sumrs of spirits (( 4
bottles/year), inderate
consumers () 1 bottle/
month-(l bottle/week),
heavy consumers () 1
bott1e/week) (1 bottle
= 370 ml spirits)

Categorization into no
use, infreqent use,
occasional use, regular
use (at least once/day)

Total daily ethanol
consumtion in grams

0-9 g/day, 1.0

10-79 g/day, 0.9 (0.4-1.9)
280 g/day, 4.2 (1.3-13.8)
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Non-/ex-sinkers
(1 pack/day
') 1 pack/day

Alcoho1
0- 79 g/day
1.0
1.4 (0.6-3.4)
1.8 (0.7-5.0)

0.8 (0.1-4.6)
14.0 (1.7-113.9)

) 80 g/day
.,

Nondrinkers, 1. a
Light drinkers, 2.1 (0.9-5.1)
Moderate drinkers, 2.9 (1.0-8.7)
Heavy drinkers, 4.3 (1.8-10.8)

Statistically significant dose-dependent association
with freqency of alcohol intakeNondrinkers 1. a
Infreqent drinkers 1.4
occasiona1 drinkers 2.3
Regular drinkers 2.6

No association for ethanol consumption with
or without underlying cirrhosis; for liver cancer
with cirrhosis, 'heavy' ethanol consumption
( ) 70 g/day), adjusted RR, 1.2

aRelative risk; 95% confidence intervals in parentheses; *, significant
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ln a large case-control study of all cancers in Paris, Schwartz et al. (1957, 1962; see

description, p. 167) grouped 61 male cases of primary liver cancer, pancreatic cancer and
cancers of the peritoneum, and compared them with matched hospital controls. The
proportion of alcoholIcs and the mean a1cohol intake were almost identical in the two
groups.

ln a study conducted within the Third National Cancer Survey (Willams & Horm, 1977;
see description, pp. 170-171), there were 18 cases of primary liver cancer in men and ten
among women. Men in the higher time-weighted alcohol consumption category had a RR
for primary liver cancer of 2.8, after adjustment for smoking, but there was no elevation of
risk among men in the moderate consumption category (RR, 0.5). There were no women in
the higher alcohol consumption category; among those in the moderate consumption
category, the tobacco-adjusted RR for primary liver cancer was 5.1. N one of these
associations was significant.

ln a case-control study in Geneva, with 31 male and four female cases of histologically
confirmed primary liver cancer and 207 and 226 population controls (among whom the
participation rate was 70%), Infante et al. (1980a,b) found substantially higher age-

standardized a1cohol consumption among the cases than among the controls (47 g ethanol
in men; 12 gin women). The differences in a1cohol consumption were not related to the small
differences in tobacco smoking between cases and controls. A1cohol consumption was not
higher among primary liver cancer cases with cirrhosis (72 g in men, 23 g in women) than
among those without cirrhosis (101 gin men). (The WorkingGroup noted that information
concerning hepatitis B virus serology was not available.)

ln a case-control study of 90 histologically confirmed cases of primary liver cancer (74
male, 16 female) and 90 age- and sex-matched hospital controls with normalliver function

tests in the Philippines, Bulatao-Jayme et al. (1982) investigated the role of a1cohol and
aflatoxin intake in the etiology of primary lIver cancer. Intake of alcohol and of aflatoxin
(see IARC, 1976b, 1-987a) were ascertained using dietary questionnaires and on the basis of
aflatoxin contamination ofvarious foods and the ethanol content of alcoholic beverages. ln
comparison with 'light aflatoxin-lIght alcohol' consumers (referent group), the RRs were 3.9
among 'light aflatoxin-heavy alcohol' consumers, 17.5 among 'heavy aflatoxin-lIght
alcohol' consumers and 35.0 among 'heavy aflatoxin-heavy alcohol' consumers. (The
W orking Group noted that the lack of data concerning hepatitis B virus serology in this
study, and the probable correlation between prevalence ofhepatitis B surface antigen carrier
state and both alcohol and aflatoxin intake hinder interpretation of the results.)

ln a study of 107 cases (95 male, 12 female; 106 histologically confirmed) and 107

controls matched for sex, age and hospital in Hong Kong, Lam et aL. (1982) found that
serum hepatitis B surface antigen carrier state and tobacco smoking were independent risk
factors for primary hepatocellular carcinoma. While no data were reported, the authors
stated that neither alcohol intake nor aflatoxin contamination of foods was significantiy
related.

Stemhagen et al. (1983) studied 265 cases (178 male, 87 female) of histologically
confirmed primary liver cancer (216 hepatocellular carcinoma) and 530 controls (356 male,
174 female) matched for age, sex and county ofresidence in New Jersey, USA, by interviews
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mostly (96%) with next-of-kin; dead cases were matched through death certificat es with
dead controls. There were statistically significant linear trends with increasing alcohol
consumption up to RRs of 2.0 and 5.6 among heavily drinking men and women,
respectively. Drinking habits were also studied by type of alcohol consumed, but the
numbers were small, and the only remarkable finding was a strong association among
women between exclusive beer drinking (RR, 10.6; 95% CI, 2.6-42.9) and primary lIver
cancer. No association was found between primary liver cancer and tobacco smoking,
probably because most of the controls had tobacco-related diseases, notably ischaemic
heart disease. (The W orking Group noted that data concerning hepatitis B virus serology
were not available.)

Yu et al. (1983) studied 78 cases (50 male, 28 female) ofhepatocellular cancer identified
through the Los Angeles County Cancer Surveilance Program and 78 age-, sex- and
race-matched neighbourhood controls in CalIfornia, USA, and found a statistically
significant association with high ethanol consumption: the RR (and 95% CI) for intake of
10-79 gjday was 0.9 (0.4-1.9) and that for ~80 gjday was 4.2 (1.3-13.8). (The Working
Group noted that information concerning hepatitis B virus serology was not available.)

ln a study in Sweden (Hardell et al., 1984),83 male deaths from histologically confirmed
hepatocelIular carcinoma and 15 from histologically confirmed intrahepatic cholangio-
celIular carcinoma, identified through the Swedish Cancer Registry, were each matched
with two deceased population controls drawn from the National Population Register;
relatives were asked to complete written questionnaires. A statistically significant, dose-
dependent association of consumption of spirits was found with hepatocellular carcinoma
and a suggestive association with intrahepatic cholangiocarcinoma. Only 34% of the
hepatocellular carcinoma cases were reported to have cirrhosis. (The W orking Group noted
that data on hepatitis B virus serology were not available.)

ln a study in five states in the USA on 86 cases (60 male, 26 female) of hepatocellular
carcinoma (80 histologicalIy confirmed), diagnosed in any of 12 hospitals, and 161 (IIO
male, 51 female) age-, sex - and race-matched controls, excluding those with to bacco-related
diseases and primary lIver diseases, Austin et al. (1986) found that chronic hepatitis B virus
infection was strongly related to hepatocellular carcinoma and that there was also a
moderately strong, dose-dependent association between aJcohol consumption andrisk for
liver cancer, adjusted for age and hepatitis B virus status.

Trichopoulos et al. (1987) studied 194 cases (173 male, 21 female) of hepatocellular
carcinoma (113 histologically confirmed) admitted to three major hospitals in Athens,
Greece, and 456 (400 male, 56 female) hospital controls with diagnoses other than cancer or

liver disease. A strong, highly significant association was seen between hepatocellular
carcinoma and both serum hepatitis B surface antigen carrier status and tobacco
cnnsumption, but there was no association (with or without underlying cirrhosis which was,
in most cases, hepatitis B virus-related) with ethanol consumption after adjustment for age,
sex, carrier status and tobacco smoking.

(ii) Studies of joint exposure
Hirayama (1981) found an interaction between tobacco smoking and alcohol drinking in
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the causation of primary lIver cancer. The rate ratios, calculated by the W oiking Group,
between daily drinkers and other males were 0.9 among nonsmokers, 1.3 among cumulative
smokers of up to 200 000 cigarettes, 1.2 among cumulative smokers of 200 000-400 00
cigarettes, and 1.5 among cumulative smokers of more than 400 000 cigarettes. (The
W orking Group noted that detaIls which would allow alternative statistical calcu1ations to
be made are not given.) Yu et aL. (1983) found a stronger association with alcohol drinking

among heavy cigarette smokers than among those who smoked less. Heavy smokers ~ 1
pack/ day) who were also heavy drinkers ~80 gethanol/ day) had a RR of 14.0 (1.7-113.9),
while the RR for all heavy drinkers was 4.2. Austin et al. (1986) found no interactive effect of
tobacco and alcohol consumption and risk for hepatocellular carcinoma.

Interactive effects between ethanol and hepatitis B virus in the causation of primary lIver
cancer have been postulated by several authors on the basis of relatively small or
inadequately controlled clInical, pathological or clInicopathological studies. Support for
this notion was recently provided by a case-control study (Oshima et al., 1984) on lIver
cancer, performed within a cohort of8646 male voluntary blood donors who were found to
be hepatitis B surface antigen-positive during examination at the Red Cross Blood Center in
Osaka, Japan, during the period 1972-75 and were followed through 31 December 1980, for
an average period of 6.2 years. Twenty cases of p¡'imary lIver cancer were found (3.03
expected; RR, 6.6). For these 20 cases ofliver cancer and 40 age-matched controls selected
from healthy hepatitis B virus carriers, detailed information on tobacco smoking and
alcohol drinking was obtained. Drinking habits were classified into three categories: heavy
(not less than 3 go of saké or other alcoholic beverages, equivalent to 80 ml (63 g)

ethanol/ day), moderate and none or light (l~ss than 1 go of saké or the equivalent of 27 ml

(21 g) ethanol/ day). A strong, dose-dependent, significant, positive association (RR, up to
8.0; 95% CI, 1.3-49.5) between alcohol drinking and primary lIver cancer was observed,
which was apparently not confounded by tobacco smoking (also positively related to the
occurrence of primary liver cancer).

Possible interactions between ethanol and aflatoxins in the etiology of lIver cancer have
been investigated in two studies; a more than additive effect was reported by Bulatao-Jayme
et al. (1982), whereas no effect ofeither ethanol or aflatoxin was found by Lam et al. (1982).

(g) Cancer of the pancreas

(i) Cohort studies (descriptions of studies of cancer at many sites are given on
pp. 158-164)

ln none of the ni ne cohorts with high alcohol intake (see Table 64) was there a
significantly elevated number of pancreatic cancers (Sundby, 1967; Schmidt & de Lint,
1972; HakulInen et al., 1974; Adelstein & White, 1976; Dean et aL., 1979; Monson & Lyon,
1979; Robinette et al., 1979; Jensen, 1980; Schmidt & Popham, 1981). ln only four studies
was the observed number of cases greater than five: seven in a follow-up of the study of
Adelstein and White (1976; Nicholls et al., 1974), 17 in the study of 

Dean et al. (1979),44 in
the study of Jensen (1980) and 11 in that of Schmidt and Popham (1981).
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Table 64. Relative risks (RR) for pancreatic cancer in cohort studies

Study and reference No. of subjects RR Conuents

Norwegian Alcoh91ics

(Sundby, 1967)

5 deaths 1.6

0.9

Canadian Alcoholics

(Schmidt & de Lint, 1972)

1 death

Finnish Alcoholics

(Hakulinen et al., 1974)

4 cases 1.8

Massachusetts Alcoholics

(Monson & Lyon, 1975)

3 deaths 0.6

UR Alcoholics

(Adelstein & White, 1976)

7 deaths 1.5

Dublin Brewery Workers

(Dean et al., 1979)

17 deaths 1.2

1.5

US Veterans Alcoholics

(Robinette et al., 1979)

4 deaths 0.9

Danish Brewery Workers

(Jensen, 1980)

44 cases 1.1

Canadian Alcoholics

(Schmidt & Popham, 1981)

11 deaths 1.2

1.1

0.8

Compared with
Norwegian population
Compared with Oslo
population

Compared with Dulin
population
Compared with Irish
population

Compared with
Ontario population
Compared with US
veterans
compared with US
veterans with
similar smoking
habits

ln the Japanese prospective study, the SMR for pancreatic cancer among men who
consumed a1coholic beverages daily compared with those who did not was 1.1 after eight
years (Hirayama, 1975), 0.9 after nine years (Hirayama, 1978) and 0.8 after 16 years
(Hirayama, 1985). Furthermore, there was no evidence for an interaction between a1cohol
intake and tobacco smoking in the causation of pancreatic cancer (Hirayama, 1979).

ln the Kaiser-Permanente study (Klatsky et al., 1981), the numbers of pancreatic cancer
deaths (and ten-year cumulated mortality per 1000 persons) were two (1.0) among
nondrinkers, five (2.5) among lIght drinkers (two or fewer drinksj day); three (1.5) among
moderate drinkers (three to five drinksj day); and six (3.0) among heavy drinkers (six or
more drinksj day). The association appears to be positive but it is not statistically significant
and does not show a clear dose-dependent pattern. Although subjects were matched for
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smoking habits, some residual confounding by duration and intensity of smoking could not
be exc1uded.

Heuch et al. (1983) reported a cohort of 16713 subjects, comprising a random sample of
N orwegian males (48%), brothers ofN orwegians who had emigrated to the USA (20%), and
spouses and siblings (males and females) of individuals interviewed in a case-control study
of gastrointestinal cancer (32%). For only 4995 men was information on both alcohol
drinking and tobacco smoking or chewing available; among these, 18 histologically verified
cases of pancreatic cancer occurred. Among 'frequent current users' of alcohol (drinking of
beer or spirits at least 14 times per month), five histologicalIy verified cases of cancer of the
pancreas were observed, whereas the tobacco-adjusted expected number was 1.7. Among
nondrinkers, the observed and expected numbers were three and 7.6, whereas in the
intermediate category of moderate alcohol drinkers the corresponding figures were ten and
8.7. The authors interpreted their findings as strongly supportive of a causal role for a1cohol
(p = 0.001 for trend). (However, the authors' estimate of a RR of 10.8 between frequent and
nonusers, which the W orking Group was unable to reproduce, is based on only 18 cases and
has a lower 95% confidence limit of2.2 (Velema et aL., 1986). The Working Group noted that
this fact, together with the apparent high nonparticipation rate of heavy drinkers during the
formative phase of the cohort, and the conflicting evidence derived from histologicalIy
confirmed and nonconfirmed pancreatic cancer cases (among the latter, the association with
a1cohol intake appears to be negative), make a causal interpretation of the findings
difficul1. )

ln the study of Japanese doctors (Kono et aL., 1983, 1986), deaths (and age-adjusted
death rates) from pancreatic cancer (per 10 000 persons per year) were three (1.7) among
nondrinkers, two (2.4) among ex-drinkers, five (2.1) among occasional drinkers, one (0.5)
among daily drinkers of less than 2 go and three (2.4) among daily drinkers of more than 2
go. Excluding ex-drinkers, and using logistic regression to control for age and smoking,
gives a partial regression coefficient for alcohol intake corresponding to a SMR of 1.0,
implying that alcohol drinking does not increase the risk for pancreatic cancer.

ln the study of HawaiianJapanese (Blackwelder et al., 1980), 13 deaths from pancreatic
cancer were identified within eight years of the initial examination. The mean ethanol
consumption in these 13 individuals was 13.7 ml (Il g)/ day compared to 13.6 ml (1 1 g)/ day
in living members of the cohort.

Furthermore, in the five-year mortality study of 922 alcoholics and an equal number of
nonalcoholics, individualIy matched by age, sex, payroll, class and geographical location in
a US company, there were two deaths from pancreatic cancer among a1coholIcs and none
among nonalcoholics (PelI & D'Alonzo, 1973).

(The W orking Group noted that the observed number of deaths due to pancreatic cancer
in alI the cohort studies on alcoholics combined was 98, with ~ 84.4 expected. The pooled
SMR (and 95% Ci) is thus 1.2 (0.9-1.4).)

(ii) Case-control studies
The results of case-control studies of pancreatic cancer are summarized in Table 65.



Table 65. Sumary of resul ts of case-control studies of pancreatic cancer and alcohol intake

IV-
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Place (reference) Subjects
(cases, controls)

Exposure measurement Resultsa

Japan
(Ishii et al., 1968, 1973)

USA, three cities

(Wyder et al., 1973a)

USA, Multicenter

(Williams & Horm, 1977)

Switzerland, Geneva

(Raymond et aL., 1987)

USA

(Lin & Kessler, 1981)

USA, Boston and Rhode Island

(MacMahon et al., 1981)

Greece, Athens

(Manousos et al., 1981)

USA, California

(Haines et aL., 1982)

Men, women

(475, 122 261)

Men
(100, 200)
Women

(42, 107)

Men
(901, 1770)

Women

(85, 3178)

Men, women
(88, 336)

Men
(57, 57)
Women

(37, 37)

Men
(218, 307)

Women
(149, 337)

Men

(32, 172)
Women

(18, 34)

Men
(56, 112)

Women

(60, 120)

Categories of alcoho1
intake

Categorization into
nondrinkers, occasional
drinkers, regular
drinkers

Three categories of
wine, beer, spirits
and total alcohol

Mean weekly consumption
of red wine and beer

No clear definition

Categorization into
nondrinkers, occasional
drinkers, regular
drinkers

Regular drinkers of
)10 9 ethanol
daily

categorization into
alcohol intake ( once
a day, regular daily
consumtion, patients
wi th alcohol-related
problems

RR, -1.5 for drinkers versus nondrinkers

RR (1.3 (0.8-2.0) J for drinkers versus
nondrinkers

RR (heavier versus nondrinkers)
men, 1.3 --
women, 0.6

red wine (1270 rn/week
) 1270 ml/week

beer (900 rn/week

2900 ml/week

90% CI
1.0 (0.5-1.9)
0.9 (0.4-1.7)
0.7 (0.3-1.3)

2.9 (1.3-6.3)
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Patients drank more wine than controls

(16.5% versus 8.3%), P ( 0.05 for )2glasses/da-l -

nondrinkers
occasional
regular

Men
1.0
1. 3 (0.7-2.6)
1.3 (0.6-2.6)

Women
1.0
0.8 (0.5-1.3)
0.5 (0.3-1. 1 )

RR 0.7 (0.3-1.3) for regular drinkers versus
others

No association
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Place (reference) Subjects
(cases, controls)

Exposure measurement

USA, several states

(wyder ~., 1983)

France, Marseilles

(Durbec et al., 1983)

Japan, Tokyo

(Kodama & Mori, 1983a,b)

USA, Baltimore
(Go1d~, 1985)

USA, Los Angeles County

(Mack et al., 1986)

Sweden, Stockholm and
Uppsala
(Norell et al., 1986)

Men
(153, 5469)

Women
(122, 2525)

Men

(37, 100)
Women
(32, 99)

Men
(59, 72)

Women

(25, 29)

Men
(94, 188)
Women

(103, 206)

Men
(282, 282)

Women
(208, 208)

Men

(55, 110)
Women

(44, 88)

Daily alcohol intake

Daily ethanol intake in
grams

Habi tual daily

consumtion

Categorization into
nondrinkers, drinkers
(any amount or freqency)

Daily ethanol intake in
grams; total and from
various sources

Daily ethanol consump-
tion in grams

RR for drinkers of )5 oz daily versusnondrinkers -
men, 1.6 (0.9-2.6)
women, 0.9 (0.3-2.1)

RR for median drinkers (-40 g¡day) versus
nondrinkers, (2.4 (1. 2-4.3) 1

RR for habitual drinkers versus others,

(0.6 (0.3-1.2) 1

No or inverse association

Alcohol (g¡day)
(40
40-79
)79

0.7 (0.5-1.1)
0.8 (0.5-1.3)
1. 2 (0.7-2.2)

Alcohol (g¡day 1 vs ho spi tal

ëõntrols
1.0
o .5 (0.3-0. 9 )
0.5 (0.3-1.0)

(90% CI)

vs population
ëõntrols
1.0
0.7 (0.5-1.2)
0.6 (0.3-1.1)

0-1
2-9
)10

aRelative risk (RR) with 95% confidence intervals, except where noted; ( 1 when calculated by the Working Group

IV-
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On the basis of a clinical series of83 patients with cancer ofthe pancreas in New Orleans,
USA, and a comparison series of 100 patients assembled independently and subsequently,
Burch and Ansari (1968) speculated that chronic a1coholIsm may substantially increase the
risk for pancreatic cancer. (The W orking Group noted that this clinicakstudy was not
conducted as, and does not have the methodological characteristics of, a case-control
investigation. )

ln a large case-control study of alI cancers in Paris, Schwartz et al. (1957, 1962; see

description, p. 167) grouped 61 male cases of pancreatic cancer, primary liver cancer and
cancers of the peritoneum and compared them with matched hospital controls. The
proportion of alcoholIcs and the mean a1cohol intake were almost identical in the two
groups.

Using as background data the results from a large population survey of 122 261 adults in
29 health districts in Japan, Ishii et al. (1968) analysed information gathered by

questionnaire from 475 patients with pancreatic cancer, hospitalized in 100 collaborating
institutions. They reported an increased RR (~ 1.5) for drinkers of a1coholic beverages.
(The W orking Group noted that the statistical significance of the finding was not given and
that differences in tobaccI' 'èiüoking between cases and controls were not accounted for in
the analysis.)

ln a case-control study in three US cities, Wynder et al. (1973a,b) compared 100 men and
42 women with adenocarcinoma ofthe pancreas with 200 men and 107 women with diseases
not related to tobacco use. They found a slIght, nonsignificant, dose-unrelated association
between alcohol consumption and risk for pancreatic cancer (RR, 1.3).

There were 224 cases ofpancreatic cancer in the study of Wiliams and Horm (1977; for
description, see pp. 170-171), but total ethanol consumption could be assessed for only 91
male and 85 female cases. Among men, the data indicate an overall slight, nonsignificant
positive association between ethanol consurnption and pancreatic cancer risk after adjust-
ment for age, sex, race, education and smoking (RR, 1.3). Among women there was no
association with ethanol consumption (RR, 0.6).

ln a study in Geneva, Switzerland, the age-standardized mean daily ethanol consump-
tion ofhistologically confirmed cases of pancreatic cancer from Geneva University Hospital
was 46 g for men and 13 g for women; the corresponding consumption figures among
population controls (among whom participation was 70%) were 47 g for men and 12 g for
women; the differences are nonsignificant (RR for drinkers vers us nondrinkers, ~ 1) (V oirol
et al., 1980). ln a later analysis of the same data ând a few additional cases, Raymond et al.
(1987) 0 bserved, however, a significantly increased risk among beer drinkers (RR, 2.9). (The
W orking Group noted that there was no a priori hypothesis with regard to beer and that
several comparisons, including one of individual beverages, had been undertaken.)

Lin and Kessler (1981) carried out a case-control study on 109 patients with
histologically confirmed pancreatic cancer from collaborating hospitals in five metro-
politan areas of the USA; 15 of the cases were islet-cell tumours. Controls were patients
without cancer matched 1:1 with the patients for sex, age, race and marital status. The
patients tended to drink more wine (16.5% vers us 8.3%; p -: 0.05 for two or more
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glassesj day) than the controls. (The Working Group noted that patients with tobacco- and
alcohol-related diseases were not exc1uded from the controls and that no information was
given on how alcohol consumption was analysed.)

ln a study on 367 patients (218 men, 149 women) with histologically verified cancer of
the pancreas from 1 1 hospitals in Massachusetts and Rhode Island, USA, and 644 controls
with diseases unrelated to use of tobacco or a1cohol, MacMahon et al. (1981) found no
evidence of an association between alcohol intake and pancreatic cancer risk; the overall
age- and sex-adjusted RR for regular drinkers was ca1culated by the Working Group to be
0.9 wh en adjusted for tobacco (95% CI, 0.6-1.3), with no evidence of increased risk at any
level of consumption or with any type of alcoholIc beverage.

ln a study on 50 patients (32 men, 18 women) with histologically verified cancer of the
pancreas from five hospitals in Athens, Greece, and 206 hospital controls (172 men, 34
women) with diagnoses other than cancer or disease of the liver or pancreas, Manousos et al.
(1981) found a statisticalIy significant association between pancreatic 'cancer and cigarette
smoking but no association with regular drinking of alcoholIc beverages P.IO g ethanol
daily). The RR, adjusted for age, sex and tobacco use, was 0.7 for regular drinkers in
comparison with nondrinkers.

ln a study in California, USA, based on review of the medical records of 116 histo-
logically confirmed cases of pancreatic cancer (56 male, 60 female) from two medical
centres, two controls, matched for sex, age, race, hospital and year of admission, were
matched for every cancer case: one control with malignant disease, the other with
nonmalignant disease (Haines et al., 1982). No association was found between a1cohol
intake and risk for pancreatic cancer.

ln a US study on 275 histologically confirmed incident cases of primary pancreatic
cancer (153 male, 122 female) from 17 hospitals and 7994 hospttal controls (5469 male, 2525
female) with diseases unrelated to tobacco and stratified for age and smoking, Wynder et al.
(1983) found slight, dose-unrelated, nonsignificant associations between alcoho1 intake and
pancreatic cancer. Heavy drinkers ~15 oz (~120 g) ethanoljday) had tobacco-adjusted
RRs of 1.6 among men and 0.9 among women, when compared to nondrinkers.

ln a study of 69 histologically verified cases of adenocarcinoma of the pancreas (37 male,
32 female) from three gastroenterology departments in Marseiles, France, and 199 controls

(100 male, 99 female) matched for sex, age and neighbourhood, without gastrointestinal
diseases, Durbec et al. (1983) found, in a logistic conditional regression model, a positive
association between total a1cohol intake (particularly wine of high alcohol content) and
pancreatic cancer risk (RR for drinkers vers us nondrinkers, 2.4). The RR was reduced after
controllng for fat and carbohydrate intake, and there were unexpected negative associa-

tions with duration of alcohol consumption; there was no increased risk with regular
drinking of aperitives and spirits. (The W orking Group noted that these findings, the lack of
association with tobacco smoking, and the unspecified participation rate among the
potential controls make interpretation of the results difficult.)

ln a study on 84 primary pancreatic carcinoma cases (59 male, 25 female) confirmed at
autopsyand 113 randomly selected autopsy controls (72 male, 29 female) in Tokyo, Japan,
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Kodama and Mori (1983a,b) found no evidence for an increase in pancreatic cancer risk
among regular drinkers of saké or other alcoholIc beverages, on the basis of information
derived from clinical records. The W orking Group calculated a RR of 0.6 among habituaI
drinkers, not adjusted for smoking.

Gold et aL. (1985) matched 94 male and 103 female cases of histologically confirmed
pancreatic cancer from 16 hospitals in Baltimore, MD, USA, using an age-, race- and
sex-matched case-control design, with both a hospital control series and a random-digit-
diallng population control series. Proxy interviews were undertaken for 75% of the cases;
controls were interviewed directly. No association was found between a1cohol intake and
cancer of the pancreas. The RR in comparison with the hospital controls was ca1culated by
the W orking Group to be 1.1 (0.7-1.7) and that in comparison with population controls to be
0.6. The inverse association was more evident among wine drinkers: the RR was calculated
by the Working Group to be 0.9 (0.5-1.4) in comparison with hospital controls and 0.5
(0.3-0.8) with population controls.

ln a population-based case-control study in Los Angeles, USA (Mack et al., 1986),282
male and 208 female cases of histologicalIy confirmed pancreatic cancer in persons less than
65 years of age were identified from a cancer registry and compared with 282 male and 208
female matched neighbourhood controls. Information about a1cohol intake was obtained
by proxy interview for most cases and by personal interview for most controls. A
nonsignificant inverse association was found between cancer of the pancreas and alcohol
intake from any source; the inverse association was more pronounced for table wine
consumption. The estimated RRs (versus nondrinkers) were 0.7 (0.5-1.1) for consumers of
less than 40 g ethanol daily, 0.8 (0.5-1.3) for consumers of 40-79 g ethanol daily and 1.2
(0.7-2.2) for consumers of more than 79 g ethanol daily (not controlled for tobacco). No
interaction between a1cohol intake and smoking was evident.

A population-based case-control study in Sweden involved 55 male and 44 female cases

of histologically confirmed cancer of the pancreas compared with an age- and sex-matched
control series of hospital patients with inguinal hernia and another from the general
population (Norell et al., 1986). Inverse associations were noted in both comparisons, with
RRs for frequent versus infrequent alcohol use of 0.5 (versus hospital controls) and 0.7
(versus population controls). The latter RR was ca1culated by the Working Group.

(h) Cancer of the breast

(i) Cohort studies

Four cohort studies in general populations have been publIshed in which the association
between alcohol intake and breast cancer has been examined (see Table 66).

Hiatt and Bawol (1984) followed 88 477 female members of the Kaiser Foundation
health care plan in California (USA) who were more than 15 years of age at enrolment and
had completed a questionnaire on the use of alcoholIc beverages. Between 1960 and 1972,
1 169 incident cases of breast cancer occurred; multivariate analysis was done on 694 cases
over 30 years of age. After controllng for age, race, education, smoking, body mass index,
cholesterol level and reproductive factors (all of which made only small differences), the
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SIRs were 1.0 for fewer than three drinks (not further specified) per day and 1.4 for three or
more drinks per day. (The W orking Group noted that, because of the way in which the
question on alcohol use was asked, the authors were not able to divide the group consuming
fewer than three drinks per day more fine1y, or to examine the effects of specifie beverages.)

Hiatt et aL. (1987) presented preliminary data in an abstraction a separate cohort of
69 000 US women belonging to the same health care plan. During five years of follow-up
(1979-84), 303 incident cases of breast cancer occurred. After controlIing for age, race, body
mass index and cigarette smoking, the SIRs were 1.5 for those consuming one to two drinks
of any alcoholic beverage per day, 1.5 for those consuming three to five drinks per day, and
3.3 for those consuming six or more drinks per day. RRs were strongest among white and
Hispanie and among postmenopausal women.

Schatzkin et al. (1987) analysed data from the first US National Health and Nutrition
Examination Survey. At enrolment, 7188 women 25-74 years of age examined during
1971-75 were available for analysis. During a median often years offolIow-up, 121 incident
cases of breast cancer were diagnosed. After controllng for the effects ofeducation, body
mass index, dietary fat (based on a single 24-h recalI) and reproductive factors, the adjusted
RRs were similar or slightly higher than the cru de relationships. When compared with
women reporting no a1cohol use during the previous year, the SIRs were 1.4 for women
reporting an intake of ,(0.1- 1.2 g ethanol per day, 1.6 for 1.3-4.9 g per day and 2.0 for ~5 g
per day. No data were available on the use ofspecific beverages. The highest SIRs were seen
among the youngest and thinnest women.

Wilett et al. (1987) examined the risk for breast cancer in relation to a1cohol intake
among members of the US Nurses' Health Study cohort. The a1cohol intake of 89 538
registered nurses aged 34-59 years was assessed by questionnaire in 1980. The evaluation
was valIdated by comparison with intake measured by a detailed day-by-day recording of aU
foods and beverages ta ken by a subgroup of 173 participants (see p. 154). ln this study,
comprehensive data on other dietary factors, including dietary fat, protein, fibre and
vitamin A were also colIected. During a folIow-up of four years, 601 incident cases of breast
cancer were ascertained. ln comparison with women reporting no alcohol intake during the
year prior to the baseline questionnaire, the RRs controlIed for reproductive factors were
1.0 for ,(1.5 g ethanol per day, 0.9 for 1.5-4.9 g/ day, 1.3 for 5.0-14.9 g/ day and 1.6 for ~15

g/ day (Mantel extension X for lInear trend, 4.2; p -c 0.0001). Controllng for nutritional
factors as weU as for family history of breast can~er and reproductÌve variables had no
influence on the association of alcohol with risk for breast cancer. When the use of ~5 g
ethanol per day from specifie alcoholIc beverages was examined, controllng for the use of
other alcoholic beverages simultaneously in a multivariate model, significant associations
were found for beer (RR, 1.4) and spirits (1.4), but not for wine (1.1). For the latter, the CI
includes the estimates for the other beverages, indicating that an association with wine is stil
quite plausible. The association with breast cancer risk was strongest among the women
who were 45-54 years old and thinner. The re1ationship between alcohol intake and breast

¡Subsequent to the meeting, this study was published in full (Hiatt et al., 1988).
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cancer tended to be somewhat stronger among current and past smokers than among those
who had never smoked; however, this difference in RR was not significant. A particularly
strong association was observed among those consuming 15 g or more ethanol per day and
who had no other risk factor for breast cancer (RR, 2.5). Information on earlier alcohol
intake was not collected; however, no elevation in risk for breast cancer was seen among
women who were currently nondrinkers and reported that their alcohol intake had greatly
decreased during the previous ten years. The authors noted that differential detection of
breast cancer among a1cohol users was unlikely to explain the positive associations because
the percentage of cases with metastases in one or more lymph nodes was similar among the
users and nonusers of a1cohol.

(Descriptions of studies of cancers at many sites are given on pp. 158-164).

ln the Framingham Heart Study (Gordon & Kannel, 1984),28 deaths from breast cancer
were ascertained. A smalI, nonsignificant, negative logis tic regression coefficient was noted
for alcohol intake. (The W orking Group noted the small number of cases and the limited
analysis. )

ln the Kaiser-Permanente Study (Klatsky et al., 1981), a total of 11 deaths from breast
cancer was found; no relationship with alcohol consumption was detected. (The W orking
Group noted that the number of cases was too small to examine the relationship with
alcohol intake.)

Adelstein and White (1976) identified 475 women in the UK Alcoholics Study and
ascertained deaths for a period ofup to 21 years. Ten deaths due to breast cancer occurred
compared with an expected number of 4.9, yielding a SMR of 2.0. No control for con-
founding effects was possible.

A few breast cancer deaths were reported in the other cohort studies on a1coholics:
Schmidt and deLint (1972), two cases; Monson and Lyon (1975), three cases (4. 1 expected).

(ii) Case-control studies
Case-control studies of alcohol and breast cancer are summari.zed in Table 67.

ln the study by Willams and Horm (1977; see description, pp. 170-171), 1167 breast
cancer cases were reported, 1118 with known smoking and drinking habits. Data on other
risk factors for breast cancer were not available. Overall, for women consuming less than 51
oz (c(1200 gethanol)-years, the RR was 1.3 (PC(0.05), and that for women consuming 51 or
more oz-years was 1.6 (P c( 0.01). For women consuming less than 51 and 51 or more
oz-years of specifie beverages, the RRs were 1.7 (p c( 0.01) and 1.1 for wine, 1.2 and 1.4 for
beer, and 1.4 (P c( 0.01) and 1.4 (P c( 0.05) for spirits. (The Working Group noted that the
relationships with specifie beverages were not controlled for the use of other a1coholIc
beverages, with which they tend to be highly correlated.)

Rosenberg et al. (1982) utilzed dáta from a large drug-surveilance programme

conducted in Canada, Israel and the USA to examine the relationship between a1cohol,
intake and breast cancer risk. They identified 1152 incident cases (30-69 years old) and

compared their alcohol use with that of two control series: 519 women with endometrial or
ovarian cancer and 2702 women hospitalized for nonmalIgnant diseases. Drinkers of each
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Table 67. Sumary of results of case-control studies of breast cancer and alcohol intake

Place (reference) Subjects Alcohol consurption a
(cases, controls)

Relative risk (RR)b (95% confidence
interval)

Coiients

USA, Mul ticenter 1118, 3178 None Total Wine Beer Spirits controlled
(Williams & Horm, 1977) (50 oz (1200 gj-year 1.0 1.3' 1. 7' 1.2 1.4' for smoking,

) 51 oz (1200 g j-year 1.0 1.6' 1.1 1. 4 1.4' age, race

None Total Wine Beer Spiri ts
Canada, Israel, USA 1152, 519 (4 daysjweek 1. 0 1.5 1.8' 2.0' 1.2 control for
(Rosenberg et al. 1 1982) endoinetrial or (1. 1-2.1 ) educational

ovarian cancer ) 4 daysjweek 2.0 2.3 2.2 2.1' level and

(1.3-2.0) reproducti ve

Ex-drinker 1.3 factors had

( 0 . 7-2.3 ) minimal effect
1152, 2702 (4 daysjweek 1.0 1.9 2.2' 1.2 1.1 on RR
nonmalignant (1. 5-2.4)
disorders )4 daysjweek 2.5 1.9' 2.1 ' 2.5'

(1.9-3.4)
Ex-drinker 1.6

(1.1-2.4)

USA, Roswell Park 1 NY

(Byers & Fuch, 1982)

1314. 770 o drinksjmonths (never) 1.0
o drinksjmonth (ex) 0.6
(3 drinksjmonth 1.1
3-8 drinksjmonth 1.0
9-25 drinksjmonth 1.1
226 drinksjmonth 1.1

No relation
with beer,
wine, spirits

-
~
:;
(j
~
ozo
o
:;
~'i
::
rJ
~o
t"
c:
~
t't

USA

(Paganini-Hill & Ross
1983 )

239, 239 Never drink
(1 drinkjday
)2 drinksjday

1.0
1.0
1.0

No relation
with beer, wine,

spirits

USA

(Begg et al. r 1983)

997, 730 o drinks/week
1-7 drinksjweek

) 7 drinksjweek

1. 0

0.9 (0.8-1.1)

1. 4 (0.9-2.0)

Adjusted for
age and

smoking



Table 67 (contd)

eommnts
Place (reference) Subjects

(cases, controls)
Alcohol consurtion a Relative risk (RR)b (95% confidence

interval)

~A
(Webster, L.A. et al.,1983) --

France
(Lê~, 1984)

Northern Ita1y
(Talamini ~, 1984)

Milan, Ita1y
(La Vecchia et al.,1985) --

1226, 1279 o g/week
(50 g¡week
50-149 g/week
150-199 g/week
200-249 g/week
250-299 g/week

2300 g/week

1010, 1950 Alcohol with meals

500, 945 o g/week
1-79 g/week
80-159 g/week
160-239 g/week

2240 g/week

368, 373 Ever versus never
Wine: no use
(0.5 l (-50 g 100%
ethanoll/day
20.5 l/day

437, 437 o drinks/day
(3 drinks/day
") 3 drinks/day
wine:
o drink/day
(3 drinks/day
)3 drinks/day
beer: any use
spirits: any use

1.0
0.9 (0.7-1.2)

0.9 (0.7-1.2)
1.1 (0.7-1.7)
1.1 (0.7-1.9)
1.0 (0.5-1.7)
1.1 (0.6-1.8)

None Total
1.0 1.5*

eider
1.5

Beer Wine
2.4* 1.4*

Total alcohol
1.0
1.0 (0.7-1.4)
1.4 (1.0-2.0)
1.5 (1.0-2.1)
1.2 (0.7-2.0)

2.5 (1. 7-3. 7)
1.0
2.4 (1.6-3.5)

16.7 (3.1-89.7)

1.0
1.3 (0.9-1.8)
2.1 (1.1-4.0)

1.0
1.2 (0.9-1.6)
2.2 (1.1-4.7)
1.3 (0.8-2.1)

1.4 (0.9-2.2)

Alcohol
questions not
clearly
directed to
period before
diagnosis; no
effect of beer,
wine, spi ri ts

tT
"t-
o
tT
~-o
t"oo-
('
~
t"
C/..
c:
o-
tT
C/
o
"T

('
~
Z
('
tT
:;-
Z
::
c:
~
~
Z
C/

Matched for aU
characteristics;
unnown partici-
pation rates;
control for
reproductive
factors and
dairy products
did not affect
risk

High partici-
pation rates,
controUed
for education,
occupation and
reproducti ve
factors

High partici-
pation rates,
adjusted for
reproductive
factors. social
class and years
of education and
limited dietary
variables. Effect
strongest
amng 40-49-
years old

NN-.



Table 67 (contd)

NN
00

Place (reference) Subjects Alcohol consurption a
(cases, controls)

ComientsRelative risk (RR)b (95% confidence
interval)

USA, North Carolina 276, 1519
(O'Connell et al., 1987)

(1 drink/week
)1 drink/wee

USA (Harvey et al., 1524, 18961987) - Never
0.1-13 g/week
14-91 g/week
92-182 g/wee
) 183 g/week

Greece 120, 120
(Katsouyanni et al.
1986 )

Alcoho1 intake

Chile
(Medina et al., 1983)

76, 76 None
Occasional
Moderate
Not specified

1.0
1.5 (1.0-2.1)
premonopausal women, 1.9 (1.1-3.3)
postmenopausa1 women, 1.2 (0.7-2.0)

1.0
1.1 (0.9-1.3)
1.1 (0.9-1.3)
1.3 (1.0-1. 7)
1. 7 (1.2-2.4)

Nonsignificant
inverse trend

1.0
0.8 (0.4-1.8)
2.8 (0.7-10.9)
1. 9 (O. 5-6 . 7 )

Adjusted for
race, oestrogen
use, oral
contraceptive
use, cigarette
smoking; no

specifie data
on beverages

-
~
it
(j
~ozo
Ci
it
;i
""
:i
C/
~o
l'
~
~
tTt

Controlled for
income 1 educa-

tion and repro-
ductive factors;
effect almost
entire1y attri-
butab1e to
a1coho1 before
age 30; inde-
pendent effects
of beer and
spiri ts

Low powe r ;
a1coho1 con-
sumtion 1evels
not provided

No adjustment
for potential
confounders

a
bg = 100% ethanol
" significant
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specifie beverage were asked whether they consumed that beverage on fewer than four or on
more than four days per week. Using the cancer series as a control group, women drinking
on fewer than four days per week experienced a RR of i.5 compared with nondrinkers; the
corresponding RR for those drinking four or more drinks per day was 2.0. With the
nonmalignant series as the control group, the RR was 1.9 for fewer than four days per week
and 2.5 for four or more days per week. Control for years of education and reproductive
variables in multiple logistic regression analysis did not alter the relationship of a1cohol use
with breast cancer appreciably. When examined by specific beverage type, similar RRs were
observed for beer, wine and spirits. (The Working Group noted that these were not
controlIed for correlated use.)

Byers and Funch (1982), responding in a letterto the report of Rosenberg et aL., provided
data from a large case-control study conducted in RoswelI Park Memorial Hospital in the
USA during 1957-65. The drinking habits of 1314 incident cases of breast cancer (30-69
years old) were compared with those of 770 patients with nonneoplastic conditions who
attended the sa me institution. These investigators found no relationship between breast
cancer risk and alcohol use at any level, nor with consumption of beer, wine or spirits. The
authors noted that their subjects had been raised in a rural area during the Prohibition era,
which may have resulted in the observed low level of alcohol consumption.

Paganini-HilI and Ross (1983), also in a letter responding to the report of Rosenberg
et al., described the relationship between alcohol intake and breast cancer in a US retirement
community in California. These authors identified 239 prevalent cases and compared their
curreIit a1cohol intake with that of 239 matched community controls of similar social class.
No elevation in risk was found for those consuming one or more drinks per day, and no
association was found with either wine, beer or spirits. A subsample of25 cases reported that
they had not reduced their alcoho1 intake after the diagnosis of cancer.

ln another letter folIowing the report of Rosenberg et al., Begg et aL. (1983) compared the
a1cohol use among 997 breast cancer cases ascertained as part of the US Eastern
Cooperative Oncology Group with that among 730 patients with other malignancies not
thought to be related to alcohol use. After adjustment for age and smoking, the RRs were
0.9 for one to seven drinks per week and 1.4 for seven or more drinks per week (not
significant).

Webster, L.A. et al. (1983) examined the relation between alcohol use and breast cancer
in a large, multicentred US case-control study based on tumour registries that was primarily
designed to address the effect of steroid hormone use on risk for this disease. Cases consisted
of 1226 women, 20-54 years old, who were compared with 1279 controls identified by
random digit telephone diallng. The response rates for interview were 82% for cases and
85% for those identified as potential controls. (The W orking Group noted that the number
of controls who were not contacted at all is never known when using the random-digit
dialling procedure.) Women were first asked whether they had consumed any alcoholic
beverage during the preceding five years. Those responding positively were then asked
about their usual consumption of beer, wine and spirits. The authors noted that both the
cases and contro1s reported intakes that were higher than those noted in national surveys.

No relationship between alcohol use and breast cancer risk was observed; even for use of
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more than 300 g ethanol per week, the RR was only 1.1. No association with beer, wine or
spirits was seen. (The W orking Group noted that, since the cases were identified through
tumour registries and were thus interviewed several months after diagnosis, it is possible
that they had reduced their intake due to their disease and that this was reflected in their
responses to questions about current intake; the questions on the amount of alcohol
consumed were not specificalIy directed to the period before the diagnosis ofbreast cancer.)

ln a study in France, Lê et al. (1984, 1986) reported on the association of a1cohol use with
breast cancer risk among patients attending 66 private surgical clinics. A simple measure of
a1cohol intake(whether or not it was usualIy consumed with meals) was available for the
entire group of 1010 incident cases and 1950 clinical controls. A positive relationship with
breast cancer risk was observed (RR, 1.5; p = 0.0001); controllng for the effects of
reproductive factors and a limited set of dietary questions (mainly on consumption of dairy
products) did not appreciably alter this finding (RR, 1.9; 1.4-2.6). Additional detailed
questions on alcohol use were subsequently posed to the remaining 500 cases and 945

control women.The RRs were 1.0 for 1-79 g ethanoljweek, 1.4 for 80-159 glweek, 1.5 for
160-239 gj week and 1.2 for 240 or more gl week. ln this population, most alcohol was taken
in the form of wine. A significant elevation in risk was also associated with beer
consumption; no significant association was found for alcohol in the form of eider, but the
use of this beverage was relatively low.

Talamini et al. (1984) conducted a case-control study in a northern ItalIan population
that included information on the use ofwine, the primary form of alcohol consumed in that
area. They identified 368 cases (27-79 years old); controls consisted of 373 women
hospitalIzed with acute conditions. Participation rates were 98% for both cases and
controls. Multivariate analyses were used to control for the effects of education, occupation
and reproductive variables; these analyses did not appreciably alter the crude relationships.
ln comparison with nondrinkers, the RR for use of ~0.5 1 ofwine per day (~50 g ethanol)
was 2.4, and for use of~0.5 lof wine per day, the RR was 16.7.

ln another study from northern Italy, La Vecchia et al. (1985) obtained information on
the number of drinks of specifie alcoholIc beverages per day from 437 incident cases of
breast cancer (26-74 years old) and 437 patients hospitalized with acute conditions. Analyses
were conducted adjusting for social class, years of education and reproductive variables.
For women consuming three or fewer drinks per day, the RR was 1.3, and for those drinking
more than three drinks per day it was 2.1. For consumption of more than three drinks of
wine per day, the RR was 2.2. The effect was strongest for women 40-49 years old: RR of 3.5
for more than three drinksl day.

ln a study from North Carolina, USA, O'ConnelI et al. (1987) studied a1cohol intake
among 276 incident cases and 1519 community controls. Analyses were adjusted for race,
oestrogen use, oral contraceptive use and cigarette smoking. For women consuming one or
more drinks of any alcoholIc beverage per week compared with those consuming none or
less than one drink per week, the RR was 1.5. No data on specifie beverages were available.
ln this study, the effect of a1cohol was lImited to premenopausal women, among whom the
RR was 1.9, as compared with 1.2 among postmenopausal women.
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Harvey et al. (1987) conducted a nested case-control study within a population of
participants in a national US cancer screening programme. A total of 1524 incident cases of
breast cancer were identified in white women that had been diagnosed at least three years
after entry into the screening programme. A total of 1896 control subjects were identified
from among participants who did not develop cancer. ln comparison with women who had
never drunk a1cohol, the RR was 1.1 for drinking O. 1 - 13 g ethanol per week, 1.1 for 14-91
g/ week, 1.3 for 92-182 g/ week and 1.7 for ~ 183 g/ week. Controllng for education, income
and reproductive factors did not appreciably affect the RRs. Independent associations were
observed for consumption of~92 g/week beer (RR, 1.7) and spirits (2.1) but not for wine
(0.8). The authors noted that the lack of effect of wine may have been due to the smalI
number ofwine drinkers. The influence of a1cohol use at different ages was examined in this
study; the positive association with breast cancer was entirely attributable to a1cohol use
before the age of 30. For women who consumed )-92 g ethanol per week before age 30, the
risk for breast cancer was elevated whether or not they drank at later ages. However, the
number of women who drank before age 30 and later stopped was small (15 cases), so that
the distinction between those who continued and those who stopped is unstable. For a1cohol
consumption at less than 30 years of age, the association with risk for breast cancer did not
vary by age at diagnosis, suggesting that a latent period effect was not present.

(The W orking Group noted that in the studies of O'CO'nnelI et aL. (1987) and Harvey et
aL. (1987) hospital or clInic controls were not used. Thus, the possibly lower a1cohol
consumption of hospital controls relative to members of the community at large (Anon.,
1985b) is an unlikely explanation for the positive associations found between breast cancer
and a1cohol use.)

ln a small case-control study in Greece of 120 cases and 120 orthopaedic patients as
controls, Katsouyanni et aL. (1986) observed a nonsignificant inverse relationship between
alcohol intake and risk for breast cancer. (The W orking Group noted that alcohol intake
was not a focus of this study and few details are provided; levels of alcohol intake were not
described.)

Medina et al. (1983) reported a small, hospital-based case-control study of breast cancer
in Chile. Controls were patients hospitalized for cholecystectomy and matched by age with
cases; 76 pairs were interviewed. ln comparison with nondrinkers, moderate alcoho1 users
(not defined) experienced a nonsignificant elevation in risk for breast cancer (RR, 2.8).

(iii) Risk associated with type of alcoholic beverage
ln ten of the studies, data were colIected on intake of specifie alcoholic beverages. Wine

intake was significantly associated with breast cancer in five studies (Willams & Horm,
1977; Rosenberg et aL., 1982; Lê et al., 1984; Talamini et al., 1984; La Vecchia et al., 1985);
beer intake was significantly associated with increased risk in four (Rosenberg et al., 1982;
Lê et al., 1984; Harvey et al., 1987; Wilett et al., 1987); and intake of spirits was significantly
associated with increased risk in four (Willams & Horm, 1977; Rosenberg et aL., 1982;
Harvey et al., 1987; Wilett et al., 1987). Byers and Funch (1982), Paganini-Hil and Ross
(1983) and Webster, L.A. et al. (1983) found no association with consumption ofbeer, wine
or spirits.
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The examination of the effects of specifie beverages is complicated by the tendency
among women, at least in some populations, to drink more than one type of alcoholic
beverage. The effects of specifie beverages are thus best studied using multivariate analyses
in which the use of each beverage is controlled for use of the others. Only in the studies of
Harvey et al. (1987) and Wilett et aL. (1987) was this form of analysis used; both showed
significant independent effects of beer and spirits but not of wine. Although the effect of
wine appears to be less than that of beer or spirits, the CI for wine drinking included the
estimate for the other two beverages, precluding a firm conclusion about the effect of wine.

(iv) Studies of joint exposure

ln most reports, data have not been included on the effects of joint exposures, and in
those in which they were, the subgroups analysed differed. Age and menopausal status have
been examined most commonly in connection with alcohol use, and, because of their high
correlation, these variables are not distinguished for this purpose. Of the six studies that
examined this association (La Vecchia et al., 1985; Harvey et aL., 1987; Hiatt et aL., 1987;
O'Connell et al., 1987; Schatzkin et al., 1987; Wilett et al., 1987), four round a higher RR
among younger or premenopausal women, one showed no evidence for an interaction
(Harvey et al., 1987), and one found a higher RR among postmenopausal women (Hiatt et
al., 1987). The only other suggestion of an interaction, which has been observed in more
than one study, is the observation ofa higher RR among thin women(Schatzkin et aL., 1987;
Wilett et al., 1987). Expressing a1cohol intake in dose per kilogram of body mass did not
appreciably alter the relation of alcohol intake with risk for breast cancer in the latter study.
The RRs tend to be somewhat higher among women with no other risk factor for breast
cancer; as noted previously, the RR was 2.5 for ~15 g ethanol per day among women with
no other risk factor compared with the RR of 1.5 among other women (Wilett et al., 1987).

(1) Cancer of the lung

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164)

Data from cohort studies on alcohol consumption and lung cancer are summarized in
Tables 68 and 69.

ln the study of Norwegian alcoholIcs (Sundby, 1967), 19 lung cancer deaths were

observed with 13.2 expected on the basis of mortalIty figres for Oslo. No information on
tobacco use was available, but the SMR for bronchitis was 2.3 when compared with
Norwegian rates. ln the study ofPell and D'Alonzo (1973), described on p. 210, five cases of
lung cancer were observed in a1coholIcs and two in controls.

ln the study of US veterans (Robinette et al., 1979), mortalIty from lung cancer In
alcoholics was no different from that in nasopharyngitis controls (64 and 66 deaths,
respectively). MortalIty from respiratory diseases as a whole, however, was significantly
higher than in white US men (SMR, 1.36; p .c 0.01). (The WorkingGroup noted that
smoking was not controlled fOL)



Table 68. Relative risks (RR) for lung cancer in cohort studies without individual control of tobacco use

study and reference Comments
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No. of subjects RRa

Norwegian Alcoholics

(Sundby, 1967)

USA

(Pell & D'Alonzo, 1973)

US Veterans Alcoholics

(Robinette et al., 1979)

Finnish Alcohol Misusers

(Hakulinen et al., 1974)

Finnish Alcoholics

(Hakulinen et al., 1974)

Massachusetts Alcoholics

(Monson & Lyon, 1975)

UK Alcoholics

(Adelstein & White, 1976)

Dulin Brewery Workers

(Dean et aL., 1979)

Japenese prospective study
(Hirayama, 1979)

19 deaths

5 deaths

64 deaths

200 cases

33 cases

19 deaths

44 deaths

98 deaths

611 deaths

3.5*
1.4

2.5

1.1 (90% confidence
interval, 0.8-1.4)

2*

1.6*

1.3

Men: 1. 0
Women: 3.2*

1.1 (0.9 if socio-
economic status adjusted
for)

Drinking
Daily
Occasionally
No

Not daily

smoking
Daily
Daily
Daily
No

Cornared with Norwegian population
Cornared with Dslo population

Two deaths amng one-to-one matched controls

Expectancy (99.2) computed from whole
population rates, but observed drawn from only
the first third of the cohort in alphabtical
order

Smoking was forbidden at the brewery for many
years; according to relatives, 26 of 45
deceased smoked 23 cigarettes per day on
average

RR
5.5
4.7
5.4
1.0

Actual numers not stated

N
W
W



Table 68 (contd)
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Comments
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Study and reference No. of subjects RRa

Danish Brewery Workers

(Jensen, 1980)

Canadian Alcoholics

(Schmidt & Popharn, 1981)

287 cases
280 deaths

89 deaths

1.2

1.7, cornpared wi th ontario

population
1.0, cornpared wi th US
veterans who srnoked 21-29

cigarettes/day

Excess of the sarne order as for rnineral-water
bottlers (who did not have the right to free
beer, data not shown) and as excess expected
arnong persons of low socioeconornic class in

Denmark

only 2% of cohort were lifetirne nonsrnokers,
94% were current smokers and 88% srnoked
) 20 cigarettes/day

a*, significant
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Table 69 (contd)

IV
W0\

study and reference Comients
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Results

Hawaiian-Japanese
(Pollack et al., 1984)

Japanese Doctors
(Kono et al., 1986)

Usua1 monthly
a1cohol con-
sumtion
(oz/month)
None
(5
5-14
15-39
)40

Drinking
habit

Never
EX-drinker
Occasional
(43 mg/day
)43 mg/day

Age- and tobacco- RR
adjusted incidence

70.1 1.0047.5 0.6891.3 1.30120.2 1.72130.5 1.86
No. of
deaths

Age-adjusted
death rate

Age- and
tobacco-
adjusted RR
1

0.6 (0.2-1.5)
o . 4' (0.2-0.8)
0.8 (0.4-1.4)

0.9 (0.5-1. 7)

Alcoho1 used: 10% wine, 3.7% beer,
38% whisky. Crude data not shown,
50 importance of tobacco confounding
and 1ike1ihood of residua1
confounding canot be assessed.
Incidence per 100 000 person-years,
based on 89 incident cases confirmed

by histo1ogica1 study

Apparent dose-ffect
relationship among consumrs
cannot be explained by
residual tobacco confounding
since there is no tobacco
confounding.

24
5

12
17
16

11.5
5.4
4.9
9.2

12.4
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ln the Finnish study of alcoholIcs and alcohol misusers study (Hakulinen et al., 1974),
200 cases of lung cancer were detected in alcohol misusers while 99 were expected (SIR, 2.0);
33 cases were observed among chronic a1coholIcs with 20.2 expected (SIR, 1.6). (The
W orking Group noted that, if the high RRs for alcohol misusers were due to confounding by
tobacco, there would have been extreme differences in the smoking habits of the misusers
and the control population; a lower SIR was seen for the alcoholics, who certainly drank
more heavily than the misusers.)

ln the study of Massachusetts alcoholics (Monson & Lyon, 1975), the proportionate
cancer mortality ratio for lung cancer was 1.3, based on 19 lung cancer deaths. (The
Working Group noted that there was no ad just me nt for smoking.)

ln the UK folIow-up study of a1coholIcs (Adelstein & White, 1976), a significant excess
of lung cancer deaths was observed in women (8 versus 2.5 expected) but not in men (36
versus 35.3). (The Working Group noted that information on tobacco use was not
available.)

ln the study of Dublin brewery workers (Dean et al., 1979), the SMR for lung cancer,
adjusted for socioeconomic level, was 0.9.

ln the.J apanese prospective study (Hirayama, 1979), an analysis of the effect of drinking
a1coholic beverages (no ne, occasionalIy, daily) in daily smokers was based on 611 deaths
from lung cancer among men. The S MRs (compared with men who did not smoke or drink
daily) were 5.4, 4.7 and 5.5, respectively, indicating no variation in relation to a1cohol

drinking. ln a further analysis of 13241ung cancer deaths observed in 16 years offollow-up
of 122 261 males (Hirayama, 1985), the SMR associated with a1cohol consumption (not
otherwise defined), adjusted for tobacco, was 1.6. (The W orking Group noted that the levels
of exposure to alcohol and tobacco were not defined.)

ln the study of Danish brewery workers (Jensen, 1980), both the SMR and SIR for lung
cancer were 1.2 (95% CI, 1.0- 1.3). The excess was of the same order among beer production
workers (SIR, 1.1) and mineral-water bottIers (SIR, 1.3), was independent of duration of
employment, and corresponded with expected social class differences. No data on smoking
were provided, but the SMR for bronchitis was less than 1, indicating that smoking rates
were not higher than in the general population.

ln the study óf Canadian a1coholIcs (Schmidt & Popham, 1981), the SMR for lung
cancer was 1.7 (p oe 0.01) in comparison with the population of Ontario; however, in
comparison with the stratum of US veterans who most closely resembled the alcoholics in
their smoking habits (21-39 cigarettes per day), the SMR for lung cancer was 1.0.

ln the Kaiser-Permanente study (Klatsky et al., 1981), cumulative mortality from 1ung
cancer over ten years' follow-up was 0.7% (15 deaths) in persons consuming no drinks per
day, 0.4% (7 deaths) in those consumingtwo orfewer, 0.8% (16 deaths) in those takingthree
to five, and 1.2%(24 deaths) in those takingsix or more drinks per day. The authors noted
that, although the groups were matched for smoking status, the group of heavy drinkers
included more individuals who smoked heavily and the group of nondrinkers more
individuals who had never smoked. (The W orking Group noted that, although there was a
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significant difference between the two lowest consumption groups and the highest, the
reported residual confounding by tobacco makes interpretation difficult.)

ln a prospective cohort study on the effects of dietary vitamin A on lung cancer (K v:le et
al., 1983) in Norway, in which 13 785 men and 2928 women were followed for 11.5 years, 168
incident cases of lung cancer were diagnosed. Alcohol use was analysed in a subset of the
cohort in which the relevant information on consumption of alcohol, tobacco and vitamin A
was available. The relative odds ratios estimated for the highest of three levels of alcohol
consumption (groups not defined) versus the lowest were 3.7, 1.4, 0.2 and 1.3 for low,
medium and high vitamin A index groups and for the whole group, respectively. The figures
w.ere based on 65 cases and were adjusted for age, cigarette smoking (never, ex-, current

smokers of 1-19 and ~20 cigarettes/däy), region and urban/rural residence and socio-
economic group.

ln the Framingham study (Gordon & Kannel, 1984),42 deaths from lung cancer deaths
were observed in men. There was a nonsignificant association between lung cancer and
alcohol consumption; but even this disappeared in logistic regression analysis, standardized
for number of cigarettes per day, systolic blood pressure, age, relative weight and plasma
lIpoprotein levels. Only nine deaths from lung cancer were observed among women.

ln the study of Hawaiian Japanese (Pollack et al., 1984), with 89 incident cases of lung
cancer, age- and smoking-adjusted incidence rates of lung cancer showed a significantly
positive trend with total alcohol consumption. The SIRs compared with abstainers were 2.2
for those drinking at least 1.51 ofwine/month and 2.6 for those who drank at least 1.51 of
whisky / month; these were significantly elevated. T obacco was controlled for by classifying
smoking habits as never, former and current smokers; the results were the same when the
subjects were c1assified into nonsmokers and current smokers, further subdivided according
to the amount smoked (data not shown). The authors could not exclude the possibilty that
the apparent association between lung cancer and alcohol consumption was due to residual
confounding by tobacco.

ln the study of Japanese doctors (Kono et al., 1986), there were 74 deaths from lung
cancer. N ondrinkers had the highest SMR for lung cancer; among the drinkers, the SMRs
rose with increasing a1cohol consumption and were 0.6 for ex-drinkers, 0.4 for occasional
drinkers, 0.8 for drinkers of.e2 go (43 g ethanol) per day and 0.9 for drinkers of)'2 go per
day. Confounding by tobacco was controlled for by classifying smoking habits into five
categories (non-, ex- and current smoker consuming 1-9, 10-19,20+ cigarettes/ day). (The
W orking Group considered that the observed dose-response effect among current drinkers
is unlIkely to reflect residual confounding by smoking, since adjustment for smoking had
little effect on the estimates of alcohol-related RR.)

Three of the cohort studies described above (Klatsky et al., 1981; Pollack et al., 1984;
Kono et al., 1986) provide some information on the smoking-adjusted risk forlung cancer at
various levels of alcohol consumption. There was a consistent pattern of decreased risk at
low levels of alcohol consumption compared to non-/ never drinkers and, among
consumers, an increasing trend in risk with increasing level of consumption. ln general,
within each study, differences in risk associated with different levels of consumption are not
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statistically significant. Overall, the apparent increase in risk with increasing level of
consumption is most lIkely to be attributable to residual confounding.

(ii) Case-control studies
Data from case-control studies on the association between alcohol consumption and

lung cancer incidence are summarized in Table 70.

ln a study on cancer incidence in North Wales and Liverpool, UK, in relation to habits
and environment (Stocks, 1957; for description, see p. 206), the association ofbeer drinking
with risk for lung cancer was studied by interviewing 485 male lung cancer patients aged
45-74 years, or their family members, and 4630 controls matched for age and area of
residence. Of the cases, 328 were daily or weekly beer drinkers, while 273.0 would have been
expected; the association was lImited to those who smoked fewer than 100 cigarettes per
week. (The Working Group noted that confounding could not be excluded.)

ln a large case-control study in Paris, France (Schwartz et al., 1962; for description, see
p. 167), a significant difference was seen in the alcohol consumption of 1159 cases with
bronchial cancer and that of 1196 controls with tobacco-unrelated cancers; this almost

disappeared, however, after adjustment for smoking.

ln a hospital-based case-control study in Durban, South Africa (Bradshaw &
Schonland, 1969),45 lung cancer patients and 341 controls without malignant disease were
interviewed with regard to their alcoho1 consumption (use of Bantu beer, European spirits
or local concoctions). A significantly greater number of cases than controls were consumers
of local concoctions (53.3 versus 24.9%). (The Working Group noted that no adjustment
was made for smoking habits or for age.)

Keller (1977) compared the relative frequency of lung cancer among patients discharged
from the US complex of veterans' hospitals with cirrhosis and any cancer (286 men) with the
relative frequency among patients witbout cirrhosis and any cancer (374 men). The
frequency was not increased over that in patients without cirrhosis, even when cancers ofthe
mouth, pharynx and digestive organs were excluded.

ln the patient interview study of Wiliams and Horm (1977; for description, see pp.
170-171), an association was seen between the level of wine, beer, spirits or total ethanol
consumption añd lung cancer in both men and women. This association disappeared
completely, however, when the analysis was performed on a subgroup for which the data
allowed controllng for smoking (568 male and 155 female cases).

ln a case-control study in DublIn, Ireland (Herity et al., 1982), the a1cohol consumption
of 68 lung cancer patients was compared with that of a control group used in a previous
study (Herity et al., 1981) that examined the association between alcohol consumption and
cancer of the larynx (see description, p. 184). The odds ratio of those with heavy alcohol
consumption (in excess of 90 g ethanol per day for ten years) compared to non- and lIght
drinkers was 2.1. The risk was greatly reduced, however, when alcohol intake was
considered in the context of tobacco smoking (fewer than 20 cigarettes/ day, 20 or more
cigarettes/ day). The authors concluded that the results were attributable almost entirely to
confounding.



Table 70. Sumary of results of case-control studies of lung cancer and alcohol intake

Place \ reference 1 CommentsSubjects
(cases, controls)

Alcohol
cons umpt i on

Resul tsa

France, Paris
(Schwartz et al.. 1962'

South Africa, Durban
\ Bradsha~ . Schonland, 1969'

USA, ~ultieenter
(Wi 1 1 i arns . Ho rrn. L ~ 7 7 \

Irei.ari:... D..l::r.
IHerii:~' et 3.1.

a 5:~:::~a,.:

Men
(1159, 11961

Men
1~5, 341!

:-en
,737, n02!

~en. adJusted for
srnoking
1568. 2102'
Women
'19~. 3~6~)
'liomen, adjusted
for smok ing

155, 3~6~\

...en
59 l52

Mean a1cohol
consumption
based on wine,
eider. beer and
spirits eonsumed
over the 1ast
ten years

User /nonuser of

bee r lEu r ope an
spirits or
concoct l ons

~edian 1ifetirne
exposure 190 g
ethano1/day!

Highly signifieant difference 1135 ml/day versus 113; x2,
42.5) decreases d2amatieally when cigarettes/day
eontrol1ed for (X , 5.8!

More ca~e~ tlidn contraIs were users of local concoctions

Authors ~0nsider~d that, with
further adJustments, the
significance of the association
would disappear.

No individual control for
tobacco use

Men Women RR for drin.kers ':ersus
;;ge-adj. Age- & Age-adj. Age- & nondr inke rs

tobaceo- tobaceo-
adJ. adj.

Wine (50 oz-yr 0.9 0.6 0.9 0.7
.? 51 oz-yr 1. " 1. L 1.8 1. L

Beer (50 oz-yr 1. 3 1. 2 1. 6 0.8
.? 51 oz-yr L .7' 1.1 2.3* 1. 1

spirits ,50 oz-yr 1. 2 0,9 1. 7' 1. 2

.? 51 0z-yr 1. 6' 1. 1 1. 3 0.6
Ethanol (50 oz-yr 1. 2 0.9 1. 5 1. 1

)51 oz-yr 1.6' 1. 0 1. 5 0,7

Srnoking
~one and light
Heavy
All

Alcohol
~one and light

1. 0
10.6 '".6-2".11

1. 0

Heavy
1.5 10.4-5.21

12.4 15."-28.41
2.1 11.1-3.31

Tobacco-specific and ~,~de ?~
for a1cohol consumpë:on. R:sl.
of drinking above median :s
explained almost totall,' b,'
association of hea,-/ ::rink~ng
with hea," smoking, The resi-
dual effect amng :ight ¡L.S;
and among hea~~ ~:.2; smokers
seems compatible ',,: t.h residual
eonfounding.

N
+:o

..
~
~
\.
a:ozoo
~
~
'i
:i
C/
~o
i-e
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+:
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(¡) Cancer of the urinary bladder

(i) Cohort studies (descriptions of studies of cancers at many sites are given on
pp. 158-164)

Cohort studies on mortality according to alcohol consumption which mention bladder
cancer deaths are summarized in Table 71. ln the prospective Japanese study (Hirayama,
1979), analysis of 77 deaths from bladder cancer in men showed no significant difference in
the SMRs for daily drinkers and nondrinkers among daily smokers. ln the study of Danish
brewery workers (Jensen, 1980), the risk for bladder cancer was not elevated. ln two small
studies (PelI & D'Alonzo, 1973; Robinette et aL., 1979), the numbers of observed and
expected cases of bladder cancer were one and 0 and none and 3, respectively.

Table 71. Relative risks (RR) for bladder cancer in cohort studies

study and reference Resul ts and cornentsNo. of
subjects

USAi one company

(Pell & D'Alonzo, 1973)
1 death

Finnish Alcoholics

(Hakulinen et al., 1974)
5 cases

Massachussets Alcoholics
(Monson & Lyon, 1975)

4 deaths

Japanese Prospective study

(Hirayama, 1979)
77 dea ths

US Veterans Alcoholics

(Robinette et al., 1979)
o

Daish Brewery Workers
(Jønsøn, 1980)

75 cases

None among one-to-one matched
controls not known to be alcoholic

3.2 expected; RR, 1.6 (urinary
organs)

3.9 expected; RR, 1.0 (bladder and
other urinary organs)

Drinking Smoking
daily daily
occasionally dailyno dailyno no
No. of subjects
stated

RR
1.4
1.6
1.4
1.0

and significance not

Three expected

86.7 expected; RR, 0.9 (95% confi-
dence interval, 0.7-1.1)

ln four further cohort studies, no distinction was made between deaths from cancer
of the bladder and other parts of the urinary tract and death from other genitourinary
cancers. ln the study of Hawaiian Japanese (Blackwelder et al., 1980), ten subjects who had
died from prostatIc or urinary tract cancer had had a higher unadjusted mean ethanol
consumption (26.7 ml (21 g) per day) than survivors (13.6 ml (Il g) per day). A further
follow-up of the same cohort showed no excess of prostatic or urinary bladder cancer
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(Pollack et al., 1984), but the data were not adjusted for age or tobacco use. ln the
Kaiser-Permanente study (Klatsky et al., 1981), the distribution of 22 deaths from
genitourinary cancer (I CD-8 180-189) among nondrinkers and drinkers of one to two, three
to five and six or more drinks per day suggested no association. ln the study of chronic
alcoholics in Helsinki (Hakulinen et al., 1974), five incident cases of cancers of urínary
organs except prostate were observed, with 3.2 expected. ln the study of Massachussets
alcoholics (Monson & Lyon, 1975), four cases of cancer of the bladder and other urinary
organs were observed; 3.9 were expected.

(ii) Case-control studies
Data from studies in which the association between alcohol consumption and bladder

cancer risk was considered are shown in Table 72.

ln the hospital-based case-control study in Paris, France (Schwartz et al., 1957, 1962; see
description, p. 167), the average daily ethanol consumption of the 214 cases (113 ml (89 g)
per day) was not different from that ofthe accident controls (120 ml (95 g) per day) or ofthe

cancer controls (113 ml (89 g)j day).

ln a hospital-based case-control study in New York, USA (Wynder et al., 1963b) of 200
male bladder cancer patients and an equal number of age-matched hospital controls
(excluding patients with respiratory or upper gastrointestinal cancer or myocardial
infarction), no association was detected between bladder cancer and the number of drinks
consumed per day. (The Working Group noted that smoking was not controlIed for,)

Dunham et al. (1968) interviewed 493 patients with bladder cancer (98.8% histologicalIy
confirmed) and 527 controls (mostly patients with diseases other than of the urinary tract
and other than cancer) in New Orleans, USA, about factors that might have influenced their
diseases (e.g., use of alcoholIc beverages). No consistently positive or negative correlation
with the use of alcoholIc beverages was detected. (The W or king Group noted the incomplete
reporting of the results, and the 1ack of statistical evaluation and adjustment for smoking.)

ln a case-control study in Canada (Morgan & Jain, 1974), 74 female and 155 male
incident cases of histologically verified transitional-cell carcinoma of the bladder were
compared with individually age- and sex-matcht~d controls with benign prostatic hyper-
trophy (158 men) or stress incontinence (73 women). Alcohol use and smoking habits were
analysed by a postal questionnaire comprising a seven-day diary of all fluid intake. Alcohol
intake (ever j never) was not significantly related to cancer incidence when stratification by
smoking habits (everjnever) was performed. A crude odds ratio of 1.2 fell to 1.1 after
adjustment for tobacco use and sex, as calculated by the W or king Group.

ln the patient interview study of Willams and Horm (1977; see description pp. 170-171),
no association was detected between consumption of beer, wine or spirits or total ethanol
consumption and bladder cancer. The analysis was based on 229 male and 77 female cases
not controlled for smoking, and 206 and 73 cases controlled for,smoking. After controllng
for tobacco use, the association becomes negative, especially among women. A nonsigni-
ficant positive trend with high-level beer consumption iD men disappears when tobacco use
is taken into account.



U
l

+
Ji:Q
I

~ou
fi
~II+

Ji:.ri
r-o.iour-II

'ti:IIMC
D

Ui:IIUMC
D

't'tII
r-.Q

II
U

l
+

J
r-~U

l
C

D
~i:o.ri+

J§U
l

i:our-o.iou~

..oulfi
.ri't~+

JU
l

r-oM+
Ji:ou1C
I

U
l

IIU..o

U
l

+
JU
 II

Q
I fi

.
,
.
 
I
I

-
§
 
~

u
i
 
-

V
I

+
J

r-~V
I

fiM..o;:MII~:1ui

C
I

ui:fiMfi
..fiM

Ni-fi
r-.QII8

fiUII
r-Pc

E
PID

E
M

IO
L

O
G

IC
A

L
 ST

U
D

IE
S O

F C
A

N
C

E
R

 lN
 H

U
M

A
N

S

O
l

i:'ri~M

H
 ~

U
fi

i
N
 
.
i

i
.
 
+
J

0\'t ~
i:II 'tC

I

g¡ ~r-
Q

I~o.
'tU

~
~r-0
M
 
I
I
 
M

U
 
U
 
C
1oi--.\D

i--.
N

..N
inN

N
1
 
1
 
1
 
1
 
1
 
1

\D
i/\D

C
O

N
M

000000
O

..O
\N

..i-co
.
.
.
.
 
0
.
.
 
N
 
0
 
0V

I
~

 fi
u
i
 
f
i
 
O
l

~
 C

I i:
i: ~

 -ri
.
r
i
 
"
-
 
.
Q

M
 \D

't.i 1 ;: u
+

J.i~
;:1I .ri

..i:+
JC

IIl't 't
0
0
 
i
:
'
t
'
t
"
-
 
C
I

e
O
"
-
"
-
N
 
M

"-eN
\t..+

O
O

.."-IIIN
O

'
Z

v....M
i-..ui

ui
r-oM+

Ji:ou
ooNo

i: 0
Q

I N
~

.QM\00\..

~
 
;
/

~Q
I
 
M

Z
 fi't

, i:
~ ~
:. -

1V
I

.
r
i
 
1

I
I
 
C
I

i
:
 
1
.
:

o fi
u i:
o
 
M

i
:
 
0

i:
f
i
 
0

i
:
 
;
:
 
.
r
i

~ .ri .¡
o +

J II
.i -r .ri
I
I
 
I
I
 
U

o
 
0

+
J 0. II
o
 
V
I

i
:
 
;
:
 
I
I

r-
II +

J fi
+

J i: ;:
II fI'ri
Q

 +
J .¡

~
 
~

+
J O

l II
U

l.ri fi
C
I
 
r
-
 
.
i

0.
,
 
M

i. r- 0
o IIi

:
 
f
i
 
O
l

+
J0+

Ji:
i:'ri II ...
fi II M

 ~
U
l
 
I
I
 
a
l
 
i
:

C
D
 
U
 
'
t
 
.
.
.

M
 
U
 
0
 
M

Pcoe't

i:~C
I
 
i
-

eNo i.
~'Mi
:
 
0
\

Q
I
 
-
.

~
 
-co\00\..

IIi:~ r- 1
r- II
Mo
 
.
¡C
I

~C
I e

z II.i
, i:

~ a
:. -

O
l

i:.ri~M

H
 ~

U
C

D
i
N
 
.
i

i
.
 
+
J

0\
;:

'
t
 
.
Q

~ 'tal

g¡ ~r-
fi~o.
'tU

~
~r-0
M
 
I
I
 
M

U
 
U
 
C
1+
J
 
~

i
:
 
G
l
 
f
i

C
D
 
I
I
 
U
l

~~ e ~
i- \0 +

J 't
. II 0 i:

.
.
 
.
.
 
:
1
 
U
 
I
I

1
 
1
'
'
'
 
U

c
o
 
i
-
 
'
t
 
I
I

II .Q
 0

~~M
.3~

Q
I II

N
..+

JM
G

l
... 0 ;:

.. .. II ..

1i:oi:II~IIMfi;:V
I
 
V
I

i. i.
fi fi
V
I
 
V
I

:
.
 
~

i:~C
I
 
.
.

e
 
M

O
N

~
,
 
0
\

i:NC
I N

~
 
--.i-0\..

o '
+

J i:
i
:
 
.
r
i

o II
M

t'
o8 c.
, i:
II II
'
t
 
O
l

I
I
 
M

i¡ ~
u
 
-

+
J i: ~

 i:
i
:
 
r
-
O
-
.
i
:
f
I

C
l
'
t
 
f
I
-
r
 
.
 
Q
I
~

U
 i: ;: +

J .. .i II
.
r
i
 
C
D
 
f
i
 
0
.
 
~
 
+
J
 
+
J

.
.
 
M
.
.
 
e
,
 
i
:

'ri+
J 1 :1~IIIl~

i
:
 
.
i
1
l
~
i
.
.
r
i
O

O
l
Q
l
 
O
l
i
:
 
I
I
 
U
.
.

.
r
i
;
:
.
.
.
O
 
C
D
O
U

lI'ri.iU
i:o.U

Il..
i
:
.
¡
 
G
l
o
.
u

O
.ri.ii.eIiIiO

i
:
1
l
.
¡
f
I
 
u
i
.
Q
+
J
~

o'ri\li:-rioi:ci
oe 0. ~ .Q

 -ri 't +
J .ri

1C
I
 
1

.
.
 
C
I

.ri .¡
r- IIU
ev;
:
 
O
l
 
V
I

.
r
i
 
i
:
 
:
1

.
¡
.
.
.
 
V
I

il~
 i.

r
-
 
i
:
 
Q
I

~-ri;:1l
e
 
M
 
M

~
 
'
t
 
V
I
 
f
i

U
 fi ~
e
v
 
-
r
i
 
i
:

o e i.-r
~ -ri 0 i.
8 +

J O
l 'tMo

O
l
 
.
.

i:
N

 -ri 't co
O
~
 
f
i
 

co
.. 0 r- i-
N
 
e
r
-
.
.

I
I
 
0M

0\ '.¡
i: N

 i: i:
evN

Q
lO

~
 
-
 
~
 
u

i-i-0\..
i
.
 
e

Q
l
 
M

+
J 0

i
:
 
:
i

evu c.
.ri+

J II
r- e
~

 II
~

 .rir-
,
 
r
-

oe .ri
ui ~
:.-

1
 
+
J

i: V
I .i

o
 
I
I
 
C
I

i
:
 
f
i
 
C
I

r
-
 
+
J
 
~

C
I

.
¡
 
I
I
 
M

II O
l II

-i:evQ
l

.ri U
 ;:

;: i:
i. 0 fi
G

l i:
II +

J 0
ui

Q
l
 
I
I
 
M

i
:
 
e
v
 
0

o r- ..

O
l
 
M

i
:
 
0

.ri ..
~o 't

-
.
 
e
 
C
I
 
c
o

\
0
 
I
I
 
r
-
 
c
o

-
.
 
.
.
 
r
-

M
 
'
0
 
M

,
 
i
:
 
i
:
 
M

\0 
Q
I
 
'
C
I
.
¡

O
ei-ei:M

~~!:~8i-

243

g¡ev
't:1i.U

i.fi
+
J
 
O
l
.
i

I
I
 
i
:
 
.
¡

~
'
r
i
 
0

~ .,. ~
M
 
'
t
 
0
 
'
t

II e i:
\0 V

I II
1
 
i
.
 
I
I

o
 
e
v
 
M
 
C
I

'+
J00r-

.
.
 
.
.
 
.
.
 
i
:
 
.
Q

-
 
I
I
 
"
-
 
I
I

.¡ lI.ri
i/\O

i:Q
li.

f
i
 
;
:
 
I
I

N
.
.
 
e
 
-
;
:

1i:oi:II~uii.ev;:u
i
 
u
i

i. i.
e
v
 
e
v

u
i
 
u
i

:
.
 
~i/\D..i/

i
:
 
\
D

e
v
 
.
.

~
 
-Nco0\..;1i:

.
i
 
e
v

i
.
 
u
i

~
 
~

~
 ~

Q
-



Table 72 (contd)

N~.¡

Place (reference) CommentsSubjects
(cases, controls)

Alcohol consumption Resul ts a

USA, ten areas

(Thomas et al., 1983)

Men, women

(2982, 3313)

Federal Republic of Germany

(Claude et al., 1986)

Men
(340, 340)

Women
(91, 91)

USA, Missouri

(Brownson ~., 1987)
Men

(846, 2536)

Servings¡week Men Women Adjusted RR
0 1.0 1.0 -
(3 0.9 0.8 ;i
4-6 0.9 0.9 :in
7-13 1.0 0.8 ~14-17 0.9 1.0 0
28-41 1.1 0.9 Z
)42 1.0 0.7 00
Beer (l/day) Men Women No evidence of effect

~
~

0.1-0.5 1. 2 1.4 among nonsmokers ""
0.6-1.0 2 .1* ~
)1 2.8* CZ

~Wine (l¡day) 0
0.1-0.3 1.0 1.9 t"
)0.3 0.8 c:
Spi ri ts (l¡week) ~

tr0.1-0.5 1.5 1.2 t)0.5 2.7*

Never 1.0 Adjusted RR
Ex o . 9 (0.5-1. 5 )
CUrrent (2 drinks/day 1.2 (0.9-1.5)
Current ) 2 drinks/day 0.8 (0.6-1.1)

aRelative risk (RR) and 95% confidence interval (CI); *, signifieant
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ln a population-based case-control study in Denmark (Mommsen et al., 1982), 165
incident male cases ofbladder cancer (91.5% invasive bladder cancer) and an equal number
of age-, sex-and geographical area-adjusted controls were interviewed by telephone.

Alcohol consumption was related to cancer incidence (crude odds ratio, 2.5; not significant).
ln a multivariate logistic analysis, the effect of alcohol after adjustment for cigarette
smoking (yesj no), prostatic symptoms and occupation was reduced to 1.6.

ln a population-based case-control study in ten areas ofthe USA (Thomas et al., 1983),
2982 incident cases of,histo1ogically confirmed bladder cancer and 3313 general population
controls were interviewed. Cases were 73% of elIgible incident cases from cancer registries;
controls were 82% of those identified through random selection from cens us fields and
through random-digit telephone dialIng. Alcohol consumption was estimated separately for
beer, wine and spirits as the number of servings (a can, bottle or draught of beer, al 18-m1
glass of wine or a 44-ml jigger of spirits) consumed during a typical week in the previous
winter. After adjustment for potential confounding factors (age, sex, race, geographical
'location, cigarette smoking status, hazardous occupational exposure), no association
between total ethanol consumption (odds ratio, 0.7-1.1) or consumption of wine, beer or
spirits (odds ratio, 0.6- 1.2) and bladder cancer was detected.

ln a case-control study in northern Federal RepublIc of Germany (Claude et al., 1986),
340 male and 91 female patients with histologically proven tumours of the lower urinary
tract and the same number of age- and sex-matched hospital or local controls with no
tumour, mainly from urological departments, were interviewed directly about consumption
of different alcoholic beverages. After adjustment for smoking (lifetime cifarette consum-
ption), beer drinkers had an overall increased RR and a c1ear dose-response relationship
with daily intake. Drinkers of spirits a1so had an elevated odds ratio (1.9), while no
association was found with drinking of wine. No increased risk was seen for nonsmokers
who drank beer and spirits. ln a multiple regression analysisl after adjustment for high-risk
occupation, the risk for consumption of beer and spirits was substantially reduced and was
no longer significant after adjustment for daily fluid intake. (The W orking Group noted that
beer and spirits were inc1uded in fluid intake and the adjustment may thus have erroneously
biased the estimate of RR towards 1.)

ln a case-control study based on patients registered by the Missouri Cancer Registry
(Brownson et al., 1987), 823 histologically verified incident cases of bladder cancer in white
men were compared with 2469 cases of cancer unrelated to tobacco use (three controls per
case, frequency-matched by age groups; 40% prostatic cancer and 33.5% cancers of the
di~estive organs and peritoneum). (The W orking Group noted that the distribution of cases
and controls by alcohol consumption, on which the RRs were computed, included a larger
number of subjects than stated in the description of sources: 846 cases and 2536 controls
with known alcohol use plus 216 cases and 596 controls with unknown a1cohol use.)
Information on a1cohol and tobacco consumption and main occupation is systematically
reported to the Registry by Missouri hospitals using a standardized protocol. No
association with alcohol consumption was found, whether controllng for tobacco use and
age or not. The age- and tobacco-adjusted RRs for ex-drinkers and for current drinkers
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(versus nondrinkers) were 0.9 and 1.1, respectively. Exclusion of cases of colon and rectal
cancers from among the controls did not change the results.

(k) Cancers at other sites

(i) Soft tissue

Data on malignant tumours of soft tissue (lCD 171) are provided in the study of Danish
brewery workers (based on eight observed incident cases), which shows a RR of 1.2 (95% CI,
0.52-2.36) for the whole cohort (Jensen, 1980; see pp. 162-163), and in the study of Willams
and Horm (1977; see pp. 170-171), based on 45 male and 39 female cases, which shows no
association.

(ii) Skin
ln the study of Danish brewery workers (Jensen, 1980; see pp. 162-163), 77 cases of

epithelial skin cancer (ICD 173) were observed with 101.9 expected (SIR, 0.8; 95% Ci,
0.6-0.9). ln the same study, 15 cases ofmelanoma were observed (SIR, 1.3; 95% CI, 0.7-2. 1).
ln the study of chronic alcohplics in Helsinki (Hakulinen et al., 1974; see p. 159), five cases of
skin cancer (including basal-cell carcinoma) were observed with 6.6 expected.

ln the case-control study in France (Schwartz et al., 1962; see p. 167), the average ethanol
consumption (129 ml (1 12 g)/ day) of 154 patients with skin cancer (not otherwise specified)
was very close to that of accident controls (139 ml; 110 g) and of cancer controls (113 ml;

89 g).

The interview study of Wiliams and Horm (1977; see pp. 170-171) suggested an
association of melanoma with moderate alcohol consumption in men but not in women and
not for higher consumption levels. The analysis was based on 40 male and 59 female cases of
melanoma.

(iii) Ovary
The association between ovarian cancer and alcohol consumption has been considered

in four case-control studies.
A study of 92 cases of ovarian malignancies and 92 cases of benign ovarian tumours in

the USA, matched for age, residence and date of surgery, showed no significant difference
between alcohol users and nonusers (West, 1966). (The W orking Group noted that the
actual figures are not given.)

The patient interview study of the Third National Cancer Survey (Wiliams & Horm,
1977; see description pp. 170-171), based on 180 cases and 3367 controls with cancers
unrelated to tobacco use, provides a nonsignificant RR of 0.9 (not controlled for smoking)
for both drinkers of 1 -50 and 51 or more oz-years of ethanol, with reference to nondrinkers.
For 153 cases of ovarian cancer in which smoking was controlIed, the RRs were even lower.

A hospital-based case-control study at the Roswell Park Memorial Institute, USA, of
274 epithelIal carcinomas ofthe ovary in white women aged 30-79 years and of 1034 controls
(excluding cancer, gastrointestinal and endocrine disease) showed no association with
alcohol consumption for women over 49 yeaTS of age (RR, 0.8-1.1). There was, however, a
nonsignificant decreasing trend with increasing consumption (RR, 0.84 for one to eight
drinks/week and 0.56 for nine or more) for women 30-49 years old (Byers et al., 1983).
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Inthe USA, a population-based case-control study of ovarian cancer in women under 55
years of age based on 433 incident cases (71 % of total incidence) and 2915 controls (83% of
potential controls selected through random-digit telephone dialing) showed a significantly
lower risk (0.5; 93% CI 0.2-0.9) for'heavy'users (250 gethanol per week or more), especiaUy
among younger women. The estimates were adjusted for age, smoking, education,
reproductive factors and oral contraceptive use (Gwinn et al., 1986).

(iv) Other organs of the female genital tract
ln the study of Canadian a1coholics (Schmidt & de Lint, 1972; see p. 164), five deaths

from cancer of the uterus (not otherwise specified) were observed, with 1.4 expected. ln the
study of UK alcoholics (Adelstein & White, 1976; seep. 159), four deaths from cervical
cancer were observed, with 0.9 expected.

The study of Willams and Horm (1977; see description pp. 170-171) showed no evidence
of an association for cancers of the cervix, uterine corpus and vulva (based on 249, 345 and
30 cases, respectively, adjusted for age, race and tobacco use). The estimated RRs for both
cervical and uterine corpus cancers were slightly lower than 1.0.

A study of257 pairs of cervical cancer patients and controls (23-86 years old) in Lesotho,
South Africa, showed a three-fold elevated risk among women who consumed indigenous
alcohol and a two-fold risk for women who drank European a1coholic beverages after
adjustment for tobacco use and other beverages (Martin & Hil, 1984).

(The W orking Group noted that no adjustment for social and sexual variables was
attempted in these studies.)

(v) Prostate

ln the study of Norwegian alcoholIcs (Sundby, 1967; see pp. 158-159), 16 deaths from
prostatic cancer were 0 bserved while 11.4 were expected on the basis of mortality in Oslo.
Three deaths from prostatic cancer were observed in the foUow-up of 922 alcoholics
employed by a US company and none among matched controls (PeU & D'Alonzo, 1973; see
p. 210). One case of prostatic cancer, with 2.8 expected, was observed among chronic
alcoholIcs in Helsinki (Hakulinen et al., 1974; see p. 159), and three cases, with 2.4 expected,
were observed in the study of UK alcoholIcs (Adelstein & White, 1976; see p. 159).

ln the Japanese prospective study (Hirayama, 1979; see p. 162),63 deaths from prostatic
cancer were reported; the SMR for daily drinking and daily smoking, as compared with
nonsmokers and men who did not drink daily was 1.0 and 0.90 for daily smokI-ng only. (The
Working Group noted that the actual figures were not given.)

ln the study of alcoholIc US veterans (Robinette et aL., 1979; see p. 163), two deaths from
prostatic cancer were observed, corresponding to a SMR of 0.55 (90% Ci, 0.07-2.93). ln the
cohort of Danish brewery workers (Jensen, 1980; see pp. 162-163), 80 incident cases of
prostatic cancer were observed, with 81.1 expected (SIR, 1.0; 95% Ci, 0.8-1.2) in the total
cohort. ln the study of Canadian alcoholics, 11 deaths were seen; the SMR was 1.09 with
reference to the Ontario population, and 1.43 with reference to US veterans who smoked
21-39 cigarettes/ day (Schmidt & Popham, 1981).



248 IARC MONOGRAPHS VOLUME 44

The study of Hawaiian Japanese (PolIack et aL., 1984; see p. 163) provides age- and
smoking-adjusted incidence rates according to amount of ethanol consumed, based on 84
incident cases of prostatic cancer. These suggest no evidence of a trend with increasing
consumption.

ln the case-control study of a1cohol and cancer in France (Schwartz et aL., 1962; see
description p. 167), the average consumption of 139 patients with prostatic cancer (1 10 ml
(87 g) ethanolj day) was similar to that of controls (113 ml (89 g)).

A hospital-based case-control study in New York City of 217 patients with c1inical
cancer of the prostate and 200 controls with no known disease of the prostate showed no
difference in alcohol consumption between the two groups (77% and 81 %, respectively, were
alcohol drinkers). Alcohol consumption was categorized into 1-2,3-6,7 or more unitsjday
or binge, where a unit is 1 oz spirits, 4 oz wine or 8 oz beer (Wynder et al., 1971).

ln the study of Keller (1977; see p. 239), the age-adjusted relative frequency of prostatic
cancer was slIghtly lower among cirrhotics. (The W orking Group noted that when cases of
cancer of the upper respiratory and digestive organs were exc1uded from the controls, the
proportion of prostatic cancer among cirrhotics was slIghtly higher (16.7%) than among
noncirrhotics (13.7%).)

ln the study of Wiliams and Horm (1977; see pp. 170-171), of 531 cases of prostatic
cancer and 1656 controls with cancer not related to tobacco use, the age- and race-adjusted
odds ratios for consuming 1-50 and ~51 oz-years of ethanol were, respectively, 0.78 and
0.84. Controllng for tobacco (465 cases and 1323 controls) did not change the estimates

(odds ratios, 0.78 and 0.87).

(vi) Testis

Cohort studies provide no evidence that a1cohol drinking in adult life affects testicular
cancer incidence. The study of Danish brewery workers (Jenson, 1980; see pp. 162-163)

shows a RR of 0.7 (95% Ci, 0.4-1.1), based on 15 observed incident cases. ln the study of
a1coholIc US veterans (Robinette et al., 1979; see p. 163), no death from testicular cancer
was observed, but there were two in the one-to-one matched comparison group.

ln the hospital-based case-control study in Paris (Schwartz et al., 1962; see p. 167), the
average ethanol consumption reported by 37 patIfmts with testicular cancer (Il2 ml
(88 g)/ day) was very close to that reported by the cancer control group (113 ml (89 g)) and
lower than that of the accident controls (139 ml (110 g)).

ln a case-control study of prenatal and perinatal factors for testicular cancer (Brown et
al., i 986), the a1cohol consumption of the mothers of 202 cases was compared with that of
206 cases of other cancers as controls. Mothers were interviewed, and 20.3% reported
consuming one to 14 drinks of alcoholIc beverages per week, with a median of one drink.
The crude RR (1.6; 95% Ci, 1.0-2.7) for maternaI a1cohol consumption was confounded by
smoking. No c1ear dose-response relationship was seen: the RR was 2.3 (1.0-5.2) for more
than one drink per week and 1.1 (0.6-2.2) for one drink per week. The association was no
longer significant when smoking and birth weight were taken into account in multivariate
analyses.
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(vii) Kidney
Two deaths from kidney cancer were observed in alcoholics and one in matched

nona1coholIcs in the cohort study of US company (PeU & D'Alonzo, 1973; see p. 210). One
death from cancer of the 'kidney, ureter or other' was observed in the study of alcoholic US
veterans, and four were seen in the comparison group (Robinette et al., 1979; see p. 163).

ln the Japanese prospective study (Hirayama, 1979; see p. 162), the SMR for kidney
cancer was 1.4 for daily drinking and daily smoking and 1.4 for daily smokers only,
compared with subjects who did not smoke and did not drink daily. (The W orking Group
noted that the actual number of cases was not given.)

ln the study of Danish brewery workers (Jensen, 1980; see pp. 162-163), the RR for
kidney cancer was 1.0 (95% Ci, 0.7-1.4), based on 38 incident cases in the total cohort.

ln the study of Schwartz et al. (1962; see p. 167), the average ethanol consumption of 69
kidney cancer cases (108 ml (85 g)/ day) was similar to that of cancer controls (113 ml(89 g)).
Accident controls consumed an average of 126 ml (99 g)/ day .

The study of Wiliams and Horm (1977; see pp. 170-171) showed no association with
a1cohol consumption in either the 73 male or 53 female cases.

(viii) Brain
No death from brain cancer was seen in alcoholics but one in nonalcoholic controls in

the study of PeU and D'Alonzo (1973; see p. 210). Among chronic alcoholics in Helsinki
(Hakulinen et aL., 1974; see p. 159), two cases of cancer of the nervous system were observed
when 1.9 were expected. The Japanese prospective study (Hirayama, 1979; see p. 162)
suggested no effect of alcohol on brain cancer mortalIty: SMR, 1.2 for daily smoking and
daily drinking, 1.5 for daily smoking and occasional drinking and 1.1 for daily smoking
only.

A significant excess of brain tumours (five observed deaths against none in matched
control patients with nasopharyngitis) was observed in the study of a1coholics among US
veterans (Robinette et al., 1979; see p. 163).

Among Danish brewery workers (Jensen, 1980; see pp. 162-163), the RR for brain and
nervous system cancers, based on 37 incident cases, was 1.1 (95% Ci, 0.8-1.5).

The study of Wiliams and Horm (1977; see pp. 170-171) compared 75 male and 61
female cases of cancer of the nervous system with cases of cancer unrelated to tobacco use. A
significant negative association for the highest category of total ethanol consumption (RR,
0.4) was observed for men only.

(ix) Thyroid cancer

ln the.study of chronic alcoholIcs in Helsinki (Hakulinen et aL., 1974; see p. 159), one case
of thyroid cancer was observed with 0.4 expected.

Among men in the study of Wiliams and Horm (1977; see pp. 170-171), there was a
positive trend, with RRs of 1.1 and 1.7 for the two categories of total ethanol consumption
when not controlIed for smoking (based on five and ni ne cases, respectively). Among
women, the corresponding figures were 1.6 (based on 1 8 cases) and 0.6 (based on two cases).
The analysis comprised 30 men and 86 women with thyroid tumours.
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(x) Lymphatic and haematopoietic system

One case of lymphoma and one of leukaemia were observed in the study of chronic
alcoholIcs in Helsinki (Hakulinen et al., 1974; see p. 159), with 1.7 and 1.2 expected,
respectively.

The study ofWiliams and Horm(l977; see pp. 170-171) suggested that subjects with low
alcohol consumption may have a lower risk oflymphosarcomas or Hodgkin's disease and a
higher risk for leukaemias with respect to nondrinkers; the differences were not statistically
significant, however, and there was no difference for subjects in the highest consumption
category.

The study of alcoholIc US veterans showed a SMR of 0.9 (based on 13 observed deaths)
for lymphatic and haematopoietic cancers and a SMR of 0.5 (based on three observed cases)
for leukaemia (Robinette et al., 1979; see p. 163).

ln the Hawaiian Japanese prospective study (Blackwelder et aL., 1980; see p. 163), 13
subjects died from cancer of the lymphatic and haematopoietic tissues in eight years. Their
mean ethanol consumption (43.9 ml (35 g)/ day) was higher than that of survivors (13.6 ml
(II g)/ day). These figures are not, however, adjusted for age.

The study of Danish brewery workers (Jensen, 1980; see pp. 162-163) showed a SIR of
1.0 (based on 68 observed incident cases; 95% CI, 0.8- 1.3) for lymphatic and haematopoietic
cancers in the total cohort.

ln the study of Keller (1977; see p. 239), the age-adjusted relative frequency of cancers of
lymphatic and haematopoietic tissues was lower among cirrhotics both before and after
exclusion of patients with alcohol-related cancers from among the controls.



6. SUMMARY OF DATA REPORTED AND EVALUATION

6.1 ehemical composition, consumption and trends

Alcoho1ic beverages are produced from raw materials by fermentation. The predo-

minant types of commercially produced alcoholIc beverages are beer, wine and spirits. The
main components of all alcoholic beverages are ethanol and water; beers also contain
substantial amounts of carbohydrates. Many compounds that have been identified as
common to alI alcoholic beverages are present in different quantities depending on the
beverage. Some components and occasional contaminants include known and suspected
carcinogens. Beers and wines also contain vitamins and other nutrients which are usually
absent from distiled spirits. Despite the differences in concentration, the average intake of
ethanol per drink is approximately constant across beverage types.

A1coholic beverages, both home-made and commercially produced, have long been
consumed in most parts of the world. Recorded consumption tends to be higher in societies
with populations of European origin and lower in MuslIm societies. ln most of the
developed countries, a majority of adults consume alcoholIc beverages at least occasionally.

Since 1950, consumption per head has increased substantially in most parts ofthe world,
although since the mid-1970s a reduction in the rate of increase and, in some countries, a
declIne in consumption have occurred. Drinking patterns- overall level of alcohol
consumption, choice of alcoholic beverages, differences by sex and age and temporal
variations - differ among and within societies.

6.2 Experimental carcinogenicity data

Ethanol and some alcoholic beverages were tested for carcinogenicity in five studies in
mice by oral administration. Ethanol was also tested in one experiment by transplacental
exposure or exposure via mother's milk. Dùe to severe lImitations in experimental design or
conduct, these studies could not be used for an evaluation of carcinogenicity.

Two studies invo1ved oral administration of ethanol and of one a1coholIc beverage to
rats. One study was inadequate for evaluation, and in the other no difference in the incidence
of tumours was found.

-251-
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ln seven studies, ethanol or an a1coholic beverage was administered to rats as a control in
studies of combined effects with a known carcinogen. ln one of these, involving male
animaIs only, ethanol administered in water as the drinking fluid significantly increased the
incidences of hepatocelIular carcinomas and of tumours of the pituitary gland, of the
adrenal gland and of pancreatic islet celIs, but neither isocaloric nor isonutrient diets were
used. AlI ofthese studies, however, suffered from various limitations and could not be used
for evaluation.

Ethanol and certain a1coholic beverages were administered to hamsters by oral adminis-
tration in four studies, three of which were designed to as certain combined effects with
known carcinogens. AlI of these studies suffered from various limitations and could not be
evaluated. One study in mice involving application of ethanol or residues of alcoholic
beverages to the skin could also not be evaluated.

ln experiments in which various carcinogens were administered orally with ethanol as a
vehic1e, ethanol enhanced the incidence of nasal cavity tumours induced in mice by N-nitro-
sodimethylamine and enhanced the incidences of oesophagealj forestomach tumours and
lung tumours induced in mice by N-nitrosodiethylamine or N-nitrosodi-n-propylamine.

ln further studies, various carcinogens were administered by different routes simulta-
neously with ethanol in water as the drinking fluid or in lIquid diets. Ethanol enhanced the
incidence of benign tumours of the nasal cavity induced in rats by N'-nitrosonornicotine
given in a liquid diet, and enhanced the incidences of nasal ca vit y and tracheal tumours and
of neoplastic nodules of the liver induced in hamsters by N-nitrosopyrrolidine given by
intraperitoneal injection. Administration of ethanol in the drinking-water enhanced the
incidences of hepatocellular carcinomas and of liver angiosarcomas induced in rats by
inhalation of vinyl chloride.

ln a number of other experiments, ethanol had no modifying effect on the overall
incidence oftumours in mice, rats or hamsters given N-nitrosomethylbenzylamine, N-nitro-
sobis(2-oxopropyl)amine, N-methyl- N' -nitro- N-nitrosoguanidine, 7,1 2-dimethyl-benz( a)-
anthracene or 1,2-dimethylhydrazine by various routes of administration.

There is suffcient evidence for the carcinogenicity of acetaldehyde (the major metabolIte
of ethanol) in experimental animaIs.

6.3 Human carcinogenicity data

Cancers of the oral cavity and pharynx
ln six retrospective cohort studies of pers ons with an intake of alcoholIc beverages

higher than that of the reference population and inc1uding alcoholics and brewery workers,
the risk for cancers of the oral cavity and pharynx (effectively excluding the nasopharynx)
has been examined. ln five studies of alcoholics, the relative risk was significantly increased
by between two and five fold.
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ln two prospective cohort studies, the risk for cancers of the oral cavity, pharynx, larynx
and oesophagus combined and for cancers of the oral cavity, pharynx and oesophagus
combined increased with the daily number of drinks.

Case-control studies have been performed of cancers of the oral cavity (11 studies),
pharynx (ten studies), and oral cavity and pharynx combined (two studies). ln alI but two of
the studies, the risk increased significantly with increasing level of consumption of a1coholic
beverages; in two studies, nonsignificant increases were observed. These results persisted
after adjustment for tobacco smoking. The risk increased with daily intake of a1coholic
beverages at any level oftobacco smoking in six studies in which this was examined, and the
risk for cancer increased with amount drunk by nonsmokers in three out of four studies in
which this aspect was examined.

Epidemiological studies clearly indicate that drinking of alcoholic beverages is causally
related to cancers of the oral cavity and pharynx (excluding the nasopharynx). There is no
indication that the effect is dependent on type of beverage.

Cancer of the larynx

Data on laryngeal cancer were provided by six retrospective cohort studies - five of
alcoholics and one of brewery workers. The risk for laryngeal cancer was significantly
increased by two to five fold in four of the studies.

Fourteen case-control studies in North America and Europe alI showed that the relative
risk increased with level of intake of alcoholic beverages. Three large studies indicated that
the risk associated with intake of a1coholic beverages was stronger for cancer at sites at the
junction between the larynx and pharynx than for cancer of the endolarynx. These results
persisted after adjustment for tobacco smoking. ln nine of the studies in which this was
examined, it was reported that the association with drinking of a1coholic beverages was seen
at any level of smoking. Three studies have been carried out on small groups of lifetime
nonsmokers; the relative risk increased with amount of drinking in one, but no difference
was seen in the proportion of drinkers and nondrinkers in the two others.

Epidemiological studies clearly indicate that drinking of a1coholic beverages is causally
related to laryngeal cancer. There is no indication that the effect is dependent on type of
beverage.

Cancer of the oesophagus
Seven of eight retrospective cohort studies of a1coholics and brewery workers showed

two- to four-fold increased risks of cancer of the oesophagus, although this was

nonsignificant in two. Of 13 case-control studies, 11 showed significantly increased relative
risks with level of intake of a1coholic beverages. The increased risk persisted after

adjustment for tobacco smoking and was seen at all levels of tobacco smoking in the two
studies in which this was examined. The risk increased with intake of alcoholic beverages in
a sinall number of persons who had never smoked in the only study in which this aspect was
examined.
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Epidemiological studies c1early indicate that drinking of alcoholic beverages is causalIy
related to cancer of the oesophagus. There is no indication that the effect is dependent on
type of beverage.

Cancer of the stomach

. ln three of 13 cohort studies, stomach cancer risk was increased in association with
consumption of a1coholic beverages, but in only one was this statistically significant.
Summation of observed and expected numbers of cases of stomach cancer in the eight
retrospective cohorts of persons with above-average consumption of alcoholic beverages
indicates a slight deficit in risk.

Data have been reported from 12 case-control studies on the relationship between
drinking of a1coholic beverages and stomach cancer. ln two studies, the risk for stomach
cancer was positively and significantly associated with consumption of alcoholIc beverages.
ln another study, a significant increase in risk was found with one specifie drinking practice.
One study reported a nonsignificant reduction in the risk for stomach cancer associated with
drinking of a1coholic beverages.

ln most epidemiological studies of alcoholIc beverages and stomach cancer, including all
nine retrospective cohort studies, there was no adjustment for any possible confounding
effect of diet.

ln view of the overalIlack of excess risk for stomach cancer in the cohort studies, the
inconsistent results of the case-control studies, and the inadequate control for dietary and
socioeconomic factors, there is little in the aggregate data to suggest a causal role for
drinking of a1coholic beverages in stomach cancer.

Cancer of the large bowel
Two of 13 cohort studies of colon cancer showed an increase in risk, while another

showed a nonsignificantly decreased risk associated with raised consumption of alcoholic
beverages. Summation of observed and expected numbers of cases of colon cancer in the
nine retrospective cohorts of persons with above-average consumption of a1coholIc

beverages indicates no overall shift in the risk.
For rectal cancer, the risk was increased in association with drinking of a1coholIc

beverages in four of nine cohort studies. ln two of these four studies, a significant increase
was seen in relation to beer consumption, including one study in which there was evidence of
a dose-response relationship up to a three-fold increase in risk. ln the two others,

nonsignificant, two- to three-fold increases in the risk for rectal cancer in alcoholics were
reported. Summation of observed and expected numbers of cases of rectal cancer in the
seven retrospective cohorts of pers ons with ab ove-average consumption of a1coholic
beverages indicates a slight (15%) excess of cases.

Of the four cohort studies in which data were reported on colon and rectal cancers
combined, one showed a significant, two-fold increase, while two others showed a
nonsignificant increase in risk with raised consumption of alcoholic beverages.
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ln four of eight case-control studies of colon cancer, a significant positive relationship
was evident with drinking of specific beverages: with beer consumption in two studies, and
with spirits consumption in three studies.

ln six of ni ne case-control studies of rectal cancer, a significant positive relationship with
drinking of alcoholic beverages was reported. ln three studies, beer consumption was
significantly associated with rectal cancer in men only; in one study, this association was
significant for men and women combined. Of the other two studies with significant positive
results, one showed an association with consumption of spirits, the other with total ethanol
consumption. A case-control analysis within one ofthe studies ofbrewery workers showed a
positive relationship between drinking of stout and rectal cancer risk.

ln most epidemiological studies of consumption of alcoholIc beverages and large-bowel
cancer, including all nine retrospective cohort studies, there was no adjustment for any
possible confounding effect of diet.

ln view of the inconsistent findings from epidemiological studies and the probability of
uncontrolIed confounding by dietary factors, no conclusion can be drawn about the role of
consumption of a1coholic beverages in the causation of colon cancer.

OveralI, some of the epidemiological studies provide suggestive but inconclusive data for

a causal role of drinking of alcoholic beverages, most often beer consumption, in rectal
cancer.

Cancer of the liver

Of four cohort studies of the general population, two showed a significantly increased
risk for liver cancer among drinkers of alcoholic beverages, whereas in a third study an
increased risk was found only among a subgroup of drinkers in one of the two populations
studied. Three of ten cohort studies of pers ons with high intake of alcoholic beverages
showed a significant association between consumption of alcoholic beverages and liver
cancer, whereas in five other studies the association was positive but nonsignificant.

Summation of observed and expected numbers of cases oflIver cancer in these ten studies on
special cohorts indicates a significant 50% increase in risk.

Six of ten case-control studies showed significant associations at the two- to three-fold
level between consumption of alcoholic beverages and primary lIver cancer.

A particularly strong association between consumption of alcoholic beverages and
primary liver cancer was demonstrated in a cohort study of hepatitis B surface antigen-
positive volunteer blood donors. The results of one case-control and one cohort study
suggest that the risk for liver cancer is particu1arly high among people who both drink
alcoholic beverages and smoke cigarettes.

Potential confounding due to hepatitis B virus, tobacco smoking and aflatoxin was not
explored in all the studies; whenever it was, it did not alter the findings qualitatively. The
avaIlable results, taken together, indicate that drinking of a1coholIc beverages is causally

related to liver cancer.
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Cancer of the pancreas

Of five cohort studies of the general population, only one showed a significantly
increased incidence of cancer of the pancreas among regular drinkers of a1coholic beverages;
of ten cohort studies of persons with high intake, none showed a significant association
between consumption of alcoholic beverages and pancreatic cancer risk. Of 14 case-control
studies, only one has indicated an increased pancreatic cancer risk among regular drinkers
of a1coholic beverages. Taken together, the results of these 29 studies suggest that
consumption of a1coholic beverages is unlikely to be causalIy related to cancer of the
pancreas.

Cancer of the breast

A significant positive association between intake of alcoholIc beverages and breast
cancer incidence was seen in each of four large prospective studies and in seven of 13

case-control studies. N onsignificant positive associations of similar magnitude were
observed in two of the case-control studies, in which there were relatively few persons. A
dose-response relationship, generalIy with up to 1.5- to two-fold risks, has been observed.
The consistency of this positive association makes it unlikely that the relationship is due to
chance or methodological bias. There is no indication that the association is dependent on
type of beverage.

Confounding due to currently recognized risk factors for breast cancer was controlled
for in most studies; in no instance did adjustment for these factors appreciably alter the
estimated risk. ln view of the modest elevations in relative risks observed, the possibilty of
confounding by an unrecognized factor cannot be ruled out entirely, especialIy since much
of the etiology of breast cancer remains unexplained. ln order that such a factor be sufficient
to explain the observed associations with the drinking of alcoholic beverages, however, it
would have to be much more strongly associated with the occurrence of breast cancer than
the known common risk indicators and, also, highly correlated with consumption of
alcoholic beverages.

The modest elevation in relative risk that has been observed is potentialIy important
because of the high incidence of breast cancer in many countries. Although the available
data indicate a positive association between drinking of a1coholic beverages and breast
cancer in women, a firm conclusion about a causal relationship cannot be made at present.

Cancer of the lung

Fifteen cohort studies of a1coholics, of persons with higher than average consumption of
alcoholic beverages and of the general population have yielded inconsistent results on an
association between drinking of a1coholic beverages and the risk for lung cancer. Smoking
was taken into account in only five of these studies. ln five case-control studies, there was no
association between risk for lung cancer and consumption of alcoholic beverages. ln view of
the lack of excess risk in case-control studies and the inconsistent results of cohort studies,
there is no indication that drinking of a1coholic beverages has a causal role in lung cancer.
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Cancers at other sites

Overall, studies on cancers ofthe urinary bladder, kidney, ovary, prostate and lymphatic
and haematopoietic system show no association with consumption of a1coholic beverages.
The sparsity of the observations on cancers of the skin, corpus and cervix uteri, vulva, testis,
brain, thyroid and soft tissues prec1udes an evaluation.

6.4 Other relevant data

Toxic effects and metabolism

The concentrations of ethanol attained in humans in the upper gastrointestinal tract
after consumption of alcoholic beverages can cause local irritation. Long-term, excessive
drinking of a1coholic beverages can also cause fatty liver, alcoholIc hepatitis, cell necrosis,
fibrosis and cirrhosis in the liver.

ln humans and experimental animaIs, ethanol metabolism generates acetaldehyde,
predominantly in the lIver, and low concentrations of acetaldehyde are found in the blood.
ln a1coholics, the rate of ethanol oxidation is enhanced, resulting in increased levels of
acetaldehyde in the liver and blood. ln some ethnic groups, the absence of a specific form of
aldehyde dehydrogenase leads to elevated acetaldehyde concentrations in tissues and blood
after ingestion of alcohoL.

An acute effect of ethanol is inhibition of the metabolIsm of xenobiotics in humans and
experimental systems. ln rodents, administration of nitrosamines together with ethanol

results in increased DNA alkylation in some extrahepatic tissues such as oesophagus and
kidney. Long-term ingestion of ethanol by humans and experimental animaIs increases
levels of cytochrome P450 in the lIver, resulting in enhanced metabolism of a wide variety of
xenobiotics.

Alterations in hormonal status have been described after either acute or chronic
ingestion of ethanol in some studies in humans and experimental animaIs.

Effects on reproduction

ln humans, ethanol is a developmental toxin, and various effects have been associated
with ethanol intake. Excessive consumption of a1coholIc beverages during pregnancy is
associated with the development of a syndrome of physica1 and mental manifestations in the
offspring - the fetal alcohol syndrome; it may also cause defects in the central nervous

system, heart, kidney and limbs. Moderate consumption can be associated with reduced
birth weight and behavioural deficits, but effects generally have not been observed with an
intake of about one drink per day.

Ethanol at high blood levels affects the structure of the reproductive organs and causes
significant reductions in fetal body weight, increased resorptions and teratogenic effects in a
number of species. Behavioural development ofmice and rats was affected by exposure to
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ethanol in utero in some, but not aIl, studies; exposure in utero or during lactation reduced
postnatal growth.

Ethanol crosses the placenta in a variety of species, and both ethanol and acetaldehyde
have been found in fetal tissues after dosage of pregnant rodents with ethanol. Both ethanol
and acetaldehyde can cause embryonal developmental abnormalities in vitro.

Genetic and related effects

Increased frequencies of chromosomal aberrations, sister chromatid exchanges and
aneuploidies were found in the peripherallymphocytes of alcoholics.

ln rodents exposed in vivo, ethanol induced dominant lethal mutations in mice and rats
and aneuploidy in germ celIs of mice, but did not induce chromos omal aberrations in rats or
Chinese hamsters. It induced sister chromatid exchanges in mice and rats but not in Chinese
hamsters. It did not induce micronuclei in mice, but conflicting results were obtained in rats.
It induced sister chromatid exchanges in mouse embryos exposed in vivo and, in one study,
chromosomal aberrations in rat embryos exposed in vivo.

ln most studies ofhuman celIs in vitro, ethanol did not induce chromosomal aberrations
in the absence of an exogenous metabolic system or sister chromatid exchanges in the
presence or absence of an exogenous metabolic system. ln lImited studies, ethanol gave
positive results in tests for morphological celI transformation in mouse C3H lOT1/2 cells
but not in Syrian hamster embryo celIs. ln rodent celIs in vitro, sis ter chromatid exchanges
were induced in the presence, but generally not in the absence, of an exogenous metabolIc
system. Neither micronuclei nor chromosomal aberrations were induced in the absence of
an exogenous metabolic system. Ethanol did not induce DNA damage or mutation in
rodent cells in vitro. It did not induce mutation or recombination in Drosophila.

ln plant roots, ethanol induced chromosomal aberrations and sister chromatid

exchanges and, in one study, micronuclei in tetrads. ln fungi, it induced mutations and
nondisjunction; in single studies, it induced mitotic crossing-over but not gene conversion.
Ethanol did not induce mutation or DNA damage in bacteria.

Ethanol-free extracts of some alcoholic beverages induced sister chromatid exchanges in
human ce Ils in vitro and mutation in bacteria.

6.5 Evaluationl

There is inadequate evidence for the carcinogenicity of ethanol and of alcoholIc

beverages in experimental animaIs.
There is sufficient evidence for the carcinogenicity of alcoholIc beverages in humans.

IPor definition ofthe italicized terms, see Preamble pp. 27-30.
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The occurrence of malignant tumours of the oral cavity, pharynx, larynx, oesophagus
and liver is causally related to the consumption of alcoholic beverages.

Alcoholic beverages are carcinogenic ta humans (Group 1).
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Appendix i. Occurrence of flavour compounds and some other compounds in
alcoholic beveragesa

Compound Molecular Identified in
formula

Beer Wine Spirits

FLA VOUR COMPOUNDS

Aliphatic monohydric alcohols

Methanol CH40 +
Allyl alcohol (2-Propen-I-ol) C3H6O +
I-Propanol C3HsO + + +
Isopropyl alcohol (IARC, 1977b, 1987a) C3HsO + + +
2-Methyl- 1 -propanol C4Hio0 + + +
n-Butyl alcohol (l-Butanol) C4Hio0 + + +
sec-But yI alcohol (2-Butanol) C4HioO + + +
tert-Butyl alcohol (2-Methyl-2-propanol) C4Hio0 +
Methylbutenol CsHIoO +
2-Methyl-3-buten-2-o1 CsHIoO +
2-Methyl-I-butanol CsHI20 + + +
Pentyl alcohol (l-Pentanol) CsH1iO + + +
3- Methyl-I-butanol CsH1iO + + +
tert-Pentyl alcohol (2-Methyl-2-butanol) CsHI20 + + +
2-Pentanol CsHI20 + + +
3-Pentanol CsHI20 + +
2,4-Hexadien-I-ol, trans,trans- C6HioO +
2-Hexen-l-ol C6HI2O +

2-Hexen-I-ol, cis- +
2-Hexen-I-ol, trans- + + +

3-Hexenol C6H1iO +
3-Hexenol, cis- + + +
3-Hexenol, trans- + +

3-Methyl- 1 -pentanol C6Hi4O + +
4-Methyl- 1 -pentanol C6Hi4O + +
N-Hexyl alcohol (l-Hexanol) C6Hi4O + + +
4-Methyl-2-pentanol C6Hi4O +
2-Hexanol C6Hi4O + + +
3-Hexanol C6Hi4O +
2-Hepten-l-ol, trans- C¡HI4O +
l -Hepten-3-ol C¡HI4O + +
5-Methyl- l -hexanol C7Hi6O +
n-Heptyl alcohol (l-Heptanol) C7Hi6O + + +
2-Heptanol C¡HI6O + + +
3-Heptanol C7Hi6O +

-327-
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Compound Molecular Identified in
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Beer Wine Spirits

4-Heptanol C,HI6O +
2-0cten- 1 -01, trans- CgHi60 +
1 -Octen-3-01 CSHi60 + + +
6-Methyl- 1 -heptanol CsHisO +
2-Ethyl- 1 -hexanol CgHisO + + +
n-Octyl a1cohol (I-Octanol) CgHisO + + +
2-0ctanol CgH1sO + + +
3-0ctanol CgHisO + +
2-N onen- 1 -ol,trans- C;HisO +
2,6- Dimethyl-4- heptanol C;HioO +
n-Nonyl a1cohol (I-Nonanol) C;HioO + + +
2-Nonanol C;HioO + + +
9- Decen- 1 -01 CIoHioO +
n-Decyl a1cohol (I-Decanol) CIoHiiO + + +
2-Decanol Cio HiiO + + +
3-Decanol CIoHiiO +
6-Undecen-2-01 Ci 1 HiiO

6-Undecen-2-01, cis- +
6-Undecen-2-01, trans- +

n-Undecyl a1cohol (l-Undecanol) Cil Hi40 + +
2-Undecanol Cil Hi40 + +
n-Dodecyl a1cohol (l-Dodecanol) C12Hi6O + + +
2-Dodecanol C12Hi6O + +
I-Tetradecanol Ci4H30O + +
1 -Pentadecanol CisH320 +
1 - Hexadecanol Ci6H34O +
Octadecanol CisH3SO +

Aliphatic aldehydes

Formaldehyde (lARC, 1982a, 1987a) CHiO + + +
Glyoxal CiHiOi + +
Acetaldehyde (IARC, 1985, 1987a) CiH40 + + +
Glycolic aldehyde CiH40i +
Acrolein (IARC, 1985, 1987a) C3H4O + +
Pyruvaldehyde C3H4Oi + +
Malonaldehyde (lARC, 1985, 1987a) C3H4Oi +
Propionaldehyde C3H6O + + +
Glyceraldehyde C3H603 +
2- Methyl-2-propenal C4H6O +
Crotonaldehyde C4H6O + +
Isobutyraldehyde C4HsO + + +
Butyraldehyde C4HsO + + +
3- Hydroxybutyraldehyde C4HsOi +
Pentadienal CSH60 +
2-Methyl-2-butenal, cis- CsHsO +
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3-Methyl-2-butenal CsHsO +
2-Pentenal CsHsO +

2-Pentenal, trans- +
Glutaraldehyde CsHsOi +
2-Methylbutyraldehyde CsHIoO + + +
Isovaleraldehyde CsHIoO + + +
Valeraldehyde CsHIoO + + +
2- Ethoxypro pionaldehyde CsHIoOi +
3- Ethoxypropionaldehyde CsHIoOi +
5- Hydroxyvaleraldehyde CsHIoOi +
Hexadienal C6HsO +
2,4- Hexadienal C6HsO +

2,4-Hexadienal, trans,trans- +
2-Methyl-2-pentenal, trans- C6HioO +
2-Hexenal C6HioO + +
2-Hexenal, trans- + +
3- Methylvaleraldehyde C6HiiO +
Hexanal C6HiiO + + +
1 -Cyclohexene- 1 -carboxaldehyde C7Hio0 +
2-Heptenal, trans- C¡HiiO + +
4-Heptenal C7HiiO +
Octadienal CsHiiO +

Octadienal, trans,trans- +
2-0ctenal, trans- CSHi40 +
Octanal CSHi60 + + +
2,4-Nonadienal, trans,trans- c;Hi4O + +
2,6-Nonadienal, trans,cis- c;Hi4O +
2-Nonenal C9Hi6O +

2-Nonenal, trans- + +
Nonanal c;HisO + + +
2,2,3- Trimethyl-3-cyclopentenyl- 1 -acetaldehyde CioHi6O +
Decadienal CioHi6O +
2,4-Decadienal, trans,trans- CioHi6O +
2-Decenal, trans- CIoHisO +
Decanal CIoHioO + + +
Undecanal Ci 1 HiiO + +
Lauraldehyde CiiHi40 + + +
Myristaldehyde Ci4HisO +

A/iphatic ketones

Acetone C3H6O + + +
1 -Hydroxy-2-propanone C3H6Oi + + +
Dihydroxyacetone' C3H603 +
2,3- Butanedione (Diacetyl) C4H6Oi + + +
2-Butanone C4HsO + + +
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3- Hydroxy-2-butanone C4HsOi + + +
1,2-Cyclopentanedione CsH60i +
Cyclopentanone CsHsO +
3-Penten-2-one CsHsO +

3-Penten-2-one, trans- +
2,3- Pentanedione CsHsOi + + +
3-Methyl-2-butanone CsHIoO + +
2-Pentanone CsHIoO + + +
3-Pentanone CsHIoO + +
3-Hydroxy-2-pentanone CsHIoOi +
2- Hydroxy-3-methyl-2-cyclopenten- 1 -one C6HsOi +
5-Methyl- 1 ,2-cycIopentanedione C6HsOi +
2- Methyl- 1 ,3-cycIopentanedione C6HsOi +
4- Meth yl- 3-penten-2-one C6Hio0 + +
5- Hexen-2-one C6Hio0 +
2-Methylcyclopentanone C6Hio0 +
2,3- Hexanedione C6H loOi +
2,5-Hexanedione C6HioOi +
3- Methyl-2-pentanone C6H1iO +
4-Methyl-2-pentanone C6HiiO + +
2-Hexanone C6HiiO + + +
3-Hexanone C6H 120 + + +
4-Ethoxy-2-butanone C6HiiOi +
4-Hydroxy-4methyl-2-pentanone C6HiiOi +
2- Methyl- 1 ,3-cycIohexanedione C7HioOi +
2-Hepten-4one C¡H1iO +
2,3- Heptanedione C¡H1iOi +
2,4-Dimethyl-3-pentanone C7Hi4O +
2-Heptanone C¡HI4O + + +
3-Heptanone C7Hi4O +
4-Ethoxy-2-pentanone C¡HI4Oi +
6- Methyl- 3,4-heptadien-2-one CsH1iO

6-Methyl-3,4-heptadien-2-one, cis- +
6-Methyl-3,4-heptadien-2-one, trans- +

6- Methyl-5-hepten-2-one CSHi40 + + +
I-Octen-3-one CSHi40 +
2-0ctanone CSHi60 + + +
3-0ctanone CSHi60 + +
3,5,5- Trimethyl-2-cyclohexene- 1,4-dione c;HiiOi +
3-Nonen-2-one, trans- c;Hi6O +
2-Nonen-4one, trans- c;Hi6O +
2-Nonanone c;H1sO + + +
2-Decanone C1oHioO + + +
2-Undecen-4one, trans- C11HioO +
2-Undecnone C11HiiO + + +
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Compound Molecular IdentIfed in
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Beer Wine Spirits

2-Dodecanone C1iHi4O +
2- Tridecanone C13Hi6O +
2- Tetradecanone Ci4HisO +
Acetals

Formaldehyde dimethyl acetal C)HsOi +
2,4-Dimethyl- 1 ,3-dioxolane CsHIoOi +
5- Hydroxy-2-methyl- 1 ,3-dioxane CsHIoO)
5-Hydroxy-2-methyl- 1 ,3-dioxane, cis- +
5- Hydroxy-2-methyl- 1 ,3-dioxane, trans- +
4-Hydroxymethyl-2-methyl- 1 ,3-dioxolane CsHIoO)

4-Hydroxymethyl-2-methyl- 1 ,3-dioxolane, cis- +
4-Hydroxymethyl-2-methyl- 1 ,3-dioxolane, trans- +

Formaldehyde diethyl acetal CsH1iOi +
Acetaldehyde methyl ethyl acetal CsH120i + +
2,4,5- Trimethyl- 1 ,3-dioxolane C6H1iOi + +
Acetaldehyde acetyl ethyl acetal C6H12O) +
Acetaldehyde diethyl acetal (Acetal) C6Hi4Oi + + +
Acetaldehyde methyl propyl acetal C6Hi4Oi +
2,4-Dimethyl-5-ethyl- 1 ,3-dioxolane C¡HI4Oi +
2-Isopropyl-4-methyl- 1 ,3-dioxolane C¡HI4Oi +
Acrolein diethyl acetal C¡HI4Oi +
Pyruvaldehyde diethyl acetal

C¡HI4O) + +
Acetaldehyde ethyl propyl acetal C¡HI6Oi + +
Propionaldehyde diethyl acetal C¡HI6Oi +
Acetaldehyde diallyl acetal CgHi40i +
2- Isobutyl-4-methyl- 1 ,3-dioxolane CgHi60i

2-Isobutyl-4methyl- 1 ,3-dioxolane, cis- +
2-Isobutyl-4methyl- 1 ,3-dioxolane, trans- +

2,3-Butanedione diethyl acetal CgHI6O) +
Acetaldehyde ethyl isobutyl acetal CgH1sOi +
Acetaldehyde ethyl but yI acetal CgH1sOi +
Acetaldehyde dipropyl acetal CgH1sOi +', +
Isobutyraldehyde diethyl acetal

CgH1sOi +
Butyraldehyde diethyl acetal CgH1sOi +
Hexanaldehyde dimethyl acetal CgH1sOi +
Ethoxyacetaldehyde diethyl acetal

CgH1SO) +
2-Ethoxyacetaldehyde diethyl acetal CgH1sOl +
2-Pentyl-4methyl- 1 ,3-dioxolane, trans- c;H1sOi +
Acetaldehyde ethyl 2-methylbutyl acetal c;HioOi + +
Acetaldehyde ethyl isopentyl acetal c;HioOi + +
Acetaldehyde ethyl pentyl acetal c;HioOi +
Priopionaldehyde ethyl isobutyl acetal c;HioOi +
Isobutyraldehyde ethyl propyl acetal c;H20Oi +
2-Methylbutyraldehyde diethyl acetal c;HioOi +
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Beer Wine Spirits

Isovaleraldehyde diethyl acetal c;HioOi +
Valeraldehyde diethyl acetal c;HioOi + +
3-Ethoxypropionaldehyde diethyl acetal c;H20Oi +
Acetaldehyd~ ethyl 3-hexenyl acetal CIoHioOi +
Acetaldehyde ethyl hexyl acetal CIoHioOi +
Acetaldehyde isopentyl propyl acetal CIoHioOi +
Acetaldehyde diisobutyl acetal CIoH20Oi + +
Acetaldehyde dibutyl acetal CIoHioOi +
Propionaldehyde ethyl isopentyl acetal CIoHioOi +
Isobutyraldehyde ethyl isobutyl acetal CIoHiiOi +
Hexanaldehyde diethyl acetal CioHiiOi +
3-Hydroxypropionaldehyde ethyl isopentyl acetal CIoHiiO) +
3-Ethoxy-2-methylpropionaldehyde diethyl acetal CIoHiiO) +
3-Ethoxybutyraldehyde diethyl acetal CIoHiiOi +
Acetaldehyde ethyl benzyl acetal CiiHi60i +
Acetaldehyde isobutyl isopentyl acetal Ci 1 Hi40i + +
Acetaldehyde but yI isopentyl acetal Ci 1 Hi40i +
Acetaldehyde but yI pentyl acetal Cil Hi40i +
Propionaldehyde propyl isopentyl acetal CiiHi40i +
Propionaldehyde diisobutyl acetal Ci 1 Hi~Oi +
Isobutyraldehyde ethyl isopentyl acetal Ci 1 Hi40i +
Isobutyraldehyde propyl isobutyl acetal Ci 1 Hi40i +
Butyraldehyde ethyl isopentyl acetal Cii Hi40i +
Butyraldehyde ethyl pentyl acetal Ci 1 Hi40i +
Isovaleraldehyde ethyl isobutyl acetal Ci 1 Hi40i +
Isovaleraldehyde dipropyl acetal Cil Hi40i +
Valeraldehyde ethyl isobuty! acetal Cil Hi40i +
Acetaldehyde ethyl phenethyl acetal C12HISOi + +
2-Phenylacetaldehyde diethyl acetal CliHisOi + +
Acetaldehyde di(2-methylbutyl) acetal C12Hi6Oi + +
Acetaldehyde isopentyl 2-methylbutyl acetal CiiHi60i + +
Acetaldehyde diisopentyl ácetal CiiHi60i + +
Acetaldehyde isopentyl pentyl acetal C12Hi6Oi +
Isobutyraldehyde propyl isopentyl acetal CiiHi60i +
Isobutyraldehyde diisobutyl acetal C12Hi6Oi +
Isovaleraldehyde ethyl isopentyl acetal C12Hi6Oi +
Isovaleraldehyde propyl isobutyl acetal C12Hi6Oi +
Valeraldehyde ethyl pentyl acetal CiiHi60i +
3-Ethoxypropionaldehyde ethyl isopentyl acetal CiiHi60i +
Acetaldehyde isopentyl hexyl acetal C13HisOi +
Isobutyraldehyde isobutyl isopentyl acetal C13HisOi +
Isovaleraldehyde isopentyl propyl acetal C13HisOi +
Isovaleraldehyde diisobutyl acetal C13HisOi +
Valeraldehyde diisobutyl acetal C13HisOi +
Acetaldehyde dihexyl acetal CI4HioOi +
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Isobutyraldehyde diisopentyl acetal CI4H300i +
Isovaleraldehyde isobutyl isopentyl acetal CI4H300i +
Ethoxyacetaldehyde dipentyl acetal CI4H3003 +
Acetaldehyde 2-methylbutyl phenethyl acetal CisHi40i +
Acetaldehyde isopentyl phenethyl acetal CisHi40i +
Isovaleraldehyde diisopentyl acetal C1sH32Oi +
Hexoxyacetaldehyde dipentyl acetal CisH3S03 +
Aliphatic monocarboxylic acids

Formic acid CHiOi + +
Acetic acid CiH40i + + +
Propionic acid C3 H60i + + +
Crotonic acid C4H6Oi +
Isobutyric acid C4HsOi + + +
Butyric acid C4HsOi + + +
Pentenoic acid CsHsOi +
2-Methylbutyric acid CsHIoOi + + +
Isovaleric acid CsHIoOi + + +
Valeric acid CsHIoOi + + +
3-Ethoxypropionic acid CSHio03 +
Sorbic acid C6HsOi +
4-Methyl-3-pentenoic acid C6HioOi + +
Hexenoic acid C6HioOi + +
2-Hexenoic acid C6H 100i +
3-Hexenoic acid C6HioOi + +

3-Hexenoic acid, cis- +
4-Methylvaleric acid C6H12Oi + +
Hexanoic acid C6H12Oi + + +
Heptenoic acid C7H12Oi + +
2-Heptenoic acid C7H1iOi +
2-Ethyl-3-methylbutanoic acid C7Hi4Oi +
2-Methylhexanoic acid C¡HI4Oi +
Heptanoic acid C7Hi4Oi + + +
2-0ctenoic acid CsHi40i +
2-Ethylhexanoic acId CsHi60i +
6-Methylheptanoic acid CsHi60i +
Octanoic acid CsHi60i + + +
2-Nonenoic acid CiHi60i +
Nonanoic acId C9H1sOi + + +
3,7-Dimethyl-2,6-octadienoic acid CioHi6Oi +
Decadienoic acid CioHi6Oi +
4,8-Decadienoic acid CioHi6Oi +
Decenoic acid CIoHI8Oi +
4-Decenoic acid CioH1sOi +
9-Decenoic acid CioH1sOi +
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Decanoic acid CIoHioOi + + +
IO-Undecenoic acid Cii HioOi + +
9-Methyldecanoic acid Cii HiiOi +
Undecanoic acid Cil HiiOi + + +
Dodecenoic acid CliHiiOi +
Launc acid C12Hi4Oi + + +
Methyllauric acid C13Hi6Oi +
Tridecanoic acid C13Hi6Oi + + +
Tetradecenoic acid CI4Hi60i +
Myristic acid CI4HisOi + + +
Pentadecanoic acid CI,H)oOi + + +
9-Hexadecenoic acid C16H)00i + + +
Palmitic acid CI6HnO) + + +
Heptadecanoic acid C17H)40i + + +
Linolenic acid ClsH)oOi + +
Linoleic acid ClsHnOi + +
Oleic acid ClsH)40i + + +
Stearic acid ClsH)60i + + +
Docosanoic acid CiiH440i +
Hexacosanoic acid Ci6H,iOi +

A/iphatic monobasic hydroxy acids

Glycolic acid c;H4O) + +
Lactic acid C)H6OJ + + +

D-Lactic acid + +
L-Lactic acid + +

2-Methyllactic acid C4HsO) +
2-Hydroxybutyric acid C4HsO) +
2-Hydroxy-2-methylbutyric acid C,HIoO) +
2-Hydroxy-3-methylbutyric acid C,HIoO) + +
2,3-Dihydroxy-2-methylbutyric acid C,Hio04 +
2,3-Dihydroxy-3-methylbutyric acid C,Hio04 +
2-Hydroxy-3-methylvaleric acid C6HliO) + +

D-2-Hydroxy-3-methylvaleric acid +
L-2-Hydroxy-3-methylvaleric acid +

Hydroxy-4methylvaleric acid C6HliO) + +
2-Hydroxyhexanoic acid C6H 120) +
2-Hydroxyheptanoic acid C;HI4O) +
2-Hydroxyoctanoic acid CsHI6O) +
3-Hydroxyoctanoic acid CSHI6O) + +
3-Hydroxydecanoic acid CIoH20O) +
2-Hydroxylauric acid CliHi40) +
9,IO,Il-Trihydroxy-12-octadecenoic acid, trans- ClsH)40, +
9,10,13- Trihydroxy- 1 1 -octadecenoic acid, trans- ClsH)40, +
9, 12, 13-Trihydroxy-ll-octadecenoic acid, trans- ClsH)40, +
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A/donie and uronie acids

Ascorbic acid C6Hs06 +
arabino-Hexulosonic acid (2-Ketogluconic acid) C6Hio07 +
Glucuronic acid C6Hio07 + +
Galacturonic acid C6Hio07 + +
Galactaric acid C6HioOS +
Gluconic acid C6H1i07 + +

A/iphatie monobasie oxo acids

Glyoxylic acid c;Hi03 + +
Glyoxylic acid, syn- +
Glyoxylic acid, anti- +

Pyruvic acid C3H403 + +
Pyruvic acid, syn- +
Pyruvic acid, anti- +

2-0xobutyric acid C4H603 +
Acetoacetic acid C4H603 +
3-Methyl-2-oxobutyric acid C~HS03 +
Levulinic acid C~HS03 + +
2-Hydroxy-2-methylacetoacetic acid C~HS04 +
3- Methyl-2-oxovaleric acid C6Hio03 +
4- Methyl-2-oxovaleric acid C6Hio03 + +
2-0xohexanoic acid C6Hio03 + +
5-0xohexanoic acid C6Hio03 +
2-Ethyl-2-hydroxyacetoacetic acid C6Hio04 +
7-0xoheptanoic acid C¡H1i03 +
A/iphatie di- and triearboxy/ie acids

Oxalic acid c;Hi04 + +
Mesoxalic acid c;HiO~ +
Malonic acid C3H404 + +
Fumaric acid C4H404 + +
Oxalacetic acid C4H40~ + +
Succinic acid C4H604 + +
Malic acid C4H60~ + +
Tartaric acid C4H606 + +
Mesaconic acid C~H604 + +
Citraconic acid C~H604 + +
Methylenesuccinic acid C~H604 +
Glutaconic acid C~H604 +
2-0xoglutaric acid C~H60~ + +
Methylsuccinic acid C~HS04 +
Glutaric acid C~HS04 + +
2-Methylmalic acid C~HsO~ + +
2-Hydroxyglutaric acid C~HsO~ + +
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1 -Propene- 1 ,2,3-triearboxylie aeid C6H606 + +
1 -Propene- 1 ,2,3-triearboxylie aeid, cis- +

1 -Oxo- 1 ,2,3-propanetriearboxylie aeid C6H607 +
1,2,3- Propanetriearboxylie aeid C6Hs06 +
Isoeitrie aeid C6Hs07 + +
Ci trie aeid C6Hs07 + +
3-Methylglutarie aeid C6Hio04 +
Adipie acId C6Hio04 +
Galaetarie aeid C6HioOS +
Pimelie aeid ~H1204 + +
2-Isopropylmalic aeid C7H1iOs + +
Suberie aeid CSHi404 + +
3-Ethylheptanedioic aeid clHi604 +
AzelaIc aeid clHi604 + +
Sebaeic aeid CioH1S04 + +
Undecanedioie aeid Cil Hio04 +
Dodeeanedioie aeid C12Hii04 +

Esters of a/iphatic monocarboxy/ic acids

Methyl formate CiH40i + + +
Ethyl formate C)H6Oi + + +
Methyl aeetate C)H6Oi + + +
Vinyl aeetate (IARC, 1986b, 1987a) C4H6Oi +
Isopropyl formate C4HsOi +
Propyl formate C4HsOi +
Ethyl aeetate C4HsOi + + +
Methyl propionate C4HsOi + +
Aeetonyl acetate CsHsO) +
Isobutyl formate CsHIoOi + +
But yI formate CsHIoOi +
Isopropyl aeetate CsHIoOi + + +
Propyl aeetate CsHIoOi + + +
Ethyl propionate CsHIoOi + + +
Methyl isobutyrate CsHIoOi + +
Methyl butyrate CsHIoOi + +
1,3-Propanediol monoacetate CSHio03 +
Furfuryl formate C6H6O) +
Ethyl methaerylate C6HioOi +
Ethyl 2-butenoate C6HioOi +

Ethyl 2-butenoate, trans- +
2-Methylbutyl formate C6H1iOi +
Isopentyl formate C6H1iOi + + +
Pentyl formate C6HI2Oi +
tert-Butyl aeetate C6HI2Oi +
Isobutyl acetate C6HI2Oi + + +
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But yI acetate C6H1iOi + + +
sec-But yI acetate C6H1iOi + +
Isopropyl propionate C6HI2Oi +
Propyl propionate C6HI2Oi + +
Ethyl isobutyrate C6HI2Oi + + +
Ethyl butyrate C6HI2Oi + + +
Methyl valerate C6H1iOi +
Ethoxyethyl acetate C6H1i03 +
2-Butanediol monoacetate C6HI203 +
2-Butanediol monoacetate, threo- +
2-Butanediol monoacetate, erythro- +
Furfuryl acetate ~HS03 + +
Methyl 2,4-hexadienoate ~HioOi +
Hexenyl formate ~HliOi +
Methyl hexenoate ~H120i +
Isopentyl acetate ~H140i + + +
2-Methylbutyl acetate ~H140i +
Pentyl acetate C7Hi4Oi + + +
1 - Methylbutyl acetate ~H140i +
Isobutyl propionate ~H140i + +
sec-But yI propionate ~H140i +
tert-Butyl propionate ~H140i +
But yI propionate C7Hi4Oi +
Isopropyl isobutyrate C7Hi4Oi +
Isopropyl butyrate ~H140i +
Propyl butyrate ~H140i + +
Ethyl 2-methylbutyrate ~H140i + + +
Ethyl isovalerate ~H140i + + +
Ethyl valerate ~H140i + +
Methyl 3-methylvalerate ~H140i +
Methyl hexanoate ~H140i + + +
Ethyl 3-ethoxypropionate C7Hi403 +
Triethyl ortho-formate ~H1603 + +
Benzyl formate Cs HsOi +
Ethyl sorbate CsH1iOi + +
Cyclohexyl acetate CsHi40i +
2-Hexenyl acetate, trans- CsHi40i +
3-Hexenyl acetate CgHi40i +

3-Hexenyl acetate, cis- + +
3-Hexenyl acetate, trans- + +

EthyI4-methyl-3-pentenoate CgHi40i +
Ethyl hexenoate CgHi40i +
Ethyl 2-hexenoate CgHi40i +

Ethyl 2-hexenoate, trans- +
Ethyl 3-hexenoate, cis- CsHi40i + +
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Methyl 4-methyl-2-hexenoate CsHi40i +
Methyl heptenoate CsHi40i +
Heptyl formate CsHi60i +
Hexyl acetate CsHi60i + + +
2-Methylbutyl propionate CsHi60i +
Isopentyl propionate CsHi60i + + +
Pentyl propionate CsHi60i +
Isobutyl isobutyrate CsHi60i + +
But yi isobutyrate CsHi60i +
Isobutyl butyrate CsHi60i +
But yi butyrate CsHi60i + +
Ethyl hexanoate CsHi60i + + +
Methyl heptanoate CsHi60i +
Diethoxyethyl acetate CsHi604 +
Phenethyl formate C;HIoOi + + +
Benzyl acetate (IARC, 1986c, 1987a) C;H1oOi + +
Ethyl heptenoate C;HI6Oi + +
Heptyl acetate C;HI8Oi + + +
2-Methylbutyl isobutyrate C;HI8Oi + +
Isopentyl isobutyrate C;H18Oi + + +
2-Methylbutyl butyrate C;HI8Oi + +
Isopentyl butyrate C;H18Oi + + +
Pentyl butyrate C;HI8Oi +
Isobutyl 2-methylbutyrate C;HI8Oi + +
Isobutyl isovalerate C;H18Oi +
Isobutyl valerate C;HI8Oi + +
But yi valerate C;H18Oi +
Propyl hexanoate C;H18Oi + +
Ethyl 5-methylhexanoate C;HI8Oi +
Ethyl heptanoate C;HI8Oi + + +
Methyl octanoate C;HI8Oi + + +
Phenethyl acetate C1oHI2Oi + + +
Ethyl phenyl acetate C1oHI2Oi +
Benzyl propionate CioHiiOi +
4-Hydroxyphenethyl acetate C1oH120) + +
Octyl acetate CioHioOi + + +
Hexyl isobutyrate CIoHI2Oi + + +
Hexyl butyrate C1oHI2Oi + + +
Isopentyl 2-methylbutyrate C1oHI2Oi + +
Isopentyl isovalerate CioH1iOi + + +
Pentyl isovalerate C1oHI2Oi +
2-Methylbutyl valerate C1oHI2Oi +
Isopentyl valerate C1oHI2Oi + +
Pentyl valerate CioH1iOi +
Isobutyl hexanoate CioH1iOi + + +
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But yi hexanoate CIoH12Oi + + +
Ethyl octanoate Cio H 120i + + +
Methyl nonanoate CIoHI2Oi +
Phenethyl propionate Cil Hi40i + +
Methyl 2,4,7 -decatrienoate, CiiHi60i

trans,cis,cis- +
trans,trans,cis- +

Methyl 2,4-decadienoate, CiiHisOi
trans,cis- +
trans,trans- +

Methyl 4,8-decadienoate CiiHisOi +
Ethyl nonenoate Ci 1 HioOi +
Methyl 4-decenoate Ci 1 HioOi +

Methyl 4-ecenoate, cis- Ci 1 HioOi +
Nonyl acetate Ci 1 HiiOi + +
I-Methylhexyl butyrate Ci 1 H220i +
Hexyl 2-methylbutyrate Ci 1 HiiOi +
Hexyl isovalerate Ci 1 HiiOi +
Hexyl valerate Ci 1 HiiOi + +
2-Methylbutyl hexanoate Cil HiiOi + +
Isopentyl hexanoate Ci 1 H220i + + +
Pentyl hexanoate Ci 1 H220i + + +
I-Methylbutyl hexanoate Ci 1 H220i +
Isobutyl heptanoate Ci 1 HiiOi +
But yI heptanoate Ci 1 HiiOi +
Propyl octanoate Ci 1 HiiOi + +
Ethyl nonanoate Ci 1 HiiOi + + +
Methyl decanoate Ci 1 HiiOi + + +
Phenethyl isobutyrate CiiHI60i + + +
Phenethyl butyrate C12HI6Oi + + +
Ethyl 2,4,7 -decatrienoate, C12HISOi

trans,cis,cis- +
trans,trans,cis- +

Ethyl decadienoate C12HioOi + +
Ethyl 2,4-decadienoate, C12HioOi

trans,cis- +
trans,trans- +

Ethyl 4,8-decadienoate C12HioOi +
Ethyl decenoate C12HiiOi + +
Ethyl 2-decenoate, trans- C12HiiOi +
Ethyl 4-decenoate CiiHiiOi +

Ethyl 4-decenoate, cis- +
Ethyl 9-decenoate CiiHiiOi + + +
Decyl acetate C12Hi4Oi + +
Octyl butyrate C12Hi4Oi +
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Hexyl hexanoate C12Hi4Oi + + +
Isopentyl heptanoate C12Hi4Oi +
Isobutyl octanoate C12Hi4Oi + +
But yi octanoate C12Hi4Oi + + +
Ethyl decanoate CiiHi40i + + +
Phenethyl isovalerate Cl3H1SOi +
Phenethyl valerate Cl3H1SOi +
Propyl 2,4-decadienoate, trans,cis- Cl3HiiOi +
Methyl 2,6-dodecadienoate, trans,cis- Cl3HiiOi +
Heptyl hexanoate Cl3Hi6Oi +
Hexyl heptanoate Cl3Hi6Oi + +
2-Methylbutyloctanoate Cl3Hi6Oi + + +
Isopentyl octanoate Cl3Hi6Oi + + +
Pentyl octanoate Cl3Hi6Oi +
Isobutyl nonanoate Cl3Hi6Oi +
Propyl decanoate Cl3Hi6Oi + +
Ethyl undecanoate Cl3Hi6Oi + +
Methyl laurate Cl3Hi6Oi + +
Phenethyl hexenoate CI4HisOi +
Phenethyl hexanoate CI4HioOi + + +
But yi 2,4-decadienoate, trans,cis- CI4Hi40i +
Ethyl dodecadienoate CI4H24Oi +
Ethyl 2,6-dodecadienoate, trans,cis- CI4Hi40i +
Isobutyl decenoate CI4Hi60i +
Ethyl dodecenoate CI4Hi60i +
Ethyl 2-dodecenoate, trans- CI4Hi60i +
Ethyl 6-dodecenoate, cis- CI4Hi60i +
Dodecyl acetate CI4HisOi +
Octyl hexanoate CI4HisOi +
i - Methylheptyl hexanoate CI4HisOi +
Hexyl octanoate CI4HisOi + + +
Isopentyl nonanoate CI4HisOi + +
Isobutyl decanoate CI4HisOi + +
But yi decanoate CI4HisOi +
Ethyl laurate CI4HisOi + + +
Methyl 5,8-tetradecadienoate, cis,cis- CisHi60i +
2-MethylbutyI9-decenoate CišHisOi +
Isopentyl decenoate CisHisOi +
Isopentyl 4-decenoate CisHisOi +
Isopentyl 9-decenoate C15HisOi +
2-Methylbutyl decanoate CisH300i + + +
Isopentyl decanoate CisH300i + + +
Pentyl decanoate CisH300i +
Propyl laurate CisH300i + +
Methyl myristate C15H30Oi +
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Phenethyl octanoate CI6Hi40i + + +
Ethyl 5,8-tetradecadienoate, cis,cis- CI6HisOi +
Hexyl decenoate CI6H300i +
Ethyl 5-tetradecenoate, cis- CI6H300i + "

Hexyl decanoate Ci6HnOi + +
Isopentyl undecanoate Ci6HnOi +
Isobutyllaurate Ci6HnOi + + +
Ethyl myristate Ci6HnOi + + +
2-Methylbutyllaurate CJ7H34Oi + +
Isopentyl laurate CJ7H34Oi + + +
Isobutyl tridecanoate CJ7H34Oi +
Isopropyl myristate CJ7H34Oi +
Ethyl pentadecanoate CJ7H34Oi + +
Methyl palmitate CJ7H34Oi +
Phenethyl decanoate CisHisOi +
Ethyl 9-hexadecenoate CisH340i +
Isopentyl tridecanoate CisH360i +
Isobutyl myristate CisH360i +
Ethyl palmitate CisH360i + +
Methyl linoleate CI9H340i +
Methyl oleate CI9H360i +
2-Methylbutyl myristate CI9H3s0i + +
Isopentyl myristate CI9H3s0i + +
Propyl palmitate CI9H3s0i +
Ethyl heptadecanoate CI9H3s0i +
Ethyllinolenate CioH340i + +
Ethyl linoleate CioH360i + +
Ethyl oleate CioH3s0i + +
Hexyl myristate CioH40Oi +
Isopentyl pentadecanoate CioH40Oi +
Isobutyl palmitate CioH40Oi +
Ethyl stearate CioH40Oi + +
2-Methylbutyl palmitate Cii H4iOi + +
Isopentyl palmitate Ci1H4iOi + +
Ethyl nonadecanoate Cil H4iOi +
Isobutyl stearate CiiH440i +
Ethyl eicosanoate C22H44Oi +
Ethyl heneicosanoate Ci3H460i +
Isobutyl eicosanoate Ci4H480i +
Ethyl docosanoate Ci4H4s0i +
Ethyl tricosanoate CisHsoOi +
Ethyl tetracosanoate Ci6HsiOi +

Esters of a/iphatic monpbasic hydroxy and oxo acids
Methyl lactate C4Hs03 +
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Ethyl pyruvate C,HgOJ + +
Ethyl lactate C,HIoOJ + + +
Ethyl hydracrylate C,HIoOJ +
Ethyl acetoacetate C6H 100J +
Propyl lactate C6HI2OJ +
Ethyl 2-hydroxybutyrate C6HI2OJ + +
Ethyl 3-hydroxybutyrate C6H1iOJ + +
Ethyl 4-hydroxybutyrate C6H1iOJ +
Ethyl levulinate

G¡~::i.;iJ + + +
Isobutyl lactate C7Hi4OJ + +
But yI lactate c;Hi4OJ +
Ethyl 2-hydroxy-2-methylbutyrate

c;Hi4OJ +
Ethyl 2-hydroxy-3-methylbutyrate C7Hi4OJ + +
Ethyl 4-hydroxyvalerate C7Hi4OJ +
Isopentyl lactate CgHi60i + + +
Ethyl 2-hydroxy-3-methylvalerate

CgHi60i + +
Ethyl 2-hydroxy-4methylvalerate CgHi60J + +
2,4-Hexadienyl lactate, trans,trans- c;Hi4Oi +
3-Hexenyl lactate, cis- c;Hi6OJ +
Hexyl lactate

c;H1gOi + +
Methyl 3-hydroxyoctanoate

c;H1gOi +
Ethyl 2,2-diethoxypropionate

c;H1g04 + +
Ethyl 3-hydroxyoctanoate CIoHioOJ +
Esters of a/iphatic di- and tricarboxy/ic acids

Diethyl oxalate C6Hio04 + +
Ethyl hydrogen succinate C6Hio04 + + +
Dimethyl malate C6H100, +
Ethyl hydrogen malate C6H100, +
Ethyl hydrogen tartrate C6Hio06 +
Diethyl malonate

c;H1i04 + +
Ethyl methyl succinate c;H1i04 + +
Propyl hydrogen succinate c;H1i04 +
Ethyl hydrogen glutarate c;H1i04 +
Ethyl methyl malate c;H1iO, +
Ethyl hydrogen 2-methylmalate

c;HI2O, +
Diethyl fumarate

Cg H 1204 + +
Diethyl maleate

CgHI204 +
Ethyl dihydrogen citrate CgH1i07 +
Diethyl succinate

CgHi404 + + +
Isobutyl hydrogen succinate CgHi404 +
But yI hydrogen succinate CgHi404 +
Ethyl methyl glutarate

CgHi404 +
Diethyl malate CgHI4O, + +
Diethyl tartrate

CgHi406 + +
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Ethyl propyl succinate c;Hi604 + +
Isopentyl hydrogen succinate c;Hi604 +
Diethyl methylsuccinate c;Hi604 + +
Diethyl glutarate c;Hi604 + +
Diethyl 2-methylmalate c;Hi6OS +
Ethyl hydrogen 2-isopropylmalate c;Hi6OS +
Diethyl 2-hydroxyglutarate c;Hi6OS +
Ethyl isobutyl succinate CioH1g04 + +
But yI ethyl succinate CioH1g04 +
Dipropyl succinate CioH1g04 +
Diethyl adipate C1oH1804 +
Ethyl 2-methylbutyl succinate CiiHio04 +
Ethyl isopentyl succinate Cii Hio04 + +
Ethyl pentyl succinate CiiHio04 +
Ethyl hydrogen azelate CiiHio04 +
Ethyl hexyl succinate CiiHii04 +
Diethyl suberate CiiHii04 +
Diethyl azelate C13Hi404 +
Diisopentyl succinate CI4Hi604 + +
Tnbutyl 1 -propene- 1 ,2,3-tncarboxylate CigH3006 +

Amines and amides

Ammonia H3N +
Methylamine CHsN + +
N-Nitrosodimethylamine (lARe, 1978, 1987a) CiH6NiO + + +
Ethylamine c;H7N + +
Dimethylamine CiH7N + +
2-Aminoethanol CiH7NO + +
Ethylenediamine CiHgNi +
N,N-Dimethylf ormamide C3H7NO +
N- Methylacetamide C3H7NO +
Ethyl carbamate (Urethane) (IARC, 1974, 1987a) C3H7NOi + +
Trimethylamine C3H9N +
Isopropylamine C3H9N + +
Propylamine C3H9N + +
3-Amino- 1 -propanol C3H9NO + +
1,3-Propanediamine C3HioNi + +
N-Nitrosopyrrolidine (IARC, 1978, 1987a) C4HgNiO +
N,N-Dimethylacetamide C4H9NO +
N-Ethylacetamide C4H9NO + +
N-Nitrosodiethylamine (lARC, 1978, 1987a) C4HioNiO + + +
Isobutylamine C4HiiN + +
Butylamine C4HiiN + +
sec-Butylamine C4HiiN +
1,4- Butanediamine C4H12Ni + +
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N-Nitrosoproline (IARC, 1978, 1987a) C,HsNiOJ +
Betaine C,HIiNOi +
Isopentylamine C,H13N + +
Pentylamine C,H13N + +
1,5-Pentanediamine C,H1.Ni + +
Choline C,H1,NOi +
2-(Diacetylamino )ethanol C6HiiNOJ +
N- Iso butylacetamide C6H13NO +
N-(3-(Methylthio )propyl)acetamide C6H1JNOS +
N-Nitrosodi-n-propylamine (IARC, 1978, 1987a) C6H1.NiO + +
N,N-Dimethylbutylamine C6H1,N +
Hexylamine C6H1,N + +
para-( Aminomethyl)phenol C¡H9NO +
N-Furfurylacetamide C¡H9NOi +
N-Methyl-N-butylacetamide C¡H1,NO +
N-(2- Methylbutyl)acetamide C¡HuNO + +
N-Isopentylacetamide C¡HuNO + +
Choline acetate C¡H17NOJ +
N-(3-Aminopropyl)- 1 ,4-butanediamine C¡HI9NJ + +
Phenylacetonitrile CgH7N +
2' -Aminoacetophenone CgH9NO +
Methyl anthranilate CgH9NOi +
Phenethylamine CgHiiN + +
para-(2-Aminoethyl)phenol CgHiiNO + +
Diisobutylamine CgHi9N +
N- Methylphenylethylamine ~H13N + +
para-(2-(Methylamino) )phenol ~H13NO +
Tripropylamine ~HiiN +
N-Phenethylacetamide CIoH13NO + +
para-(~-(Dimethylamino )ethyl)p henol CIoHuNO +
N,N -Bis(3-aminopropyl)- 1 ,4-butanediamine CIoHi6N. +
2-Amino-4octadecene- 1 ,3-diol C18HJ7NOi +

N-Heterocyclics

Thiazole CJHJNS + +
Pyrazine C4H4Ni +
U racil C4H4NiOi + +
Pyrrole C4H,N +
Cytosine C.H,NJO + +
2-Pyrrolidone C4H7NO +
Pyrrolidine C.H9N + +
Hypoxanthine C,H4N4O + +
Xanthine C,H4N.Oi + +
Pyridine C,H,N + +
Pyrrole-2-crboxaldehyde C,H,NO +
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2-Acetylthiazole CsHsNOS +
Adenine CsHsNs + +
Guanine CsHsNsO +
Methylpyrazine CsH6Ni + +
Thymine CsH6NiOi + +
1 -Methylpyrrole CSH7N +
2- Methylpyrrole CSH7N +
5-0xoproline CSH7N03 +
1 -Methyl-2-pyrrolidone CSH9NO +
Histamine CSH9N3 + +
Piperidine Cs H 11 N +
Nicotinic acid C6HsNOi +
Pico line C6H7N +
a-Picoline C6H7N +
ß-Picoline C6H7N +
'Y-Picoline C6H7N +
1 -Methylpyrrole-2-carboxaldehyde C6H7NO +
5- Methylpyrrole- 2-carboxaldehyde C6H7NO +
Methyl 1 -pyrrolyl ketone C6H7NO +
Methyl 2-pyrrolyl ketone C6H7NO +
4- Methyl-4-vin ylthiazole C6H7NS +
2,3- Dimethylpyrazine C6HsNi + +
2,5-Dimethylpyrazine C6HsNi + +
2,6-Dimethylpyrazine C6HsNi + +
Ethylpyrazine C6HsNi + +
5- H ydroxyethyl-4-methylthiazole C6H9NOS +
4- Methyl- 5-(ß-h yd roxyeth yl)thiazole C6H9NOS +
Histidine C6H9N3Oi +
2-Benzothiazolol C¡HsNOS +
Benzothiazole C7HsNS +
Methyl 2-pyridyl ketone C¡H7NO +
Methyl 3-pyridyl ketone C¡H7NO +
Methyl nicotinate C¡H7NOi +
2- Methyl-6-vinyl pyrazine C¡HsNi +
6,7- Dihydro-5 H-cyclopentapyrazine C¡HsNi +
2,5-Lutidine C¡H9N +
2,6-Lutidine C¡H9N + +
3,5-Lutidine C7H9N +
2-Ethylpyridine C¡H9N +
4-Ethylpyridine C¡H9N +
1 - Ethylpyrrole- 2-carbo xaldehyde C¡H9NO +
Methyl 5-methyl-2-pyrrolyl ketone C¡H9NO +
Trimethylpyrazine C¡HIoNi + +
3- Ethyl- 2-methyl pyrazine C¡HIoNi + +
5- Ethyl-2-methylpyrazine C¡HIoNi + +
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6- Ethyl-2-methylpyrazine C¡H1oNi + +
5-0xoproline ethyl ester C¡HiiNO) +
2-Furylpyrazine CgH6NiO +
Indone CgH7N + +
5- Methylcyclopentapyrazine

Cg HsNi +
Ethyl nicotinate CgH9NOi +
6,7- Dihydro-2-methyl-5H-cyclopentapyrazine CgHIoNi +
6,7 - Dihydro-5-methyl-5 H-cyclopentapyrazine CgHIoNi +
5- Ethyl-2-methylpyridine CsHiiN +
2-Isopropylpyridine CsHiiN +
Tetramethylpyrazine CgH12Ni + +
3,5- Dimethyl-2-ethylpyrazine CsH1iNi + +
2,5- Dimethyl- 3-ethylpyrazine CgH12Ni + +
5,6- Dimethyl-2-ethylpyrazine CsH1iNi +
2,5- Diethylpyrazine CsH1iNi +
Quinoline C;H7N +
2-(2' -Furyl)methylpyrazine C;HsNiO +
1 - Funurylpyrrole C;H9NO +
2,4- Dimethyl- 3-propylpyrazine C;HI4Ni +
Quinaldine C1OH9N +
6- Methylquinoline CioH9N +
N- Furfurylpyrrol-2-aldehyde CioH9NOi +
3-Indolylacetic acid CioH9NOi +
5-Methoxy-2-indolylcarboxylic acid C1OH9NO) +
2-(2' -Furyl)dimethylpyrazine CIoHIoNiO +
Ethylindole CIoHiiN +
Indole-3-ethanol CIoHiiNO + +
3-(2- Aminoethyl)indole CIoH12Ni +
3-(2- Aminoethyl)indol-5-o1 CioHliNiO +
1 -Isopentylpyrrole-2-carboxaldehyde CIoHIsNO +
3-(3-Indolyl)propenoic acid CiiH9NOi +
Isopentyl nicotinate Cil H1sNOi +
Phenethyl nicotinate CI4H13NOi +

Sulphur compounds
Thiof ormaldehyde CHiS +
Methanethiol CH4S + +
Carbon disulphide CSi + +
Dithioformaldehyde CiH4Si +
Ethanethiol CiH6S + + +
Methyl sulphide CiH6S + + +
Methyl disulphide CiH6Si + + +
Dimethyl trisulphide CiH6S) + + +
Thiazole C)H)NS + +
S-Methyl thioacetate C)H6OS + +
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(Methylthio)acetic acid C)H6OiS +
2- Propanethione C)H6S +
2- Pro pene- 1 -thiol C)H6S +
Ethyl methyl sulphide C)HsS +
Ethyl methyl disulphide C)HsSi +
3-( Methylthio )propionaldehyde C)HsOS +
S-Ethyl thioacetate C4HsOS + +
3-(Methylthio )propionic acid C4HsOiS + +
Tetrahydrothiophene C4HsS +
3-(Methylthio)- 1 -propanol C4H1OOS + + +
Diethyl sulphite C4HIoO)S +
2- Methyl-2-propanethiol C4HioS +
2- Meth yl-2-propanethiol C4H ioS +
Ethyl sulphide C4HioS + +
Ethyl disulphide C4H1oSi + +
2- Thiophenecarboxaldehyde CSH40S + +
2- Thiophenecarboxylic acid CsH40iS +
Dihydro-2-methyl-3(2H)-thiophenone CsHsOS + +
Methyl 3-(methylthio )propionate CsH100iS +
3- Methyl-2-butene- 1 -thiol CsHIoS +
3-(Ethylthio)- 1 -propanol CsH120S +
1 - Pentanethiol CsH1iS +
But yI methyl sulphide CsH1iS +
Ethyl propyl sulphide CsH12S +
1 -(2- Thienyl)ethanone C6H6OS +
2- Methyl-2-thiophenecarboxaldehyde C6H6OS + +
Allyl sulphide C6H1OS +
N,S- Diacetyl-2-aminoethanethiol C6H11NOiS +
3-(Methylthio )propyl acetate C6H1iOiS + + +
Ethyl 3-(methylthio )propionate C6H12OiS + + +
N-(3-(Methylthio )propyl)acetamide C6H13NOS +
But yI ethyl sulphide C6Hi4S + +
Isopropyl sulphide C6Hi4S + +
Isopropyl disulphide C6Hi4Si +
2- Benzothiazolol C¡H,NOS +
Benzothiazole C¡H,NS +
Ethyl 2-thiophenecarboxylate C¡HsOiS +
S-Methyl 4-methylpentanethioate C¡HI4OS +
5-Methyl hexanethioate C¡HI4OS +
2-(Methylthio )benzothiazole CsH7NSi +
leri-Butyl sulphide CsH1sS +
Isobutyl sulphide CsHlsS +
4-4- Methyl-3-pentenyl)-3,6-ihydro- 1 ,2-dithün CioHi6Si +
Isopentyl sulphide C10HiiS +
Hydrogen sulphide HiS + + +
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Terpenoids

7,7 -Dimethyl-6,8-dioxabicyclo(3.2. 1 loctane CgHi402 +
para-Cyme ne CioHI4 + +
para-Isopropylbenzyl alcohol (Cuminyl alcohol) CioHi4O +
meta-Cymenol CioHi4O +
para-Cymenol CioHi4O +
para- Mentha-6,8-dien-2-one (d-Carvone) CioHi4O + +
2(lO)-Pinen-3-one (Pinocarvone) CioHi4O +
1,7,7- Trimethyltricyclo(2.2. 1 .026lheptane (Tricyclene) CioHI6 +
7- Methyl-3-methylene- 1 ,6-octadiene (Myrcene) CioHI6 + + +
para- Mentha- 1 (7),2-diene (ß- Phellandrene) CioHI6 +
para-Mentha- 1 ,3-diene (a- T erpinene) CioHI6 +
para- Mentha- 1 ,4-diene (-y- Terpinene) CioHI6 +
para- Mentha- 1 ,4(8)-diene (Terpinolene) CioHI6 +
para- Mentha- 1 ,S-diene (a- Phellandrene) C1oHI6 +
para- Mentha- 1 ,8-diene (Limonene) CioHI6 + + +
3-Thujene (a-Thujene) CioHI6 +
4(lO)-Thujene (Sabine ne) CioHI6 +
2-Pinene (a-Pinene) CioHI6 + +
2(lO)-Pinene (ß-Pinene) CioHI6 +
Camphene CioHI6 +
3-Carene CioHI6 +
3,7 -Dimethyl- 1 ,5, 7-octatrien-3-o1 (Ho-trienol) CioHi6O + +
3,7 -Dimethyl-2,6-octadienal (Citral) CioHi6O + +
2- Methyl-6methylene-7-octen-2-o1 (Myrcenol) CioHi6O +
2,6,6- Trimethyl- 1 -cyclohexene- 1 -carboxaldehyde CioHi6O +

(ß-Cyclocitral)
4-Isopropyl- 1 -cyclohexene- 1 -crboxaldehyde CioHi6O +

(Phellandral)
8,8- Dimethyl-2-methylene-6-oxabicyclo1:3 .2. 1 loctane CioHi6O +

(Karahana ether)
Hexahydro- 1,1 -dimethyl-4methylene- 1 H-cyclo- C1oHi60 +

pentaclfuran (Hop ether)
T etrahydro-S-isopropenyl-2-methyl-2-vinylfuran CioHi6O +
3,6- Dihydro-4methyl-2-(2-methyl- 1 -propenyl)-2H- CioHi6O + +

pyran (Nerol oxide)

para- Mentha- 1 (7),8-dien-2-ol, trans- CioHi6O +
para-Menth-3-en-2-one (Carvenone) CioHi6O +
6,8-Epoxy-para-menth- 1 -ene (Pinol) CioHi6O +
2(lO)-Pinen-3-ol, trans- (trans-Pinocarveol) CioHi6O +
2-Pinen-lo-ol (Myrtenol) C1oHi60 +
1,3,3- Trimethyl-2-norbornanone (Fenchone) CioHi6O +
2-Bornanone (Camphor) CioHi6O +
3,7-Dimethyl-I,6-octadien-3-o1 (Linalool) CioH1gO + + +
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Geraniol CIoHlsO
Geraniol, cis- (Nerol) + + +
Geraniol, trans- (Geraniol) + + +

Tetrahydro-4-methyl-2-(2-methyl- 1 -propenyl)- CIoHlsO
2H-pyran (Rose oxide)
Rose oxide, cis- + +
Rose oxide, trans- + +

Terpineol CIoHlsO + +
para-Menth-3-en- 1 -01 (3- Terpinen- 1 -01) CIoHlsO +
para- Menth-4(8)-en- 1 -01 ('- Terpineol) CIoHlsO +
para-Menth-8-en-I-ol, trans- (ß-Terpineol) CIoHlsO +
para- Menth-6-en-2-01, (2S,4S)-( P)- C1oHisO +

( cis-Carvotanacetol)
para- Menth-8-en-3-01, (1 R,3R,4S)-( M)- CIoHlsO +

(Isopulegol)
para- Menth- 1 -en-4-01 (4- T erpineol) CIoHlsO + + +
para- Menth- 1 -en-8-01 (a- Terpineol) CIoHlsO + + +
para- Menth- 1 -en-9-01 CIoHlsO +
para-Menthan-2-one, trans- (Carvomenthone) C1oHisO +
1,4- Epoxy-para-menthane (1 ,4-Cineole) CIoHlsO +
1,8- Epoxy-para-menthane (1 ,8-Cineole) CIoHlsO + +
Isobomeol (exo-2-Bomanol) CIoHlsO +
Bomeol (endo-2-Bomanol) CIoHlsO +
1,3,3- Trimethyl-2-norbomanol (Fenchol) CIoHlsO +
1,3,3- Trimethyl-2-norbomanol, endo- C1oHisO +

(a-Fenchol)
3, 7-Dimethylocta- 1 ,5-dien-3, 7-diol CioH1sOi +
T etrah ydro-a,a,5-trimethyl-5-vinyl- CioH1sOi

furfuryl alcohol (Linalool oxide)
Linalool oxide, cis- + +
Linalool oxide, trans- + + +
Linal()ol oxide, crystalIne +

3,7 -Dimethyl-6-octen- 1 -01 (Citronellol) CIoHioO + +
Menthol C1oHioO +
3- Methyl-2-(2-pentenyl)-2-cydopenten- 1 -one, CiiHi60 +

cis- (Jasmone)
2,2,7,7- Tetramethyl- 1 ,6-ioxaspiro( 4,4)-nona- CiiHi60i +

3,8-diene
2,2,7,7- Tetramethyl- 1 ,6-ioxaspiro( 4,4)- CiiH1sOi +

non-3-ene
Linalyl acetate CiiHioOi +
Geranyl acetate CiiHioOi +
Bomyl acetate CiiHioOi +
Ethyl geranyl ether C1iHiiO +
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1 -(6,6- Dimethyl-2-methylene-3-cyclohexen- C13HI8O +
yl)- 1 -buten-3-one, trans-

1-(2,6,6- Trimethyl- 1 ,3-cclohexadien- 1 -yl)_ C13H1aO + + +
2-buten- 1 -one (Damascenone)
Damascenone, cis- +
Damascenone, trans- +

Ionone C13HioO +
4-2,6,6- Trimethyl-2-cclohexen- 1 -yl)-3- C13HioO + + +

buten-2-one, trans- (a-Ionone)
4-2,6,6- Trimethyl- 1 -cyclohexen- 1 -yl)-3- C13HioO + + +

buten-2-one (ß-Ionone)
3,5,6,8a- Tetrahydro-2,5,5,8a-tetramethyl-2H- 1- C13HioO +

benzopyran, trans- (trans-Edulan; Edulan 1)
3,4,4a,5 ,6,8a- Hexahydro-2,5,5 ,8-tetramethyl-4,4a- C13HioO +

epoxy-2H- 1 -benzopyran (4,4a-Epoxyedulan)
Geranylacetone C13HiiO +
5-( 1 - H ydroxy- 2,6,6-trimethyl-4oxo-2-cyclohexen- CUHio04 +

l-yl)-3-methyl-2,4-pentadienoic acid (Abscisic acid)
3,7,1 1 - Trimethyl- 1 ,3,6, lO-odectetraene CuHi4 + +

(F arnesene; a- F arnesene)
7,11 -Dimethyl-3-methylene- 1 ,8,IO-odecatriene Ci~Hi4 +

(ß-Farnesene)
2,6,6,9- T etramethyl- 1 ,4,8-cycloundectriene CuHi4 + +

trans,trans,trans- (Humulene; a-Caryophyllene)
4,1 1,1 1 - Trimethyl-8-methylenebicyclo(7 .2.0)- Ci~Hi4

undec-4ne,
,cis-( 1 R,9S)-(M)- (Isocaryophyllene) +
,trans-(IR,9S)-(M)- (Caryophyllene; + +
ß-Caryophyllene)

1,3-Dimethyl-8-isopropyltricyclo- Ci~Hi4 +
(4.4.0.0i,7)dec-3-ene (a-Copaene)

1 ,2,3,5,6,8a-Hexahydr0-, 7-dimethyl- 1 -iso- CuHi4 +
propylnaphthalene (c5Cadinene)

1 ,2,4a,5,6,8a- Hexahydr0-, 7 -dimethyl- 1 -isopropyl- CuHi4 +
naphthalene, (lS)I,4aa,8aaHa-Muurolene)

1 ,2,3,4,4a,5,6,8a-Octhydro-7 -methyl-4 CuHi4
methylene- 1 -isopropylnaphthalene,

,(la,4aa,8aa)- (--Muurolene), +
,(la,4aa,8aa)- (--Cadinene) +

3a,3b,4,5,6, 7-Hexahydro-4isopropyl-3, 7-dimethyl- CuHi4 +
1 H-cyclopenta( 1 ,3)cyclopropa( 1 ,2)benzene,

(3a,3ba,4a,7 ßHM)- (a-Cubebene)
3,3,7- Trimethyl-l 1 -methylene-4, 7-cycloundecdien- CuHi40 +

1-01, trans,trans-(RHP)- (Humulenol 1)
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Pyrocatechol C6H6Oi + +
Resorcinol (lARC, 1977b, 1987a) C6H6Oi + +
Pyrogallol C6H603 + +
Phloroglucinol C6H603 + +
Cresol C7HsO +
ortho-Cresol C7HsO + + +
meta-Cresol C7HsO + + +
para-Cresol C7HsO + + +
5- Methylresorcinol C7HsOi + +
ortho-Methoxyphenol C7HsOi + + +
para- Vinylphenol CsHsO + + +
2,5-Xylenol CsHIoO +
2,6-Xylenol CsHIoO +
3,5-Xylenol CsHIoO +
Ethylphenol CsHIoO +
ortho- Ethylphenol CsHIoO + +
meta-Ethylphenol CsHIoO +
para-Ethylphenol CsHIoO + + +
ortho- Dimethoxybenzene CsHIoOi + +
meta- Dimethoxybenzene CsHIoOi +
2- Methoxy-4-methylphenol CsHIoOi + + +
2-Methoxy-6-methylphenol CsHIoOi +
4-Ethylpyrocatechol CsHIoOi +
2,6-Dimethoxyphenol CSHio03 + + +
Vanilyl alcohol CgHio03 +
para-Allylphenol clHIoO +
para-Propenylphenol clHIoO +
Vinyl-2-methoxyphenol clHIoOi +
4- Vinyl-2-methoxyphenol clHIoOi + + +
2,3,5- Trimethylphenol clH1iO +
2,4,5- Trimethylphenol clH12O +
Mesitol clH1iO +
ortho-lsopropylphenol clH1iO +
para-Propylphenol clH1iO +
Ethyl-2-methoxyphenol clH12Oi +
4-Ethyl-2-methoxyphenol clH1iOi + + +
2,6-Dimethoxy-4-methylphenol clH1i03 +
Trimethoxyphenol clH1204 +
I-Naphthol CIoHsO +
1 -Allyl-methoxybenzene CIoH12O +
2- Methoxy-4-propenylphenol CioH1iOi + + +
4-Allyl-2-methoxyphenol (Eugenol) (lARC, CioH1iOi + + +

1985, 1987a)
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Ethylbenzaldehyde c;HIoO +
4-Ethylbenzaldehyde c;HIoO +
Hydrocinnamaldehyde c;HIoO +
3-Phenyl-2-propanone c;HioO +
4'- Methylacetophenone c;HIoO +
2' -Hydroxy-5' -methylacetophenone c;Hu¡Ui +
2-Ethoxybenzaldehyde c;H1oOi +
4'- Hydroxy-3' -methoxyacetophenone c;HIoO) + + +
4-Hydroxy-3,5-dimethoxybenzaldehyde c;HIoO. + + +
4-Hydroxy-3-methoxycinnamaldehyde CIoHIoO) +
Ethylacetophenone CioH1iO +
4' -Ethylacetophenone CIoHI2O +
para-Isopropylbenzaldehyde C1oHI20 +
3-Hydroxy-4-phenyl-2-butanone CIoHI2Oi +
4-Acetonyl-2-methoxyphenol CIoH1iO) +
4' -Hydroxy-3' -methoxypropiophenone C1oH120) +
4'- Hydroxy-3',5' -dimethoxyacetophenone CioHii04 + + +
4- Hydroxy-3,5-dimethoxycinnamaldehyde CiiH1iO. +
4-Acetonyl-2,6-dimethoxyphenol CIlHi404 +
4'- Hydroxy-3' ,5' -dimethoxypropiophenone Cil H1.0. +
2' -Methyl-5' -isopropylacetophenone C12HI6O +
1-(2,3,6- Trimethylphenyl)-2-buten- 1 -one C13HI6O

, cis- +
, trans- +

4-(2,3,6- T rimethylphenyl)- 3-buten-2-one C13HI6O +

Aromatic and other carboxy/ic acids
Benzoic acid C¡H6Oi + + +
Salicylic acid C¡H6Oi + + +
para-Hydroxybenzoic acid C¡H6O) + + +
ortho-Pyrocatechuic acid C¡H6O. + +
a-Resorcylic acid C¡H6O. + +
ß-Resorcylic acid C¡H6O. + +
'Y-Resorcylic acid C¡H6O. + +
Gentisic acid C¡H6O. + + +
Protocatechuic acid C¡H6O. + + +
Gallc acid C¡H6OS + + +
2,4,6- Trihydroxybenzoic acid C¡H6OS +
3,4,5- Trihydroxy- 1 -cyc1ohexene-l-crboxylic acid C¡HIoOs + +
1,3,4,5- Tetrahydroxycyc1ohexanecarboxylic acid C¡HI206 + + +
Phenylglyoxylic acid CsH6O) +
Phthalic acid CsH604 + + +
para-Toluic acid

Cs HgOi +
Phenylacetic acid

Cs HgOi + + +
para-Hydroxyphenylacetic acid Cg HgO) + +
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Vanillc acid
Cs HS04 + + +

Cinnamic acid c;HsOJ + + +
Cinnamic acid, eis- +
Cinnamic acid, Irans- +
oriho-Hydroxycinnamic acid c;HsOJ + +
meia-Hydroxycinnamic acid c;HSOJ + +
para-Hydroxycinnamic acid c;HsOJ + + +

para-Hydroxycinnamic acid, cis- + +
para-Hydroxycinnamic acid, Irans- + +

Phenylpyruvic acid c;HSOJ + +
3,4-Dihydroxycinnamic acid c;HS04 + + +

3,4-Dihydroxycinnamic acid, cis- +
3,4-Dihydroxycinnamic acid, Irans- +

para-Hydroxyphenylpyruvic acid c;HS04 +
Phenylpropionic acid c;Hio02 + + +
Hydratropic acid c;H1002 +
Hydrocinnamic acid c;Hio02 + + +
para-Hydroxyphenylpropionic acid c;HIoOJ + +
Phenyllactic acid c;H1OOJ +
3-Phenyllactic acid c;HIoOJ +
Veratric acid c;H1004 + +
4-Hydroxy-3-methoxyphenylacetic acid c;Hio04 +
3,4-Dihydroxyhydrocinnamic acid c;Hio04 +
4-Hydroxy-3,5-dimethoxybenzoic acid c;H1oOs + + +
4-Hydroxy-3-methoxycinnamic acid CioHio04 + + +

4-Hydroxy-3-methoxycinnamic acid, eis- +
4-Hydroxy-3-methoxycinnamic acid, Irans +

para-Hydroxyphenylbutyric acid CIoHI2OJ +
4-Hydroxy-3,5-dimethoxycinnamic acid CioHi2OS + +
Tartaric acid mono(4-hydroxycinnamate) C13HI2OS +

, cis- +
, Irans- +

Tartaric acid mono(3,4-dihydroxycinnamate) C13HI209 +
, Irans +

Tartric acid mono(4-hydroxy-3-methoxy- CI4HI409 +
cinnamate)

1,3,4,5- Tetrahydroxycyclohexanecarboxylic CI6HiSOS +
acid mono(3-(ara-hydroxycinnamate))

Chlorogenic acid C16HIS09 + + +
Isochlorogenic acid C16H1S09 + +
Neochlorogenic acid C16HIS09 + +

Esters of aromatie acids

Methyl benzoate
Cs HS02 +

Methyl salicylate CsHsOJ +
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Methyl anthranilate CgH9NOi +
Ethyl benzoate c;H1oOi + + +
Methyl phenylacetate c;H1oOi +
Ethyl salicylate c;H1003 + +
Ethyl para-hydroxybenzoate c;H1003 +
Dimethyl phthalate CIoH1oO. + +
Ethyl hydrogen phthalate C1oH1oO. +
Ethyl phenylacetate C1oH12Oi + + +
Ethyl vanilate C1oH120. + +
Ethyl cinnamate Cii H 120i + + +
Isobutyl benzoate Cii H1.Oi + +
Ethyl 2-phenylpropionate CiiH1.Oi +
Ethyl hydrocinnamate CiiH1.Oi +
Ethyl 3-phenyllactate CiiH1.03 +
Ethyl 4-hydroxy-3,5-dimethoxybenzoate CiiH1.Os + +
EthyI4-phenyl-3-butenoate C12H1.Oi +
Diethyl phthalate C12H1.Oi + +
Isopentyl benzoate CiiHI60i +
Pentyl benzoate CiiHI60i +
Isopentyl salicylate C12HI603 +
Diisobutyl phthalate CI6HiiO. +
Dibutyl phthalate CI6HiiO. + +

lActones
Dihydro-2(3H)-furanone (-y-Butyrolactone) C.H6Oi + + +

(IARC, 1976b, 1987a)
Tetrahydro-5-oxo-2-furoic acid CSH6O. +
Dihydro-3-methyl-2(3H)-furanone Cs HsOi_ +
Dihydro-5-methyl-2(3H)-furanone C5HsOi + +
Tetrahydro-2H-pyran-2-one C5HsOi +
5,5-Dimethyl-2(5H)-furanone C6HsOi +
4-Acetyldihydro-2(3H)-furanone C6Hs03 +
4,5- Dimethyl-2,3-tetrahydrofurandione C6Hs03 + +
6- Methyldihydro-2,5(3H)-pyrandione C6Hs03 +
Dihydro-5,5-dimethyl-2(3 H)-furanone C6H1OO2 +
Tetrahydro-5-methyl-2H-pyran-2-one C6H1oOi +
5- Ethyldihydro- 2(3 H)-furanone C6H1oOi + + +
Dihydro-3-hydroxy-4,4-imethyl-2(3H)-furanone C6Hio03 +
Dihydro-5-ethoxy-2(3H)-furanone C6Hio03 +
Dihydro-5-( I-hydroxyethyl)-2(3H)-furanone C6H1003 +
Dihydro-5-methyl-5-vinyl-2(3H)furanone C¡Hio02 +
5-Carbethoxydihydro-2(3H)-furanone C¡H1oO. +
Dihydro-5-propyl-2(3H)-furanone C¡H1202 +
Phthalide CgH60i +
5-Butyldihydro-2(3H)furanone CgH1.02 + +
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T etrahydro-6-propyl- 2H-pyran- 2-one CgHi40i +
Coumarin (IARC, 1976b, 1987a) ~H60i + +
7- H ydroxycoumarin ~H603 + +
7,8-Dihydroxycoumarin ~H604 + +
5-ButyI4-methyldihydro-2(3H)-furanone ~H160i + +

, cis- + +
, trans- + +

Hydroxynonanoic acid lactone ~H160i +
Dih ydro- 5-pentyl-2(3 H)-furanone ~H160i + + +
6- Butyltetrahydro-2H-pyran- 2-one ~H160i +
6- Methylcoumarin CIoHgOi +
7- Hydroxy-6-methoxycoumarin CioHg04 + + +
Dih ydro4-methyl-5-pentyl- 2(3 H)-furanone CioH1gOi +
5- Hexyldihydro- 2(3 H)-furanone CIoHI8Oi + + +
T etrahydro-6-pentyl- 2H-pyran-2-one CioH1gOi + +
Tetrahydro4,4, 7 a-trimethyl-2( 4H)-benzofuranone CiiHi60i +
5- Heptyldih ydro- 2(3 H)-furanone Ci 1 HioOi +
Dih ydro-5-octyl- 2(3 H)-furanone CiiHiiOi + +
6- Heptyltetrahydro- 2H-pyran- 2-one C12HiiOi +
2,3,7,8- Tetrahydroxy( 1 )benzopyrano( 5,4,3-cde)- Ci4H6Og + + +

(1 )-benzopyran-5, IO-dione (Ellagic acid)

O-Heterocyclics (see also lactones and terpenoids)

Dihydrofuran C4H6O +
2-Furaldehyde CsH40i + + +
2-Furoic acid CSH403 + + +
3-Furoic acid CSH403 +
2- Methylfuran CSH60 +
Furfuryl alcohol CsH60i + + +
Dihydro-2-methyl- 3(2H)-furanone CsHgOi + +
2- Methyltetrahydrofuran CsHIoO +
Furan-3,4-dicarboxylic acId C6H4OS +
3- Methyl-2-furaldehyde C6H6Oi +
5- Methyl-2-furaldehyde C6H6Oi + + +
Furyl methyl ketone C6H6Oi + +
2-Furyl methyl ketone C6H6Oi + +
3-Furyl methyl ketone C6H6Oi +
Methyl 2-furoate C6H603 +
Hydroxymethyl-2-furaldehyde C6H603 + + +
5-Hydroxymethyl-2-furaldehyde C6H603 +
2-Acetyl-3-hydroxyfuran C6H603 +
3-Hydroxy-2-methyl-4H-pyran-4-one C6H603 +
5- Hydroxy-2-(hydroxymethyl)-4H-pyran-4-one C6H604 +
3,5-Dihydroxy-2-methyI4H-pyran-4-one C6H604 +
5-Methylfurfuryl alcohol C6HgOi +
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5-Hydroxymethylfurfuryl alcohol C6HSO) +
4- H yd roxy- 2,5-dimeth yl- 3(211-f urano ne C6HsO) +
2,5- Di(h yd roxymethyl)furan C6HsO) +
3,5- Dihyd ro xy- 2-methyl-5, 6-dihydro-4 H-pyran- C6Hs04 +

4-one
2,5- Dimethoxytet rahydrof uran C6HI2O) +
5- Methyl- 2-acetylf uran C7HiiOi + +
1-(2-Furyl)-I-propanone C7HsOi + +
Ethyl furoate C7HSO) +
Ethyl 2-furoate C¡HSO) + + +
Ethyl furfuryl ether C7HioOi + +
Propyl tetrahydrofuryl ether C7Hi4Oi +
1-(2-Furyl)-2-buten- 1 -one CsHsOi +
3- Acetyl-4-hydroxy-6-meth y 1- 2H-pyran- 2-0 ne CSHS04 +
Propyl furoate CsHIoO) +
2- Acetyl-4 ,5-dimethylf uran CsHIoOi +
2- Acetyl- 5-ethy If uran CsHIoOi +
1-(2- Furyl)- 1 -penten-3-one c;HIoOi +
Ethyl 3-(2-furyl)acrylate C9H100) +
Isobutyl 2-furoate c;HI2O) +
Butylfuryl alcohol c;Hi4Oi +
Isopentyl 2-furoate CIoHI4O) +
T etrahydro- 2,6, 6-trimethyl- 2- vinyl-4- CioH1sOi +

hydroxypyran
T etrahyd ro- 2,6,6-trimeth y 1- 2-vin yl-4-aceto xypyran C12HioO)

Hydrocarbons (see also terpenoids)

Methane CH4 +
Propene C)H6 +
Propane C)HS +
2- Methylpropene C4Hs +
Isobutane C4Hio +
Isoprene CsHs +
2-Methyl-2-butene CsHIo +
Methylcyclobutane CsHIo +
Pentane CsH12 + +
Benzene (lARC, 1982a, 1987a) C6H6 + +
Methylcyclopentane C6H1i +
Cyclohexane C6H1i + +
2,2-Dimethylbutane C6HI4 +
2,3- Dimethylbutane C6HI4 +
2-Methylpentane C6HI4 +
3-Methylpentane C6HI4 +
Hexane C6HI4 + +
Toluene C¡Hs + +
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3,4- Dimethyl-2-pentene C7HI4 +
MethyIcyclohexane ~H14 + +
2,3- Dimethylpentane C7HI6 +
2,4-Dimethylpentane ~H16 +
2- Methylhexane C7HI6 +
Heptane ~H16 + +
Styrene (lARC, 1979a, 1987a) CsHs + + +
o,iho-Xylene CsHIo +
mela-Xylene CsHIo +
Ethylbenzene CsHIo +
2,2-Dimethylhexane CsHls +
Indene ~Hs +
Methylethylbenzene ~H12 +
Isopropyl benzene ~H12 +
Propylbenzene ~H12 +
Naphthalene CIoHs + + +
a-Dimethylstyrene CIoH12 +
Isobutylbenzene CioHI4 +
Decane CIoH22 +
Methylnaphthalene CIiHIo +
1,3-Dimethylnaphthalene C12H12 +
2,6-Dimethylnaphthalene C12H12 +
Dodecane CiiHi6 +
T rimethyldihydrona pthalene ClJHI6 +
1,1,6- Trimethyl- 1 ,2-dihydronaphthalene ClJHI6 + +
1 -(2,3,6- Trimethylphenyl)- 1 ,3-butadiene ClJHI6 + +
1,1,6- Trimethyltetrahydronaphthalene ClJHis + +
Anthracene (lARC, 1983c, 1987a) Ci4Hio +
Phenanthrene (IARC, 1983c, 1987a) Ci4Hio +
T etradecane Ci4H30 +
Pyrene (IARC, 1983c, 1987a) CHHIo +
Fluoranthene (IARC, 1983c, 1987a) Ci6Hio +
Hexadecane Ci6H34 +
Benzo(a)fluorene (IARC, 1983c, 1987a) C17H12 +
Heptadecne C17H36 +
Benz(a)anthracene (lARC, 1983c, 1987a) CisH12 +
Chrysene (IARC, 1983c, 1987a) CisHii +
Octadecane CisH38 +
Benzo(a)pyrene (IARC, 1983c, 1987a) CwH1i +
Benzo(e)pyrene (lARC, 1983c, 1987a) CiOHI2 +
Benzo(b)fluoranthene (lARC, 1983c, 1987a) CioH12 +
Misce//aneous compounds

Chloroform (IARC, 1979b, 1987a) CHCl3 +
Bromoform CHBr3 +
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Trichloroethylene (IARC, 1979b, 1987a) CiHCI3 +
1,1,2,3- Tetrachloro-3,3-ditluoropropane C3HiCI4F2 +
Ethyl vinyl ether C4HsO +
Diethyl ether (lARC, 1976c, 1987a) C4Hio0 + + +
Diethyl carbonate CSHio03 + +
Ethyl isopropyl ether CsH120 +
T richlorotritluoro benzene C6CI3F3 +
2,4,5,6- Tetrachloro- 1 ,3-ditluorobenzene C6CI4F2 +
Dichlorobenzene (lARC, 1982a, 1987a) C6H4Cli +
2,6-Dichlorophenol C6H4OCl2 +
2-Chlorophenol C6HsOCI +
2,4,6- Trimethyl- 1 ,3,5-trioxane C6H1203 +
Ethyl tert-butyl ether C6Hi4O +
Ethyl sec-but yI ether C6H 140 +
Dibutyl ether CsHisO +
Bis(2-methylbutyl) carbonate Ci 1 H2203 +
Diisopentyl carbonate Ci 1 Hi203 +
1,2,4- Trimethoxy-5-( 1 -propenyI)benzene, cis- C12HI603 +

(ß-Asarone)
Octahydro-4,8a -dimethyl-4a(2/l-naphthalenol C12HioO +

(Geosmin)
2,6,6- Trimethyl- 1 O-methylene- 1 -oxaspiro- Cl3HioO + +

(4.5)-8-decene (Vitispirane)

5,7 ,8,8a- Tetrahydro-2,5,5,8a-tetramethyl- Cl3HioO +
5H-I-benzopyran

1 -(2,3,6- Trimethylphenyl)-3-ethoxy- 1 -butene CisHiiO +
, trans- +

Diphenethyl carbonate Cl7H1S03 +

SOME OTHER COMPOUNDS

Atlatoxins (lARC, 1976b, 1987a) Cl7H1206 + +
Arsenic (IARC, 1980, 1987a) As +
Asbestos (lARC, 1977a, 1987a) + + +
Cadmium (IARC, 1976c, 1987a) Cd +
Calcium Ca + + +
Chromium (IARC, 1980, 1987a) Cr +
Cobalt Co +
Copper Cu + +
Ethylene thiourea (lARC, 1974, 1987a) C3H6NiS +
Fluoride (IARC, 1982b, 1987a) F +
Iron Fe + +
Lead (IARC, 1980, 1987a) Pb +
Magnesium Mg + +
Manganese Mn +
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Nickel (IARC, 1976c, 1987a) Ni +
Ochratoxin A (IARC, 1983a, 1987a) C2oHisCIN06 +
Phosphorus P + +
Potassium K + + +
Sodium Na + + +
Sulphur dioxide S02 + +
Sunset Yellow FCF (lARC, 1975, 1987a) Cl6HioN2Na207S2 + +
Tannic acid and tannins (IARC, 1976b, 1987) + +
Trichlorfon (IARC, 1983b, 1987a) C4HsCl304P +
Zearalenone (IARC, 1983a, 1987a) C1sH22OS +
Zinc Zn + +

°Based on data from Nykänen & Suomalainen (1983), supplemented by references cited in section 3
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Activity profies for genetic and related tests

Methods
The x-axis of the activity profie represents the bioassays in phylogenetic sequence by

end point, and the values on the y-axis represent the 10garithmicalIy transformed lowest
effective doses (LED) and highest ineffective doses (HID) tested. The term 'dose', as used in
this report, does not take into consideration length of treatment or exposure and may
therefore be considered synonymous with concentration. ln practice, the concentrations
used in alI the in-vitro tests were converted to ¡.g/ ml, and those for in-vivo tests were
expressed as mg/ kg bw. Because dose units are plotted on a log scale, differences in
molecular weights of compounds do not, in most cases, greatly influence comparisons of
their activity profiles. Conventions for dose conversions are given below.

Profile-line height (the magnitude of each bar) is a function ofthe LED or HI D, which is

associated with the characteristics of each individual test system - such as population size,
ce lI-cycle kinetics and metabolic competence. Thus, the detection Ii mit of each test system is
different, and, across a given activity profile, responses will vary substantialIy. No atterrpt is
made to adjust or relate responses in one test system to those of another.

Line heights are derived as folIows: for negative test results, the highest dose tested
without appreciable toxicity is defined as the HID. Ifthere was evidence of extreme toxicity,
the next highest dose is used. A single dose tested with a negative result is considered to be
equivalent to the HID. Similarly, for positive results, the LED is recorded. If the original
data were analysed statistically by the author, the dose recorded is that at which the response
was significant (p ~ 0.05). If the available data were not analysed statistically, the dose
required to produce an effect is estimated as folIows: when a dose-related positive response
is observed with two or more doses, the lower ofthe doses is taken as the LED; a single dose
resulting in a positive response is considered to be equivalent to the LED.

ln order to accommodate both the wide range of doses encountered and positive and
negative responses on a continuous scale, doses are transformed logarithmically, so that
effective (LED) and ineffective (HID) doses are represented by positive and negative
numbers, respectively. The response, or logarithmic dose unit (LDU ij), for a given test
system i and chemical j is represented by the expressions

LDUij -: -logio(dose), for HID values; LDU ~O
and (1)

LDUij= -logio(dose X 10-5), for LED values; LDU ~O.

-365-
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These simple relationships define a dose range of 0 to -5 logarithmic units for ineffective
doses (1 -1 00 000 ¡.g/ ml or mg/ kg bw) and 0 to +8 logarithmic units for effective doses
(100000-0.001 ¡.g/ ml or mg/ kg bw). A scale ilustrating the LDU values is shown in Figure
1. Negative responses at doses less than 1 ¡.g/ ml (mg/ kg bw) are set equal to 1. Effectively,
an LED value ~100 000 or an HID value ~1 produces an LDU = 0; no quantitative
information is gained from such extreme values. The dotted lInes at the levels of log dose
units 1 and -1 define a 'zone of uncertainty' in which positive results are reported at such
high doses (between 10 000 and 100000 ¡.g/ ml or mg/ kg bw) or negative results are reported
at such low dose levels (1 to 10 ¡.g/ ml or mg/ kg bw) as to calI into question the adequacy of
the test.

Fig. 1. Scale of log dose uoits used 00 the y-axis of activity profies ,
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ln practice, an activity profie is computer generated. A data entry programme is used to
store abstracted data from published reports. A sequential fie (in ASCII) is created for each
compound, and a record within that fie consists of the na me and Chemical Abstracts
Service number of the compound, a three-letter code for the test system (see below), the
qualItative test result (with and without an exogenous metabolIc system), dose (LED or
HID), citation number and additional source information. An abbreviated citation for each
publication is stored in a segment of a record accessing both the test data fie and the citation
fie. During processing of the data file, an average of the 10garithmic values of the data
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subset is calculated, and the length ofthe profile line represents this average value. AlI dose
values are plotted for each profile line, regardless of whether results are positive or negative.
Results obtained in the absence of an exogenous metabolIc system are indicated by a bar (-),
and results obtained in the presence of an exogenous metabolic system are indicated by an
upward-directed arrow ( t). When all results for a given assay are either positive or
negative, the mean of the LDU values is plotted as a solId line; when conflicting data are
reported for the same assay (Le., both positive and negative results), the majority data are
shown by a solid line and the minority data by a dashed lIne (drawn to the extreme
conflicting response). ln the few cases in which the numbers of positive and negative results
are equal, the solid line is drawn in the positive direction and the maximal negative response
is indicated with a dashed line.

Profie lines are identified by three-letter code words representing the commonly used
tests. Code words for most of the test systems in current use in genetic toxicology were
defined for the US Environmental Protection Agency's GENE-TOX Program (Waters,
1979; Waters & Auletta, 1981). For this publication, codes were redefined in a manner that
should facilitate inclusion of additional tests in the future. If a test system is not defined
precisely, a general code is used that best defines the category of the test. Naming con-
ventions are described below.

Dose conversions for activity profiles
Doses are converted to ¡.gl ml for in-vitro tests and to mgl kg bw per day for in-vivo

experiments.

1. ln-vitro test systems

(a) Weightl volume converts directly to ¡.gl mL.

(b) Molar (M) concentration X molecular weight = mglml = 103 ¡.glml; mM
concentration X molecular weight = ¡.gl mL.

(c) Soluble solids expressed as % concentration are assumed to be in unIts of mass per
volume (Le., 1% = 0.01 glml = 10 000 ¡.glml; also, 1 ppm = 1 ¡.glml).

(d) Liquids and gases expressed as % concentration are assumed to be given in units of
volume per volume. Liquids are converted to weight per volume using the density
(D) of the solution (D = gl ml). If the bulk of the solution is water, then D = 1.0
gl mL. Gases are converted from volume to mass using the ideal gas la w, PV = nR T.
For exposure at 20-37°C at standard atmospheric pressure, 1 % (v l v) = 0.4 ¡.gl ml X
molecular weight of the gas. Also, 1 ppm(vlv)=4 x 10-5 ¡.gl mlx molecularweight.

(e) For microbial plate tests, concentrations reported as weightlplate are divided by

top agar volume (if volume is not given, a 2-ml top agar is assumed). For spot tests,
in which concentrations are reported as weight or weightl dise, a I-ml volume is
used as a rough approximation.
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(j Conversion of asbestos concentrations given in ¡.g/ cm2 are based on the are a (A) of
the dish and the volume of medium per dish; Le., for a lOO-mm dish: A = 1TR2 = 1T X

(5 cm)2 = 78.5 cm2. If the volume of medium is 10 ml, then 78.5 cm2 = 10 ml and 1
cm2 = 0.13 mL.

2. ln-vitro systems using in-vivo activation

For the body fIuid-urine (BF-) test, the concentration used is the dose (in mg/ kg bw) of
the compound administered to test animaIs or patients.

3. ln-vivo test systems

(a) Doses are converted to mg/ kg bw per day of exposure, assuming 100% absorption.

Standard values are used for each sex and species of rodent, inc1uding body weight
and average intake per day, as reported by Gold et al. (1984). For example, in a test
using male mice fed 50 ppm of the agent in the diet, the standard food intake per day
is 12% ofbody weight, and the conversion is dose = 50 ppm X 12% = 6 mg/ kg bw per
day.
Standard values used for humans are: weight - males, 70 kg; females, 55 kg;
surface area, 1.7 m2; inhalation rate, 20 1/ min for light work, 30 1/ min for mild
exercise.

(b) When reported, the dose at the target site is used. For example, doses given in
studies of lymphocytes of humans exposed in vivo are the measured blood
concentrations in ¡.g/ mL.

Codes for test systems
For specifie nonmammalIan test systems, the first two letters of the three-symbol code

word define the test organism (e.g., SA- for Salmonella typhimurium, EC- for Escherichia
coh). ln most cases, the first two letters accurately represent the scientific name of the
organism. If the species is not known, the convention used is -S-. The third symbol may be
used to define the tester strain (e.g., SA8 for S. typhimurium T A1538, ECW for E. coli
WP2uvr A). When strain designation is not indicated, the third letter is used to define the
specific genetic endpoint under investigation (e.g., --D for differential toxicity, --F for

forward mutation, --G for gene conversion or genetic crossing-over, --N for aneuploidy,
--R for reverse mutation, --U for unschedu1ed DNA synthesis). The third letter may also
be used to define the general endpoint under investigation when a more complete definition
is not possible or relevant (e.g., --M for mutation, --C for chromos omal aberration).

For mammalian test systems, the first letter of the three-1etter code word defines the
genetic end point under investigation: A-- for aneuploidy, B-- for binding, C- for
chromosomal aberration, D-- for DNA strand breaks, G-- for gene mutation, 1-- for
inhibition of intercellular communication, M-- for micronucleus formation, R-- for
DN A repair, S-- for sister chromatid exchange, T -- for cell transformation and U-- for
unscheduled DNA synthesis.

For animal (Le., nonhuman) test systems in vitro, when the cell type is not specified, the
code letters -lA are used. For such assays in vivo, when the animal species is not specified,
the code letters -VA are used. Commonly used animal species are identified by the third



APPENDIX 2 369

letter (e.g., --C for Chinese hamster, --M for mouse, --R for rat, --S for Syrian
hamster).

For test systems using human ce Ils in vitro, when the celI type is not specified, the code
letters -IH are used. For assays on humans in vivo, when the cell type is not specified, the
code letters - VH are used. Otherwise, the second letter specifies the celI type under
investigation (e.g., -BH for bone marrow, -LH for lymphocytes).

Some other specifie coding conventions used for mammalian systems are as folIows:
BF- for body fluids, HM- for host-mediated, --L for leucocytes or lymphocytes in vitro
(-AL, animaIs; -HL, humans), -L- for leucocytes in vivo (-LA, animaIs; -LH, humans),
-- T for transformed celIs.

Note that these are examples of major conventions used to define the assay code words.
The alphabetized listing of codes must be examined to confirm a specifie code word. As
might be expected from the limitation to three symbols, some codes do not fit the naming
conventions precisely. ln a few cases, test systems are defined by first-letter code words, for
example: MST, mouse spot test; SLP, mouse specifie locus test, postspermatogonia; SLO,
mouse specifie locus test, other stages; DLM, dominant lethal test in mice; DLR, dominant
lethal test in rats; MHT, mouse heritable translocation test.
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TABLE 1. ALPHABETICAL LIST OF TEST SYSTEM CODE WORDS

Endpoint Code Definition Endpoint Code Definition

C ACC A/lum (epa, chromosomal aberrations C CIR Chromosomal aberrations, rat cells in vitro
A AIA Aneuploidy, animal cells in vitro C CIS Chromosomal aberrations, Syrian hamster cells in vitro
A AIH Aneuploidy, human cells in vitro C cn Chromosomal aberrations. transformed animal cells in vitro
G ANF Aspergilus nidulans, forward mutation C CLA Chromosomal aberrations, animal leucocytes in vivo

R ANG Aspergilus nidulans, genetic crossing-over C CLH Chromosomal aberrations, human lymphocytes in iivo
A ANN Aspergilus nidulans, aneuploidy C COE Chromosomal aberrations, oocytes or embryos ti 'ited in vivo -
G ANR Aspergilus nidulans, reverse mutation C CVA Chromosomal aberrations, other animal cells in vi'io ;;
G ASM Arabidopsis species, mutation C CVH Chromosomal aberrations, other human cells in vivo ::
A AVA Aneuploidy, animal cells in vivo D DIA DNA strand breaks, cross-links or related damage, animal cells (j
A AVH Aneuploidy, human cells in vivo in vitro a:
F BFA Body fiuids from animais, microbial mutagenicity D D1H DNA strand breaks, cross-links or related damage, human cells 0
F BFH Body fiuids from humans, microbial mutagenicity in vitro Z
D BHD Binding (covalent) to DNA. human cells in vivo C DLM Dominant lethal test, mice 0
D BHP Binding (covalent) to RNA or protein. human ce lis in vivo C DLR Dominantlethal test, rats 0

::D BIO Binding (covalent) to DNA in vitro C DMC Drosophila melanogaster, chromosomal aberrations ;;D BIP Binding (covalent) to RNA or protein in vitro R DMG Drosophila melanogaster. genetic crossing-over or recombination '"
G BPF Bacteriophage, forward mutation C DMH Drosophila melanogaster, heritable translocation test =
G BPR Bacteriophage. reverse mutation C DML Drosophila melanogaster, dominant lethaltest CI
D BRD Other DN A repair-deficient bacteria, differential toxieity G DMM Drosophila melanogaster, somatie mutation (and recombination) ~
D BSD Baeil/us subtilis rec strains, differentialtoxicity A DMN Drosophila melanogaster, aneuploidy 0
G BSM Boeil/us subtils, multigene test G DMX Drosophila melanogaster, sex-Iinked recessive lethal mutations ~
D BVD Binding (covalent) to DNA, animal ce ils in vivo D DVA DNA strand breaks, cross-links or related damage. animal cells c:
D BVP Binding (covalent) to RNA or protein, animal cells in vivo in vivo a:
C CBA Chromosomal aberrations, animal bone-marrow cells in vivo D DVH DNA strand breaks, cross-links or related da mage, human cells tr
C CBH Chromosomal aberrations, human bone-marrow cells in vivo in vivo t
C CCC Chromosomal aberrations, spermatocytes treated in vivo, G EC2 Escherichia coli WP2. reverse mutation

spermatocytes observed D ECB Escherichia coli (or E. coli DNA), strand breaks, cross-links or
C CGC Chromosomal aberrations, spermatogonia treated in vivo, related damage; DNA repair

spermatocytes observed D ECD Escherichia coli pol A/W3110-P3478 differential toxicity (spot test) 

C CGG Chromosomal aberrations, spermatogonia treated in vivo, G ECF Escherichia coli exclusive of strain K 12, forward mutation
spermatogonia observed G ECK Escherichia coli K 12, forward or reverse mut¡.Üon

C CHF Chromosomal aberrations, human fibroblasts in vitro D ECL Escherichia coli pol AjW31 IO-P3478, differentialtoxicity (Iiquid
C CHL Chromosomal aberrations, human lymphocytes in vitro suspension test)
C CHT Chromosomal aberrations, transformed human cells in vitro G ECR Escherichia coli (other miscellaneous strains), reverse mutation
C CIA Chromosomal aberrations, other animal cells in vitro G ECW Escheri(hia coli WP2 uvrA, reverse mutation
C CIC Chromosomal aberrations, Chinese hamster cells in vitro D ERD Escherichia coli rec strains, diferential toxicity
C CIH Chromosomal aberrations, other human cells in vitro G GSI Gene mutation, mouse Iymphoma LS 178Y ce ils in vitro, ail other
C CIM Chromosomal aberrations, mouse cells in vitro loci



Table i (contd)

En dpoint Code Defini/ion Endpoint Code Defini/ion

G G90 Gene mutation, ehinese hamster lung V79 cells, D RVA DNA repair exclusive of unscheduled DNA synthesis, animal cells
oua bain resistance in vivv

G GeL Gene mutation, ehinese hamster lung cells exclusive of V79 in vi/ru G SAO Salmonella /yphimurium TA 100, reverse mutation
G (¡CO Gene mutation, ehinese hamster ovary cells in vi/ru G SA2 Salmonella /yphimurium TA 102, reverse mutation
G G9H Gene mutation, ehinese hamster lung V79 cells, hprl locus G SA3 Salmonella /yphimurium TAI 530, reverse mutation
G GIA Gene mutation, other animal cells in vitro G SM Salmonella /yphimurium T A 104, reverse mutation
G GIH Gene mutation, human cells in vi/ro G SA5 Salmonella /yphimurium TA 1535, reverse mutation
G GML Gene mutation, mouse Iymphoma cells exclusive of L5178Y G SA7 Salmunella /yphimurium TA1537, reverse mutation

În vitro G SAS Salmonella /yphimurium TAI 538. reverse mutation
G G5T Gene mutation, mouse Iymphoma L5178Y cells in vitro, TK locus G SA9 Salmonella /yphimurium T A98, reverse mutation
G GYA Gene mutation, animal cells ¡n vivo D SAD Salmonella /yphimurium, DNA repair-deficient strains, differential
H HMA Host-mediated assay, animal cells in animal host toxicity
H HMH Host-mediated assay, human cells in animal hosts G SAF Salmonella /yphimurium, forward mutation
H HMM Host-mediated assay, microbial cells in animal hosts G SAS Salmonella /yphimurium (other miscellaneous strains), reverse
e HSe Hordeum species, chromosomal aberrations mutation
G HSM Hordeum species, mutation G SeF Saccharumyces cereviJiae, forward mutation ~
1 leH Inhibition of intercellular communication, human cells in vi/ro R SeG Saccharomyces cerevisiae, gene conversion "t
1 1eR Inhibition of intercellular communication, animal cells in vilru R SeH Saccharumyces cereviJiae, homozygosis by mitotic recombination "t
G KPF Klebsiella pneumonia, forward mutation or gene conversion m

ZG MAF Micrococcus aureus, forward mutation A SeN Saccharomyces cerevisiae, aneuploidy tie MHT Mouse heritable translocation test G seR Saccharoniyces cerevisiae. reverse mutation ..
M MIA Micronucleus test, animal cells in vi/ru G SGR S/replUmyces griseu(1avus, reverse mutation ~
M MIH Micronucleus test, human cells in vi/ro S SHF Sister chromatid exchange, human fibroblasts in vi/rv N
G MST Mouse spot test S SHL Sister chromatid exchange, human lymphocytes in vi/ru
M MVA Micronucleus test, other animais in ,'ivv S SHT Sis ter chromatid exchange, transformed human ce lis in yi/ru
M MVe Micronucleus test, hamsters in yivo S SIA Sister chromatid exchange, other animal cells iii vitru
M MVH Micronucleus test, human cells in vivo S sie Sister chromatid exchange, ehinese hamster cells in vi/ru
M MVM Micronucleus test, mice in v;vo S SIH Sister chromatid exchange, other human cells in vi/ru
M MVR Micronucleus test, rats iii vivv S SIM Sister chromatid exchange, mouse cells in vi/ro
G NeF Neurospora crassa, forward mutation S SIR Sister chromatid exchange, rat cells in vi/ru
A NeN NeurvJpora crassa, aneuploidy S SIS Sister chromatid exchange, Syrian hamster cells in vilrv
G NeR Neurvspora crassa, reverse mutation S sn Sister chromatid exchange, transformed animal cells iii vilro
e PLe Plants (other). chromosomal aberrations S SLH Sister chromatid exchange, human lymphocytes in vivo
M PLI Plants (other), micronuclei G SLO Mouse specifie locus test, other stages
G PLM Plants (other), mutation G SLP Mouse specifie locus test, postspermatogonia
S PL.S Plants (other), sister chromatid exchanges P SPF Sperm morphology, FI mice
D PLU Plants, unscheduled DNA synthesis P SPH Sperm morphology, humans in vivo
D PRB Prophage induction, SOS repair test or DNA strand breaks, P SPM Sperm morphology, mice

cross-links or related da mage P SPR Sperm morphology, rats
C pse Parameciumspecies, chromosomal aberrations D SSB Saccharomyces species, DNA strand breaks, cross-links or related
G PSM Paramedum species, mutation damage
D RIA DNA repair exclusive of unscheduled DNA synthesis, animal cells D SSD Saccharomyces species, DNA repair-deficient strains, differential

in \'i/ro toxicity W
D RIH DNA repair exclusive of unscheduled DNA synthesis, human cells G STF S/repiomyces coeliculor, forward mutation ..

in vilro G STR S/replomyces coelimlvr, reverse mutation
-
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Table i (contd)
-
~

Endpoint Code Definition Endpoint Code Definition :;
(j

S SVA Sister chromatid exchange, animal cells in vivo M TSI Tradescantia species, micronuclei ~
S SVH Sister chromatid exchange, other human cells in vivo G TSM Tradescantia species, mutation 00 SZD Schizosaccharomyces pombe, DNA repair-deficient strains, T TVI Cell transformation,treated in vivo, scored in vilro Z

differential toxicity 0 UBH Unscheduled DNA synthesis, human bone-marrow ce Ils in vivo 0
G SZF Schizosaccharomyces pombe, forward mutation 0 UHF Unscheduled DNA synthesis, human fibroblasts in vitro 0
R SZG Schizosaccharomyces pombe, gene conversion 0 UHL Unscheduled DNA synthesis, human lymphocytes in i';rro :;
G SZR Schizosaccharomyces pombe, reverse mutation 0 UHT Unscheduled DNA synthesis, transformed human cells in viiro ~
T TBM Cell transformation, BAlB/c 3T3 mouse cells 0 UIA Unscheduled DNA synthesis, other animal cells in viiro "'

::T TCl Cell transformation, other established celllines 0 UIH Unscheduled DNA synthesis, other human ce Ils in vitro enT TCM Cell transformation, C3H IOTl/2 mouse cells 0 UPR Unscheduled DNA synthesis, rat hepatocytes in vivo ~T TCS Cell transformation, Syrian hamster embryo cells, clonaI assay 0 URP Unscheduled DNA synthesis, rat primary hepatocytes 0T TEV Cell transformation, other viral enhancement systems 0 UVA Unscheduled DNA synthesis, other animal cells in vivo t"T TFS Cell transformation, Syrian hamster embryo cells, focus assay 0 UVC Unscheduled DNA synthesis, hamster cells ifl vivo ~
T TIH Cell transformation, human cells in vilro 0 UVH Unscheduled DNA synthesis, other human cells ¡fi vivo ~T TPM Cell transformation, mouse prostate cells 0 UVM Unscheduled DNA synthesis, mouse cells in vii'o tr
T T7R Cell transformation, SA 7 1 rat cells 0 UVR Unscheduled DNA synthesis, other rat cells in vivo tT TRR Cell transformation, RL V/Fischer rat embryo cells C VFC Viciafaba, chromosomal aberrations
T T7S Cell transformation, SA 7 / Syrian hamster embryo cells S VFS Viciafaba, sister chromatid exchange
C TSC Tradescantia species, chromosomal aberrations
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Test
code

ERD

SAC

SM
SAS
SAS
SA7
SAS

SA9
ECW

ECW

SCF
PLS
PLI
ACC

VFC
SIC
sic
sic
SIA
MIA
CIR
TOI
DIH
SHL
SHL
SHL
SHL
SHL
SHL
CHL
CHL
CHL
CHL

CHL

CIH
SVA
SVA
COE
BIO

D

G

G

G

G

G

G

G

G

G

G

S
M

C

C

S
S
S
S
M

C

T
D

S
S
S
S

S

S
C

C

C

C

C

C

S
S
C

o

From IARC (l987b)

:)

ACETALEHYOEa

End
point

Test system

Escherichia coli rec strains, differential toxici ty (spot test)
Salmonella typhimurium TAlOO, reverse mutation
Salmonella typhimurium TAl04, reverse mutation
Salmonella typhimurium TAl535, reverse mutation
Salmonella typhimurium TAl535 , reverse mutation
Salmonella typhimurium TAl537 , reverse mutation
Salmonella Lyphimurium TAl538 , reverse mutation
Salmonella typhimurium TA98, reverse mutation
Escherichia coli WP2 uvrA, reverse mutation
Escherichia coli WP2 uvrA, r.everse mutation
Saccharomyces cerevisIã forward mutation
Plants (other), sister chromatid exchanges
Plants (other), micronuclei
A1lium cepa, chromosomal aberrations
vicia faba, chromosomal aberrations
Sister chromatid exchange, Chinese hamster cells in vitro
Sister chromatid exchange, Chinese hamter cells in vitro
Sister chromatid exchange, Chinese hamter cells in vitro
Sis ter chromatid exchange, other animal cells in vitro
Micronucleus test, animal cells in vitro
Chromosomal aberrations 1 rat cells in vitro
Cell transformation, C3H 10T1/2 mouse cells
DNA strand breaks, cross-links, etc., human cells in vitro
Sister chromatid exchange 1 human lymhocytes in vitr
Sister chromatid exchange, human lymphocytes in vitro
Sister chromatid exchange, human lymhocytes in vitro
Sister chromatid ex change 1 human lymhocytes in vitro
Sister chromatid exchange 1 human lymhocytes in vitro
sister chromatid exchange, human lymhocytes in vitro
Chromosomal aberrations 1 human lymhocyes in-v
Chromosomal aberrations, human lymhocyes in vitro
Chromosomal aberrations, human lymhocyes in vitro
Chromosomal aberrations 1 human lymhocyes in vitro
Chromosomal aberrations, human lymhocyes in vitro
Chromosomal aberrations 1 other hum cells in vitro
sis ter chromatid exchange, animal cells in vivo
Sis ter chromatid exchange, animal cells in vivo
Chromosomal aberrations, oocytes or embryos treated in vivo
Binding (covalent) to ONA in vitro

+
+

(+)
+
+
+
+
+
+
+
+
+

+

+
+
+
+
+
+

+
+
+
+

(+)
+
+
+
+
+

Resul ts

No act Act

(+)

(+)

(+)

Dose (LED Reference
or HID)

o 7800.0000
5000.0000
2515.0000
7800.0000
5000.0000
5000.0000
7800.0000
5000.0000

39.0000
780.0000

23400.0000
75.0000
75.0000
75.0000

220.0000
3.9000

31.2000
4.0000
7.8000

22.0000
4.4000

100.0000
o . 4400
6.0000
8.0000
7.8000
1. 8000

15.6000
4.4000

20,0000
16.0000
4.0000

15.6000
o .7800
7.8000
0.4000
0.5000

7800.0000
44100.0000

o

o

o

o

o

o

o

o

o

o

o

o
o

+
o

o

o

o

o

o
o

o

o

o

o

o
o

o

o

o

o

o

o
o

Rosenkranz (1977)
Morte1mans et al. (1986)
Marnett et al. (1985)
Rosenkranz (1977)
Mortelmans et al. (1986)
Mortelmans et al. (1986)
Rosenkranz (1977)
Mortelmans et al. (1986)
véghelyi et al. (1978)
Igali & Gaszo (1980)
Bandas (1982)
Cortés et al. (1986)
Cortés et al. (1986)
Cortés et al. (1986)
Rieger & Michaelis (1960)
Obe & Beek (1979)
Obe & Ristow (1977)
Obe et al. (1978)
De Raat et al. (1983)
Bird et al. (1982)
Bird et al. (1982)
Abernethy et al. (1982)
Lambert et al. (1985)
Jansson (1982)
Böhlke et al. (1983)
Ristow & Obe (1978)
Véghelyi et al. (1978)
Obe et al. (1978)
He & Lambert (1985)
Badr & Hussain (1977)
Böhlke et al. (1983)
Obe et al. (1985)
Obe et al. (1979)
Obe et al. (1978)

Obe et al. (1979)
Obe et al. (1979)
Korte & Obe (1981)
Barilyak & Kozachuk (1983)
Ristow & Obe (1978)
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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

Acridine orange

7, 197 (1974)

Suppl. 7, 389 (1987)

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 JO, 29 (1976) (corr. 42, 255)

Suppl. 7, 80 (1987)

JO, 43 (1976)
Suppl. 7,81 (1987)

Adriamycin

-379-
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AF-2

Aflatoxins

Aflatoxin Bi (see Aflatoxins)
Aflatoxin Bi (see Aflatoxins)
Aflatoxin G¡ (see Aflatoxins)
Aflatoxin Gi (see Aflatoxins)
Aflatoxin Mi (see Aflatoxins)
Agaritine

Alcohol drinking
Aldrin

Allyl chloride

Allyl isothiocyanate

Allyl isovalerate

Aluminium production

Amaranth

5-Aminoacenaphthene

2-Aminoanthraquinone

para- Aminoazo benzene

ortho-Aminoazotoluene

para-Aminobenzoic acid

4-Aminobiphenyl

2-Amino-3,4-dimethylimidazo( 4,5:fquinoline (see MeIQ)
2-Amino-3,8-dimethylimidazo( 4,5:fquinoxaline (see MeIQx)
3-Amino- 1 ,4-dimethyl-5H-pyrido( 4,3-b )indole (see Trp-P- 1)
2-Aminodipyrido(I,2-a:3',2'-dJimidazole (see Glu-P-2)
l-Amino-2-methylanthraquinone

2-Amino-3-methylimidazo( 4,5:fquinoline (see IQ)
2-Amino-6-methyldipyrido(I,2-a:3',2'-dJ-imidazole (see Glu-P-l)

2-Amino-3-methyl-9 H-pyrido(2,3-b )indole (see MeA-a-C)
3-Amino-l-methyl-5H-pyrido( 4,3-b )indole (see Trp-P-2)

31,47 (1983)

Suppl. 7,56 (1987)

1, 145 (1972) (corr. 42,251)

JO, 51 (1976)

Suppl. 7,82 (1987)

31,63 (1983)

Suppl. 7,56 (1987)

44
5,25 (1974)

Suppl. 7,88 (1987)

36, 39 (1985)

Suppl. 7, 56 (1987)

36, 55 (1985)

Suppl. 7, 56 (1987)

36, 69 (1985)

Suppl. 7, 56 (1987)

34,37 (1984)

Suppl. 7,89 (1987)

8,41 (1975)

Suppl. 7, 56 (1987)

16,243 (1978)

Suppl. 7,56 (1987)

27, 191 (1982)

Suppl. 7, 56 (1987)

8, 53 (1975)
Suppl. 7, 390 (1987)

8,61 (1975) (corr. 42,254)
Suppl. 7, 56 (1987)

16, 249 (1978)
Suppl. 7, 56 (1987)

1, 74 (1972) (corr. 42,251)
Suppl. 7, 91 (1987)

27, 199 (1982)

Suppl. 7,57 (1987)
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2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole

4-Amino-2-nitrophenol

2-Amino-5-nitrothiazole

2-Amino-9H-pyrido(2,3-b )indole (see A-a-C)

ll-Aminoundecanoic acid

Amitrole

Ammonium potassium selenide (see Selenium and selenium
compounds)

Amorrhous sIlca (see also Silica)
Amosite (see Asbestos)
Anabolic steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile

Analgesie 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

paræ-Anisidine

Anthanthrene

Anthophyllte (see Asbestos)
Anthracene

Anthranilic acid

ANTU (see l-Naphthylthiourea)
Apholate

Aramitel.

Areca nut (see Betel quid)
Arsanilic acid (see Arsenic and arsenic compounds)

381

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)

Il,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/sa Auramine, technical-grade)
Aurothioglucose

5-Azacytidine

Azaserine

Azathioprine

Aziridine

2-( 1 -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/sa a-Chlorinated toluenes)
Benz( a )anthracene

1, 41 (1972)

2, 48 (1973)

23,39 (1980)

Supp/. 7, 100 (1987)

2, 17 (1973) (corr. 42,252)
14 (1977) (corr. 42, 256)

Supp/. 7, 106 (1987)

42, 159 (1987)

Supp/. 7, 117 (1987)

1,69 (1972) (corr. 42,251)
Supp/. 7, 1I8 (1987)
Supp/. 7, 1I8 (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)

Supp/. 7,58 (1987)

9, 47 (1975)
Supp/. 7, 58 (1987)
9,51 (1975)

Supp/. 7, 58 (1987)
8, 75 (1975)
Supp/. 7, 58 (1987)

32, 123 (1983)

Supp/. 7,58 (1987)

3, 241 (1973)
32, 129 (1983)

Suppl. 7,58 (1987)

29,65 (1982)

3, 45 (1973)
32, 135 (1983)

Supp/. 7,58 (1987)
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Benzene

Benzidine

Benzidine-based dyes
Benzo( b )fluoranthene

Benzoú1fluoranthene

Benzo( k )fluoranthene

Benzo(ghi1fl uoranthene

Benzo( a )fluorene

Benzo( b )fluorene

Benzo( c )fluorene

Benzo(ghi1pery1ene

Benzo( c )phenanthrene

Benzo(a)pyrene

Benzo( e )pyrene

para-Benzoquinone dioxime

Benzotrich1oride (see also a-Ch1orinated toluenes)
Benzoyl chloride

Benzoy1 peroxide

Benzy1 acetate

Benzyl ch10ride (see also a-Ch1orinated to1uenes)

Benzyl violet 4B

Bertrandite (see Beryllium and beryllum compounds)

383

7,203 (1974) (corr. 42,254)

29,93,391 (1982)

Suppl. 7, 120 (1987)

1,80 (1972)

29, 149,391 (1982)

Suppl. 7, 123 (1987)

Suppl. 7, 125 (1987)

3,69 (1973)

32, 147 (1983)

Suppl. 7, 58 (1987)

3,82 (1973)

32, 155 (1983)

Suppl. 7,58 (1987)

32, 163 (1983)

Suppl. 7,58 (1987)

32, 171 (1983)

Suppl. 7,58 (1987)

32, 177 (1983)

SuPPI. 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)

Suppl. 7,58 (1987)

3,91 (1973)

32,211(1983)
Suppl. 7, 58 (1987)

3, 137 (1973)

32,225 (1983)

SuPPI. 7,58 (1987)
29, 185 (1982)

Suppl. 7, 58 (1987)

29, 73 (1982)

29, 83 (1982) (corr. 42,261)
Suppl. 7, 126 (1987)

36, 267 (1985)

Suppl. 7,58 (1987)

40, 109 (1986)

Suppl. 7,58 (1987)

Il,217 (1976) (corr. 42, 256)

29, 49 (1982)

16, 153 (1978)

Suppl. 7,58 (1987)
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Beryllum and beryllum compounds

Beryllum acetate (see Beryllium and beryllium compounds)
Beryllium acetate, basic (see Beryllum and beryllium compounds)
Beryllum-aluminium alloy (see Beryllium and beryllum

compounds)
Beryllium carbonate (see Beryllum and beryllum compounds)
Beryllium chloride (see Beryllum and beryllum compounds)
Beryllium-copper alloy (see Beryllum and beryllum compounds)
Beryllium-copper-cobalt alloy (see Beryllum and beryllium

compounds)
Beryllum fluoride (see Beryllum and beryllum compounds)
Beryllum hydroxide (see Beryllum and beryllium compounds)
Beryllum-nickel alloy (see Beryllum and beryllum compounds)
Beryllium oxide (see Beryllium and beryllium compounds)
Beryllum phosphate (see Beryllum and beryllium compounds)
Beryllium silicate (see Beryllum and beryllium compounds)
Beryllium sulphate (see Beryllium and beryllum compounds)
Beryl ore (see Beryllum 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-chl oroeth y l)ether

N, N- Bis(2-chloroethyl)-2-naphthylamine

Bischloroethyl nitrosourea (see a/sa Chloroethyl nitrosoureas)

1,2- Bis( chloromethoxy)ethane

L ,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)

Supp/. 7, 128 (1987)

9,55 (1975)

Suppl. 7,58 (1987)

9, 117 (1975)

Suppl. 7,58 (1987)

4, 119 (1974) (corr. 42,253)
Suppl. 7, 130 (1987)

26, 79 (1981)

Supp/. 7, 150 (1987)

15,31 (1977)

Supp/. 7,58 (1987)

15,37 (1977)

Supp/. 7, 58 (1987)
4,231 (1974) (corr. 42,253)
Suppl. 7, 13 1 (1987)

41, 149 (1986)

Suppl. 7,59 (1987)

35, 39 (1985)

Supp/. 7, 133 (1987)

26,97 (1981)

Supp/. 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 fem 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 2, 74 (1973)

11,39 (1976) (corr. 42,255)
Suppl. 7, 139 (1987)

Cadmium chio ride (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)
CaIcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin 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)

Caprolactam

Captan

Carbaryl
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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)
Ceramic fibres (see Man-made mineraI fibres)
Chemotherapy, combined, including alkylating agents (see

MOPP and other combined chemotherapy including
alkylating agents)

Chlorambucil

Chloramphenicol

Chlordane (see a/sa Chlordanej Heptachlor)
Chlordanej Heptachlor
Chlordecone

Chlordimeform

Chlorinated dibenzodioxins (other than TCDD)

a-Chlorinated toluenes

Chlormadinone acetate (see a/sa Progestins; Combined oral
contraceptives)

Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chloro benzilate

Chlorodifluoromethane

1 -(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea (see a/sa Chloro-
ethyl nitrosoureas)

32, 239 (1983)

Supp/. 7, 59 (1987)
40,317 (1986)

Supp/. 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)

Supp/. 7, 378 (1987)

JO, 181 (1976) (corr. 42,255)
31;79 (1983)

Suppl. 7,59 (1987)

15, 155 (1977)

Supp/. 7, 59 (1987)

9, 125 (1975)

26, 115 (1981)

Supp/. 7, 144 (1987)

JO, 85 (1976)
Supp/. 7, 145 (1987)

20,45 (1979) (corr. 42,258)
Suppl. 7, 146 (1987)

20,67 (1979)

Suppl. 7, 59 (1987)

30,61 (1983)

Supp/. 7, 59 (1987)
15,41 (1977)

Supp/. 7,59 (1987)

Supp/. 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)
Supp/. 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)

(4-Chloro-2-methylphenoxy)-acetic acid (see MCP A)
Chlorophenols
Chlorophenöls (occupational exposures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupational exposures to)
4-Chloro-ortho-p henylenediamine

4-Chloro-meta-phenylenediamiiie

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)

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)

387
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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 also Coal-tars)
Coal-tars

Cobalt-chromium alloy (see Chromium and chromium
compounds)

Coke production

Combined oral contraceptives (see also Oestrogens, progestins
aiid combinations)

Conjugated oestrogens (see also Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline

Coronene

Coumarin

Creosotes (see also Coal-tars)
r.eta-t:residine

para-Cresidine

3, 159 (1973)

32, 247 (1983)

Suppl. 7, 60 (1987)

8,91 (1975)

Suppl. 7, 169 (1987)

8, 97 (1975)
Suppl. 7,60 (1987)

16,287 (1978)

31,133(1983)
Suppl. 7,60 (1987)

26, 151 (1981)

Suppl. 7, 170 (1987)

40,67 (1986)

Suppl. 7, 60 (1987)

8, 101 (1975) (CO". 42, 254)
Suppl. 7, 60 (1987)

24, 39 (1980)

Suppl. 7, 171 (1987)

21,551 (1979)

Suppl. 7, 172 (1987)

34, 65 (1984)

Suppl. 7, 173 (1987)

Suppl. 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)

10, 113 (1976)
Suppl. 7,61 (1987)

Suppl. 7, 177 (1987)

27,91 (1982).
Suppl. 7,61 (1987)

27, 92 (1982)

Suppl. 7,61 (1987)
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Crocidolite (see Asbestos)

Crystallne silica (see also Silica)

Cycasin

Cyclamates

Cyclamic acid (see Cyclamates)

Cyclochlorotine

Cyclohexylamine (see Cyclamates)

Cyclopenta( cd)pyrene

Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide

D

2,4-D (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine

D & C Red No. 9

Dapsone

Daunomycin

DDD (see DDT)
DDE (see DDT)
DDT

Diacetylaminoazotoluene

N, N -Diacetylbenzidine

Diallate

2,4- Diaminoanisole

389

Suppl. 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)

Suppl. 7,61 (1987) .

32,269 (1983)

Suppl. 7, 61 (1987)

9, 135 (1975)

26, 165(1981)
Suppl. 7, 182 (1987)

15, 111(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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4,4'-Diaminodiphenyl ether 16,301 (1978);
29,203 (1982)

Suppl. 7, 61 (1987)

1,2-Diamino-4-nitrobenzene

1,4- Diamino-2-nitrobenzene

16,63 (1978)

Suppl. 7, 61 (1987)

16, 73 (1978)

Suppl. 7, 61 (1987)

2,6-Diamino-3-(phenylazo )pyridine (see Phenazopyridine

hydrochloride)

2,4-Diaminotoluene (see also Toluene diisocyanates) 16,83 (1978)

Suppl. 7,61 (1987)

16,97 (1978)

Suppl. 7, 61 (1987)

2,5-Diaminotoluene (see also Toluene diisocyanates)

ortho-Dianisidine (see 3,3'-Dimethoxybenzidine)
Diazepam 13, 57 (1977)

Suppl. 7, 189 (1987)

7,223 (1974)

Suppl. 7,61 (1987)

3,247 (1973)

32, 277 (1983)

Suppl. 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) (corr. 43,261)
32,299 (1983)

Suppl. 7, 61 (1987)

32,309 (1983)

Suppl. 7,61 (1987)

3, 260 (1973)
32,315 (1983)

Suppl. 7,61 (1987)

Diazomethane

Dibenz( a,h )acridine

Dibenz( a,JJacridine

Dibenz( a, c)anthracene

Dibenz( a,h )anthracene

Dibenz(a,JJanthracene

7 H-Dibenzo(c,g)carbazole

Dibenzodioxins, chlorinated (other than TCDD)
(see Chlorinated dibenzodioxins (other than TCDD))

Dibenzo( a,e )fluoranthene 32, 321 (1983)

Suppl. 7,61 (1987)

3, 197 (1973)

Suppl. 7,62 (1987)

3,201 (1973)

32, 327 (1983)

Suppl. 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

Dibenzo( a, lJpyrene

1,2- Dibromo-3-chloropropane

Dichloroacetylene

ortho-Dichlorobenzene

para- Dichloro benzene

3,3' -Dichlorobenzidine

trans- 1,4- Dichloro bute ne

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

1,3-Dichloropropene (technical-grade)

Dichlofvos

Dicofol

Dicyc10hexylamine (see Cyc1amates)
Dieldrin

Dienoestrol (see also Nonsteroidal oestrogens)

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)

39,325 (1986)

Suppl. 7,62 (1987)

41, 131 (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)

5, 125 (1974)

Suppl. 7, 196 (1987)

21, 161 (1979)

391
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Diepoxybutane

Diethyl ether (see Anaesthetics, volatile)

Di(2-ethylhexyl)adipate

Di(2-ethylhexyl)phthalate

1,2- Diethylhydrazine

Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulphate

Diglycidyl resorcinol ether

Dihydrosafrole

Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
Dihydroxymethylfuratrizine

Dimethisterone (see aiso Progestins; Sequential oral
contraceptives)

Dimethoxane

3,3' -Dimethoxybenzidine

3,3'- Dimethoxybenzidine-4,4' -diisocyanate

para-Dimethylaminoazobenzene

para-Dimethylaminoazobenzenediazo sodium sulphonate

trans-2-( (Dimethylamino )methylimino )-5-(2-( 5-nitro-2-furyl)-
vinyl)- 1 ,3,4-oxadiazole

4,4'-Dimethylangelicin plus ultraviolet radiation (see aiso
Angelicin and sorne synthetic derivatives)

4,5'-Dimethylangelicin plus ultraviolet radiation (see aiso
Angelicin and sorne synthetic derivatives)

Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3'- Dimethylbenzidine

11, 115 (1976) (CO". 42,255)

Suppi. 7, 62 (1987)

29,257 (1982)

Suppi. 7, 62 (1987)

29, 269 (1982) (CO". 42, 261)

Suppi. 7,62 (1987)

4, 153 (1974)

Suppi. 7, 62 (1987)

6,55 (1974)

21, 172 (1979) (CO". 42,259)

Suppi. 7,273 (1987)

4, 277 (1974)
Suppi. 7, 198 (1987)

11,125(1976)
36, 181 (1985)

Suppi. 7,62 (1987)

1, 170 (1972)

JO, 233 (1976)
Suppi. 7,62 (1987)

24, 77 (1980)

Suppi. 7,62 (1987)

6, 167 (1974)

21,377 (1979)

15, 177 (1977)

Suppi. 7, 62 (1987)

4, 41 (1974)
Suppi. 7, 198 (1987)

39, 279 (1986)

Suppi. 7, 62 (1987)

8, 125 (1975)
Suppi. 7, 62 (1987)

8, 147 (1975)

Suppi. 7, 62 (1987)

7, 147 (1974) (CO". 42,253)
Suppi. 7,62 (1987)

Suppi. 7, 57 (1987)

Suppi. 7,57 (1987)

1,87 (1972)

Suppi. 7,62 (1987)
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Dimethylcarbamoyl chloride

1,1 -Dimethylhydrazine

1,2-Dimethylhydrazine

1 ,4- Dimethylp henanthrene

Dimethyl sulphate

1,8-Dinitropyrene

Dinitrosopentamethylenetetramine

1,4-Dioxane

2,4' -Diphenyldiamine

Direct Black 38 (see al sa Benzidine-based dyes)
Direct Blue 6 (see al sa Benzidine-based dyes)

Direct Brown 95 (see also Benzidine-based dyes)
Disulfiram

Dithranol

Divinyl ether (see Anaesthetics, volatile)
Dulcin

E

Endrin

Enflurane (see Anaesthetics, volatile)
Eosin

Epichlorohydrin

1 - Epoxyethyl-3,4-epoxycyclohexane

3,4- Epoxy-6-methylcyclohexylmethyl- 3 ,4~epoxy-6-methyl-
cyclo'hexane carboxylate

cis-9, 10- Epoxystearic acid

Erionite
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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)

Il, 241 (1976)

Suppl. 7, 63 (1987)

11,247 (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)

12,97 (1976)

Suppl. 7, 63 (1987)

5, 157 (1974)

Suppl. 7, 63 (1987)

15, 183 (1977)

Suppl. 7,63 (1987)

Il, 131 (1976) (corr. 42, 256)

Suppl. 7, 202 (1987)

11, 141 (1976)

Suppl. 7, 63 (1987)

Il, 147 (1976)

Suppl. 7,63 (1987)

11, 153 (1976)

Suppl. 7,63 (1987)

42,225 (1987)

Suppl. 7, 203 (1987)
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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)

Suppl. 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)
Suppl. 7,205 (1987f
11,257 (1976)

Suppl. 7, 63 (1987)

7,45 (1974)

Supp/. 7,207 (1987)

7,245 (1974)

Supp/. 7, 63 (1987)
l, 135 (1972)

17, 191 (1978)

Supp/. 7,63 (1987)

12, 107 (1976)

Suppl. 7,63 (1987)

12, 115 (1976)

Supp/. 7,63 (1987)

6 173 (1974)

21, 387 (1979)

36, 75 (1985)

Supp/. 7, 63 (1987)
8, 151 (1975)

Supp/. 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)

Suppl. 7,216 (1987)

Ferbam

Ferric oxide

Ferrochromium (see Chromium and chromium compounds)
Fluometuron 30, 245 (1983)

Suppl. 7, 63 (1987)

32, 355 (1983)

Supp/. 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 orm ylhydrazino )-4-( 5-nitro- 2-furyl)thiazole

Furazolidone

Furniture and cabinet-making

2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X

G

Glass fibres (see Man-made mineraI fibres)
Glasswool (see Man-made mineraI fibres)
Glass filaments (see Man-made mineraI fibres)
Glu-P-l

Glu-P-2

L-Glutamic acid, 5-(2-( 4-hydroxymethyl)phenylhydrazide L

(see Agaratine)
Glycidaldehyde

Glycidyl oleate

Glycidyl stearate

Griseofulvin

Guinea Green B

Gyromitrin
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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) (corr. 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)

11, 175 (1976)

Suppl. 7,64 (1987)

Il, 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)
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H

Haematite 1, 29 (1972)
Suppl. 7,216 (1987)

Suppl. 7,216 (1987)

1, 29 (1972)
Suppl. 7,216 (1987)

16, 29 (1978)
27, 307 (1982)

Haematite and ferric oxide
Haematite mining, underground, with exposure to radon

Hair dyes, epidemiology of

Halothane (see Anaesthetics, volatile)
a-HCH (see Hexachlorocyclohexanes)
ß-HCH (see Hexachlorocyclohexanes)
y-HCH (see Hexachlorocyclohexanes)
Heptachlor (see also Chlordanej 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

Hexachlorocyc1ohexane, 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

Hexamethyl phosphoramide

Hexoestrol (see Nonsteroidal oestrogens)
Hycanthone mesylate 13, 91 (1977)

Suppl. 7, 64 (1987)

24, 85 (1980)

Suppl. 7, 222 (1987)

4, 127 (1974)

Supp/. 7,223 (1987)

36, 285 (1985)

Supp/. 7,64 (1987)

15, 155 (1977)

Supp/. 7,64 (1987)

8, 157 (1975)

Supp/. 7, 64 (1987)
21,399 (1979) (corr. 42,259)
13, 101 (1977)

Suppl. 7,64 (1987)

JO, 265 (1976)
Supp/. 7,64(1987)

Hydralazine

Hydrazine

Hydrogen peroxide

Hydroquinone

4- H ydroxyazobenzene

17a-Hydroxyprogesterone caproate (see a/so Progestins)
8- H ydroxyq uinoline

8- H ydroxysenkirkine
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1

Indeno( 1 ,2,3-cd)pyrene

IQ

Iron and steel founding

Iron-dextran complex

Iron-dextrin complex

Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex

Isatidine

Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide

Isophosphamide

Isopropyl alcohol

Isopropyl alcohol manufacture (strong-acid process)
(see a/sa Isopropyl alcohol)

Isopropyl oils

Isosafrole

J

Jacobine

Joinery (see Carpentry and joinery)

K

Kaempferol

Kepone (see Chlordecone)
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3,229 (1973)

32, 373 (1983)

Supp/. 7,64 (1987)

40,261 (1986)

Supp/. 7,64 (1987)

34, 133 (1984)

Supp/. 7, 224 (1987)

2, 161 (1973)

Supp/. 7, 226 (1987)

2, 161 (1973) (carr. 42,252)
Supp/. 7, 64 (1987)

2, 161 (1973)

Supp/. 7,64 (1987)

JO, 269 (1976)
Suppl. 7, 65 (1987)

4, 159 (1974)

Supp/. 7,227 (1987)

26,237 (1981)

Suppl. 7, 65 (1987)

15,223 (1977)

Supp/. 7,229 (1987)

Supp/. 7, 229 (1987)

15,223 (1977)

Supp/. 7,229 (1987)

1, 169 (1972)
JO, 232 (1976)
Supp/. 7,65 (1987)

JO, 275 (1976)
Supp/. 7, 65 (1987)

31, 171 (1983)

Supp/. 7,65 (1987)
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L

Lasiocarpine

Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and lead compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead 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 le ad compounds)
Leather goods manufacture

Leather industries

Leather tanning and processing

Ledate (see al sa Lead and lead compounds)
Light Green SF

Lindane (see Hexachlorocyclohexanes)
The lumber and sawmill industries (including logging)

Luteoskyrin

Lynoestrenol (see al sa Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see alsa Magenta)
Malathion

Maleic hydrazide

JO, 281 (1976)
Suppl. 7, 65 (1987)

36,315 (1985)

Suppl. 7,65 (1987)

1,40 (1972) (carr. 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) (carr. 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

Man-made mineraI fibres
Mannomustine

MCP A (see al sa Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures)

MeA-a-C

Medphalan

Medroxyprogesterone acetate

Megestrol acetate (see also Progestins; Combined oral
contraceptives)

MeIQ

MeIQx

Melamine

Melphalan

6-Mercaptopurine

Merphalan

Mestranol (see alsa 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

Methoxyflurane (see Anaesthetics, volatile)
5- Methoxypsoralen

8-Methoxypsoralen (see alsa 8-Methoxypsoralen plus ultraviolet
radiation)

8-Methoxypsoralen plus ultraviolet radiation

399

36, 163 (1985)

Suppl. 7,65 (1987)

12, 137 (1976)

Suppl. 7,65 (1987)

43, 39 (1988)

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) (carr. 42, 259)
Suppl. 7,289 (1987)

21, 431 (1979)

40,275 (1986)

Suppl. 7,65 (1987)

40, 283 (1986)

Suppl. 7, 65 (1987)

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) (carr. 42, 259)

26, 267 (1981)
Suppl. 7,241 (1987)

5, 193 (1974)

20, 259 (1979)
Suppl. 7,66 (1987)

40,327 (1986)

Suppl. 7, 242 (1987)

24, 101 (1980)

Suppl. 7, 243 (1987)
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Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see a/so Angelicin

and sorne synthetic derivatives)

2-Methylaziridine

Methylazoxyrnethanol acetate

Methyl brornide

Methyl carbarnate

Methyl-CCNU (see 1-(2-Chloroethyl)-3-( 4-rnethyl-cyclohexyl)-1-nitrosourea) .
Methyl 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-dirnethyl)benzenarnine

4,4'-Methylene bis(2-rnethylaniline)

4,4'- Methylenedianiline

4,4' -Methylenediphenyl diisocyanate

2- Methylfluoranthene

3-Methylfluoranthene

Methyl iodide

Methyl rnethacrylate

Methyl rnethanesulphonate

2- Methyl-l-nitroanthraquinone

19, 52 (1979)

39, 99 (1986)

Supp/. 7, 66 (1987)

Supp/. 7, 57 (1987)

9, 61 (1975)

Supp/. 7, 66 (1987)

1, 164 (1972)

JO, 121 (1976)

Supp/. 7, 66 (1987)
41, 187 (1986)

Suppl. 7,245 (1987)

12, 151 (1976)

Suppl. 7, 66 (1987)

41, 161 (1986)

Supp/. 7, 246 (1987)

32, 379 (1983)

Supp/. 7, 66 (1987)
1, 141 (1972)

Supp/. 7,66 (1987)

4, 65 (1974) (corr. 42,252)
Suppl. 7, 246 (1987)

27, 119 (1982)

Suppl. 7,66 (1987)

4, 73 (1974)
Supp/. 7,248 (1987)

4, 79 (1974)(corr. 42,252)
39, 347 (1986)

Supp/. 7, 66 (1987)
19,314 (1979)

Supp/. 7,66 (1987)

32, 399 (1983)

Supp/. 7,66 (1987)

32, 399 (1983)
Suppl. 7,66 (1987)

15, 245 (1977)
41,213 (1986)

Supp/. 7, 66 (1987)
19, 187 (1979)

Supp/. 7,66 (1987)

7, 253 (1974)
Supp/. 7,66 (1987)

27, 205 (1982)
Supp/. 7, 66 (1987)
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N- Methyl- N' -nitro- N-nitrosoguanidine

3-Methylnitrosaminopropionaldehyde (see 3-(N-Nitroso-

methylamino )propionaldehyde)

3- Methy1nitrosaminopropionitrile (see 3-( N-Nitrosomethy1-
amino )propionitrile)

4-(Methylnitrosamino )-4-(3-pyridyl)-1-butanal (see 4-(N-Nitroso-
methylamino )-4-(3-pyridyl)-I-butanal)

4-(Methylnitrosamino )-I-(3-pyridyl)-I-butanone (see
4-( N-Nitrosomethy1amino )-I-(3-pyridyl)-I-butanone)

N- Methy1- N-nitrosourea

N- Methyl- N-nitrosourethane

Methyl parathion

1- Methylphenanthrene

7 - Methylpyrido(3,4-c )psoralen

Methy1 red

Methyl selenac (see aiso Selenium and selenium compounds)

Methylthiouracil

Metronidazole

Mineral oils

Mirex

Mitomycin C

MNNG (see N-Methy1-N'-nitro-N-nitrosoguanidine)
MOCA (see 4,4'-Methy1ene bis(2-chloroaniline))
Modacry1ic fibres

Monocrotaline

Monuron

MOPP and other combined chemotherapy including alkylating
agents
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4, 183 (1974)

Suppi. 7, 248 (1987)

1, 125 (1972)
17, 227 (1978)
Suppi. 7, 66 (1987)

4,211 (1974)

Suppi. 7, 66 (1987)

30, 131 (1983)

Suppi. 7, 392 (1987)

32,405 (1983)

Suppi. 7, 66 (1987)

40, 349 (1986)

Suppi. 7, 71 (1987)

8, 161 (1975)

Suppi. 7,66 (1987)

12, 161 (1976)

Suppi. 7,66 (1987)

7,53 (1974)

Suppi. 7, 66 (1987)

13, 113 (1977)

Suppi. 7, 250 (1987)

3,30 (1973)

33,87 (1984) (corr. 42, 262)
Suppi. 7,252 (1987)

5, 203 (1974)
20,283 (1979) (corr. 42, 258)
Suppi. 7,66 (1987)

JO, 171 (1976)
Suppi. 7,67 (1987)

19, 86 (1979)
Suppi. 7,67 (1987)

JO, 291 (1976)
Suppi. 7,67 (1987)

12, 167 (1976)

Suppi. 7,67 (1987)

Suppi. 7,254 (1987)
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5-(Morpholinomethyl)-3-( (5-nitrofurfurylidene )amino )-2-
oxazolidinone

M ustard gas

Myleran (see 1,4-Butanediol dimethanesulphonate)

N

Nafenopin

1 ,5-N aphthalenediamine

1 ,5-N aphthalene diisocyanate

I-Naphthylamine

2-Naphthylamine

I-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-gallum 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)
11, 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 (technica1-grade)

3-Nitrofluoranthene

5-Nitro-2-furaldehyde semicarbazone

1-(( 5- Nitrofurfurylidene )amino )-2-imidazo1idinone

N-( 4-( 5- Nitro- 2-furyl)-2-thiazo1y1)acetamide

Nitrogen mustard

Nitrogen mustard N-oxide

2- Nitropropane

1-Nitropyrene

N-Nitrosatable drugs
N-Nitrosatable pesticides
N' -Nitrosoanabasine

N'-Nitrosoanatabine

N- Nitrosodi-n-buty1amine

N-Nitrosodiethano1amine

N- Nitrosodiethy1amine

N- Nitrosodimethy1amine

N- Nitrosodipheny1amine

para- Nitrosodipheny1amine

N- Nitrosodi-n-propylamine

N-Nitroso-N-ethy1urea (see N-Ethy1-N-nitrosourea)
N-Nitrosofolic acid
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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- Nitrosohydroxyproline

3-( N- Nitrosomethylamino )propionaldehyde

3-( N- Nitrosomethylamino )propionitrile

4-(N-Nitrosomethylamino )-4-(3-pyridyl)-I-butanal

4-(N-Nitrosomethylamino)- 1 -(3-pyridyl)-I-butanone

N- Nitrosomethylethylamine

N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso";N-methylurethane (see N- Methyl- N-nitrosourethane)
N-Nitrosomethylvinylamine

N-Nitrosomorpholine

N -Nitrosonornicotine

N-Nitrosopiperidine

N-Nitrosoproline

N-Nitrosopyrrolidine

N- Nitrososarcosine

Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin

NNA (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)-I-butanal)
NNK (see 4-(N-Nitrosomethylamino )-I-(3-pyridyl)-I-butanone)
Nonsteroidal oestrogens (see a/sa Oestrogens, progestins

and combinations)
N oresthisterone (see a/sa Progestins; Combined oral

contraceptives)
N orethynodrel (see a/sa Progestins; Combined oral

contraceptives)

37,263 (1985)

Supp/. 7, 68 (1987)

37,263 (1985)

Supp/. 7, 68 (1987)

17,304 (1978)

Supp/. 7, 68 (1987)

37, 263 (1985)

Supp/. 7, 68 (1987)

37,263 (1985)

Supp/. 7,68 (1987)

37,205 (1985)

Supp/. 7,68 (1987)

37, 209 (1985)

Suppl. 7,68 (1987)

17,221 (1978)

Supp/. 7,68 (1987)

17,257 (1978)

Supp/. 7,68 (1987)

17, 263 (1978)
Suppl. 7,68 (1987)

17,281 (1978)

37, 241 (1985)
Supp/. 7,68 (1987)

17,287 (1978)

Supp/. 7,68 (1987)

17, 303 (1978)
Suppl. 7,68 (1987)

17,313 (1978)

Supp/. 7,68 (1987)

17,327 (1978)

Supp/. 7,68 (1987)

31, 185 (1983)

Supp/. 7; 68 (1987)

Supp/. 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- 1 7 ß (see a/so Steroidal oestrogens)

Oestradiol 3-benzoate (see Oestradiol-l1 ß)
Oestradiol dipropionate (see Oestradiol- 1 7 ß)
Oestradiol mustard
Oestradiol- 1 7 ß-valerate (see Oestradiol- 1 7 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/sa 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, 11 7 (1974)

21, 327 (1979)

Supp/. 7,308 (1987)

Supp/. 7,280 (1987)

6 (1974)

21 (1979)

Supp/. 7, 272 (1987)

6, 123 (1974)

21, 343 (1979) (corr. 42, 259)

8, 165 (1975)

Supp/. 7, 69 (1987)

8, 173 (1975)

Supp/. 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 a/so Androgenic (anabolic) steroids)

Oxyphenbutazone

P

Panfuran S (see a/so Dihydroxymethylfuratrizine)

Paper manufacture (see Pulp and paper manufacture)
Parasorbic acid

Parathion

Patulin

Penicilic acid

Pentachloroethane

Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see a/sa Chlorophenols; Chlorophenols,

occupational exposures to)
Perylene

Petasitenine

Petasites japonicus (see Pyrrolizidine alkaloids)
Phenacetin

Phenanthrene

Phenazopyndine hydrochloride

Phenelzine sulphate

Phenicarbazide

Phenobarbital

Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

13, 131 (1977)

13, 185 (1977)

Suppl. 7,69 (1987)

24,77(1980)
Supp/. 7, 69 (1987)

JO, 199 (1976) (corr. 42,255)

Supp/. 7,69 (1987)

30, 153 (1983)

Supp/. 7, 69 (1987)
JO, 205 (1976)
40,83 (1986)

Supp/. 7,69 (1987)

JO, 211 (1976)
Supp/. 7,69 (1987)

41,99 (1986)

Supp/. 7, 69 (1987)

20,303 (1979)

32, 411 (1983)

Suppl. 7, 69 (1987)

31,207 (1983)

Supp/. 7,69 (1987)

3, 141 (1973)

24, 135 (1980)

Supp/. 7,310 (1987)

32,419 (1983)

Supp/. 7,69 (1987)

8, 117 (1975)

24, 163 (1980) (corr. 42, 260)

Supp/. 7,312 (1987)

24, 175 (1980)

Supp/. 7,312 (1987)

12, 177 (1976)

Supp/. 7, 70 (1987)
13, 157 (1977)

Supp/. 7,313 (1987)

9,223 (1975)

24, 185 (1980)

Supp/. 7, 70 (1987)
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Phenylbutazone

meta- Phenylenediamine

para- Phenylenediamine

N- Phenyl- 2-naphthylamine

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)
Polychloroprene

Polyethylene

Polymethylene polyphenyl isocyanate

Polymethyl methacrylate

Polyoestradiol phosphate (see Oestradiol- 1 7 ß)
Polypropylene

Polystyrene

Polytetrafluoroethylene

Polyurethane foams

Polyvinyl acetate

Polyvinyl alcohol

407

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.1, 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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Po1yviny1 ch10ride

Po1yviny1 pyrro1idone

Ponceau MX

Ponceau 3R

Ponceau SX

Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyethy1)dithiocarbamate

Potassium bromate

Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prednisone

Procarbazine hydroch1oride

Proflavine sa1ts

Progesterone (see also Progestins; Combined oral contraceptives

Progestins (see also Oestrogens, progestins and combinations)
Proneta101 hydroch1oride

1,3-Propane sultone

Propham

ß-Propio1actone

n-Propy1 carbamate

Propyle ne

Propyle ne oxide

Propy1thiouraci1

Ptaqui10side (see a/so Bracken fem)

7,306 (1974)

19, 402 (1979)

Supp/. 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)

Supp/. 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) (corr. 42,259)
Suppl. 7,289 (1987)

13, 227 (1977) (corr. 42, 256)

Suppl. 7, 70 (1987)

4,253 (1974) (corr. 42,253)
Suppl. 7, 70 (1987)

12, 189 (1976)
Suppl. 7, 70 (1987)

4, 259 (1974) (corr. 42, 253)
Supp/. 7, 70 (1987)
12,201 (1976)

Suppl. 7, 70 (1987)

19,213 (1979)

Supp/. 7, 71 (1987)
11, 191 (1976)
36,227 (1985) (corr. 42,263)
Supp/. 7,328 (1987)

7,67 (1974)

Supp/. 7,329 (1987)

40,55 (1986)

Suppl. 7, 71 (1987)



CUMULATIVE CROSS INDEX

Pulp and paper manufacture

Pyrene

Pyrido(3,4-c )psoralen

Pyrimethamine

Pyrrolizidine alkaloids (see al sa Hydroxysenkirkine; Isatidine;
Jacobine; Lasiocarpine; Monocrotaline; Retrorsine; Riddellne;
Seneciphylline; Senkirkine)

Q

Quercetin (see alsa Bracken fern)

para-Quinone

Quintozene

R

Radon
Reserpine

Resorcinol

Retrorsine

Rhodamine B

Rhodamine 6G

Riddelline

Rifampicin

Rockwool (see Man-made mineraI fibres)
The rubber industry

Rugulosin

S

Saccharated iron oxide

409

25, 157 (1981)

Suppl. 7, 385 (1987)

32,431 (1983)

Suppl. 7, 71 (1987)

40,349 (1986)

Suppl. 7, 71 (1987)

13,233 (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)

43, 173 (1988)

JO, 217 (1976)
24,211 (1980) (carr. 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) (carr. 42,261)
Suppl. 7, 332 (1987)

40,99 (1986)

Suppl. 7, 71 (1987)

2, 161 (1973)

Suppl. 7,71(1987)
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Saccharin

Safrole

The sawmil industry (including logging) (see The lumber and
sawmil industry (including 10gging))

Scarlet Red

Selenium and selenium compounds

Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride

Senecio jacobaea L. (see Pyrrolizidine alkaloids)
Senecio longilobus (see Pyrrolizidine alkaloids)
Seneciphyllne

Senkirkine

Sepiolite

Sequential oral contraceptives (see also Oestrogens, progestins
and combinations)

Shale-oils

Shikimic acid (see also Bracken fern)

Shoe manufacture and repair (see Boot and shoe manufacture
and repair)

Silica (see also Amorphous silica; Crystallne silica)
Slagwool (see Man-made mineraI fibres)
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 ortho-phenylphenate (see also ortho-Phenylphenol)

22, 111 (1980) (corr. 42, 259)
Suppl. 7, 334 (1987)

1, 169 (1972)

10,231 (1976)

Suppl. 7, 71 (1987)

8,217 (1975)

Suppl. 7, 71 (1987)

9,245 (1975) (corr. 42,255)
Suppl. 7, 71 (1987)

12,209 (1976) (corr. 42,256)
Suppl. 7, 71 (1987)

10,319,335 (1976)

Suppl. 7, 71 (1987)

JO, 327 (1976)
31,231 (1983)

Suppl. 7, 71 (1987)

42, 175 (1987)

Suppl. 7, 71 (1987)

Suppl. 7, 296 (1987)

35, 161 (1985)

Suppl. 7, 339 (1987)

40, 55 (1986)

Suppl. 7, 71 (1987)

42,39 (1987)

12, 217 (1976)
Suppl. 7, 71 (1987)

30, 329 (1983)

Suppl. 7, 392 (1987)
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Sodium saccharin (see Saccharin)

Sodium selenate (see Selenium and selenium compounds)

Sodium selenite (see Selenium and selenium compounds)

Sodium silicofluoride (see Fluorides)
Soots

Spironolactone

Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
S terigmatocystin

Steroidal oestrogens (see al sa Oestrogens, progestins and
combinations)

S treptozotocin

Strobane(I (see Terpene polychlorinates)
Strontium chromate (see Chromium and chromium compounds)
Styrene

Styrene-acrylonitri1e copolymers

Styrene-butadiene copolymers

Styrene oxide

Succinic anhydride

Sudan 1

S udan II

Sudan III

Sudan Brown RR

Sudan Red 7B

Sulfafurazole

Sulfallate

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)

411
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Sulfamethoxazole

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

T annic acid

Tannins (see a/sa Tannic acid)

TCD D (see 2,3,7,8- Tetrachlorodibenzo-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- Tetrachlorodibenzo-para-dioxin

1,1,1,2- T etrachloroethane

1,1,2,2- T etrachloroethane

T etrachloroethylene

2,3,4,6- Tetrachlorophenol (see Chlorophenols; ChI oro phenols,
occupational exposure to)

Tetrachlorvinphos

Tetraethyllead (see Lead and lead compounds)
Tetrafluoroethylene

Tetramethyllead (see Lead and lead compounds)
Thioacetamide

24,285 (1980)

Supp/. 7,348 (1987)

8, 257 (1975)
Supp/. 7,72(1987)
31,239 (1983)

Supp/. 7,72(1987)

15,273 (1977)

42, 185 (1987)

Suppl. 7, 349 (1987)

JO, 253 (1976) (corr. 42, 255)
Supp/. 7, 72 (1987)
JO, 254 (1976)
Suppl. 7,72(1987)

5,219 (1974)

Supp/. 7, 72 (1987)
6, 209 (1974)
21,519 (1979)

27, 141 (1982)

Supp/. 7, 72 (1987)
15,41 (1977)

Supp/. 7, 350 (1987)

41,87 (1986)

Supp/. 7, 72 (1987)
20,477 (1979)

Suppl. 7, 354 (1987)

20,491 (1979)

Supp/. 7, 355 (1987)

30, 197 (1983)

Supp/. 7, 72 (1987)

19, 285 (1979)
Supp/. 7,72(1987)

7, 77 (1974)
Supp/. 7, 72 (1987)
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4,4'- Thiodianiline

Thiotepa (see Tris( 1 -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-Toluenesulphonamide (see Saccharin)
ortho- T oluidine

Toxaphene

Tremolite (see Asbestos)
Treosulphan

Triaziquone (see Tris(aziridinyl)-para-benzoquinone))
Trichlorfon

1,1,1 - T richloroethane

1,1,2- Trichloroethane

Trichloroethylene

2,4,5- Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposure to)

413

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)

Il,263 (1976)

20,545 (1979)

Suppl. 7,364 (1987)

20,349 (1979)
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2,4,6- Trichlorophenol (see alsa 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 alsa

Angelicin and sorne synthetic derivatives)
2,4,5- Trirnethylaniline

2,4,6- Trirnethylaniline

4,5',8- Trirnethylpsoralen

Triphenylene

Tris( aziridinyl)-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-rnethyl-l-aziridinyl)phosphine oxide

Trp-P-l

Trp-P-2

Trypan blue

Tussilaga farfara L. (see Pyrrolizidine alkaloids)

U

Ultraviolet radiation
Underground haernatite rnining with exposure to radon

Uracil rnustard

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)

40,379 (1986)

1,29 (1972)

Suppl. 7,216 (1987)

9, 235 (1975)
Suppl. 7,370 (1987)
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Urethane 7, 1 ii (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- Vinylcyclohexene

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- X ylidine 16, 367 (1978)
Suppl. 7, 74 (1987)

16, 377 (1978)
Suppl. 7, 74 (1987)

2,5- X ylidine
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y
Yellow AB

Yellow OB

Z

Zearalenone

Zectran

Zinc beryllum silicate (see Beryllum 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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Volume 25

Wood. leather and sorne associated industries
1981; 412 pages; Sw. fr. 60.-

Volume 12

Sorne carbamates, thiocarbamates and carbazides
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