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NOTE TO THE READER

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

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

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

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

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

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (lARe) initiated a
programme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individual chemicals. The Monographs programme has since been expanded
to include consideration of exposures to complex mixtures of chemicals (which occur, for
example, in sorne occupations and as a result of human habits) and of exposures to other
agents, such as radiation and viruses. With Supplement 6 (IARC, 1987a), the title of the series
was modified from IARC Monographson the Evaluation of the Carcinogenic RiskofChemicals
to Humans to ¡ARC Monographs on the Evaluation of Carcinogenic Risks to Humans, in order
to refiect 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 lARC
Monographs series. Those criteria were subsequently re-evaluated by working groups which
met in 1977 (lARC, 1977), 1978 (lARC, 1978), 1979 (lARC, 1979), 1982 (IARC, 1982) and
1983 (IARC, 1983). The present preamble was prepared by two working groups which met in
September 1986 and January 1987, prior to the preparation of Supplement 7 (IARC, 1987b)
to the Monographs and was modified by a working group which met in November 1988
(IARC, 1988).

2. OBJECTIV AND SCOPE

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

The Monographs represent the first step in carcinogenic risk assessment, which involves
examination of aIl relevant information in order to assess the strength of the available

IThis project is supported by PHS Grant No. 2 ua 1 CA33193-09 awarded by the US National Cancer Institute,
Dcpartment of Health and Human Servces, and with a subcontract to ILSI Risk Science Institute. Since 1986,
this programme has also been supported by the Commission of the European Communities.
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evidence that certain exposures 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.

The term 'carcinogen' is used in these monographs to denote an agent or mixture that is
capable of increasing the incidence of malignant neoplasms; the induction of benign
neoplasms may in sorne circumstances (see p. 22) contribute to the judgement that the
exposure is carcinogenic. The terms 'neoplasm' and 'tumour' are used interchangeably.

Sorne 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 carcinogenic process independently of the
underlying mechanism involved. There is as yet insufficient information to implement
classification according to mechanisms of action (lARe, 1983).

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

The IARC Monographs are recognized as an authoritative source of information on the
carcinogenicity of chemicals and complex exposures. A users' survey, made in 1988,
indicated that the Monographs are consulted by various agencies in 57 countries. Each
volume is generally printed in 4000 copies for distribution to governments, regulatory bodies
and interested scientists. The Monographs are also available via the Distribution and Sales
Servce of the World Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) that they concern agents and
complex exposures for which there is evidence of human exposure, and (b) that 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) and
biological factors (such as viruses) and mixtures of agents such as occur in occupational
exposures and as a result of personal and cultural habits (Iike smoking and dietary practices).
Chemical analogues and compounds with biological or physical characteristics similar to
those of suspected carcinogens may also be considered, even in the absence of data on

carcinogenicity.
The scientific literature is surveyed for published data relevant to an assessment

of carcinogenicity; the lARe surveys of chemicals being tested for carcinogenicity

(lARe, 1973-1990) and directorIes of on-going research in cancer epidemiology
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(IARC, 1976-1989/90) often indicate those exposures 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 (IARC, 1984, 1989).

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 the literature concerning the subject of an
evaluation. Only those data considered by the Working Group to be relevant to making the
evaluation are included.

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

5. THE WORKING GROUP

Reviews and evaluations are formulated bya working group of experts. The tasks of this
group are five-fold: (i) to ascertain that aIl appropriate data have been collected; (ii) to select
the data relevant for the evaluation on the basis of scientific merit; (iii) to prepare accu rate
summaries of the data to enable the reader to follow the reasoning of the Working Group;
(iv) to evaluate the results of experimental and epidemiological studies; and (v) to make an
ove raIl evaluation of the carcinogenicity of the exposure to humans.

Working Group participants who contributed ta the considerations and evaluations
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 associations may be
invited as observers.

6. WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of the
monographs are announced and participants are selected by IARC staff in consultation with
other experts. Subsequently, relevant biological and epidemiological data are collected by
IARC from recognized sources of information on carcinogenesis, including data storage and
retrieval systems such as CHEMICAL ABSTRACTS, MEDLINE and TOXLINE-
including EMIC and ETIC for data on genetic and related effects and teratogenicity,
respectively.
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The major collection of data and the preparation of first drafts of the sections on
chemical and physical properties, on analysis, on production and use and on occurrence are
carried out under a separate contract funded by the US National Cancer Institute. Efforts are
made to supplement this information with data from other national and international
sources. Representatives from industrial associations may assist in the preparation of

sections on production and use.
Information on production and trade is obtained from governmental and trade

publications and, in sorne cases, by direct contact with industries. Separate production data
on sorne agents may not be available because their publication could disclose confidential
information. Information on uses is usually obtained from published sources but is often
complemented by direct contact with manufacturers.

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

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

The available studies are summarized by the Working Group, with partIcular regard to
the qualitative aspects discussed below. ln general, numerical findings are indicated as they
appear in the original report; units are converted when necessary for easier comparison. The
Working Group may conduct additional analyses of the published data and use them in 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.

7. EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the persons most likely to be exposed and the factors that contribute to exposure to
the agent, mixture or exposure circumstance are included at the beginning of each

monograph.
Most monographs on individual chemicals or complex mixtures include sections on

chemical and physical data, on analysis, on production and use and on occurrence. ln
monographs on, for example, 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 Servces Registry Number, the latest ChemIcal Abstracts
Primary Name and the IUPAC SystematIc Name are recorded. Other syonyms are given,
but the list is not necessarily comprehensive.
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Information on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. A description of technical
products includes trades names, relevant specifications and available information on
composition and impurities. Sorne of the trade names given may be those of mixtures in
which the agent being evaluated is only one of the ingredients.

The purpose of the section on analysis is to give the reader an overvew 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: Afethods of Analysis and Exposure
Measurement (/ARC, 1978-1988), that describe validated methods for analysing a wide
variety of agents and mixtures.

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

Data on production, foreign trade and uses are obtained for representative regions,
which usually 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.

Sorne 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 effcacy.

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

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

8. STUDIES OF CANCER lN HUMANS

(a) rypes of studies considered

Three tyes of epidemiological studies of cancer contribute to the assessment of

carcinogenicity in humans-cohort studies, case-control studies and correlation studies.
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Rarely, results from randomized trials may be avaIlable. Case reports of cancer in humans
may also be reviewed.

Cohort and case-control studies relate individual exposures 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.

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

Epidemiological studies of benign neoplasms and presumed preneoplastic lesions are
also reviewed by working groups. They may, in sorne instances, strengthen inferences drawn
from studies of cancer itself.

(h) Quality of studies considered

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

It is necessary to take into account the possible roles of bias, confounding and chance in
the interpretation of epidemiological studies. By 'bias' is meant the operation of factors in
study design or execution that lead erroneously to a stronger or weaker association than in
fact exists between disease and an agent, mixture or exposure circumstance. By'confounding'
is meant a situation in which the relationship with disease is made to appear stronger or to
appear weaker than it truly is as a result of an association between the apparent causal factor
and another factor that is associated with either an increase or decrease in the incidence of
the disease. 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
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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 weIl
defined by the authors. Cases in the study population should have been identified in a way
that was independent of the exposure of interest, and exposure should have been assessed in
a way that was not related to disease status.

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

Thirdly, the authors should have reported the basic data on which the conclusions are
founded, even if sophisticated statistical analyses were employed. At the very least, they
should have given the numbers of exposed and unexposed cases and con troIs 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 aIl cancer sites and aIl causes of death should have been given, to avoid
the possibility of reporting bias. ln a case-control study, the effects of investigated factors
other than the exposure of interest shOlild 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 (Breslow & Day, 1980) and for cohort studies
(Breslow & Day, 1987).

(c) Quantitative considerations

Detailed analyses of both relative and absolute risks in relation to age at first exposure
and to temporal variables, su ch 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 (IARC, 1983), although such speculative inferences cannot be used to draw
firm conclusions concerning the mechanisms of action and hence the shape (Iinear or
otherwse) of the dose-response relationship below the range of observation.

(d) Criteria for causality

Mter the quality of individual epidemiological studies has been summarized and
assessed, a judgement is made concerning the strength of evidence that the agent, mixture or
exposure circumstance in question is carcinogenic for humans. ln making their judgement,
the Working Group considers several criteria for causality. A strong association (i.e., a large
relative risk) is more likely to indicate causality than a weak association, although it is
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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 th an those from studies judged to be methodologically
less sound. When suspicion of carcinogenicity arises largely from a single study, these data
are not combined with those from later studies in any subsequent reassessment of the
strength of the evidence.

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

Although a carcinogen may act upon more than one target, the specificity of an
association (Le., an increased occurrence of cancer at one anatomical site or of one
morphological tye) adds plausibility to a causal relationship, particularly when excess
cancer occurrence is limited to one morphological tye within the sa me organ.

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

When several epidemiological studies show little or no indication of an association
between an exposure and cancer, the judgement may be made that, in the aggregate, they
show evidence of lack of carcinogenicity. Such a judgement requires first of aIl that the
studies giving ri se to it meet, to a suffcient degree, the standards of design and analysis

described above. Specifically, the possibility that bias, confounding or misclassification of
exposure or outcome could explaiIl the observed results should be considered and excluded
with reasonable certainty. ln addition, aIl studies that are judged to be methodologically
sound should be consistent with a relative risk of unity for any observed level of exposure and,
when considered tÒgether, should provide a pooled estimate of relative risk which is at or
near unity and has a narrow confidence interval, due to suffcient population size. Moreover,
no individual study nor the pooled results of aIl the studies should show any consistent
tendency for relative risk of cancer to increase with increasing level of exposure. It is
important to note that evidence of lack of carcinogenicity obtained in this way from several
epidemiological studies can apply only to the tye(s) of cancer studied and to dose levels and
intervals between first exposure and observation of disease that are the same as or less than
those observed in aIl the studies. Experience with human cancer indicates that, in sorne cases,
the period from first exposure to the development of c1inical cancer is sel dom less than 20
years; latent periods substantially shorter than 30 years cannot provide evidence for lack of
carcinogenicity.

9. STUDIES OF CANCER lN EXPERIMENTAL ANIMAS

For several agents (e.g., 4-aminobiphenyl, bis(chloromethyl)ether, diethylstilboestrol,
melphalan, 8-methoxysoralen (methoxsalen) plus ultra-violet radiation, mustard gas and
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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 lARe Monographs (Wilbourn et aL., 1986) shows that, of the 44 agents and
mixtures for which there is suffcient or limited evidence of carcinogenicity to humans (see
p. 26), aIl 37 that have been tested adequately experimentally produce cancer in at Ieast one
animal species. Although this association cannot establish that aIl agents and mixtures 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 ta regard agents and
mixtures for which there is suffcient evidence (see p. 26) of carcinogenicity in experimental

animaIs as if they presented a carcinogenic risk to humans.
The nature and extent of impurities or contaminants present in the agent or mixture

being evaluated are given when available. Animal strain, sex, numbers per group, age at start
of treatment and survval are reported.

Experiments in which the agent or mixture 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.

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

An assessment is made as to the relevance to human exposure of samples tested in
experimental systems, which may involve consideration of: (i) physical and chemIcal
characteristics, (ii) constituent substances that indicate the presence of a cIass of substances,
(iii) the results of tests for genetic and related effects, including genetic activity profiles, DNA
adduct profiles, oncogene expression and mutation and suppressor gene inactivation.

(a) Qualitative aspects

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

As mentioned earlier (p. 15), the monographs are not intended to summarIze ail
published studies. Those studies in experimental animaIs that are inadequate (e.g., too short
a duration, too few animaIs, poor survval; see below) or are judged irrelevant to the
evaluation are generally omitted. Guidelines for adequate long-term carcinogenicity
experiments have been outlined (e.g., Montesano et aL., 1986).

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

When benign tumours occur together with and originate from the same cell tye in an
organ or tissue as malignant tumours in a particular study and appear to represent a stage in
the progression to malignancy, it may be valid to combine them in assessing tumour
incidence (Huff et aL., 1989). The occurrence of lesions presumed to be preneoplastic may in
certain instances aid in assessing the biological plausibility of any neoplastic response
observed.

Of the many agents and mixtures that have been studied extensively, few induced only
benign neoplasms. 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 or mixture is found to induce only
benign neoplasms, it should be suspected of being a carcinogen and it requires further
investigation.

(b) Quantitative aspects

The probability that tumours will 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 level of exposure strengthens the inference of a causal association
between the exposure 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 (Hoel et aL., 1983; Gart et al., 1986).

(c) Statistical analysis of long-term experiments in animaIs
Factors considered by the Working Group include the adequacy of the information given

for each treatment group: (i) the number of animaIs studied and the number examined
histologically, (ii) the number of animaIs with a given tumour tye and (iii) Iength of survvaI.
The statistical methods used should be clearly stated and should be the generallyaccepted
techniques refined for this purpose (Peto et al., 1980; Gart et al., 1986). When there is no
difference in survval between control and treatment groups., the Working Group usually
compares the proportions of animaIs developing each tumour tye in each of the groups.
Otherwse, consideration is given as to whether or not appropriate adjustments have been
made for differences in survvaI. 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 survval 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
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Mantel-Haenszel test or logistic regression, when occult tumours do not affect the animaIs'
risk of dying but are 'incidental' findings at autopsy.

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

10. OTHER RELEVANT DATA

(a) Absorption, distribution, metabolism and excretion
Concise information is given on absorption, distribution (including placental transfer)

and excretion in both humans and experimental animais. Kinetic factors that may affect the
dose-response relationship, such as saturation of uptake, protein binding, metabolic

activation, detoxification and DNA repair processes, are mentioned. Studies that indicate
the metabolic fate of the agent in humans and in experimental animaIs are summarized
briefly, and comparisons of data from humans and animais 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.

(h) Toxic effects

Data are given on acute and chronic toxic effects (other than cancer), such as organ
toxicity, immunotoxicity, endocrine effects and preneoplastic lesions.

(c) Reproductive and developmental effects

Effects on reproduction, 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 adequacy of the reporting of sample characterization is considered and, where
necessary, commented upon. Considerations with regard to complex mixtures are similar to
those described for animal carcinogenicity tests, described on p. 21. The available data are
interpreted critically by phylogenetic group according to the endpoints detected, which may
incIude DNA damage, gene mutation, sister chromatid exchange, micronucIei,
chromosomal aberrations, aneuploidy and cell transformation. The concentrations (doses)
employed are given and mention is made of whether an exogenous metabolic system was
required. These data are given as listings of test systems, data and references; bar graphs
(activity profiles) and corresponding summary tables with detailed information on the
preparation of the profiles are given in appendices.

Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and cultured
mammalian cells suggest that genetic and related effects (and therefore possibly
carcinogenic effects) could occur in mammals. Results from such tests may also give
information about the tyes of genetic effect produced and about the involvement of
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metabolic activation. Sorne endpoints described are clearly genetic in nature (e.g., gene
mutations and chromosomal aberrations), others are to a greater or lesser degree associated
wIth genetic effects (e.g., unscheduled DNA sythesis). ln-vitro tests for tumour-promoting
activity and for cell transformation may detect changes that are not necessarily the result of
genetic alterations but that may have specifie relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano et aL., 1986).

GenetIc or other activity detected in the systems mentioned above is not always 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 or mixture 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 aIl species tested. Relative potency in
tests for mutagenicity and related effects is not a reliable indicator of carcinogenic potency.
Negative results in tests for mutagenicity in selected tissues from animaIs treated in vivo
provide less weight, partly because they do not exclude the possibility of an effect in tissues
other th an those examined. Moreover, negative results in short-term tests with genetic
endpoints cannot be considered to provide evidence to rule out carcinogenicity of agents or
mixtures that act through other mechanisms. Factors may arise in many tests that could give
misleading results; these have been discussed in detail elsewhere (Montesano et aL., 1986).

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.

(e) Structure-activity considerations

This section describes structure-activity relationships that may be relevant to an
evaluation of the carcinogenicity of an agent.

11. SUMMARY OF DATA REPORTED

ln this section, the relevant epidemiological and experimental data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on p. 15 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) Carcinogenicity in humans
Results of epidemiological studies that are considered to be pertinent to an assessment

of human carcinogenicity are summarized. When relevant, case reports and correlation
studies are also considered.

(c) Carcinogenicity in experimental animais

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

(d) Other relevant data

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

Toxicological information and data on kinetics and metabolism in experimental animaIs
are given when considered relevant. The results of tests for genetic and related effects are
summarized for whole mammals, cultured mammalian cells and nonmammalian systems.

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

Structure-activity correlations are mentioned when relevant.

12. EVALUATION

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

It is recognized that the criteria for these evaluations, described below, cannot

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

(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 an
exposure is carcinogenic and not to the extent of its carcinogenic activity (potency) nor to the
mechanisms involved. A classification may change as new information becomes available.

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

(i) Carcinogenicity data in humans

The applicability of an evaluation of the carcinogenicity of a mixture, process,

occupation or industry on the basis of evidence from epidemiological studies depends on the
variabilty over time and place of the mixtures, processes, occupations and industries. The
Working Group seeks to identify the specifie exposure, process or activitywhich is considered
most likely to be responsible for any excess risk. The evaluation is focused as narrowly as the
available data on exposure and other aspects permit.

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

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent, mixture or exposure circumstance and cancer for which a causal

interpretation is considered by the Working Group to be credible, but chance, bias or
confounding could not be ruled out with reasonable confidence.

Inadequate evidence of carcinogenicity: The available studies are of insuffcient 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 levels of exposure that human beings are known to encounter, which are
mutually consistent in not showing a positive association between exposure to the agent,
mixture or exposure circumstance and any studied cancer at any observed level of exposure.
A conclusion of 'evidence suggesting lack of carcinogenicity' is inevitably Iimited to the
cancer sites, conditions and levels of exposure and length of observation covered by the
available studies. ln addition, the possibility of a very sm aIl risk at the levels of exposure
studied can never be excluded.

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

(ii) Carcinogenicity in experimental animais

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

Suffcient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between the agent or mixture and an increased incidence of
malignant neoplasms or of an appropriate combination of benign and malignant neoplasms
(as described on p. 22) 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, tye of tumour or age at onset.

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

LimIted evidence ofcarcinogenicity: The data suggest a carcinogenic effect but are limited

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

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations.

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

(iii) Supporting evidence of carcinogenicity

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. This may include data
on tumour pathology, genetic and related effects, structure-activity relationships,
metabolism and pharmacokinetics, physicochemical parameters, chemical composition and
possible mechanisms of action. For complex exposures, including occupational and
industrial exposures, the potential contribution of carcinogens known to be present is
considered by the Working Group in its overall evaluation of human carcinogenicity. The
Working Group also determines to what extent the materials tested in experimental systems
are relevant to those to which humans are exposed. The avaiIabIe experimental evidence may
also help to specify more precisely a causal factor.

(b) Overall evaluation

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

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

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

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

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

Group 2

This category includes agents, mixtures and exposure circumstances for which, at one
extreme, the degree of evidence of carcinogenicity in humans is almost sufficient, as weIl as



28 IAC MONOGRAHS VOLUME 53

those for which, at the other extreme, there are no human data but for which there is
experimental evidence of carcinogenicity. Agents, mixtures and exposure circumstances 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 (mixure) is probably carcinogenic to humans.
The exposure circumstance entaIls exposures that are probably carcinogenic to humans.

This category is used when there is limIted evidence of carcinogenicity in humans and
suffcient evidence of carcinogenicity in experimental animaIs. Exceptionally, an agent,
mixture or exposure circumstance may be classified in this category solely on the basis of
limIted evidence of carcinogenicity in humans or of suffcient evidence of carcinogenicity in
experimental animaIs strengthened by supporting evidence from other relevant data.

Group 2B - The agent (mixure) is possibly carcinogenic ta humans.
The exposure circumstance entails exposures that are possibly carcinogenic to humans.

This category is generally used for agents, mixtures and exposure circumstances for
which there is limIted evidence of carcinogenicity in humans in the absence of suffâent
evidence of carcinogenicity 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 sorne instances, an
agent, mixture or exposure circumstance for which there is inadequate evidence of or no data
on carcinogenicity in humans butlimIted evidence of carcinogenicity in experimental animaIs
together with supporting evidence from other relevant data may be placed in this groupe

Group 3 - The agent (mixure, exposure circumstance) is not classifiable as to Its carcinogenicIty
to humans.

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

Group 4- The agent (mixure, exposure circumstance) is probably not carcinogenic to humans.
This category is used for agents, mixtures and exposure circumstances for which there is

evidence suggesting lack of carcinogenicity in humans together with evidence suggesting lack of
carcinogenicity in experimental animaIs. ln sorne instances, agents, mixtures or exposure
circumstances for which there is inadequate evidence of or no data on carcinogenicity in

humans but evidence suggesting lack of carcinogenicity in experimental animaIs, consistently
and strongly supported by a broad range of other relevant data, may be classified in this
group.
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ln this fift-third volume of /ARC Monographs, the carcinogenic risks to hum ans fromexposure to eight individual insecticides, four fungicides and five herbicides, as weIl as from
occupational exposure in spraying and application of insecticides are reviewed. Eight of the
pesticides considered were evaluated previously in the /ARC Monographs programme; those
compounds were re-evaluated in this volume owing to the availability of new data on
carcinogenicity in exposed populations and/or in experimental animais. Pesticides and
related occupational exposures that were evaluated by previous lARe working groups are
listed in Table 1.

Table 1. Pesticides and related occupational exposures that have been
evaluated previously in the lARC Monographs

Compound Year Degreea of evidence
for carcinogenicity

Overall evaluation

of carcinogenicity
to humans

Human Animal

Insecticides

Agents and groups of agents
AIdrin
Aramite(ß
Arsenic and arsenic compounds
Carbaryl
Chlordane/heptachlorc
Chlordecone
Chlordimeform
Chlorobenzilate
DDT
Dichlorvosc
Dicofol
Dieldrin
Endrin
Hexachlorocclohexanes (HCH)

Technical-grade HCH
a-HCH
ß-HCH
)'-HCH (Lindane)

Malathion
Methoxychlor

1987
1974
1987
1976
1987
1979
1983
1983
1987
1987
1983

1987
1974
1987

1983

1979

-33-

1

ND
S

ND
1

ND
ND
ND
1

ND
ND
1

ND
1

ND
ND

L
S

L
1

L
S

1

L
S

1

L
L
1

3
2B
1b

3

3
2B

3

3

2B
3

3

3

3

2B
s
S

L
L
1

1

3

3
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Table 1 (contd)

Compound Year Degreea of evidence Overall evaluation

for carcinogenicity of carcinogenicity
to humans

Human Animal

Insecticides (contd)

Agnts and groups of agents (contd)
Methyl parathion 1987 ND ESL 3
Mirex 1979 ND S 2B
Parathion 1983 ND 1 3
Piperonyl butoxide 1983 ND 1 3
Tetrachlorvphos 1983 ND L 3
Trichlodon 1983 ND 1 3
Zectrand 1976 ND 1 3

Mixtures

Terpene polychlorinates (StrobaneCB) 1974 ND L 3
Toxaphene (plychloriated camphenes) 1979 ND S 2B

Fungicides

Captan 1983 ND L 3

Chlorophenols 1987 L 2B
Pentachlorophenol C 1

2,4,5- Trichlorophenol e 1

2,4,6- Trichlorophenoie S

Chlorothalonil 1983 ND L 3

Copper 8-hydroxyquinoline 1977 ND 1 3

Ferbam 1976 ND 1 3
Hexachlorobenzene 1987 1 S 2B
Maneb 1976 ND 1 3

ortho-Phenylphenol 1983 ND 1 3

Quintozene (Pentachloronitrobenzene) 1974 ND L 3

Sodium ortho-phenylphenate 1987 ND S 2B
Thiram C 1976 ND 1 3
Zineb 1976 ND 1 3
Ziram C 1976 ND 1 3

Herbicides

Amitrole 1987 1 S 2B
Chlorophenoxy herbicides 1987 L 2B

2,4-D 1

2,4,5-T 1

MCPA ND
Chloropropham 1976 ND 1 3
Diallate 1983 ND L 3
Fluometuron 1983 ND 1 3
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Table 1 (contd)

Compound Year Degreea of evidence
for carcinogenicity

Overall evaluation

of carcinogenicity
to humans

Human Animal

Herbicides (contd)

Monuron
Nitrofen (technical-grade)
Propham
Sulfallate

1976
1983
1976
1983

ND
ND
ND
ND

L
S
1

S

3

2B
3
2B

Other

1,2- Dibromo-3-chloropropanef
Dimethylcarbamoyl chlorideg
Ethylene dibromideh

Naphthylthiourea (ANY
Sodium diethyldithiocrbamateh

1987 1 S 2B
1987 1 S 2A
1987 1 S 2A
1987 1 L 3
1976 ND L 3

evidence; L, limited evidence; ND, no data; ESL,

of chemicals as a whole and not necessarily to aH

9, inadequate evidence; S, sufficient
evidence suggesting lack of carcinogenicity
bTis evaluation applies to the group
individual chemicals within the group.
CPrevious evaluation
d And molluscicide

elarily used as chemical intermediate

fSoil fumigant/nematicide
gpesticide intermediate
hSoil fumigant

ÍRodenticide

About 1500 chemicals are registered for use in thousands of pesticide formulations;
however, fewer than 50 pesticides account for about 75% of those used (Salem & Olajos,
1988).

Crops are affected by different pests and by competition from weeds, with large
variations between climatic and agricultural regions. Several insects and other arthropods,
fungi, molluscs and bacteria attack crops, resulting in quantitative and qualitative cr op
losses. The introduction of new plant species and cultivars in plantation and cash crop
farming of monocultures can lead to increased problems. The crop losses caused by pests are
great in developed as weIl as developing countries. ln North America, Europe and Japan,
losses are estimated to be in the range 10-30%, but in developing parts of the world they are
substantially higher: Crop losses due to pests and plant diseases of the order of 40% are
common in these areas, and losses of as much as 75% have been reported (WHO/UNEP,
1990).

During the last four decades, chemical control of pests and weeds has been dramatically
expanded worldwide to minimize such losses. Astudy by Smith and Gratz (1984) showed that
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the greatest demand for pesticides in urban vector control was for insecticides. Pesticides are
used worldwide, albeit in varyng degrees, depending on dominating crops, stage of
development, climatic conditions and prevalence of pests. The general development of
agropesticide use has been summarized (WHOfUNE~ 1990); this shows the diversified and
increasing use of pesticides in agriculture in five stages, from very low to very high. The stages
coincide to a certain extent with the general economic development of countries; however, in
an individual country, different agricultural stages may occur at the same time in different
farming regions. Sorne countries may also be at different stages for different variables
(agropesticide use level, product range, development of local pesticide industry, distribution
structure, regulatory infrastructure, area under control and general level of agricultural
development ).

Worldwide consumption of pesticides in 1985 was estimated at about 3 millon tonnes.
According to available data, 20% (equivalent to 600 000 tonnes annually) of the whole
market is exported to and used in developing countries (WHO/UNEP, 1990). The major
applications of pesticides in 1985 were herbicides (46%), insecticides (31 %) and fungicides
(18.4 %) (Anon., 1985). Estimates of world pesticide sales in 1985 are shown in Table 2.

Table 2. Pesticide market value, 1985, by area and product; milion US$a

Area Herbicides Insecticides Fungicides Others Total

USA 3100 109 330 330 4850
Western Europe 1475 850 1100 400 3825
East Asia 775 1300 785 90 2950
Latin America 485 655 250 60 1450
Eastern Europe 625 450 230 95 1400
Rest of the world 615 655 105 50 1425
World total 7075 50 2800 1025 15 900
% of total 44.5 31.4 17.6 6.4

tlrom Woo Mackenzie Agrochemical Service, personal communication, cited in WHO/
UNEP (199)

Overall pesticide use in agriculture, in terms of amounts applied per hectare, has been
very much greater in Japan, Europe and the USA (about 75%) than in the rest of the world,
although China is also a major user. The fastest growing market, however, is Africa, with a
sales increase of 182% between 1980 and 1984. Other rapidly expanding markets are Central
and South America (32%), Asia (28%) and the Middle East (26%). Although herbicide sales
have been greater than those of insecticides and fungicides in developed countries and sorne
developing countries and are increasing rapidly, this pattern is not being repeated in other
developing countries, where by far the greatest proportion of pesticides used are stil
insecticides. The 15 most widely used pesticides in seven Asian countries (Bangladesh, India,
Nepal, Pakistan, Philippines, Republic of Korea and Thailand) are as foil ows: carbaryl

(insecticide), malathion (insecticide), methyl parathion (insecticide), diazinon (insecticide),
monocrotophos (insecticide), endosulfan (insecticide), carbofuran (insecticide), mancozeb
(fungicide), paraquat (herbicide), aluminium phosphide (insecticide), methyl oxydemeton
(insecticide), phosphamidon (insecticide), 2,4- D ((2,4-dichlorophenoxy)acetic acid)
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(herbicide), 2-sec-butylphenyl methylcarbamate (insecticide) and zinc phosphide
(insecticide) (WHO/UNEP, 1990).

Another factor of importance for assessing the potential public health impact of
pesticides is the seasonality of their use. Each pest is of importance only during a limited part
of the growing season, and human exposures are therefore likely to be limited to the same
seasons, when pesticide use occurs. For example, in sorne parts of West Africa, herbicides
and fungicides tend to be used early in the growing season, whereas insecticides are used at a
later stage (WHO/UNEP, 1990).

The future use of pesticides depends on several factors. The need for pest control using
the available products is important. Other factors are marketing regulations, environmental
concerns and the availability of alternative methods. About 25% of aIl pesticides is presentIy
used in developing countries, mainly on cash crops. Depending on the stage of development
of a country, the tye and amounts of pesticides will change from a low level of organo-
chlQrines on a few crops to a wide range and higher total dosage of insecticides, fungicides
and herbicides on a large variety of crops. The present trend is that many crops are submitted
to pesticide treatment as soon as land-use is intensified. Public health programmes for
control of vector-borne diseases are the other important pesticide application, and the
amounts used may currently, in sorne developing countries, far exceed the amounts used for
the control of agricultural pests and diseases (WHO/UNEP, 1990).

Reliable global estimates of morbidity and mortality due ta acute exposures to pesticides
are not available. ln sorne countries, however, when data are avaiIabIe, they indicate that the
problem varies greatly from place to place. For instance, a comparison of mortality due to
pesticides in the USA for 1973 and 1974 with the rates of the previous years indicates a
decline in pesticide-related fatalities from 152 to 52 between 1956 and 1974. An average of
35 pesticide-related deaths per annum was recorded throughout the 1970s; the majority of
these deaths involved either gross safety violations or incompetence. The numbers of deaths
due to occupational exposure to pesticides were reported as five in 1973 and seven in 1974
(Hayes & Vaugh, 1977).

ln Sri Lanka, on the contrary, yearly pesticide-related deaths in 1975-80 were about
1000 out of 13 000 hospital admissions; of these deaths, about 10-15% were related to
occupational exposures. Similar findings were obtained in Indonesia, Malaysia and Thailand
(J eyaratnam et al., 1982, 1987). Educational and safety programmes have been developed by
international organizations, su ch as WHO, UNEP and FAO, to prevent acute poisoning.

The monograph on occupational exposures in spraying and application of insecticides
specifically covers studies of workers exposed during the use of insecticides; the few studies
on workers exposed during the manufacture of insecticides were not included in the
monograph. Many epidemiological studies of cancer refer to 'agricultural workers' or to
exposures to pesticides generally rather than to insecticides specifically, and these studies
were also not evaluated. Surprisingly few epidemiological studies are available on
occupational exposures in spraying and application of insecticides, given that many of these
compounds have been in common use since 1950. For several chemicals considered in this
volume, the available epidemiological studies concerned populations with multiple
exposures to different pesticides, and the information often did not allow the Working Group
to disentangle their separate effects. Groups recorded as exposed to insecticides specifically
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may be exposed to one or a number of the insecticides considered in this volume, to other
specified insecticides or, as is more usually the case, to unspecified insecticides. AIl su ch
studies were taken into account in evaluating the carcinogenic risk of occupational exposure
in the spraying and application of insecticides.

Of the insecticides reviewed in this volume, aldicarb is used only for agricultural
purposes; dichlorvos is used to protect stored grain, in veterinary medicine and in the control
of insects in houses and other buildings; chlordane and heptachlor are also used for insect
control (notably termites) in buildings. The sythetic pyrethroids, permethrin, deltamethrin
and fenvalerate, are used in agriculture as weIl as in houses and gardens and for the
protection of stored products. DDT has been used in crop protection but has also been used
extensively for the control of insect-borne diseases.

Captafol is a non-systemic, protective and curative fungicide that has been used on
plants and for seed treatment; it has also been used as a wood preservative. Ziram and
thiram are both foliar fungicides; thiram is also used in seed treatment, and both are used as
curing agents in the rubber industry. Pentachlorophenol is used principally as a wood
preservative; it is used to protect against wood-boring insects and as a herbicide.
Pentachlorophenol is also a widespread environmental pollutant; residues are found in aIl
media and in humans. The US National Human Monitoring Program for Pesticides found ¡n
a three-year study with the collaboration of the US Public Health Service that penta-
chlorophenol occurred in 85% of urine samples from the general population of the USA
(Kutz et al., 1978).

Of the herbicides, monuron is used for total weed control in non-crop areas; trifuralin
is a selective herbicide used for pre-emergence control of grasses and broad-Ieafed weeds;
and picloram and the triazines, atrazine and simazine, are used in crop and non-crop areas
against broad-Ieafed weeds and/or grasses. Simazine is also used as an aquatic herbicide and
algicide.

Sorne pesticides reviewed in this volume, e.g., chlordane, DDT, captafol, aldicarb,
monuron, trifluralin, picloram and pentachlorophenol, now have restricted use in sorne
countries. Use of the organochlorine insecticides DDT and chlordane in agriculture reached
a maximum in the 1960s but has declined since, and they have been banned in several
countries. There continues, however, to be widespread general exposure to persistent
organochlorine pesticides in developing countries. These compounds are known to
bioaccumulate in the environment and in food chains. Exposure of humans to pesticide
residues in food has been reported in only two 'market basket' surveys from North America;
the lack of such data from developing countries makes it difficult to estima te exposure or
potential exposure and bioaccumulation for these regions.

Several quantitative and qualitative diffculties are encountered in evaluating the
precise exposures of people working with pesticides:

(i) Workers involved in the production of pesticides are exposed both to technical
products, which generally contain about 95% pure material, as weIl as to formulated
products, which contain from 10 to 50% of the active ingredient.

(ii) Formulations contain 'inert' non-pesticidal ingredients, sorne of which are known
carcinogens and mutagens, although efforts have been made to remove them (US
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Environmental Protection Agency, 1987, 1989). Such substances are added to pesticide
products as solvents, emulsifiers and aerosol propellants and may, at sorne dose, have
toxicological effects; however, the toxicity of these chemicals has generally not been tested.

(iii) Public health and agricultural use of pesticides involves handling formulated
products, mixing them for spraying, spraying, eventually disposing of excess material and
c1eaning spray equipment. Formulations are generally prepared for application by the

applicators themselves, and technical products and application patterns differ in various
parts of the world. Workers in developing countries may have high occupational exposures to
pesticides owing to inadequate working conditions (lack of protective c1othing, unsafe
pesticide spraying and storage practices) or to deficient sociocultural conditions (illiteracy,
bad housing, ineffcient garbage disposai and sewage systems, etc.). Residues in food and
water are another potential source of exposure. ln this case, the levels of pesticides involved
are several orders of magnitude lower than those associated with production and application.

(iv) Nitroso derivatives of pesticides mayoccur as impurities in technical products; these
include N-nitrosodi-n-propylamine in trifluralin and N-nitrosodiethylamine and

N-nitrosodiisopropylamine in picloram. ln both situations, the amount of nitrosamines
permissible in technical material has been regulated. Where possible, the Working Group
took note of the likely effect of these and other impurities when evaluating the reported
studies. Since the interaction of nitrite with chemicals is considered to be a general
phenomenon, however, not specifically related to the use of pesticides, and has been dealt
with in other IARC Monographs, su ch studies are not included in the evaluations in these
monographs.

Biologically active impurities are known to arise from synthesis, formulation and storage
of pesticides. Regulatory bodies require the specification of technical material in order to
identify impurities present at Ievels higher than 0.1-1 % (WHO, 1985). Furthermore, in some
cases, data on toxicity are required for impurities present at levels higher than 1 %.

Impurities may also be formed owing to interaction with coformulants and to storage
under inappropriate conditions (WHO, 1986), but little information is available. There are
indications that the resulting impurities might be much more acutely toxic than the original
compound (WHO/UNEP, 1990), but the Working Group was not aware of any study showing
increased long-term toxicity due to contamination. Dioxins and other impurities found in
technical products, such as pentachlorophenol and 2,4,5-'l have been discussed in detail
elsewhere (IARC, 1977).

For several of the chemicals that are considered in this volume, occupational cohorts
were studied but no information was available on smoking habits. Since smoking is a
well-known cause of several cancers, including those of the lung, laryx, oesophagus and
bladder, the possibility must be entertained that any association found between occupational
exposure and tobacco-related cancer sites is due in fact to smoking. ln making such an
evaluation, the following points are usually considered:

(i) The occurrence of only one tobacco-related cancer in association with the exposure
under consideration makes tobacco use an unlikely explanation; in particular, the incidence
of or mortality from non-neoplastic diseases related to tobacco should be taken into
consideration.

~~"".._.._,,_.-.
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(ii) When exposure-response patterns are observed, it is unlikely that tobacco use is an
explanation, because use of tobacco rarely parallels an exposure pattern (Siemiatycki et al.,
1988).

(iii) Comparison between crude and smoking-adjusted odds ratios for lung cancer
across different occupations showed no systematic difference between the two (Blair et al.,
1985). Analysis of smoking habits among occupational categories in large populations also
suggests that differences are not likely to exert a strong confounding effect (Brackbil et aL.,
1988; Stellman et al., 1988; Levin et al., 1990).

(iv) Since the relative risks for cancers caused by tobacco are known quite preciseIy, It is
possible to calculate the magnitude of a smoking differential that must occur in order to
explain differences in many observed cancer rates. It can be shown arithmetically that in
order to distort risk estimates appreciably, the distribution of smoking habits in an
occupational cohort must be qui te different from that of the comparison population.

(v) Tobacco use complicates evaluation of tobacco-related cancers among farmers,
since data from around the world indicate that they have a lower prevalence of smoking than
the general population. This is especially relevant for the monograph on occupational
exposures in spraying and application of insecticides. Farmers in severa! countries, however,
have increased risks for soft-tissue sarcomas and for cancers of the Iymphohaematopoietic
system, brain, prostate, stomach and lip (Pearce & Reif, 1990).

ln general, the published studies on carcinogenicity and toxicity in experimental systems
were carried out using pesticidally active material (nonetheless, sometimes of unspecified
purity) rather than using a formulated product; human exposure, in contrast, is often to a
number of formulated products. Extrapolation from experimental data based on pure
compounds to the human situation in which technIcal products are used is therefore not
straightforward.

ln several studies of the carcinogenicity of DDT in mice (see pp. 202 et seq.), an inverse
relationship was observed between the incidence of liver neoplasia and lymphoma; more
specifically, increases in the incidence of liver tumours appeared to be related to decreases in
that of lymphoma. ln sorne studies, this phenomenon may be explained by a reduction in
survval due to toxicity or other factors in high-dose groups-those groups that have often
shown increased incidences of liver tumours; however, this explanation does not apply to aIl
cases in which the phenomenon has been observed. The Working Group reported the
incidence of Iymphomas in those studies in which it differed in treated groups from that in
con troIs. It was the position of the Working Group that the observation of decreases in the
incidences of certain tumours is generally not relevant to an evaluation of carcinogenicity as
defined by the IARC: 'an increase in the incidence of malignant neoplasms; the induction of
benign neoplasms may in sorne circumstances contribute to the judgement that (an) exposure
is carcinogenic'.

Pesticides hold a somewhat unique position among man-made chemicals. Because of
their high biological activities, numerous studies have been performed on their toxicology.
Unfortunately, for a number of reasons, such data have rarely been published and therefore
cannot be evaluated here, even though they are summarized in other WHO publications.
Mention is made whenever information was derived from such publications.
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WHO (1985) has established specifications for many pesticides used in public health.
These include a description of the material and its ingredients, its chemical and physical
properties and methods for determining those properties. Specifications have been set for
both technical-grade products and common formulations. FAO (1987) has similar
specifications for plant protection products. These also include specifications for the
technical material and common formulations.

Codex maximum residue limits are applied to pesticide residues present in raw
agricultural products treated with a pesticide according to good agricultural practice. They
are usually at the parts per milion leveL. For commodities entering international trade,

maximum residue limits are applicable at the point of entry into a country. ln addition, each
country has its own national maximum residue limits or tolerances, which may differ from
that of the Codex Alimentarius (FAO, 1978; Codex Committee on Pesticide Residues, 1990).
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oeeUPATIONAL EXPOSURES lN SPRAYING
AND APPLieATION OF INSEeTICIDESl

1. Exposure Data

The public health impact of pesticides, including insecticides, used in agriculture has
recently been reviewed (WHO/UNEP, 1990). The overvew presented in sections 1. i and
1.2.1 of this monograph makes extensive reference to that document.

1.1 Historical perspectives

The use of inorganic chemicals to control insects possibly dates back to classical Greece
and Rome. Homer mentioned the fumigant value of burning sulfur; Pliny the EIder
advocated the insecticidal use of arsenic and referred to the use of soda and olive oil for
treating legume seeds. The Chinese were employing moderate amounts of arsenICals as
insecticides by the sixteenth century, and, not long afterwards, nicotine was used, in the form
of tobacco extracts. By the nineteenth century, both pyrethrum (a natural insecticide
obtained by extraction of chrysanthemum flowers) and soap were being used for insect
control, as was a combined wash of tobacco, sulfur and lime to combat insects and fungi.

The middle of the nineteenth century marked the first systematic scientific studies into
the use of chemicals for crop protection. Work on arsenic compounds led to the introduction
in 1867 of Paris green, an impure copper arsenite, used in the USA to check the spread of the
Colorado beetle; by 1900, its use was so widespread that probably the first insecticide
legislation in the world was enacted to control its use.

ln the years between the two World Wars, both the number and the complexity of
chemicals for crop protection increased. Tar oils, which include anthracene, creosote and
naphtha, were used to control eggs of aphids on dormant trees. During the Second World
War, the insecticidal potential of DDT was discovered in Switzerland and insecticidal
organophosphorus compounds were developed in Germany. ln 1945, the first soil-active
carbamate herbicides were discovered by researchers in the United Kingdom, and the
organochlorine insecticide chlordane was introduced in the USA and in Germany. Shortly
afterwards, the insecticidal carbamates were developed in Switzerland.

During the 1970s and 1980s, many new insecticides were introduced. Typically, these are
based on a new understanding of biological and biochemical mechanisms of pest control and

1 lnsecticidal use of arsenicals is not included in this monograph. The carcinogenic activity of arsenic and

arsenic compounds was evaluated by previous lARC working groups (lARe, 1980, 1987).
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are often effective at lower doses than the older ones. A new, important group of insecticides
is the synthetic light-stable pyrethroids, which were developed from naturally occurring
pyrethrins. Increasing knowledge of host-pest interactions has led to a new approach to the
design of insecticides and new formulations and ways of application.

1.2 Use and exposure

1.2.1 Trends in worldwide use of insecticides

A wide range of insecticides, fungicides, molluscicides, bactericides and herbicides,
including fumigants, are used, mainly in developed countries but also (and increasingly so) in
developing countries. Organochlorine insecticides are stil used in the latter but are being
replaced gradually by organophosphorus, carbamate and pyrethroid insecticides. Another
important use for insecticides is in the control of ectoparasites.

The pests responsible for the greatest losses are locusts, but effective, inexpensive
insecticides to control the massive locust infestations that plague some parts of the world
have yet to be developed. The crop on which most insecticides are used is cotton.

The most common formulations are emulsifiable concentrates and ultra-Iow volume
concentrates. ln urban areas, organochlorine insecticides are now little used; they have been
replaced by pyrethrins, pyrethroids and organophosphorus insecticides, such as chlorpyrifos,
dichlorvos, fenitrothion, fenthion, malathion and temephos. The worldwide requirements
for pesticides in urban public health programmes worldwide are substantial, the annual cost
being over US $ 100 million. ln 1980, about 50 000 tonnes of pesticides were used in public
health programmes in developing countries. It was estimated that such programmes account
for about 10% of total pesticide use, the remainder being used mainly in agriculture.

Insecticides are used on a number of crops of different relative importance for world
agricultural production (Thble 1). Herbicides are used mainly on corn and soya beans,
insecticides mainly on cotton and horticultural crops and fungicides mainly on horticultural
crops and wheat. Worldwide use of insecticides in 1985 was approximately 29% in J apan and
the Far East, 23% in the USA 12% in western Europe, and 36% in the rest of the world; the
corresponding values for herbicides were: 10, 46,21 and 22%, respectively.

Table 1. The insecticide market by crop in 1985 (milion US $ in 1984)a

Crop USA Western Japan & Rest of Total
Europe Far East world

Maize 262 70 28 96 456
Cotton 20 24 149 590 969
Wheat 16 34 23 35 108
Sorghum 20 6 6 24 56
Rice 24 7 498 104 633
Other grains 7 22 5 12 46
Soya beans 30 4 27 67 128
Tobacc 33 8 31 38 108
Peanuts (Groundnuts) 22 1 19 23 65
Sugar beets 8 59 6 24 97
Sugar cane 6 9 27 42
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USACrop Western
Europe

Coffee
Coca
Tea
Rubber
Other field crops
Alalfa
Other hay and forage

Pasture and rangeland
Fruit, vegetables and

horticultural crops

Total

22 43

18 8

2 3

6 2

299 213

981 50
(23% ) (12% )

Japan & Rest of Total
Far East world

5 39 44
13 25 38
38 19 57
11 8 19

45 60 170
2 4 32
2 6 13

2 9 19
329 327 1168

1248 (1537) 4268

(29% ) (36% ) (100% )

Ilrom WHO/UNEP (199)

1.2.2 Application principles and techniques

Methods of application of pesticides, incIuding insecticides, have been reviewed
(HaskeIl, 1985). The aim of insecticide application is to distribute a small amount of active
ingredient to the appropriate insect with minimal contamination of non-target organisms.
The diversity of possible targets-e.g., insects, plants, soil, walls of dwellings-
necessitates a variety of application techniques, which can be summarized in five groups:

(i) release or propulsion through the air to the target either
- in the solid state as dusts or granules, or
- in the liquid state as sprays;

(ii) application directly to or injection into the plant;

(iii) injection into the soil;

(iv) release into irrigation water; or

(v) release into the air with diffusion to the target (fumigation).

Hazards due to drift and inhalation of particIes less th an 30 lLm in diameter have resulted
in a decIine in the use of dusts, except for treating seeds and small seedlings at the time of
transplanting, for which specialized equipment is available. Seed treatment is ideal for
protecting young plants with minimal quantities of toxicant, but as phytotoxicity can be a
problem the use of granules accurately placed alongside seeds at sowing has increased.
Equipment is also available for spot treatment of individual plants, and granules are often
broadcast, sometimes by hand; but this requires a higher dose than other application
techniques (Matthews, 1985).

Special equipment is needed to meter granules, so the majority of pesticides are applied
as sprays. The volume of spray liquid applied varies with the size of target and on whether
discrete droplets or a complete film of spray is to be distributed on the target. While 50 to
more than 1000 litres/ha may be applied to field crops, bushes and trees, as little as 5 litres/ha

~:~\\:~'~"":""'''''"--'--'-
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of pesticides may be applied using newer ultra-Iow volume spray techniques (Matthews,-
1985).

Less th an 0.1 % of the applied dose may reach insect pests in a field crop treated wi th a
foliar spray, whereas up to 30% of an applied herbicide penetrated experimental plants
sprayed in a greenhouse (Matthews, 1985). The low effciency of sprays has been due largely
to the wide range of droplet sizes emitted by traditional spraying equipment; control of
droplet size is designed to suit the intended target and the method of application (Table 2).

Table 2. Optimal droplet sizesa

Target Droplet size (¡.m)

Flying insects
Insects on foliage
Foliage
Soil (and avoidance of drit)

Aerial applications

10-50
30-50
40-100
250-500
:; 500

aAdapted from Matthews (1985)

The five basic classes of ground application equipment include hydraulic sprayers, air
sprayers, foggers and aerosol generators, power dusters and hand-held equipment (Anon.,
1981). ln hydraulic sprayers, the pesticide is delivered under pressure by a pump to one or
more nozzles. The tye of nozzle regulates droplet size and spray pattern. Hydraulic sprayers
are of four basic tyes:

(i) Multiple-purpose sprayers provide versatility for a variety of problems. Spray
pressure is adjustable; tank size ranges from 190 to 750 litres; sprayers are skid- or
wheel-mounted and powered by auxiliary engines or a power take-off; spray is dispensed
through a hand-gun or field boom.

(ii) Small general-pur pose sprayers are useful for small jobs, for instance in green-
houses, large gardens and golf courses. Tank size ranges up to 100 litres; power is provided by
a sm aIl engine that furnishes a wide range of pressures (50-500 psi (3.5-35.2 kg/cm2D; spray is
dispensed through a hand-gun or short boom, and the sprayers are usually mounted on a
hand-operated cart or attached to a garden tractor.

(iii) Low-pressure, low-volume sprayers are commonly used on crops. They cao be
mounted directly on equipment or are equipped with wheels; tank size ranges up to 950 litres;
power is usually provided by a power take-off, but may be supplied by an auxiliary engine;
operating pressure is up to 100 psi (7.0 kg/cm2) and spray is dispensed through a field boom.

(iv) High-pressure, high-volume sprayers are used by fruit growers and truck farmers in
order to obtain good penetration and coverage in tall growing trees and dense crop growths.
These sprayers are essentially the same as multiple purpose sprayers except that larger
engines provide up to 1000 psi (70.3 kg/cm2) and tank sIze ranges up to 2300 litres (Anon.,
1981).

Air sprayers (also known as ultra-low-volume, concentrate blower, airblast and airmist
sprayers) are used for spraying orchards, large shade trees and field crops. Pesticides are
applied in concentrated form, using relatively small volumes ofwater, in contrast to hydraulic
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sprayers. A low-volume pump delivers the liquid spray under low pressure to the fan, where it
is discharged into an air stream in small droplets bya group of nozzles or shear plates. Pump
pressures range from 50 to 400 psi (3.5-28.1 kg/cm2), and fans deliver 5000-25 000 ft3/mn
(2.4-11.8 m3/s) or airvelocities ofl00-150 mile/h (160-240 km/hl (Anon., 1981; Joyce, 1985).

Foggers or aerosol generators are designed primarily for control of mosquitoes and flies
in large buildings, parks, resorts and communities. These machines disperse fine particIes of
pesticides into the air, as fogs or mists, where they remain for a considerable time. Fogs and
aerosols are produced by either thermal or mechanical methods or a combination. Aerosol
equipment is not practical for application of most agricultural pesticides because of its
tendency to create drifts (Anon., 1981).

Power dusters are run by engine or power take-offs. Like airblast sprayers, dusters also
utilize air streams from a centrifugaI fan to carry the pesticide to the target area. They may
have single or multiple outlets. Dusters may be impractical for application of sorne pesticides
because of drift hazard (Anon., 1981).

Hand-held equipment is designed primarily for application of pesticides in sm 

aIl areas;this tye of equipment incIudes hand-pump atomizers, aerosol dispensers, compressed air
sprayers, knapsack sprayers and dusters. The hand-pump atomizer has a hand-operated pump
to force an air stream over the tip of a siphon tube; pesticide is sucked from the tube and
atomized in the air stream. These sprayers were commonly used to control flying insects in
houses but have been almost completely replaced by aerosol dispensers. Aerosol dispensers
are probably the most common tye of applicator for household pest sprays. The pesticide
and a propellant, usually freon, are forced, under pressure, through an atomizing nozzle.
Compressed air sprayers are designed to hold 4-12 litres in the tank. A hand pump is used to
pressurize the tank and deliver the pesticide, under pressure, to the nozzle. Spray patterns
and droplet size can be regulated by nozzle tye. Solutions, emulsions and suspensions of
pesticides can be used at pressures of30-50 psi (2.2-3.5 kg/cm2). Knapsack hand sprayers are
carried on the back and usually have a capacity of 20 litres; a hand-operated piston or
diaphragm pump provides the pressure (30-100 psi (2.2-7.0 kg/cm2)) to expel the pesticide.
Duster hand sprayers range from small self-contained units to those mounted on
wheelbarrows. Air velocity for dispensing the dust is created bya plunger, hand crank or belt
attached to a fan or blower (Anon., 1981).

The subject of aerial spray equipment and accessories is complex; however, many
aspects of aerial application are similar to ground application. For example, sprayers are
basically constructed of the same components. Several classes of aircraft may be used for the
application of pesticides, incIuding high-wing monoplanes, low-wing monoplanes, biplanes,
multi-engine aircraft (used extensively in forest and rangeland application) and helicopters.
Helicopters have sorne advantages over fixed-wing aircraft: operation at slower speeds;
increased safety; improved accuracy of swath, coverage and placement of chemical; and
operation without airport facilities. Pesticides are generally released at greater heights than
from conventional sprayers (Anon., 1981).

Application equipment can be constructed for dispersing dry or liquid pesticides. Dry
chemicals are dispensed from fixed-wing aircraft primarily by ram-air spreaders and
spinners. ln a ram-air spreader, dry materials are metered from a hopper into the propeller
slip stream. The fact that ram-air systems cannot spread materials in a wide. swath led to the
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development of spinners, which consist of spinning vanes mounted under the hopper that
throw mate rial outward in a uniform pattern. The use of spreaders and blowers can nearly
double the swath width. ln helicopters, two tyes of dispenser are used: a blower driven by the
engine forces dry material from two side tanks and out of short booms, but the material may
be spread using spinners instead of the boom; or a single hopper can be suspended on a cable
and dry material is dispensed using spinners (Anon., 1981).

Two tyes of liquid spray systems exist for fixed- and rotary-wing aircraft: the pressure
tye, in which the spray is applied under specifie pressures; and the gravity-feed tye, in which
the flow of spray solution frOID the tank dispersion unit relies on gravity. Swath widths of
12-18 m, in the application range of 1.5 to 15 litres/ha, are normal when mate rial is released
1.5-2.5 m above the ground. Booms for fixed- and rotary-wing aircraft, although mounted
differently, are basically the same in construction. Boom pipes are round or aerodynamic in
cross section. ln a fixed-wing aircraft, they are mounted on the trailing edge of the wing and
are usually three-quarters the wing length. Atomizers have a nozzle and a variety of spinning
screen cages, dises and wire brushes; they are usually driven by fans or electric motors.
Atomizers produce droplets of more uniform size and are useful in low-volume spraying,
su ch as for grasshopper and mosquito control (Anon., 1981).

The present trend in pesticide use is to apply highly concentrated material at low rates:
ultra-Iow-volume rates for mosquito control are as low as 0.15 litres/ha. The use of such
formulations requires the use of special equipment and application procedures, as the
systems must deliver fine droplets to be effective. This can be accomplished by using spinning
or flat fan nozzles that discharge 0.15 litres/ha at 40-55 psi (2.8-3.9 kg/cm2). For helicopter
operations, a single spinning nozzle may provide adequate output at very low rates such as
required for mosquito control. Because the ultra-Iow-volume systems produce fine droplets,
the location of the nozzles is important (Anon., 1981).

1.2.3 Occupational exposures

Occupational exposures may occur during the manufacture and processing -of
insecticides as weIl as during their use. ln addition, pesticide residues on plants or fruits may
cause significant exposure of farm workers picking or handling the products. Among the
more specifie occupations with potential exposure are: manufacturers (production workers),
formula tors, vendors, transporters, mixers, loaders, applicators/operators (farmers or
professionals) and pickers and growers.

The relative importance of the routes of occupational exposure is usually in the
following order: dermal exposure :; respiratory exposure :; oral exposure. The occupa-

tional groups can have long-term exposure of this tye, but very few reports of any effects are
available, and further studies are needed to describe better the conditions of chronic
exposure that do occur. It is relatively easy to identify people in occupations where exposure
to pesticides is common and/or heavier than in the general population, but documentation or
measurements of exposure to specifie pesticides are seldom available. Furthermore, even if
monitoring data or other documentation of exposure are available, it is difficult to evaluate
risks associated with specifie pesticides because most applicators have contact with a variety
of pesticides and because variation in work practices can greatly affect the delivered dose.
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Different levels of exposure are encountered depending on the tye of application
equipment used (Thble 3). Furthermore, considerable differences in exposure have been
found among the different jobs; most frequently, mixer-Ioaders have been found to receive
the highest exposures, as they work with large quantities of concentrated materials.

Table 3. Estimate exposure of applicators using different
application equipmentQ

Type of equipment Average expsureb
(range)

No. of
observations

Ailast
Hand-held hydraulic sprayguns
Knapsack sprayers
Portable mistblowers
Hydraulic ground bom sprayers

790 (109-2826)
340 (0.8-2175)
320 (20-11 518)
150 (19-54)

210 (0.03-346)

283
12

20
6

15

aprom Dover (1985)
~icrograms active ingredient per 100 cm2 surface area per hour

Selected studies in which occupational exposures in spraying and application of
insecticides have actually been measured are presented in Table 4.

Table 4. Occupational exposures in spraying and application of insecticides

Chemical Population Levelsa Reference

Indoor application

Malathion Spraymen treating interior household 330 mg (average daily Baker et aL.
surfaces for mosquito control in dermal exposure) (1978)Pakistan

Chlorpyros Applicators treating 20 single-family 2.1 l.g/cm2/h (D) Gold et al. (1981)
housing units with a paint-on appli- 0.01 l.g/l/h (R)
cation method (application time per
unit was 1.3 h) in Omaha, NE, USA

Applicators treating 20 single-family 4.1 l.g/cm2/h (0)
housing units with a spray application 0.07 l.g/l/h (R)
method (application time per unit was
0.81 h) in Omaha, NE, USA

Dichlorvos Commercial pest control applicators Total estimated Gold & Holcslaw
treating 20 single-family houses with exposure: (1985)hand sprayers in NE, USA 28 l.g/kg bw /h (0)

0.4 l.g/kg bw/h (R)
Pirimiphosmethyl Applicators spraying tomato plants in 424.8 mg/h (D)b Adamis et aL.

green hou ses in Hungary 44.3 mg/h (Dr (1985)
165 l.g/h (R)
39 l.g/h (R Y

Dimethoate Applicators spraying tomato plants in 346.0 mg/h (D)b Adamis et al.
greenhouses in H ungary 10.5 mg/h (DY (1985)

59 l.g/h (R)h

1 l.g/h (RY

~':,"",,_._..~--.
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Chemical ReferencePopulation Levelsa

Permethri

Indoor application (contd)

Fenoxycarb

Fluvalinate

Chlorpyrios

Applicators spraying tomato plants in
greenhouses in Hungary

Two technicians treating 20 houses in
Omaha, NE, USA, for cokroach
iiestation

Tractor driver using bom sprayer to
treat omamental plants at commercial
green hou se in Cortez, FL, USA

Tractor driver using span sprayer to
treat omamental plants at commercial
greenhouse in Cortez, FL, USA

Tractor driver using bom sprayer to
treat ornamental plants at commercial
greenhouse in Cortez, FL, USA

Tractor driver using span sprayer to
treat ornamental plants at commercial
green hou se in Cortez, FL, USA

Chlorthion

Lawn, turi and forest application

Malathion

Fenthion

Workers treating pasture land for
mosquitoes with aerosol generator in
CA, USA
14 runs over 2.58 h

14 runs over 2.12 h

Workers treating pasture land for
mosquitoes with aerosol generator in
CA, USA
23 runs over 5.23 h

23 runs over 5.07 h

Mosquito control workers using power
sprayers (treatment site not stated)

Mosquito control workers using hand
pressure sprayer (treatment site not
stated)

3.9 mg/h (DY
4 iig/h (DY

Total expsure:
21.2 mg/h (0)
1.6 mg/h (R)

265 iig/h (estimated

mean total boy accu-
mulation rate excluding

hands)

3 iig/h (estimated mean
total boy accumulation
rate excluding hands)

3958 iig/h (estimated
mean total boy accu-
mulation rate excluding

hands)

203 iig/h (estimated
mean total body accu-
mulation rate excluding

hands)

9-15 mg (total skin
expsure )d
1-5 mg (total skin
exposure y

32-86 mg (total skin
exposure )d
6-14 mg (total skin
exposure y

Mean potential
expsure:
3.6 mg/h (0)
-0 16 iig/h (R)

Mean potential
expsure:
3.6 mg/h (D)
-0 21 iig/h (R)

Adamis et al.
(1985)

Ogg & Gold
(1988)

Stamper et al.
(1989)

Stamper et al.
(1989)

Culver et aL.

(1956)

Culver et al.
(1956)

Wolfe et al.
(1974)
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Table 4 (contd)

Chemical Population Levelsa Reference

Lawn, tun and forest application (contd)

Fenthion (contd) Mosquito control workers using hand Mean potential
granular dispersai (treatment site not expsure:
stated) 12.3 mg/h (D)

88 p.g/h (R)
Carbaryl 80WPf Two applicators sprayig trees (9 times) Mean total: Leavitt et aL.in NE, USA 128.4 mg/h (D) (1982)

0.1 mg/h (R)
Five applicators spraying trees (once for Total exposure:
25 min) ¡n NE, USA 59.4 mg/h (D)

0.1 mg/h (R)
Carbaryl Five workers using low-pressure garden Mean total body Haverty et al.pump sprayers on a telescping pole to exposure: 62.7 mg (1983)treat tree boles in Placervile, CA USA

Five workers using high-pressure Mean total body
sprayers to treat tree bol es in exposure: 1.5 mg
Placervle, CA USA

Diazinon Three sprayers treating lawns (with Mean potential Davis et al. (1983)compressed air sprayers) to duplicate expsure, hands:
around-the-house use in W A USA 5.5 mg/h (0)

Mean potential
expsure: 1.9 p.g/h (R)

Three sprayers treating shrubs (with Mean potential
compressed air sprayers) to duplicate expsure, hands:
around-the-house use in W A USA 6.8 mg/h (0)

Mean potential
expsure: 2.9 p.g/h (R)

Three sprayers treating lawns (with Mean potential
hose-end sprayers) to duplicate around- expsure, hands:
the-house use in W A USA 25.0 mg/h (D)

Mean potential
expsure: 7.4 p.g/h (R)

Diazinon Professional lawn workers using spray 13-23 ng/m3 (R) Freeborg et al.
guns or rotary spreaders (total work 3.9-130.2 p.g/lOO cm2 (1985)time: 300-40 min) in lN, USA

(D, wrst areas)
30-592 p.g/lOO cm2

(D, thigh areas)
Trichlodon Professional lawn workers using spray 2 ng/m3 (R) Freeborg et al.guns (total work time: 456 min) in lN, ND-0.35 Jlg/lOO cm2 (1985)USA (D, wrist areas)
Chlorpyros Six lawn sprayers monitored for 1 h in Mean calculated Copley (1987)MI, USA expsure:

135 mg/day (D)
22 Jlg/day (R)

~w.:._.._._..~..__
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Chemical ReferencePopulation LevelsU

Agricultural application

Dimethoate Eight spraymen using a knapsack spray-
er for treatment of crops in Sudan

Pyrethroid
formulation

Carbaryl

Parathion

Dimethoate

Seven applicators spraying cotton in the
Ivory Coast

Applicator treating apples with a hand-
gun hose-nozzle sprayer in W A, USA

Applicators treating peas or potatoes
with tractor-mounted bom sprayer in
WA, USA

Spray-rig drivers treating citrus trees
using an airblast sprayer (from an
open tractor) in CA, USA

Spray-rig drivers treating citrus trees
using an airblast sprayer (from a cab
unit with both side-widows open) in
CA, USA
Spray rig drivers treating citrus trees
using an airlast sprayer (from a cab

unit with windows closed) in CA, USA
Spray rig drivers treating citrus trees
using an oscilating bom sprayer
(from an open tractor) in CA, USA
Spray rig drivers treating citrus trees
using an oscilating bom sprayer
(from a cab unit with both side widows
open) in CA, USA
Spray rig drivers treating citrus trees
using an oscilating bom sprayer
(from a cab unit with windows closed)
in CA, USA
Spray rig drivers treating citrus trees
using an airlast sprayer (from an open

tractor) in CA, USA
Spray rig drivers treating citrus trees
using an airlast sprayer (from a cab

unit with both side widows open) in
CA, USA
Spray rig drivers treating cItrus trees
using an ailast sprayer (from a cab

unit with widows close) in CA, USA

Total calculated
expsure:
175.8 ¡.g/cm2/day to
8.3 mg/cm2/day (0);
5.1-19.9 ¡.g/day (R)

Total expsure:
2.8-2.2 mg/h (01;

.. 10020 ¡.g/m (R)

Mean total exposure:
19.6 mg/h (0)
Total expsure:
1.6 mg/h (D)
(wettable powder);
2.8 mg/h (D)
(liquid suspension)
Mean exposure:
0.33 ¡.g/cm2/h (0)

Mean expsure:
0.48 ¡.g/cm2/h (0)

Mean exposure:
0.01 ¡.g/cm2/h (0)

Mean exposure:
4.8 ¡.g/cm2/h (0)

Mean exposure:
2.4 ¡.g/cm2/h (D)

Mean exposure:
0.03 ¡.g/cm2/h (0)

Mean exposure:
2.5 ¡.g/cm2/h (0)

Mean e~sure:
1.5 ¡.g/cm2/h (0)

Mean expsure:
.c 0.01 ¡.g/cm2/h (0)

Copplestone et al.
(1976)

Prinsen &
Van Sittert (1980)

Maitlen et al.
(1982)

Carman et aL.

(1982)

Carman et al.
(1982)
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Table 4 (contd)

Chemical Population Levelsa Reference

Agricultural application (contd)

Chlorobenzilate Four applicators using airlast spray ers (32.7) mg/h Nigg & Stamper
pulled by canopied tractors treating (estimated mean total (1983)citrus groves in FL, USA boy expsure)
Two pesticide mixer-Ioaders at a citrus (8.3) mg/h
grove in FL, USA (estimated mean total

boyexpsure)
Cypermethrin Applicators treating crops in the United 3.0-26.9 mg/h (0) Oover (1985)

Republic of Tanzania, the Ivory Coast (total contamination)
and Paraguay using an Electrocyng
sprayer

Applicators treating crops in the 17.8-369.9 mg/h (0)
Republic of Thnzania and the Ivory (total contamination)
Coast using a spinning disc sprayer

Applicators treating crops in Paraguay 29.5 mg/h (0)
using a knapsack sprayer (total contamination)

Carbaryl Applicators treating tan vegetables 0.5-9.9 mg (dust) Kurtz & Bode
(maize) in home gardens for 15 min 0.2-7.7 mg (wettable (1985)
(clothing worn afforded six increasing powder)
levels of protection) in PA, USA 0.2-11 mg (aqueous

suspension )h

Applicators treating low vegetables 0.5-10.2 mg (dust)h
(green beans) in home gardens for 15 0.2-5.4 mg (wettable
min (clothing worn afforded six increas- powder)h
ing levels of protection) in PA, USA 0.2-6.8 mg ~queous

suspension)
Imidan Applicators treating fruit trees for 14 h Total exposure: Spitter &

with airblast sprayers (tractors not 56.3 ¡.g/cm2 (0) Bourke (1985)
equipped with spray cabs) in NY, USA

Applicators treating fruit trees for Total expsure:
31.3 h with airlast sprayers (tractors 40.3 ¡.g/cm2 (0)
equipped with spray cabs) in NY, USA

Terbufos Eleven Canadian farmers using planter- Mean estimated Devine et al.
mounted granular applicators for crop expsure: (1986)treatment while planting maize 72.4 ¡.g/h (0);

11.3 ¡.g/h (R)
Azinphosmethyl Orchard sprayers in Ontario, Canada 5.2 mg (0) Franklin et al.

(mean expsure) (1986)
Orchard sprayers in Nova Sctia, 4.3 mg (0) (mean
Canada expsure excluding

hands)
5.6 mg (0) (mean
exsure including
hands)
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Table 4 (contd)

Chemical Population ReferenceLevelsa

Agricultural application (contd)

Malathion Seven mixers for treatment of citrus in
CA USA

Aerial application

Carbaryl Applicators treating maize from a
helicopter with a bom sprayer in W A
USA

Chlordimeform 20 workers including mixers, loaders,
applicators, flaggers and cleaners in
CA, USA

Cypermethrin Pilots using ultra-Iow-volume spray to
treat commercial cotton on farms in
MS, USA

Mixer-Ioaders for ultra-Iow-volume
application to treat commercial cotton
on farms in MS, USA

762 i-gi
2161 i-gI

Total expsure:
7.4 mg/h (0) (wettable
powder);
3.4 mg/h (0) (water-
based flowable);
26.5 mg/h (0) (liquid
suspension)

90 I.g/I urine with levels
highest in mixer-Ioaders
and lowest in pilots and
flaggers
0.66 mg/8 h (actual
expsure)
1.07 mg/8 h (potential

exposure i

2.43 mg/8 h (actual
exposure)
10.5 mg/8 h (potential

exposurei

Fenske (1987)

Maitlen et al.
(1982)

Maddy et aL.

(1986)

Nye (1986)

aAbbreviations: bw, body weight; (0), dermal; (R), respiratory
b Applicator moved forward and passed through area sprayed
C Applicator moved backward
dJcep driver; also did the formulating
eDuring the insecticide application, this man walked behind and along the upwind side of the equipment
in order to regulate the machinery and help dock the speed of the jeep; he also did the formulating
/80% wettable powder

8Glass botte with built-in nozzle instead of spray tank
hMean estimated exposures to unprotectect body areas
iEstimated head exposure using fluorescent tracer technique

ÎEstimated head exposure using patch technique
kActual exposure estimates represent the uncovered areas of the head and hands of the workers; potential
exposure estimates represent the sum of the residues from the overalls plus the cotton gloves and nylon socks
wom by the workers.

ln a study of the exposure of agricultural workers to carbaryl, Maitlen et aL. (1982) found
that the mixer-Ioader operation was not inherently different for ground, aerial or hand-gun
applications. Factors that affected the hourly dermal exposure of mixer-Ioaders included: the
formulation used; the use of gloves; and the method (scooping or pouring) of removing
powdered insecticide from its container prior to mixing. Powdered formulations resulted in
higher total hourly dermal exposures (43.3 mg/h with gloves; 107 mg/h without gloves) than
liquid formulations (3.0 mg/h with gloves; 40 mg/h without gloves). An average of 76% of the
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total exposure of aIl mixer-Ioaders was on the hands. The techniques of scooping and pouring
powdered formulations from the container without wearing gloves resulted in total average
hourly dermal exposures of 176 and 38 mg/h, respectively.

Dermal exposure to malathion was monitored for mosquito control spray teams treating
interior household surfaces in Pakistan. Exposure was found to vary with job category:
spraymen experienced the highest exposure to the forehead (mean, 39.3 J.g/cm2) and chest
(mean, 13.6 J.g/cm2), while mixers had the highest exposure to the arms (mean, 49.6 llg/cm2).
Supervsors had the lowest exposures to the arms (mean, 2.9 llg/cm2). During this study, the
authors observed improper work practices whIch increased dermal exposure to malathion.
Spraymen's cIo th es were wet at the end of the working day, smelled strongly of pesticide, and
were worn for several days without washing. Both spraymen and mixers had extensive skin
contact with the pesticide while filling and pressurizing the spray tanks. Sorne mixers mixed
the malathion suspension with their hands. Many spray cans leaked pesticide onto the arms,
hands and chests of the spraymen. When spray nozzles became clogged, the spraymen
sometimes blew through them to unclog them (Baker et aL., 1978).

Nye (1986) found that during aerial application of cyermethrin, pilots were exposed
primarily via contact with the aircraft when entering and leaving, as weIl as from the cockpit
ventilation system. Dermal exposure was predominantlyvia the hands and to a lesser degree,
the trunk. For mixer-Ioaders, exposure was more uniform, but the trunk, gloves and forearms
contained most of the cyermethrin residues. Pilots were, on average, exposed to ten times
Iess cyermethrin than mixer-Ioaders. The author noted that mixer-Ioaders worked

principally with the formulation concentrate, while the pilots were exposed principally to
diluted spray.

1.2.4 Exposure monitoring

Human exposure can either be measured directly or inferred. Examples of methods for
direct measurement are collection of pesticides in breathing-zone air or on pads or clothing
worn by workers. These techniques provide a direct, calculable measure of human exposure
under actual conditions. Most often, however, direct measurement is not possible; for
example, in retrospective studies, exposures may only be inferred from the available
information. Coupling biochemical measures with traditional exposure evaluation
procedures used in epidemiological studies of cancer offers the best opportunity for
improving the assessment of historical pesticide exposures (Moseman & Oswald, 1980; Blair
et al., 1989).

Exposure to pesticides has usually been estimated by monitoring the ambient
environment. ln sorne cases, exposure by inhalation has been measured using personal
sampler pumps with absorbent filters approximating the breathing zone of the worker
(Franklin, 1989). A new technique for estimating exposure by inhalation is to measure the
level of the chemical in exhaled breath (Morgan et al., 1989). Exposure by dermal contact is
estimated by placing absorbent patches on the worker's body or clothing or by solvent
extraction of clothing worn during application. Exposure estima tes obtained from ambient
monitoring (personal samplers, patches, clothing, tracers) Indicate the amount of pesticide
that impinges on the surface of the body (contact exposure) and not the absorbed dose
(Franklin, 1989).

:;~""".-'-"~.-."-.
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A number of definitions have been developed for the biological monitoring of exposures
in general and for that of insecticides in particular (Foa et al., 1987; Clarkson et aL., 1988;

Wang et aL., 1989). ln this monograph, the term 'biological monitoring' is used to cover aIl
those procedures for assessing dose and the biochemical and physiological effects (possibly
reversible) in human biological specimens after exposure to insecticides. Industrial hygiene
practices and cIinical diagnostic procedures are not included in this discussion. Within the
Iimits of this definition, it is obvious that the identification of risks and of groups of subjects at
risk is cruciaL.

Biochemical effects of organophosphorus pesticides can be assessed by measuring the
inhibition of certain blood enzyes, as their inhibition usually mirrors that of the
corresponding enzye within the nervous system which represents the molecular target of
the organophosphate. Thus, measurement of acetylcholinesterase in red blood cells is widely
used to assess cholinergie effects, whereas inhibition of neuropathy target esterase in
lymphocyes might be used to assess the delayed neurotoxic effects of sorne organo-
phosphate insecticides (Hayes et al., 1980; Ames et aL., 1989; Lotti, 1989; WHO/UNEP,
1990).

Insecticides can be measured in biological samples by the usual analytical techniques
(see the monographs on individual insecticides) or by biological methods. A number of
reports are available in which insecticides and/or their metabolites have been measured in
bodyfluids after occupational exposures (Coye et al., 1986; Maroni, 1986; Wang et aL., 1989).
Examples include the measurement of dialkylphosphates in urine after exposure to
organophosphorus insecticides (Coye et aL., 1986), of para-nitrophenol after exposure to
parathion and methylparathion (Wolfe et aL., 1970) and of 1-naphthol after exposure to
carbaryl (Corner et al., 1975) (e.g., see Coye et al., 1986). Although these procedures are used
for quantitative assessments of dose, interpretation of the results is hampered in the absence
of pharmacokinetic data in man. Such data are also essential when extrapolating data on
toxicity across species.

Asomewhat different approach to biological monitoring is the measurement of adducts
to proteins (Shugart et aL., 1989). Adducts to haemoglobin have been detected with several
pesticides (Sabbioni & Neumann, 1990). The advantages of such measurements incIude the
possibility of assessing dose closer to the target, of assessing individual capacity to form
electrophiles and of extrapolating data on toxicity more easily across species. When the
mechanism of action of a pesticide is understood, more specifie markers can be used.

2. Studies of Cancer in Humans

Epidemiological studies on cancer risk following exposure to insecticides can be divided
into three tyes: (a) those referring to specifie insecticides with or without mention of
insecticides in general; (b) those mentioning only insecticides in general; and (c) those
referring to populations exposed to 'pesticides' or 'pesticides/herbicides'. Studies under (a)
were considered both in the specifie monographs and in the present one. Studies under (b)
are revIewed only in the present monograph. As for category (c), in a few cases, the Working
Group included studies of populations exposed to 'pesticides' because they provide special
information relevant to the evaluation of insecticides.
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2.1 Descriptive and ecological studies

2.1.1 Mortality statistics

ln Central Luzon in the Philippines, the use of organophosphate and organochlorine
insecticides increased after adoption of modern rice varieties in the late 1960s. Insecticides
were applied by backpack sprayer, usually by men. Protective clothing was not worn.
Mortality was studied in three rural municipalities, with a population of 96000 in 1980 and
where more than 80% of the heads of households in tyical villages were employed primarily
in rice farming. The study covered two periods: 1961-71, with low use of insecticides, and
1972-84, with high use. For men aged 15-54 years, the mean age-standardized mortality rate
per 100000 for cancer (aIl sites except brain) increased from 21.1 to 25.9. Mortality from
leukaemia among men increased from 0.6 to 3.6 per 100 000. Seven of the Il leukaemia
cases recorded since 1961 occurred in 1979-84. The leukaemia rates for women in the same
periods were 0.6 and 0.7 per 100 000, respectively (Loevinsohn, 1987).

2.1.2 Proportionate mortality studies

Several studies have been undertaken on the basis of death certificates from Wisconsin,
USA 

(Blair & Watts, 1980; Blair & White, 1981; Cantor, 1982; Cantor & Blair, 1984; Saftlas
et al., 1987). ln the most recent ofthese, a studypopulation was selected of35 972 white men,
18 years and older, who resided in 69 of the 70 Wisconsin counties and died in 1968-76 and
whose occupation on the death certifica.te was farm owner, tenant or labourer. Proportionate
mortality ratio (PMR) and proportionate cancer mortality ratio (PCMR) values were
calculated using mortality of white, non-farming Wisconsin men for comparison. Data from
the agricultural censuses in 1949, 1964 and 1969 and from the population census in 1960
were used for constructing indicators of exposures in agriculture in each county. The PMR
for aIl cancers was significantly lower than expected (5634 observed; PMR, 0.92 (95%
confidence interval (CI), 0.90-0.94)). This deficit was due in particular to tobacco-related
cancers. When the data were analysed after excluding smoking-related causes of death,
statistically significant excess risks were found for cancers of the stomach (PCMR, 1.1 (95%
CI, 1.0-1.2)), prostate (PCMR, 1.1 (1.1-1.2)) and eye (PCMR, 3.4 (2.2-5.2)) and for aIl
Iymphopoietic cancers (PCMR, 1.1 (1.0-1.2)). Analysis by agricultural exposure level
revealed a statistically significant excess risk for cancers of other Iymphatic tissue (two-thirds
were multiple myelomas) in counties with heavy use of insecticides (28 observed; PCMR, 1.6
(1.0-2.2)). The risk was also increased in counties with heavy use of herbicides and fertilizers
and a high proportion of maize production.

2.1.3 Case-control studies with ecological information on exposure

Several case-control studies employed similar methods to evaluate cancer risks and
potential exposure to agricultural insecticides in the USA (Blair & Thomas, 1979;
Burmeister et al., 1982, 1983; Cantor & Blair, 1984). Deceased cases were ascertained from
death certificates, and con troIs were deceased residents from the same state, matched to the
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cases by date of birth, date of death, race, sex and county of residence. Usual occupation as a
farmer was determined from the death certificate. Potential exposure of farmers to
insecticides was classified on the basis of their county of residence and insecticide use
patterns for that county. Thus, these studies employed both ecological and individual
assessments.

Blair and Thomas (1979) found mortality from leukaemia to be elevated among farmers
in Nebraska, but the risks were similar among farmers in counties using less insecticides
(odds ratio, 1.2; 95% CI, 0.94-1.6) and in counties using more insecticides (odds ratio, 1.3;
1.0- 1. 7). Similar findings were obtained in Iowa, where the risks for leukaemia among
farmers did not appear to be higher among those residing in counties where insecticides were
used heavily than in counties where they were used to a lesser extent (Burmeister et al., 1982).

ln Iowa, the odds ratio for death due to multiple myeloma for farmers born after 1890
residing in counties in the upper tercile of insecticide use was 2.0 (p -: 0.05) (Burmeister et al.,
1983). Cantor and Blair (1984) evaluated risks for multiple myeloma in association with
ecological assessments of exposure to insecticides in Wisconsin. Using nonfarmers residing
in counties where insecticide use was low as unexposed controls, the odds ratios were 0.9
(95% CI, 0.7- 1.3) for nonfarmers residing in counties with high insecticide use, 1.2 (0.9- 1. 7)
for farmers residing in counties with low insecticide use and 1.9 (1.1-3.5) for farmers living in
counties with high insecticide use. (These results are based on the same data as those of
Saftlas et al. (1987).)

Proportionate mortality studies and case-control studies with ecological information on
exposure are summarized in Table 5.

2.2 Cohort studies

Mortality rates were studied for a cohort of male pesticide applicators in the USA whose
exposures included fumigants, carbamates, chlorinated hydrocarbons and organo-
phosphates (Wang & MacMahon, 1979). The cohort was formed of employees from three
nationwide pest control companies during the approximately 10 years for which centralized
personnel records had been maintained. From a total of 44083, records were selected for
men who had been employed for at least three months between 1 January 1967 and 30 June
1976 bytwo of the companies and between 1 January 1968 and 30 June 1976 by the other and
whose name, social security number, date of birth and dates of employment had been
recorded. Examination of a sample of records for 4000 men who had been excluded showed
that information was missing for 18%. Individual follow-up was not attempted. ln the most
recent analysis (MacMahon et al., 1988), the cohort (16 124 men) was linked to Social
Security Administration files in 1977 and 1981 and to the National Death Index for 1979-84.
A total of 1082 deaths were thus identified, and death certificates were obtained for 994
(92 %). The 88 deaths from unknown cause were allocated to causes of death according to the
distribution of the deaths of known cause. National mortality rates for US white men were
used for comparison, because the majority of the subjects were known to be white. The
standardized mortality ratio (SMR) for deaths from aIl causes was 0.98 (90% CI, 0.93-1.03),
and the SMR for aIl cancers was 1.1 (90% CI, 1.0-1.2). Analysis by cause of death showed a
statistically significant excess risk of lung cancer (SMR, 1.4; 90% CI, 1.1-1.6), which was
present throughout the study period; the risk did not increase with duration of employment,



Table 5. Summary of findings for cancers at selected sites from descriptive and ecological studies on use of
0insecticides in the USA (J
(J
CReference Loction Cancer site Relative 95% CI Comments ~

risk t:0
Saftlas et al. Wisconsin Other lymphatic 1.6 (1.0-2.2) Farmers in high-use areas ~(1987) tissue t:

tTBlair & Nebraska Leukaemia 1.3 1.0- 1. 7 Farmers in high-use areas ~Thomas (1979) ..0Burmeister Iowa Leukaemia 1.3 0.9- 1.9 Farmers in high-use areas (born (1890-190) u:
Cet al. (1982) 1.1 0.8- 1. 7 Farmers in high-use areas (born after 190) 7.

1.4 1.1-1.8 Farmers in low-use areas (born 1890-190) tTu:1.5 1.2-2.0 Farmers in low-use areas (born after 190)

dBurmeister Iowa Multiple myeloma 2.0a NA Farmers in high-use areas (born (1890-190) -et al. (1983) 2.0a NA Farmers in high-use areas (born after 190) Z1.4 NA Farmers in low-use areas (born 1890-190) u:
tT1.2 NA Farmers in low-use areas (born after 190) (J

Cantor & Blair Wisconsin Multiple myeloma 1.9 1.-3.5 Farmers in high-use counties d
(J(1984) 1.2 0.9-1.7 Farmers in low-use counties -
U0.9 0.7-1.3 Nonfarmers in high-use counties
tT1.0 Reference Nonfarmers in low-use counties u:

ap oe 0.05

0\..
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the SMRs being 1.4 for 0-4 years of employment, 1.1 for 5-9 years and 0.75 for 10 years or
more. The SMRs were 1.3 (90% CI, 0.65-2.2) for skin cancer, 1.2 (0.50-2.5) for cancer of the
bladder and 1.0 (0.67-1.4) for lymphatic and haematopoietic cancers. (The Working Group
noted that exposure to arsenic was not mentioned but may have occurred.)

A national programme in the USA to monitor the health status of people occupationally
exposed to pesticides enlisted 2620 volunteers in 13 states between 1971 and 1973. An effort
was made to recontact these subjects in 1977-78, and 70% were successfully traced; 62 deaths
were identified, and the cause of death was known for 59. Mortality data were analysed for
the 1995 white men, using mortality rates for US white men for comparison. The SMR for
neoplastic diseases was 0.39 (10 observed (95% CI, 0.2-0.7)) (Morgan et al., 1980). (The
Working Group noted that the study was based on volunteers and that follow-up was
incomplete.)

A cohort study of licensed pest control workers in Florida was undertaken (Blair et al.,
1983). The authors stated that pest control workers apply a variety of pesticides, including
chlorinated hydrocarbons, carbamates, organophosphates, phenoxyacetic acids, phthali-
mides, coumarins, arsenical insecticides and fungicides. The 4411 workers were identified
from licence applications submitted by pest control firms in 1965-66. For each worker, full
name, social security number, address, date of birth, primary duty in 1965-66, specific years
licensed, and individual and firm certification categories were retrieved from the files. The
cohort was followed up until 1 January 1977, and 96% were successfully traced. Death
certificates were obtained for 389 of the 428 deceased subjects. Mortality rates for the US
national population were used for comparison. The SMR for overall mortality among white
male workers was 1.0 (378 observed, 367.5 expected (95% CI, 0.9-1.1)). An excess risk was
found for lung cancer (34 observed, 25.1 expected; SMR, 1.4 (0.9-1. 9)). Mortality from brain
cancer was also elevated (5 observed, 2.5 expected; SMR, 2.0 (0.6-4.7)). The SMRs were (1.3
(0.2-4.8)) for skin cancer, (1.6 (0.3-4.6)) for cancer of the bladder, (2.7 (0.6-8.0)) for larygeal
cancer and (1.3 (0.4-3.4)) for leukaemia. The excess lung cancer risk increased by length of
licensure; the SMRs were 1.0 (0.6-1.7) for.. 10 years, 1.6 (0.8-2.8) for 10-19 years and 2.9
(1.2-5.6) for:; 20 years; this pattern did not change when mortality rates for Florida were
used for comparison. The lung cancer mortality was highest for workers employed by firms
licensed for controllng rodents and general household pests, but it was elevated in other
licensing categories also. (The Working Group noted that potential contact with arsenical
insecticides complicates interpretation.)

A proportionate mortality analysis indicated an excess risk for neoplasms of the
lymphatic and haematopoietic system and for cancers of the pancreas, lung and prostate
among various subgroups of deceased members of the American Federation of Grain
Milers' life insurance plan (Alavanja et al., 1987). Following this observation, a cohort study
(which included these deaths) was published (Alavanja et al., 1990). Since 1955, which was
the year the insurance plan started, 40247 current or former members had been enrolled. A
total of 22 938 white men with complete enrolment records were included in the study.
Information on general pesticide use in the grain mils was obtained from intervews with
senior employees and managers, from a survey among current union members and from
various other sources, but could not be linked to individuals. ln the analysis, the cohort was
subdivided into workers in flour mils, workers in other grain industries, and workers in
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unidentified grain companies. ln general, a wider variety of pesticides appeared to be used at
the flour mils th an at the other facilities. The pesticides most frequently cited as being used
in aIl the flour mils incIuded carbon tetrachloride, ethylene dibromide, malathion, methyl
bromide, phosphine and pyrethrum. ln a questionnaire survey in 1985-86, 31 % of the flour
milers reported that they applied pesticides, whereas this proportion was 16% among the
other grain milers. The cohort was foIlowed through to 1985. A total of 3668 deaths were
identified, and death certificates were found for 3460 (94%). Mortality rates for US white
men were used for comparison. The total of 3668 deaths was compared to an expected
number of 4125.6 (SMR, 0.89; 95% Ci, 0.86-0.92). The SMRs for aIl causes were 0.85
(0.8-0.9) for flour mills, 1.04 (1.0-1.1) for other grain industries and 0.58 (0.5-0.7) for
unidentified grain companies. The SMRs for lung cancer were 0.78 (0.7-0.9) for flour miIl
workers and 1.1 (0.9-1.4) for workers in other grain industries. Workers in flour mils had
slightly elevated risks of developing non- Hodgkin's lymphoma (SMR, 1.5 (0.9-2.3), based on
21 deaths), pancreatic cancer (SMR, 1.3 (0.9-1.9); 33 deaths) and leukaemia (SMR, 1.4
(0.9-2.0); 25 deaths); mortality from these causes was not increased among the other grain
miIl workers. The risk for non-Hodgkin's lymphoma among the flour mill workers increased
by time elapsed since first employment, from an SMR of 0.64 for ~ 5 years, 0.49 for 5-9
years, 1.3 for 10-19 years and 2.3 (95 % Ci, 1.2-4.0) for :; 20 years. A similar pattern was seen
for pancreatic cancer (0.87 for ~ 5 years; 0.30 for 5-9 years; 1.2 for 10-19 years; and 1.9

(1.1-3.0) for ? 20 years). No trend by elapsed time was seen for leukaemia. Similar
observations were made in a case-control study undertaken within the cohort. A survey
showed that the flour miI workers did not differ from the other grain milers in educational
level or in smoking habits, but they had a slightly higher consumption of alcohoI. The risk for
non-Hodgkin's lymphoma is not known to be associated with alcohol consumption, and the
excess risk among the flour millers was therefore hypothesized to be assocIated with use of
pesticides in flour mils. The risk for pancreatic cancer could be due to excessive alcohol
consumption, but it was noted that mortality from cirrhosis of the liver was not elevated. (The
Working Group noted that this cohort is unlikely to have been exposed to arsenic.)

Cancer incidence was studied in a cohort of 25 945 male farmers licensed for use of
pesticides in 1970-74 in the Piedmont region of Italy. The pesticides were mainly in
toxicological classes 1 and II according to Italian law. The cohort was matched to the
Piedmont Hospital Discharge File for the period 1976-83, and 631 cancer cases were found.
The number of person-years accumulated by the cohort members in 1976-83 was estimated.
Cancer incidence rates for non-licensed men were used for comparison, estimated by
subtracting cases and person-years for licensed men from those of the total population. The
total of 631 cancer cases observed in the licensed group was compared with 877.8 expected
cases. The standardized incidence ratios (SIR) were 0.7 (95% CI, 0.6-0.8) for aIl cancers, 1.4
(1.0-1.8) for malignant neoplasms of the skin, 1.4 (1.0-1.9) for malignant lymphoma, 1.0
(0.6-1.4) for malignancies of the nervous system and 1.1 (0.8-1.5) for leukaemia and multiple
myeloma. Other cancer sites were not included in the analysis. The risk for malignant
lymphomas was higher in residents of villages with a high proportion of arable land (SIR, 1.8;
95% Ci, 1.2-2.5) (Corrao et al., 1989).

A study of 316 pesticide-exposed workers in Neubrandenburg in eastern Germany
indicated an excess risk for lung cancer (Barthel, 1976). A subsequent study was therefore
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undertaken of 1658 men who had worked as agrcultural plant protection workers or plant
protection agronomists for at least five years in the 14 districts of the eastern part of Germany

(excluding Berlin) during 1948-72 (Barthel, 1981a,b). About 70% of the potential study
population was identified and included in the study. Respiratory protective equipment was
rarely used. Before 1960, the pesticides included the insecticides calcium arsenate (banned
since 1955), DD'l hexachlorocyclohexanes, methyl parathion and toxaphene, the fungicide
cupral and the herbicides 4,6-dinitro-ortho-cresol, (2,4-dichlorophenoxy)acetic acid (2,4-D)
and 4-chloro-2-methylphenoxyacetic acid (MCPA). A variety of pesticides was gradually
introduced after 1960, of which zineb, maneb, simazine and chloral hydrate were used to a
large extent. The cohort was followed up for cancer incidence and mortality through to 1978,
and 169 malignant neoplasms were observed. Tumour incidence rates for the eastern part of
Germany in 1973 were used to calculate expected numbers of tumour cases for the years
1970- 78. Fift bronchial carcinomas were observed in this period, where 27.5 cases were

expected (SIR, 1.8 (95 % CI, 1.4-2.4)). The lung cancer risk increased with-Iength of exposure:
SIR for -c 10 years, 1.2 (0.5-2.5); 10-19 years, 1.7 (1.1-2.4); and ~ 19 years, 3.0 (1.7-4.7).
There was, however, no difference forworkers first exposed in 1948-60 (SIR, 1.8 (1.3-2.5)) or
those first exposed in 1961-72 (SIR, 1.7 (0.5-3.9)). A questionnaire survey among 163
randomly selected pesticide workers and an equivalent number of population con troIs
showed no difference in smoking habits.

Cancer incidence was studied in a cohort of 20 245 licensed pesticide applicators in
Sweden (Wiklund et al., 1986, 1987, 1989). Since 1965, a licence has been mandatory for
using the most acutely toxic pesticides. The workers in the study had been issued a licence
between 1965 and 1976 and were followed up for cancer incidence to 31 December 1982. A
survey on a random sample of 268 workers showed that 15% had used insecticides in the
1950s, 34% in the 1960s and 46% in the 1970s. During the 1950s and 1960s, DDT was the
insecticide used most frequently, and in the 1970s, fenitrothion; 72 % of the workers had been
exposed to phenoxyacetic acid herbicides, and exposure to other herbicides and fungicides
was also reported. Cancer incidence rates for the Swedish population were used for
comparison. A total of 558 cancer cases were observed in the cohort (SIR, 0.86; 95 % CI,
0.79-0.93). Excess risks were observed for lip cancer (14 observed; 1.8; 0.96-2.9), testicular
cancer (18 observed; 1.6; 0.92-2.5) and Hodgkin's disease (11 observed; 1.2; 0.60-2.2) but not
for lung cancer (38 observed, 0.50; 0.35-0.68), non-Hodgkin's lymphoma (21 observed; 1.0;
0.63-1.5) or cancer at any other site. The SIR for testicular cancer increased with time since
licensure (0-4 years, 0.94; 5-9 years, 1.4; ~ 10 years, 2.5; based on four, six and eight cases,
respectively). The SIR for lung cancer increased with years since first employment from 0.31
(0-4 years) to 0.49 (5-9 years) to 0.56 (~ 10 years). The authors provided data showing that
smoking was less prevalent among pesticide applicators th an among other occupational
categories in Sweden, strongly suggesting that the observed deficit of lung cancer was due to
lower cigarette consumption. A follow-up from date of licensure until 31 December 1984
indicated no excess risk for soft-tissue sarcomas (seven cases observed; SIR, 0.9; 95% CI,
0.4-1.9) (Wiklund et al., 1988).

Cohort studies are summarized in Table 6.



Table 6. Summary of findings in cohort studies on spraying and application of insecticides

Reference Location Occupation Cancer site SMR 95% CI Comments

MacMahon USA Pest control workers Lung 1.4 1.-1.6 No trend for lung cancer 0et al. (1988) Skin 1.3 0.65-2.2 with duration of employ- nBladder 1.2 0.50-2.5 ment; 90% confidence n
Lymphatic & haematopoietic 1.0 0.67-1.4 interval C

~Blair et al. USA Licensed pest control Larynx (2.7) (0.6-8.0) Trend for lung cancer with
tj(1983) workers Lung 1.4 (0.9-1.9) duration of licensure 0Skin (1.3 ) (0.2-4.8)

~
Bladder ( 1.6) (0.3-4.6)
Leukaemia (1.3 ) (0.4-3.4 )

~
Brain 2.0 (0.6-4.7)

Alavanja et al. USA Flour milers Lung 0.78 (0.7-0.9) Trend for lymphomas and 0
en

(199) Leukaemia 1.4 (0.9-2.0) pancreas with time since C~Non-Hodgkin's lymphoma 1.5 (0.9-2.3) first employment tiPancreas 1.3 (0.9- 1.9) en

àCorrao et al. Italy Farmers licensed Skin 1.4 1.0- 1.8 SIR i-
(1989) for use of pesticides Lymphomas 1.4 1.0- 1.9 Z

en
(Tox. class 1 + II) Haematopoietic 1.1 0.8-1.5 ti

Nervous system 1.0 0.6-1.4
Bn

Barthel (1981a,b) Germany Plant protection work- Lung 1.8 (1.4-2.4) SIR; trend with length of i-
ciers and agronomists expsure ti
enWiklund et al. Sweden Licensed pesticide Lung 0.50 0.35-.68 SIR; trend for testicular

(1989) applicators Non-Hodgkin's lymphoma 1.0 0.63-1.5 and lung cancer wIth time
HOdgkin's disease 1.2 0.602.2
Lip 1.8 0.96-2.9
Testis 1.6 0.92-2.5
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2.3 Case-control intervew studies

2.3.1 Lymphatic and haematopoietic systems and soft-tissue sarcoma

Hoar et al. (1986) conducted a population-based case-control study of white male
residents of Kansas, USA, 21 years or older. Information was collected on 139 histo-
logically confirmed cases of soft-tissue sarcoma and 132 of Hodgkin's disease diagnosed in
1976-82 and on a random sample of 172 cases of non-Hodgkin's lymphoma diagnosed in
1979-81. Three population controls were matched to each case on age and vital status: living
controls up to 64 years of age were selected by random digit diaIlng; older subjects were
selected from Medicare files; and deceased controls were selected from state mortality files,
after excluding index neoplasms, a malignancy at an iI-defined site, homicide and suicide. .
Afer exclusions, a total of 1005 con troIs were selected. Patients and controls, or their next of
kin, were intervewed by telephone about farming practices. Intervews were obtained for
96% of patients and 94% of controls. Information on herbicide and insecticide use provided
bya sample of farmers among enrolled subjects was validated by intervewing their pesticide
suppliers. Asmall excess ofnon-Hodgkin's lymphoma (odds ratio, 1.5; 95% CI, 0.9-2.4) was
found among patients reporting use of any insecticides. Odds ratios by year of first use of
insecticides among farmers were 1.7 for use prior to 1946, 1.5 for 1946-55, 0.7 for 1956-65
and 1.5 for 1966 or later. No association was observed with number of hectares treated.
Adjustment for days peryear of herbicide use reduced the odds ratio for insecticide use to 1.1
(95% CI, 0.6-2.2). Risks for non-Hodgkin's lymphoma increased slightly, however, with days
per year of insecticide use, even after adjusting for exposure to herbicides (odds ratio, 1.2
(95% CI, 0.5-2.8) for one to two days of insecticide use; and 1.4 (0.6-3.1) for more than two
days of insecticide use). A further analysis of these data was undertaken by Hoar Zahm et al.
(1988). A small excess risk for soft-tissue sarcoma was seen among farmers using insecticides
on animaIs (odds ratio, 1.6; 95% CI, 0.9-2.5) but not among those using insecticides on crops
(0.8; 0.4-1.6). Relative risks for use on animaIs rose with time since first use to 4.9 (0.6-64.1)
among farmers who first used them in 1945 or earlier. Potentially greater exposure might be
expected during treatment of animaIs because higher concentrations are sprayed in confined
spaces, such as barns. Excess risks were associated with most of the major classes of
insecticides. No association was observed between the risk for Hodgkin's disease and use of
insecticides.

ln a study of similar design to the study in Kansas, aIl non-Hodgkin's lymphomas
occurring among white men 21 years or older between 1983 and 1986 in 66 counties in
eastern Nebraska were ascertained through local hospitals (Hoar Zahm et al., 1990).
Population-based controls were frequency matched to cases on race, age and vital status. A
total of 227 cases of non-Hodgkin's lymphoma and 831 controls were selected. Telephone
intervews were conducted to obtain detailed information on specifie agricultural chemicals
used, and responses were obtained from 201 cases (91 %) and 725 controls (87%). There was
little evidence of an association between non-Hodgkin's lymphoma among farmers and use
of insecticides overall (odds ratio, 1.1; 95 % CI, 0.7-1.6); but non-Hodgkin's lymphoma was
associated with use of organophosphorus insecticides (odds ratio, 2.4, adjusted for use of
2,4-D). Risks rose with days per year of use of organophosphorus compounds (odds ratios,
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1.7 for 1-5 days/year, 1.8 for 6-20 days/year and 3.1 for 21 or more days/year). (Numbers of
exposed subject and confidence intervals were not provided.)

A population-based case-control study was conducted in Washington State (USA) to
investigate the relationship between soft-tissue sarcoma and non-Hodgkin's lymphoma and
past exposure to phenoxyacetic acid herbicides and chlorinated phenols (Woods et al., 1987).
Between 1981 and 1984,206 soft-tissue sarcomas and 746 non-Hodgkin's lymphomas were
diagnosed in men aged 20-79 years. Of these cases, 13% were excluded due ta physicians'
refusaI; 91 % of the remaining patients (or their proxies) were intervewed and information
was derived about pesticide exposures. Of the remaining 163 soft-tissue sarcoma cases, 33
were excluded on the basis of a pathology review, and two were excluded for other reasons,
leaving 128 soft-tissue sarcoma cases to be included in the analysis. Of the remaining 586
non-Hodgkin's lymphoma cases, 10 were excluded for various reasons, leaving 576 cases to
be included in the analysis. Controls for living cases were selected by random-digit telephone
dialling (for those aged 20-64 years) and from Health Case Financing Administration files
(for those aged 65-79 years); deceased controls were obtained from death certificates and
matched on five-year age group. Intervews were obtained for 694 of the 910 con troIs (76%).
Odds ratios for potential exposure to chlordane were 1.6 (95% CI, 0.7-3.8) for
non-Hodgkin's lymphoma and 0.96 (0.2-4.8) for soft-tissue sarcoma. Potential exposure to
DDT yielded odds ratios of 1.8 (1.0-3.2) for non-Hodgkin's lymphoma and 1.1 (0.4-3.2) for
soft-tissue sarcoma. Adjustment for exposure to some other pesticides did not substantially
change these risk estimates. Another evaluation of the data from this study restricted
analyses to farmers (Woods & Polissar, 1989). The relative risks for non-Hodgkin's
lymphoma among farmers potentially exposed were 1.6 (0.5-5.1) for chlordane and 1.7
(0.9-3.3) for DDT

A population-based, multicentre case-control study of multiple myeloma in people
under 80 years of age was carried out between 1977 and 1981 in four US areas cavered by
cancer registries (Morris et al., 1986). Intervews were obtained with 698 cases (89% of
eligible subjects) and 1683 controls (83%); 32% of case intervews and 1% of those for
con troIs were with next-of-kin. Controls were obtained by household sampling in one area
and by random digit diallng in the remaining three areas; they were matched to cases on age,
sex and race. Self-reported exposures to chemicals were grouped into 20 categories, some of
which were further subdivided. The odds ratio for exposure to pesticides was 2.6 (95% CI,
1.5-4.6); an odds ratio of similar magnitude was obtained when reports from surrogate
respondents were excluded (2.9; 1.5-5.5). The numbers of cases and con troIs who reported
exposure to various classes of insecticides were twO cases and five controIs for
organophosphorus compounds (odds ratio, 1.0; 0.2-5.1), nine cases and eight controls for
organochlorines (2.8; 1.1-7.0) and three cases and five controls for arsenicals (1.5; 0.4-6.2 J.

(Subjects exposed to other pesticides were excluded when calculating these odds ratios.)
A case-control study on multiple myeloma was conducted within a prospective study of

1.2 milion American Cancer Society volunteers who in 1982 filled in a seIf-administered
questionnaire on diseases and severaI cancer risk factors, including occupation and exposure
to pesticides and herbicides. They were followed for mortality up to 1984 or 1986, and 282
deceased subjects with mention of multiple myeloma on their death certificate were
identified. Prevalent cases of multiple myeloma and subjects with related symptoms
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identified at the time of entry into the cohort were excluded, leaving 128 incident cases, who
were matched on sex, age, residence and race to four randomly selected con troIs. A logistic
regression analysis adjusting for potential confounders was presented. The odds ratio for
occupation as a farmerwas2.7 (95% CI, 1.3-5.7; based on 16 cases and 28 controlsexposed);
the odds ratio for exposure to pesticides and herbicides was 1.6 (0.7-3.7; 12 cases and 25
controls). When these variables were combined, nonfarmers exposed to pesticides and
herbicides experienced no excess risk (crude odds ratio, 1.0; 95% CI, 0.3-3.1), whereas
exposed farmers had an elevated risk (cru de odds ratio, 4.3; 95% CI, 1.7-10.9), which was
greater than that of unexposed farmers (cru de odds ratio, 1.7; 95% CI, 0.8-4.0) (Boffetta et
al., 1989).

A population-based case-control study of leukaemia among white men aged 30 years or
older in Iowa (1981-83) and in Minnesota (1980-82) covered a total of 669 eligible cases
(Brown et a/., 1990). Living controls were selected by random digit dialling ( .: 65 years) and
from Medicare records (? 65 years); deceased controls were selected from death
certificates. Intervews were completed with 86% of the cases or close relatives and with
77-79% of the controls; the study thus incIuded 578 cases and 1245 controls. A standardized
questionnaire was used to obtain detailed information on residential history, drinking-water
source, nonfarm occupational history, smoking and alcohol use, use of unpasteurized dairy
products, medical conditions, family history of cancer and farm activities, incIuding
information on 24 animal insecticides and 34 crop insecticides. Relative risks were calculated
by comparison to subjects who were nonfarmers, adjusting for age, vital status, state of
residence, tobacco use, family history of lymphopoietic cancer, high-risk occupations and
high-risk exposures. The risk for leukaemia ove raIl was not significantly associated with
reported use of any insecticide (odds ratio, 1.1; 95% CI, 0.9-1.3) among farmers. An excess
risk was observed for chronic lymphocyic leukaemia (1.3; 1.0-1.8), but not for other
histological tyes: acute nonlymphocyic leukaemia, 1.0 (0.7-1.6), chronic myelogenous, 1.0
(0.5-1.8) and acute lymphocyic, 0.8 (0.2-2.5). The risk for leukaemia tended to be greater
with use of insecticides on animaIs than on crops. Significant excesses occurred with use on
animaIs of natural insecticides (odds ratio, 1.5; 95% CI, 1.0-2.2) and organophosphates (1.5;
1.0-2.1). Time since first use of insecticides also influenced risk: after a 20-year latency,
significant excesses of leukaemia were noted with use on animaIs of several insecticides,
incIuding DDT (1.4; 1.0-2.0), dichlorvos (2.4; 1.1-5.4), famphur (11.6; 1.2-107.0), nicotine
(2.0; 1.2-3.4) and pyrethrins (3.8; 1.0-14.8). Nonsignificant odds ratios of2.0 or more were
observed with use of carbaryl (3.0; 0.7-3.1), coumaphos (2.3; 0.6-8.8), methoxychlor (2.1;
0.7-6.6) and toxaphene (2.6; 0.8-8.8). The relative risk for leukaemia associated with
frequent use on animaIs (? 10 days/year) was statistically significant for dichlorvos (3.8;
1.0-14.8) and malathion (3.2; 1.0-10.0); the risk increased with frequency of use of DDT on
animaIs, from 0.6 (0.3-1.4) for 1-4 days peryear to 1.1 (0.4-2.7) for 5-9 days peryear, to 2.1
(1.1-3.9) for 10 or more days per year. These estimates foragricultural exposures were not
mutually adjusted.

Patients with chronic lymphatic leukaemia diagnosed in five hospitals in the middle and
south-east ofSweden between 1964 and 1984 who were stil alive after 1981 werecompared
with population controls living in the catchment areas of the hospitals (Flodin et a/., 1988).
Subjects over 80 yearsor mentally disabled were excluded, leaving 111 cases (responserate,
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91 %) and 431 controls (response rate, 83%; replacements were sought for the 17% who did
not respond). Information on exposure to ionizing radiation, DD'l solvents and engine
exhausts as weIl as a history of previous diseases, smoking and occupation were collected
using a self-administered questionnaire. Results of a stratified analysis based on a
confounder score including age, sex, exposure to fresh wood, solvents, engine exhausts, DDT
and horses and employment as farmer were presented. Exposure to DDT was reported by six
cases and four controls; the odds ratio was 6.0 (95% CI, 1.5-23.0). (The Working Group
noted the limitation of inclusion of prevalent cases because of the potential influence on
recall of exposure.)

A studyon Hodgkin's disease and non-Hodgkin's B-cell lymphomas was conducted in
one of the areas included in the study described above. The same criteria were applied for
selection of cases, and the same controls were used. There were 54 cases of Hodgkin's
disease and 106 ofnon-Hodgkin's lymphoma (ove raIl response rate, 97%) and 275 controls.
Logistic regression analysis was carried out including sex, age, farming, exposure to fresh
wood and aIl exposures that gave a crude odds ratio greater than 2.0. Exposure to DDT was
reported by three patients with Hodgkin's disease, none with non-Hodgkin's lymphoma and
three con troIs. The odds ratio for Hodgkin's disease was 7.5 (90% CI, 0.8-70.0) (Persson et
al., 1989). (The limitation of the study by Flodin et al. (1988) noted above also applies to this
study. )

A case-control study on malignant Iymphomas in northern Sweden considered primarily
exposure to phenoxyacetic acid herbicides and chlorophenoIs (Hardell et aL., 1981). Cases
were aIl men aged 25-85 years with histologically verified malignant Iymphoma admitted to
the control hospital in the area in 1974-78. A total of60 cases of Hodgkin's disease and 109 ofnon-Hodgkin's lymphoma were matched to 338 population controls (responses available
from 335) by age, sex, place of residence, vital status and year of death for deceased cases and
controls. Information from self-administered questionnaires was supplemented by
telephone intervews when the data were incomplete. A total of 22 cases and 26 con 

troIsreported exposure to DDT (odds ratio, 1.8; 95% CI, 1.0-3.2). Seven cases and Il controIs
reported exposure to DDT and not to phenoxyacetic acid herbicides (odds ratio, 1.6; 95 % CI,
0.6-4.1). Information on use of DDT was not presented separately for patients with
Hodgkin's disease and those with non-Hodgkin's lymphoma.

Four case-control studies in Sweden assessed the risk of soft-tissue sarcoma alone,
primarily in association with exposure to phenoxyacetic acid herbicides and chlorophenols
(Hardell & Sandström, 1979; Eriksson et al., 1981; Hardell & Eriksson, 1988; Eriksson et al.,
1990). Exposure was assessed by methods similar to those described above, using
questionnaires mailed to subjects or next-of-kin. For subgroups of the subjects, information
was supplemented with telephone intervews.

A case-control study in northern Sweden included 52 male cases of histologically
reviewed soft-tissue sarcoma (100% response) and 206 population controls (99% response),
matched for age, sex, place of residence and year of death for deceased cases and con 

troIs
(Hardell & Sandström, 1979). Four cases and 14 controls reported exposure to DDT (cru deodds ratio, 1.2 (95% CI, 004-3.7)).

A population-based case-control study in southern Sweden included 110 cases of
histologicallyverifiedsoft-tissue sarcoma and 219 con troIs (responses obtained from aIl but
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one), matched for age, place of residence and year of death for dead cases and con troIs
(Eriksson et al., 1981). Seven cases and Il controls reported exposure to DDT (crude odds
ratio, 1.3; 95% CI, 0.5-3.4).

A population-based case-control study in northern Sweden included 54 male cases of
soft-tissue sarcoma (responses obtained from ail but one) (Hardell & Eriksson, 1988). Two
control groups were used: one was population-based, with 311 subjects (94% response)
matched for age and place of residence, and the second consisted of 179 cases of malignant
disease (94% response) diagnosed in the same period as the cases. Six cases, 19
population-based con troIs and eight cancer controls reported exposure to DDT (crude odds
ratio, 1.9; 95% CI, 0.7-5.0 (population con troIs); 2.7; 0.9-7.8 (cancer controls)). Crude odds
ratios for exposure to DDT without exposure to phenoxyacetic acid herbicides were

(0.6 (0.1-5.0)) for population controls and (1.2 (0.1-11.6)) for cancer controls.
AlI male patients diagnosed with histologically confirmed soft-tissue sarcoma between

1978 and 1986 were identified from a regional cancer registry in central Sweden. Intervews
were completed with 218 (92 %) of the cases identified. One control per case was drawn from
the National Population Registry matched on age, sex, vital status and county of residence;
212 controls (89%) ofthose selected were intervewed. Twelve controls who were contacted
could not complete the questionnaire and were replaced by the next person on the
population register. Subjects or next-of-kin completed a 12-page questionnaire regarding
exposures of interest; these data were supplemented by telephone intervews for subjects
employed in agriculture, forestry, horticulture, carpentry and sawmils. The odds ratios for
soft-tissue sarcoma were 0.61 (95% CI, 0.34-1.1) for potential exposure to DDT and 0.52
(0.19-1.4) for potential exposure to pesticides other than DDT or mercuiy seed dressings
(Eriksson et al., 1990).

2.3.2 Other cancers

A proportionate analysis of occupational mortality in Washington State, USA, identified
a 30% increased risk for respiratory cancer among orchardists (Milham, 1983), and a
case-control study was undertaken on mortality from respiratory cancer in Washington State
in 1968-80 (Wicklund et aL., 1988). Death certificates were selected that contained the
occupational codes for orchardists, orchard labourers and brush pickers, and farm owners
and tenants. Cases were men who had died from respiratory cancer, and potential con troIs
were men who had died from other causes, matched by county of residence, year of death,
age at death and occupational code. An attempt was made to contact survving next-of-kin or
other informants. Intervews were obtained for 87.1, 79.6 and 60.5%, respectively, of the
three occupational groups. On the basis of the information obtained, orchardists were
limited to men who had been involved in orchard work for at least 10 years or 25% of their
working history or had been associated with at least one orchard of five or more acres
(:; 2 ha). Information on occupation al exposures and smoking was obtained from a
structured questionnaire. If the informant was unable to recall whether a specifie pesticide
had been sprayed by the deceased but was able to recall the precise year of his orchard work,
a 'presumed' history of spraying a particular pesticide was obtained. Lead arsenate was used
by orchardists before 1945 and was replaced by DDT subsequently; thus, if a deceased man
had worked prior to 1945, he was presumed to have a positive history of lead arsenate
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spraying, and ifhe had worked after 1945 he was presumed to have a positive historyofDDT
spraying. Information was obtained for aIl but 7% of the 155 cases and 4.9% of the 155
matched con troIs. A total of 89 cases and 89 controls were assumed to have had exposure to
DDi: When men exposed to DDT but not to lead arsenate were considered, there were 33
cases and 29 controls, and the odds ratio (adjusted for smoking) was 0.91 (95% CI, 0.40-2.1).
(The Working Group noted that the unexposed group included men for whom details on
exposure to DDT were not available, which may have biased the odds ratio towards the nulI.)

Two case-control studies in Sweden examined the risks for colon cancer (Hardell, 1981)
and nasal and nasopharygeal cancer (Hardell et al., 1982), primarily in relation to exposure
to phenoxyacetic acid herbicides and chlorophenols. The same control group, consisting of
541 people, was used in these two studies and in two previous studies conducted by the same
group (HardeIl & Sandström, 1979 (see above ); Hardell et al., 1981). There were 154 cases of
colon cancer and 71 cases of nasal and nasopharygeal cancer. Odds ratios for exposure to
DD'l without controlling for other agricultural exposures, were (0.8; 0.4- 1. 7) for colon
cancer and (1.2; 95% CI, 0.5-2.9) for nasal and nasopharygeal cancer. ln the study of colon
cancer, exposure to DDT was also analysed after excluding subjects who had been exposed to
phenoxyacetic acids and chlorophenols; the odds ratio was (0.5; 0.2- 1.6).

Men aged 25-80 who had been diagnosed with liver cancer between 1974 and 1981 and
reported to the Department of Oncology, Umeå, Sweden, were included in another
case-control study (Hardell et al., 1984). Microscope slides were reviewed for the 166
assembled cases, and 103 cases of primary liver cancer were retained for the study; 206
population-based con trois were matched to cases on age and residence. Information on
exposure was obtained as in previous studies (see Hardell & Sandström, 1979); responses
were obtained for 102 cases and 200 controls. The analysis was restricted to the 98 cases of
hepatoceIlular or cholangiocellular carcinoma. Odds ratios for exposure to DD'l without
controllng for other agricultural exposures, were (0.4; 95% CI, 0.1-1.1) for exposure to DDT
in farming and (1.3; 0.4-4.0) for exposure to DDT in forestry.

A total of 240 cases of brain glioma were collected from two hospitals in Milan, Italy,
between 1983 and 1984. Patients with non-glioma brain tumours (465) and patients with
non-neoplastic neurological diseases (277) recruited from the same hospitals and matched
for age and sex to the cases formed two series of controls (response rates not given). Subjects
were asked about their occupational history as weIl as their use of fertilizers, herbicides and
insecticides or fungicides. Exposure of farmers to insecticides or fungicides gave an odds
ratio of2.0 (95% CI, 1.2-3.2) using aIl controls and of2.1 (1.3-3.6) using only cancer controls
(Musicco et al., 1988).

2.3.3 Childhood cancer

A case-control study of brain tumours in Baltimore, MD, USA, included aIl cases under
20 years of age diagnosed in 1965-75, and two groups of controls-one selected from birth

certificates of the state and one from children with other malignancies. Con troIs were
matched individually to cases on sex, race and date of birth; cancer controls were also
matched on date of diagnosis. Intervews were conducted with 84 of 127 (66%) identified
cases; intervews with controls yielded 73 matched pairs with population controls and 78
matched pairs with cancer controls. Parents were intervewed with respect to environmental
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exposures, including insect exterminations in the household, as weIl as child and family
characteristics. A matched-pair analysis was conducted. Insect extermination was more
common in houses of cases with respect to population controls (odds ratio, 2.3 (95% CI,
0.9-6.6)) but not to cancer controls (1.2 (0.5-2.8)) (Gold et aL., 1979).

The results of the case-control studies are summarized by site in Tables 7-9.

3. Other Relevant Data in Humans

3. i Toxic efTects

The toxicology of insecticides in humans has been reviewed (Hayes, 1982).

(The Working Group noted that useful information on chronic iIness resulting from
human exposure to insecticides is limited (WHO, 1990). The reasons include variable
exposure to insecticides, the large number of compounds used (also in combination), the
presence of many confounding factors, and the lack of sensitive, specifie endpoints for
different tyes of toxicity. Consequently, it seems unlikely that broad surveys in which
exposure is not characterized will be adequate to identify the effects of insecticides. Several
reports infer that insecticides have chronic effects, but because of constraints such as those
described above and often because of the lack of an appropriate epidemiological design, the
results cannot be interpreted. Well-designed studies of occupational exposures, combined
with appropriate biomonitoring procedures, are perhaps the only way of collecting
information on this issue.)

Sorne of the studies that purport to show an association between adverse health effects
and exposure to insecticides are listed below. Disorders of the cardiovascular system

(Bezugly & Gorskaya, 1976; Fokina & Bezugly, 1978; Kaskevich, 1980), nervous system
(Bezugly et aL., 1973); sensory organs, respiratory system (Muminov & Fershtat, 1973;
Barthel, 1974; Werner et aL., 1978) and reduced lung function (Kolpakov, 1979; Lings, i 982)
have been reported following exposure to pesticides (including specified and unspecified
insecticides). Skin disorders, including dermatitis (Wassermann et al., 1960; Mirakhmedov &
Yusupov, 1973; Takahashi et al., 1975; Nagata et al., 1976a; Tsugane et al., 1978; Yokoyama
et al., 1978), headache, nausea (Tsugane et aL., 1978; Yokoyama et al., 1978) and blood
disorders (Bezugly et al., 1973; Nakajima & Kawabata, 1977) have also been reported.

Abnormal electroencephalograms were observed in sorne but not aIl studies on farm
workers exposed to organochlorine, organophosphorus and carbamate insecticides (Kontek
et al., 1971; Horiguchi, 1973; Horiguchi et al., 1976a,b).

Altered liver enzye activities have been reported among pesticide workers exposed to

organophosphorus pesticides alone or in combination with organochlorine and/or other
pesticides (Liska & Tildyova, 1974; Dzhaparov & Karimov, 1978).
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Table 7. Case-control studies on malignant lymphomas containing information on insecticide exposure

Reference Location Cancer No. of Relative 95% CI Comments
exposed risk
cases/contraIs

Hoar et al. (1986) Kansas, Non-Hodgkin's 54/275 1.5 0.9-2.4 Insecticides; not adjusted for herbicide
USA lymphoma use 0

24/99 1. 0.6-2.2 Adjusted for herbicide use; farmers only (Jn
Hoar Zahm Kansas, Hodgkin's 38/275 0.8 0.5- 1.4 Insecticide use C
et al. (1988) USA disease 32/214 0.9 0.5- 1.5 Insecticide use on animais ~

25/132 1. 0.6- 1.9 Insecticide use on crops ~
Unadjusted for other agricultural 0
exposures

~Hoar Zahm Nebraska, Non-Hodgkin's 104/321 1. 0.7-1.6 Insecticides; not adjusted for herbicide
et al. (199) USA lymphoma use tI

NA 2.4 NA Organophosphates; adjusted for 2,4-0 ~
use 0
Risks rose with days per year of organo- CI

Cphosphate insecticides after adjustment :;
for herbicides tT

CI
Woods et al. Washington, Non-Hodgkin's NA 1.6 0.7-3.8 Chlordane

à(1987); Woods USA lymphoma NA 1.8 1.0-3.2 DDT
& Polissar (1989) NA 1.6 0.5-5.1 Chlordane for farmers only -

ZNA 1.7 0.9-3.3 DDT for farmers only CI
Not adjusted for other agricultural tT

(J
exposures :j

Persson et a/. Sweden Non-Hodgkin's 0/3 - - DDT exposure (J-
(1989) lymphoma 0

tTPersson et al. Sweden Hodgkin's 3/3 7.5 0.8-70.0 DDT, adjusted for some agricultural CI

(1989) disease exposures; 90% CI
Hardell et al. Sweden Malignant 22/26 ( 1.8) (1.0-3.2) DDT, crude risk calculated from data in
(1981) lymphoma paper. Not adjusted for other agricultural

exposures
7/11 ( 1.6) (0.6-4. i) Crude risk for DDT, without exposure to

phenoxyacetic acid herbicides

NA, not available
~
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Table 8. Case-control studies of soft-tissue sarcomas containing information of insecticide exposure

Reference Location No. of Relative 95% CI Comments
exposed risk
case/controls

Hoar Zahm et al. Kansas, USA 50/275 1. 0.8-2.2 Insecticide use
(1988) 46/214 1.6 0.9-2.5 Insecticide use on animaIs

14/132 0.8 0.4- 1.6 Insecticide use on crops
Not adjusted for other agricultural

~
exposures

Woods et al. (1987) Washington, NA 0.% 0.2-4.8 Chlordane
USA NA 1. 0.4-3.2 DDT æ:

Not adjusted for other exposures 0
Hardell & Sweden 4/14 1.2 (0.4-3.7) DDT Z0Sandström (1979) Crude risk calculated from data in 0

paper; not adjusted for other agricul-

~tural exposures
Erisson et al. Sweden 7/11 (1.3) (0.5-3.4) DDT ::
(1981) Crude risk calculated from data in en

paper; not adjusted for other agricul- d
tural exposures

8Hardell & Erisson Sweden 6/19 (1.9)a (0.7-5.0) DDT
æ:(1988) 6/8 (2.7)b (0.9-7.8) Crude relative risk calculated from data t:

in paper; not adjusted for other agricul- Vl
tural exposures w

1/10 (0.6)a (0.1-5.0) Crude risk for exposure to DDT and not
1/3 ( 1.2)b (0.1-11.6) phenoxyacetic acid

Eriksson et al. Sweden 6/11 0.52 0.19-1.4 Pesticides other than DDT and mercuiy
(199) seed dressings

22/33 0.61 0.34- 1. DDT
Not adjusted for other agricultural
expsures

apopulation con trois 

bCancer con 
troIs 



Table 9. Case-control studies of other cancers containing information on insecticide exposure

Reference Location Cancerl No. of cases/ Relative 95% CI Comments
controls risk

Morrs et al. USA Multiple 28/25 2.6 1.5-4.6 Pesticides
(1986) myeloma 2/5 (1.0) (0.2-5.1) Organophosphorus 0

9/8 (2.8) (1.-7.0) Organochlories (J
(J

Boffetta et al. USA Multiple 12/25 1.6 0.7-3.7 Pesticides and herbicides; C
(1989) myeloma adjusted for other exposures ~

4/17 1. () 0.3-3.1 Exposed nonfarmers ~
8/20 1.7b 0.8-4.0 Unexposed farmers 0
8/8 4.3b 1.7-10.9 Exposed farmers

~Brown et al. Iowa and Leukaemia 250/588 1. 0.9-1.3 U se of any insecticide

(199) Minnesota, ALL 5/588 0.8 0.2-2.5 Adjusted for vital status, age, state,

~USA CLL 122/588 1.3 1.0- 1.8 tobacc, family history of lymphopoietic
AML 58/588 1.0 0.7-1.6 cancer, high-risk occupations, high-risk 0
CML 20/588 1.0 0.5-1.8 expsures CZ

C
Flodin et al. Sweden Chronic lymphatic 6/4 6.0 1.5-23.0 DDT; adjusted for other ~

tr(1988) leukaemia exposures CZ

Wiklund et al. USA Respiratory 33/29 0.91 0040-2.1 DDT ~
(1988b) Both cases and controls were 0-

orchard workers ~
Hardell et al. Sweden Colon 9/40 (0.8) (0.4-1.7) DDT tr
(1981) Crude risk calculated from data in paper; n

not adjusted for other agricultural exp- ~
(Jsures -
0

Colon 3/21 (0.5) (0.2- 1.6) DDT tr
Crude risk calculated from data in paper; CZ

for exposure to DDT and not phenoxy-
acetIc acids or chlorophenols

Hardell et al. Sweden Nose, nasopharynx 6/40 (1.2) (0.5-2.9) DDT
(1982) Crude risk calculated from data in paper;

not adjusted for other agricultural exp-
sures

..
Ut
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Table 9 (contd)

Reference Reference Cancer No. of casesl Relative 95% CI Comments
controls risk -

Hardell et al. Sweden Prary liver 4/20
(0.4 J (0.1-1.1) DDT ~(1984) Crude risk calculated from data in paper;

a:
not adjusted for other agricultural expo- 0
sures; farmers Z0Prary liver 5/8 ( 1.3) (0.4-4.0) DDT c.Crude risk calculated from data in paper;

~not adjusted for other agricultural expo-

sures; foresters =iMusicc et al. Italy Brain 37/55 2.0 1.2-3.2 AIl controls en
(1988) 37/31 2.1 1.3-3.6 Thmour con trois only dInsecticides and fungicides

8Study of chi/d,en
a:Gold et al. USA Brain 19/10 2.3e (0.9-6.6) Exterminations in house tT

(1979) 21/19 1.2d (0.5-2.8) VI
Vo

QALL, acute lymphocic leukaemia; CLL, chronIC lymphoctic leukaemia; AML, acute myeloid leukaemia; CM 

L, chronIC myeloid leukaemiabCrude odds ratio

CPopulation controls
dCancer comrols
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3.2 Reproductive and developmental effects in humans

ln an ecological study, ail cases of cleft lip or cIeft palate occurring among white,
liveborn singletons in rural areas in Iowa or Michigan (USA) in 1974-75 were identified,
together with a 2% sample of ail livebirths, who served as controls. Cases and controls were
assigned an exposure score based on the proportion of hectares of land on which insecticides
or herbicides were used for pest control, by county. An oddsratio of2.9 (95% CI, 1.5-5.4)was
found in Iowa, indicating that the risk of cleft Iip or cleft palate was almost three times higher
in children born in counties with a high proportion of cropland treated with insecticides or
herbicides, compared to other counties. ln Michigan, the odds ratio was 1.7 (95% CI,
1.0-2.8). The study did not distinguish between insecticides and herbicides (Gordon & Shy,
1981). (The Working Group noted that the study has the limitations of ecological analyses.)

A study on a population of 8867 people (2951 men and 5916 women) engaged in
floriculture in Colombia and exposed to 127 different tyes of pesticides has been reported.
Information on reproductive outcomes before and after employment in the industry was
collected by means of a detailed intervew. The odds ratio for spontaneous abortion after
employment in floriculture was 2.2 (95% CI, 1.8-2.7) amongfemale workers and 1.8 (1.2-2.8)
among wives of male workers. The odds ratios for premature birth were 1. 9 (1.6-2.2) and 2.8
(2.0-3.8), respectively. The authors point out diffculties in the interpretation of their
findings, particularly in regard to recall bias. They did not analyse fungicides and insecticides
separately (Restrepo et aL., 1990).

ln a study of 12 couples (wife and husband) employed in grape gardens in India and of 15
comparable but unexposed couples, reproductive histories were collected. There were 14
spontaneous abortions (44% of 32 pregnancies) and one stilbirth in the exposed group and
three spontaneous abortions (8% of 40 pregnancies) and no stilbirth in the unexposed
group. The excess of abortions was significant (p .( 0.05). The workers were exposed to
several pesticides, including DD'l lindane, parathion, dichlorvos and dieldrin (Rita et al.,
1987).

3.3 Genetic and related effects

Only those studies that provide information on exposure to insecticides were

considered. Nevertheless, interpretation of the observed effects was impeded by two
fundamental problems: the lack, in almost aIl studies, of quantitative information on
exposure to insecticides and the multiplicity of exposures. People exposed occupationally to
insecticides during spraying and application handle large numbers of pesticide formulations,
only a proportion of which may be insecticide formulations. Within these formulations,
so-called inert ingredients usually form the bulk of the materials, and many of these are
biologically highly reactive substances. Consequently, it is diffcult or impossible to attribute
effects observed in sprayers and applicators specifically to insecticide formulations or even to
any named pesticidal component.

3.3.1 Cytogenetic studies

Sixte en agricultural workers who had been exposed predominantly to insecticides
(mainly the organophosphorus compounds, demeton, ethyl parathion, trichlorfon and naled)
in the USA with a mean exposure time of 12 years, were compared with 16 controls with a

~,k='''_._~
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variety of occupations not involving pesticides. Blood samples were taken off-season and
mid-season from both groups, and 25 metaphase-arrested lymphocyes from each person
were scored on each occsion for chromatid breaks and gaps. The frequency of chromatid
breaks in mid-season samples was increased from 0.44 :: 0.22 (SD) in the control group to
1.56 :: 0.29 in the exposed group (Y oder et al., 1973). There was no difference in the
occurrence of chromatid gaps either off-season or mid-season or of chromatid breaks in
off-season samples. (The Working Group noted that no attempt was made to control for
confounding factors such as tobacco smoking, that small numbers of cells were scored from
each person and that individual results were not reported.)

The effects of low levels of the insecticide fumigant, ethylene dibromide, upon the
frequencies of sister chromatid exchange and chromosomal aberrations were examined
among forestry workers in mainland USA (Steenland et al., 1985) and papaya workers in
Hawaii (Steenland et al., 1986). Blood samples were taken from 14 forestry workers who
sprayed pine trees before and after exposure (8-h time-weighted average, 80 ppb

(616 llg/m3), with a peak of up to 281 ppb (2164 llg/m3D and compared with those from six
unexposed controls. No effect of exposure to ethylene dibromide was observed, although
smoking did increase the frequency of sister chromatid exchange. A group of 60 papaya
workers exposed to ethylene dibromide at a geometric mean of 88 ppb (678 ¡.g/m3) (8-h
time-weighted average), but with peak exposures of up to 262 ppb (2017 llg/m3), were
compared with a control group of 42 workers from a nearby sugar milL. The two groups were
matched for age, tobacco, marijuana and coffee use and race. No difference was found in the
total frequencies of either chromosomal aberrations or sister chromatid exchange. The
frequency of the latter, however, was increased in men who smoked either tobacco or
marijuana, and that of chromosomal aberrations showed an increasing trend with age.

Floriculturists (36 men and women) in Argentina involved in spraying various pesticides,
including organophophosphates, carbamates and organochlorines, were studied for

chromosomal aberrations and sister chromatid exchange. Symptoms of chronic intoxication
were observed in 21 workers. The control group consisted of 15 healthy scientists and
technicians. A significant difference was seen in sister chromatid exchange frequencies
between the syptomatic and non-symptomatic floriculturists as weIl as between a matched
group of controls and sprayers. The frequency of only dicentric and ring tye chromosomal
aberrations was increased when the whole group offloriculturists and controls was compared
(Dulout et al., 1985).

ln a study from Hungary, 80 male workers were involved in mixing and spraying
pesticides (80 formulations were recorded, including insecticides such as organophosphates,
organochlorines, pyrethroids and carbamates). At least 12 weeks' continuous contact with
pesticides was recorded during the spraying season. A group of 24 administrative workers
and mechanics served as controls. A significant increase in the frequency of chromosomal
aberrations was seen in the group of pesticide workers as compared with controls; that of
chromosome-tye aberrations increased with duration of exposure (Páldy et al,. 1987).

Forty producers of potted plants (17 smokers) working in greenhouses in Argentina and
exposed to a mixture of organophosphorus, organochlorine, carbamate and some

miscellaneous pesticides, were examined for chromosomal aberrations (Dulout et aL., 1987).
The control group consisted of32 healthy hospital blood donors (10 smokers) with no known
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exposure to pesticides. Since sorne of the control individuals showed toxic symptoms that are
seen after chronic exposure to pesticides, a second control group was selected consisting of
12 blood donors (six smokers) with no syptom of exposure. No difference was observed
between the control groups with respect to frequency of chromosomal aberrations or
between the producers of potted plants and the controls as a whole.

The frequencies of chromosomal aberrations in 15 vineyard workers in India who were
exposed to seven insecticides (DDT, lindane, quinalphos, metasystox, parathion, dichlorvos
and dieldrin) and two fungicides (dithane M45 and copper sulfate) were compared with those
in 10 controls of similar age and socioeconomic status, but not exposed to pesticides (Rita et
aL., 1987). The proportion of metaphase cells with chromatid breaks was significantly
increased in the exposed group.

ln another Hungarian study, 55 male workers were involved in spraying and applying
pesticides in greenhouses, plastic tents and open fields. Among the pesticide formulations,
various organophosphates, carbamates and pyrethroids were listed. The control group
consisted of 60 male blood donors. A slight increase in the frequency of chromosomal
aberrations was recorded among the open-field sprayers; however, the values for
closed-space workers were at the control level (Nehéz et al., 1988).

Cotton field workers (pesticide mixers and sprayers) in India were studied for the effects
of exposure to pesticides (particularly insecticides) on the frequency of chromosomal
aberrations (Rupa et al., 1989a) and of sister chromatid exchange (Rupa et al., 1989b).
Peripheral lymphocyes were examined from 50 smokers and compared with those from 20
nonsmokers and 27 smokers, none of whom were occupationally exposed to pesticides. The
frequency of chromosomal aberrations was significantly increased in the pesticide-exposed
group as compared with either ofthe control groups. Sister chromatid exchange frequencies
showed similar responses to both smoking and pesticides exposure; there was a trend

towards an increasing number of sister chromatid exchanges with years of exposure to
pesticides.

ln a study of chromosomal aberrations, 52 nonsmoking cotton-field workers exposed to
pesticides (mainly insecticides) were compared with 25 controls. The insecticides mentioned
included malathion, methyl parathion, dimethoate, DDT and fenvalerate. The prevalence of
chromosomal aberrations was significantly increased in the group of workers, and there was
a positive trend with duration of exposure (Rupa et al., 1989c).

Fumigation of phosphine produced from aluminium or magnesium phosphide pellets is
used commonly in the grain industry to control beetles. Of 24 professional fumigant
applicators, nine were exposed to phosphine alone (me an level, 2.97 mg/m3 in grain bin
areas; average duration of exposure, over 20 min daily). This group had a five-fold higher
frequency of chromosomal deletions th an the control subjects, and the frequency of breaks
was also significantly increased. Chromosome banding analysis showed that chromosomal
rearrangements were six times more frequent in the exposed workers than in the controls.
Sister chromatid exchange frequency was not increased. ln lymphocyes in vitro, no sister
chromatid exchange was induced, but the frequency of chromosomal aberrations was
increased in a dose-related manner (Garry et al., 1989).
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Carbonell et aL. (1990) studied 27 agrcultural workers in Spain who had used
insecticides such as fenvalerate, deltamethrin and methomyL. No sister chromatid exchange
was induced.

The results of studies on cyogeneticity are summarized in Thble 10.

3.3.2 Urine mutagenicity studies

Urine samples were taken from 12 greenhouse owners (11 men and 1 woman) who daily
sprayed fungicides and insecticides (dichlorvos, orthene (acephate) and pentac (dienochlor)
mentioned) in greenhouses in central New York for 1-40 years. The samples, collected 8 h
after spraying, and control samples taken three days later were tested for mutagenicity using
Salmonella typhimurium (strains TA100 and TA98) both with and without an exogenous
metabolic system. No increase in mutagenic activity was detected in urine from
seven subjects. Three subjects who had elevated urine mutagenicity had been working with
poor protection. Two of the subjects reported smoking during the days of sample collection
(Shane et al., 1988).

San et al. (1989) and See et al. (1990) assayed the urine of nonsmoking orchardists in
Canada using chromosomal aberrations in Chinese hamster ovary cells as the endpoint.
People were exposed to organophosphates among other pesticides. Chromosome damaging
activitywas significantly elevated in samples collected during the pesticide spraying season as
compared to samples collected during the non-spraying season or to urine samples from
nonsmoking controls.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Chemicals have been used to control insects for centuries but have come into
widespread use only within the past century, with the development of a variety of synthetic
insecticides. Of the several hundred chemicals that have been applied for insecticidal
purposes, fewer th an one hundred have been used extensively.

The principal classes of compounds that have been used as insecticides are
organochlorine, organophosphorus, carbamate and pyrethroid compounds and various
inorganic compounds. Insecticides comprise a higher proportion of the total pesticide usage
in developing countries th an in developed countries.

Insecticides are applied byaerial spraying and by various ground-based techniques,
ranging from hand-held sprayers and dusters to vehicle-mounted hydraulic sprayers, air
sprayers, foggers and power dusters.

Occupational exposures occur in the mixing and loading of equipment and in the

spraying and application of insecticides. Absorption resulting from dermal exposure is the
most important route of uptake for exposed workers.

4.2 Carcinogenicity in humans

4.2.1 Descriptive and ecological studies
Several death certificate case-control studies in the USA evaluated cancer risks in

association with ecological measures of insecticide exposure. The risk for multiple myeloma
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Table 10. Summary of results from cytogenetic biomonitoring studies on pesticide applicators

Job description Exposure data Insecticides listed Number of Cytogenetic Reference
subjects effecta
( exposed/
con trois) CA SCE

0Crop dusters, formula- Mean exposure time, 12 years Organophosphates (10), organo- 16/16 + ND Yoder et al. (j
(jtors, spray rig opera- chlorines (5), phenolics (1),

(1973) Ctors, farmers in Idaho, carbamates (1) ~USA
d

Floriculturists in Chronic intoxication symptoms Organophosphates (5), organo- 36/15 (+ ) + Dulout et al. 0Argentina in 21 individuals, at least chlorines (7), carbamates (5) (1985)
~10 years of employment

Pesticide mixers and 0.2-15 years of exposure; long 80 different formulations: 80/24 + ND Páldy et al. tT
field sprayers in exposure group, 11-15 years insecticides (organophosphates,

(1987) ~Hungaiy pyrethroids), herbicides, 0
enfungicides CGrowers of potted Haematological tests normal, About 40 different formulations: 40/32 - ND Dulout et al. ~
tTplants in Argentina cholinesterase decreased in organophosphates (3), organo-

(1987) en
only 3/40; employment time, chlories (3), permethrin,

d). 10 years carbamates (5), and other -pesticides
~Vineyard workers in 5-15 years of exposure Various (9) pesticides used 15/10 + ND Rita et al. tTIndia throughout the year including

(1987) (j
7 insecticides (e.g., DDT, ~

(jdichlorvos, lindane, parathion) -
tíFarmers and green- Better protection in greenhouse Various formulations of agro- 55/60 (+ ) ND Nehéz et al. tThouse workers in than in open field; most exposed chemicals (insecticides: organo-

(1988) en
Hungaiy for 2-10 years phosphates (7), carbamates (3),

pyrethroids (5); fungicides)
Mixers and sprayers Several years of exposure, Insecticides (11) including DDT, 50/47 + + Rupa et al.of pesticides in cotton 8 h/day; 9 months/year; BHC, malathion, fenvalerate, (1989a,b)fields in India aU cotton-field workers were cyermethri

smokers

00..



Table 10 (contd)

ReferenceJob description Expsure
data

Insecticides listed Number of Cytogenetic
subjects effecta
( expsedl
controls) CA SCE

52/25 + NDMixers and sprayers
of pesticides in cotton
fields in India

Fumigant applicators in
grain industiy

Horticultural and flori-
cultural workers in
Spain

Several years of expsure,
8 h/day; 9 months/year; all
cotton-field workers were non-
smokers
Daily expsure over 20 min in
closed space with phosphine at
0.4-5.8 mg/m3

Over 10 years of work in family
enterpries

Insecticides ni) including: DDT,
BHC, malathion, fenvalerate

Groups expsed to phosphine
alone (n = 9) and to phosphine
and other pesticides (n = 15)
Various pesticides, including
insecticides (methomyl,
fenvalerate, deltamethri)

9/24 +

Rupa et al.

(1989c)

Garr et al.
(1989)

Carbnell
et al. (199)

27/28 ND

UCA, chromosomal aberration; SCE, sister chromatid exchange; +, statistically significant positive result; (+), suggestive positive result;
-, negative result; ND, no data

~
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tended to be greater for farmers residing in counties where insecticides were more heavily
used, but that for leukaemia did not.

4.2.2 Cohort studies

A cohort of workers from a large pest control company in the USA had an excess lung
cancer risk. Similarly, in a cohort of Iicensed pest control workers from FIorida, there was
significantly increased mortality from lung cancer, which was particularly high among
workers licensed for 20 years or more; a nonsignificant excess risk for brain cancer was also
seen. A follow-up of deaths among plant protection workers and agronomists in eastern
Germany showed an increased risk of lung cancer which also increased with length of
exposure; survey data indicated that the smoking habits of these pesticide workers were
similar to those of the general population.

Among farmers licensed for pesticide use in the Piedmont region ofItaIy, increased risks
for skin cancer and malignant lymphomas were reported; lung cancer incidence was not
studied.

A cohort of licensed pesticide applicators in Sweden showed excess risks for cancers of
the lip and testis, a slight excess risk for Hodgkin's disease, and risks similar to those of the
general population for non-Hodgkin's lymphoma and soft-tissue sarcoma. Overall, there was
a deficit of lung cancer risk that was probably related to the lower smoking rates of the
applicators.

ln a study of a large cohort of grain millers in the USA, flour-mill workers had excess
risks for non-Hodgkin's lymphoma and pancreatic cancer; the risk for lung cancer was not
increased.

4.2.3 Case-control studies

The risk for non-Hodgkin's lymphoma rose with frequency of use of organo-

phosphorus insecticides among farmers in Nebraska, an association that could not be
accounted for by use of phenoxyacetic acid herbicides. ln Kansas, the risk increased slightly
with frequency of use of insecticides as a group. ln a study in Washington State,

non-Hodgkin's lymphoma was associated with potential contact with chlordane and DDT:
DDT use was also associated with non-Hodgkin's Iymphoma in one of two studies in Sweden.

Multiple myeloma was associated with use of pesticides (particularly organochlorine
insecticides) in a study in the USA. The risk for multiple myeloma was also elevated among
farmers in the USA exposed to unspecified herbicides and pesticides.

The results of six studies in Sweden and the USA on soft-tissue sarcoma in association
with exposure to insecticides were inconsistent.

Chronic lymphocyic leukaemia has been associated with use of insecticides in the USA
and with use of DDT in Sweden.

The risk for brain cancer was associated with exposure to insecticides and fungicides in
farmers in Italy.

Overall, the strongest evidence that exposure to nonarsenical insecticides causes cancer
in humans cornes from the cohort studies of applicators. Two of these studies showed
significant excesses of lung cancer. Two showed rising risks with duration of exposure,
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whereas the third showed an inverse association. These findings were based on small
numbers in the subgroups with the longest exposure, and applicators in sorne of these studies
had potential contact with arsenical insecticides. Sorne case-control studies of multiple
myeloma and other tumours of B-cell origin show sm aIl excesses among people exposed to
insecticides. ln most studies, however, potential confounding by other agricultural exposures
had not been fully explored.

4.3 Other relevant data

ln a study in India, an excess of spontaneous abortions was reported among couples
exposed to several pesticides in grape gardens. ln a population in Colombia, where exposure
to many different pesticides occurred, increased risks for spontaneous abortion and
decreased birth weight were reported.

Several studies on the cyogenetic effects of work with pesticide formulations are

described. Only in the case of ethylene dibromide and phosphine was exposure to a single,
identified insecticide: No cyogenetic effect was observed with exposure to ethylene
dibromide, while a significant excess of chromosomal aberrations was observed among the
phosphine fumigators. AlI other studies were of workers handling not only a mixture of
insecticide formulations but also other pesticide formulations. The majority of these studies
reported increases in the frequency of chromosomal aberrations and/or sister chromatid
exchange among the exposed workers. With the exceptions noted above, in no instance,
however, could the involvement of non-insecticides be eliminated.

4.4 Evaluation i

There is limited evidence that occupational exposures in spraying and application of
nonarsenical insecticides2 entail a carcinogenic risk.

Overall evaluation
Spraying and application of nonarsenical insecticides2 entail exposures that are probably

carcinogenic to humans (Group 2A).
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ALDieAR

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 116-06-3
Chem. Abstr. Name: 2-Methyl-2-(methylthio)propanal, O-((methylamino)carbonyl)-
OX1me

IUPAC Systematic Name: 2-Methyl-2-(methylthio)propionaIdehyde O-methylcarba-
moyloxime

C7H14NZOZS

1.1.2 Chemical and physical properties

(a) Description: Colourless crystals (Worthing & Walker, 1987)
(b) Boiling-point: Decomposes (Rhone-Poulenc Ag Co., 1987)
(c) Melting-point: 98-100°C (Worthing & Walker, 1987)
(d) Spectroscopy data: Infrared spectroscopy data have been reported (US

Environmental Protection Agency, 1976).
(e) Solubility: Slightly soluble in water (6 g/l at 20°C); soluble in most organic solvents:

at 25°C, acetone, 350 g/kg; dichloromethane, 300 g/kg; benzene, 150 g/kg; xylene,
50 g/kg; practically insoluble in heptane (Worthing & Walker, 1987)

(j i0latility: Vapour pressure, 9.75 x 10-5 mm Hg (1.3 x 10-5 Pa) at 25°C (Worthing &
Walker, 1987)

Cg) Stability: Stable in neutral, acidic and weakly alkaline media; hydrolysed by
concentrated alkalis; decomposes above 100°C; rapidly converted by oxidizing
agents to the sulfoxide, which is more slowly oxidized to the sulfone (Worthing &
Walker, 1987; Royal Society of Chemistry, 1989)

(h) Conversion factor for airbome concentrations1: mg/m3 = 7.78 x ppm

CH3 01 1/
CH3 - S - C - CH = N - 0 - C - NH - CH3

1

CH3

MoL. wt: 190.30

1Calculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPa))
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1. 1.3 Trade names, technical products and impurities

Sorne cornilon trade names are AI3-27 093, Aldicarb, ENT 27093, OMS 771, Temik
and UC 21149.

Aldicarb is available in the USA as a technical grade product with a purity of 98%
(minimum) (Rhone-Poulenc Ag Co., 1987).

It is formulated in the USA and Europe as a granular product with the concentration of
active ingredient ranging from 5 to 15%; sorne formulated products also contain gysum and
dichloromethane (Royal Society of Chemistry, 1986; Rhone-Poulenc Ag Co., 1990a,b; see
IARC, 1987a). Aldicarb is also formulated as mixtures with pentachloronitrobenzene (see
IARC, 1974, 1987b), 5-ethoxy-3-(trichloromethyl)-1,2,4-thiadiazole and lindane (see IARC,
1987c) (Royal Society of Chemistry, 1986; Rhone-Poulenc Ag Co., 1990c). The granular
carrier material is impregnated with aldicarb and a bonding agent which helps prevent
dustiness that may be caused by abrasion during shipping; dust is also removed during the
manufacturing process to minimize inhalation exposure and hazards of direct handling
(Baron & Merriam, 1988).

1.1.4 Analysis

Selected methods for the analysis of aldicarb in various matrices are given in Table 1.
Several more methods and the environmental fate and transport of aldicarb and its
metabolites have been reviewed (Moye & Miles, 1988).

Table 1. Methods for the analysis of aldicarb

Sample matri Sample preparationa Assay Limit of Reference
procedurea detection

Water Filter; inject into reversed-phase HPLC/FL 1.0 ¡.g/l (2.0)b US Environmental
HPLC column; separate analytes Protection Agency
using gradient elution chroma- (1989a)
tography; hydrolyse with 0.05 N
NaOH; react with ortho-phthal-
aldehyde and 2-mercaptoethanol

Drinkig-water Adsorb on Amberlite XA-2 HPLC/UV 1 ¡.g/l Narang & Eadon
resin; elute with acetone (1982)

Crops, animal Extract with acetone/water (3:1); GC/FPDc 0.01-0.05 ppm US Foo and Drug
tissue add peracetic acid to oxidize (mg/kg) Administration

residues to suIfone; dean-up on (1989a)
activated Floriil column

Milk Precipitate solids with phosphoric GC/FPDc 0.001 ppm US Foo and Drug
acid and fiter; add peracetic acid (mg/l) Administration
to oxidize residues to suIfone; (1989a)
extract into chloroform; dean-up
on activated Floriil column

Cotton-seed Grid sample; extract and oxidize GC/FPDc 0.02 ppm US Foo and Drug
with acetonitrie/peracetic acid (mg/kg) Administration
solution; dean-up on activated (1989a)
Floriil coluffn
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Table 1 (contd)

Sample matri Sample preparationa Assay Limit of
procurea detection

Reference

Grapes, potatoes Extract with methanol; dean-up
by liquid-liquid partitioning and
column chromatography

Formulations Extract and dilute with dichloro-
methane; measure absorbance

at 5.75 J.m and compare with
standard

LCIFL Not
reported

Association of

OffciaI Analytical

Chemists (1985)

Romine (1974);
Willams (1984)

IR Not
reported

aAbbreviations: GCIFPD, gas chromatography/fame photometrie detection; HPLCIFL, high-performance
liquid chromatography/fuorescence detection; HPLC/UV high-performance liquid chromatography/ultra-
violet detection; IR, infrared spectroscpy; LCIFL, liquid chromatography/fuorimetric detection
bEstimated limit of detection for aldicarb sulfone and aldicarb sulfoxide

'Total residues of aldicarb and its carbamate metabolites are determined as aldicarb sulfone

1.2 Production and use

1.2.1 Production

Aldicarb was first prepared by Payne and Weiden (1965) and was first made available as
a commercial product in 1970, following its registration in the USA for use on cotton
(Romine, 1974).

Aldicarb is synthesized by reacting nitrosyl chloride with isobutylene to obtain
2-chloro-2-methyl-1-nitrosopropane di mer, which is further reacted with methyl mercaptan
and sodium hydroxide to obtain 2-methyl-2-(methyIthio)propionaldoxime. Aldicarb is
obtained by reaction of the oxime with methyl isocyanate (Romine, 1974).

Aldicarb is currently produced in the USA and in France (Meister, 1990). Production in
the USA in 1979-81 was estimated at 2000 tonnes per annum (US Environmental Protection
Agency, 1987).

1.2.2 Use

Aldicarb acts as a systemic insecticide, acaricide and nematicide and is applied to soil
under cotton, potatoes, sugar beets, peanuts, soya beans, ornamental plants, sweet potatoes,
pecans, citrus (grapefruit, lemons, limes and oranges only), dry beans, sorghum and
sugar-cane (Rhone-Poulenc Ag Co., 1989; Meister, 1990). ln the USA during 1979-81,
an nu al usage of aldicarb (active ingredient) was estimated as follows (tonnes; %): cotton, 520
(29%); potatoes, 430 (25%); peanuts, 250 (14%); soya beans, 205 (12%); pecans, 180 (10%);
ornamental plants (lilies, roses, holly), 45 (3 %); sugar beets, 45 (3 %); citrus, 34 (2 %); sweet
potatoes, 22 (.c 1%); and tobacco, 6 (.c 1%) (Holtorf, 1982). ln Finland, 132 kg aldicarb

(active ingredient) were sold in 1988 (Hynninen & Blomqvist, 1989). ln the USA in 1989,
about 1000-1500 tonnes aldicarb are believed to have been used. Aldicarb use is restricted in
certain areas in various parts of the world, usually because of its potential to leach to

groundwater (IRPTC/UNEP, 1990).

kajo
Pencil
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1.3 Occurrence

1.3.1 Air
Few studies are available on the stabilty or migration of aldicarb in air over or near

treated fields. Laboratory studies with 14C-labelled aldicarb in various soil tyes resulted in
its loss, which could be explained only on the grounds that aldicarb or its decomposition
products had been transferred to the vapour phase. Subsequent experiments showed that
transfer of radioactivity to the atmosphere was inversely proportional to the depth of
application in the soIl (Coppedge et al., 1977). Little aldicarb was released £rom a clay soIl
treated with this pesticide and placed in a volatilizer (Supak et al., 1977).

1.3.2 J#ter
Aldicarb has been detected in ground- and drinking-water in 15 states in the USA at

levels ranging £rom traces to 500 ¡.g/kg (WHO, 1991).
It was detected in water in Suffolk County, NY, in August 1979: a monitoring

programme for aldicarb in water indicated that 1121 (13.5%) of 8404 wells examined
exceeded the State recommended guideline of 7 ¡.g/l. Of the contaminated wells, 52%
contained between 8 and 30 ¡.g/l, 32% between 31 and 75 ¡.g/l and 16% contained more than
75 ¡.g/I (Zaki et al., 1982). Following the banning of aldicarb in Suffolk County in 1979,
approximately 74% ofall wells sampled in the County in 1981 contained no detectable level
of aldicarb. Of the 27% of wells (2054 samples) that did, residue levels were 1-10 ¡.g/l in 56%,
11-100 ¡.g/l in 40% and ~ 100 ¡.g/l in 4% (US Environmental Protection Agency, 1988).
Data derived £rom monitoring of aIl drinking-water wells in Suffolk County in which
contamination had occurred are shown in Table 2.

Table 2. Numbers of wells containing
aldicarb residues in Suffolk County, ~
1980-8Sa

Year No. of No. of wells containing
samples aldicarb

)- 8 J.g/1 1-7 J.g/1

1980
1981
1982
1983
1984
1985

8595
677

2905
4659
3974
4022

1193

190

380
80
670
942

1167
275

265
661

54
688

aprom US Environmental Protection Agency
(1988)

Extensive monitoring studies in the USA have mostly been related to potato and citrus
production. Relatively high percentages (5- ~ 50%) of positive findings occurred in
Wisconsin and north-eastern states (New York, Massachusetts, Rhode Island, Connecticut,
Maine). There was substantial evidence for leaching to shallow groundwater associated with
citrus production in Florida (US Environmental Protection Agency, 1988; WHO, 1991).
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1.3.3 Soil

Numerous studies have been carried out with aldicarb under field and laboratory
conditions to study its translocation, persistence and degradation (WHO, 1991). It has a
half-time in soil of approximately 30 days; this can vary depending on microbial populations,
soil composition, moisture, temperature and farming practices (Meister, 1990). Its half-time
in the root zone varied from one week to over two months. The primary mode of degradation
in this zone is oxidative metabolism by microorganisms, although sorne hydrolysis may occur.
Warm soil temperatures, high moisture content and high organic contents may result in more
rapid degradation (US Environmental Protection Agency, 1988; WHO, 1991).

Aldicarb is mobile in most tyes of soil, with adsorption coeffcients tyically of -: 1.0

and often 0.1. Incidents of groundwater contamination have primarily been associated with
sandy soils, to which aldicarb residues are poorly bound (US Environmental Protection
Agency, 1988).

Aldicarb has been used extensively since 1979-80 to control cotton whitefly in the Sudan,
reaching a maximum of nearly 84 000 ha in 1984-85. When uptake and distribution were
studied and the maximum uptake recorded two weeks after application of aqueous
treatments and four weeks after application of granular formulations, no aldicarb or its
sulfoxide or sulfone metabolites were detected in plant tissues or in soil at harvest

(EI-Zorgani et al., 1988).

1.3.4 Food

ln a market-basket survey carried out in the USA in 1983-85 on 491 samples of raw
agricultural commodities, 76 (72 ofwhite potatoes, two of sweet potatoes, one peach and one
collard green) contained aldicarb residues. The mean residue level in potato samples taken
in 1984 and 1985 was 200 l1g/kg, while that taken in 1983 was 720 l1g/kg (US Environmental
Protection Agency, 1988).

ln 1984-85 to 1988-89 in Canada, aldicarb residues were found in 13 of 30 samples of
potatoes, at 0.02-0.78 mg/kg (mean, 0.13 mg/kg). No residue was detected in samples of
bananas, oranges, cucumbers or wine (Government of Canada, 1990).

ln 1978, national monitoring of potatoes treated at 3 kg/ha active ingredient in the
Netherlands found total residues (expressed as the sulfone) in 23 samples, ranging from
-: 0.03 to 0.38 mg/kg, 100-205 days after brOadcast application (mean, 0.11 mg/kg).

Monitoring in 1982 of potatoes treated similarly showed residues of -: 0.03-0.25 mg/kg
(mean, 0.06 mg/kg) (FAO/WHO, 1986).

ln a total diet study in 1986-88,3737 domestic and imported food samples were analysed
in the USA. Of these, 3656 (98%) contained no detectable residue. Potatoes (312) were
incIuded and residues found in 18% of samples, the highest level being 0.71 mg/kg. No
residue was found in 98% of bananas sampled (55); one sample contained 0.12 mg/kg (US
Food and Drug Administration, 1989b).

1.4 Regulations and guidelines

Limits for residues of aldicarb in foods in various countries or regions are given in
Table 3.
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Table 3. National or regional residue limits for aldicarb in foos4

Country or region Residue limit
(mglkg)

Australia 0.2
0.05b
0.02b
O.Olb

Austri 0.05c
O.Olc

Belgium 0.05d
oe (0.02)

B razil 1.0
0.3
0.2
0.1
0.05
0.02

Canada O.st

Denmark O.2d
O.Sd
0.05d

Finland 0.2d
0.05d

Germany 0.5C
0.3C
O.lC
0.05C
O.oic

Hungary 0.05
0.01

Israel 0.1

Italy 0.05

Kenya 0.1

Mexico 1.0
0.6
0.5
0.3
0.1
0.05
0.02

Netherlands 0.5d
0.2d
O.ld
0.058
O.Olg
o (0.02)h

Commodities

Potatoes, strawbrres
Cottonseed
Cereal grain, sugar-cane
Citrus
AIl foostuffs of vegetable origin

AIl foostuffs of animal origin

Brussls sprouts, potatoes
Other foostufs of vegetable origin
Potatoes
Bananas
Citrus fruit
Cottonseed, coffee (raw beans)
Peanuts
Beans, sugar-cane, tomatoes
Potatoes
Citrus fruit, potatoes
Bananas
Onions

Citrus fruit
Other foostuffs (except cereal grains)
Potatoes
Citrus fruit
Beans, citrus juices, cottonseed, raw coffee
Maize, onions, peanuts, soya beans, sugar beets, strawberres
AIl foostuffs of animal orign

Sugar beets

Sugar
Cottonseed
Sugar beets

Cottonseed
Cotton, potatoes
Citrus fruit (processed), tomatoes (processed)
Nuts, sorghum forage
Pecans
Beans, coffee

Peanuts, sorghum grain
Soya beans, sugar-cane and sweet potatoes (negligible)
Bananas, pecan nuts, potatoes
Sorghum
Beans (dry), coffee beans, cottonseed, sweet potatoes
Brussels sprouts, onions, peanuts
Meat, milk

Other crops or foo
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Country or region Residue limit
(mg!kg)

Commodities

South Africa LOc
0.5c
0.2c
O.lc
0.05c

Spain 5.OOc
LOOc
O.50c
0.30c
O.20c
O.lOc
0.05c

Sweden 0.2c
0.05c

Switzerland 0.021
0.01

Taiwan 0.5
0.2
0.1USA if
0.6
0.5
0.3
0.2
0.1

0.05
0.02
0.01

0.002

Yugoslavia 0.09

Potatoes
Bananas
Citrus (except lemons), grapes, tomatoes
Cottonseed, sugar-cane

Macadamia nuts, mealies (green), pecan nuts

Tobacc
Beetroot tops

Potatoes
Bananas
Citrus fruit
Cottonseed
Other plant products

Citrus fruit
Potatoes

Maize
Sugar beets

Fruit vegetables, root vegetables, tropical fruit
Citrus fruit
Beans (dry)

Potatoes, sugar beets (tops)
Dried citrus pulp (feed) .
Peanuts (hulls), pecans, sorghum (fodder), sorghum bran (feed)l
Bananas, cottonseed huHs (feed), grapefruit, lemons, limes, oranges
Sorghum (grain)
Beans (dry), coffee beans, cottonseed, sugar-cane (fodder, forage),
sweet potatoes, sorghum brani
Peanuts, sugar beets
Soya beans, sugar-cane

Cattle, goats, hogs, horses and sheep (fat, meat and meat by-
products)
Milk

Sugar beets

aprom Health and Welfare Canada (199); US Environmental Protection Agency (1989b,c)
Úfe maxum residue limit has been set at or about the limit of analytical determination.
cSum of aldicarb, aldicarb sulfoxide and aldicarb sulfone (total calculated as aldicarb)
dSum of aldicarb, its sulfoxide and its sulfone

ere figure in parentheses is the lower limit for determining residues in the corresponding product accrding
to the standard method of analysis.
1including the metabolites aldicarb sulfoxide and aldicarb sulfone
gA pesticide may be used on an eating or driking ware or raw material without a demonstrable residue

remaining; the value listed is considered the highest concentration at which this requirement is deemed to
have been met.
hResidues shaH be absent; the value in parentheses is the highest concentration at which this requirement is

stil deemed to have been met.
i¡nteri tolerance
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The FAO/WO Joint Meeting on Pesticide Residues evaluated aldicarb at meetings in
1979, 1982, 1985 and 1988 (FAO/WO, 1980, 1983a, 1986, 1988). ln 1982, an acceptable
daily intake in food of 0.005 mg/kg bw was established (FAO/WHO, 1983b).

Maximum residue levels have been established by the Codex Alimentarius Commission
for aldicarb (sum of aldicarb, its sulfoxide and its sulfone, expressed as aldicarb) in or on the
following commodities (in mg/kg): maize forage, 5; sugar beets (Ieaves or tops), 1; bananas,
dry sorghum (straw and fodder), pecans, potatoes, 0.5; citrus fruit, sorghum, 0.2; coffee
beans, dry beans, cottonseed, sweet potatoes, 0.1; maize, onion (bulb), peanuts, sugar beets,
0.05; dry soya beans, 0.02; meat, milk, 0.01 (Codex Commission on Pesticide Residues,
1990).

The Offce of Drinking Water of the US Environmental Protection Agency established a
Health Advisory Level of 10 ppb Üig/l) for residues of aldicarb in drinking-water (US
Environmental Protection Agency, 1984), wÜh a proposed revision of 3 ppb (llg/l) (US
Environmental Protection Agency, 1991). Aldicarb was included in the 1987 Canadian
guidelines for drinking-water quality, with a maximum acceptable concentration of 9 llg/l
(Minister of National Health and Welfare, 1987).

The technical product aldicarb has been classified as 'extremely hazardous' by WHO
(1990).

2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental Animais

Oral administration

Mouse
Groups of 50 male and 50 female B6C3Fi mice, six weeks old, were fed aldicarb

(approximately 99% pure) at 2 or 6 mg/kg of di et for 103 weeks. A control group of 25 males
and 25 females was available. Survval at 90 weeks was 21/25 control, 48/50 low-dose and
45/50 high-dose males and 19/25 control, 45/50 low-dose and 44/50 high-dose females. No
reduction in body weight was observed in treated animais, and there was no
treatment-related increase in tumour incidence at any site. The authors stated that the
dietary concentrations of aldicarb used were too low to be considered a maximum tolerated
dose (US National Cancer Institute, 1979).

Rat
Groups of 50 male and 50 female Fischer 344/N rats, eight weeks of age, were fed

aldicarb (approximately 99% pure) at 2 or 6 mglkg of diet for 103 weeks. A control group of
25 males and 25 females was available. Survval at 90 weeks was 18/25 control, 44/50
low-dose and 39/50 high-dose males and 24/25 control, 44/50 low-dose and 46/50 high-dose
females. No reduction in body weight was observed in treated animaIs, and there was no
treatment-related increase in tumour incidence at any site. The authors stated that the
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dietary concentrations of aldicarb used were too low to be considered a maximum tolerated
dose (US National Cancer Institute, 1979).

4. Other Relevant Data

The toxicity of aldicarb has been reviewed (FAO/WHO, 1980, 1983a; Risher et aL., 1987;
Baron & Merriam, 1988; WHO, 1991).

4.1 Absorption, distribution, metabolism and excretion

The metabolism of aldicarb is shown in Figure 1 (Risher et al., 1987).

4.1.1 Humans
Most carbamate insecticides are readily absorbed from the gastrointestinal tract. They

may also be absorbed to varyng degrees through the skin (Feldman & Maibach, 1970;
Sterling, 1983).

Reports on the toxicity of aldicarb in humans (section 4.2.1) suggest that it enters the
human body following skin contact, inhalation and ingestion. It is metabolized to aldicarb
sulfoxide and aldicarb sulfone. Aldicarb derivatives (aldicarb, aldicarb sulfoxide and
aldicarb sulfone) were found in the tissues of a 20-year-old man run over by a tractor
following overexposure for about 2 h without adequate protection. The levels found were
482 iig/l in blood, 187 iig/kg in Iiver, 683 l1g/kg in kidney and 823 l1g/kg in skin from the
hand. Aldicarb itself was not detected in blood, but aldicarb sulfoxide was present at 108 ppb
(iig/ll and aldicarb sulfone at 374 ppb (l1g/ll, indicating an almost complete two-step
oxidation process. The same trend was seen in the liver and kidney, while aldicarb occurred at
the highest level in the skin. The total body burden of aldicarb was estimated at 18.2 mg
(equivalent to 0.275 mg/kg bw) (Lee & Ransdell, 1984).

4.1.2 Experimental systems

. Aldicarb is readily absorbed through the gut in rats and cows and through the skin in rats
and rabbits. It is rapidly metabolized and excreted within 24 h of exposure, almost aIl of the
toxic and nontoxic metabolites being excreted in urine (Risher et al., 1987). Signs of
poisoning were reported to occur only a few minutes after administration of higher doses in
rats given aldicarb at up to 0.1 mg/kg bw by intubation (Cambon et al., 1979). ln rats
administered radiolabelled aldicarb orally, 80% of the label was excreted in the urine within
24 h; less than 0.4% consisted of unchanged aldicarb (Andrawes et al., 1967). Almost
complete absorption via the gut was observed in cows (Dorough & lvie, 1968; Doroughet al.,
1970).

Analysis of tissue samples taken from rats one to four days following oral administration
of radiolabelled aldicarb indicated general distribution and elimination (Andrawes et aL.,
1967).

The metabolism of aldicarb in rats involves both hydrolysis of the carbamate ester and
oxidation of the sulfur to the sulfoxide and sulfone derivatives (Andrawes et al., 1967). While
the hydrolysis results in compounds withlittle or no insecticidal activity or toxicitytoother
organisms, thesulfoxide and sulfone metabolites are active cholinesterase inhibitors (Bull et
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Fig. 1. Metabolic pathways of aldicarb in rats (from Risher et aI., 1987)
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al., 1967; Risher et al., 1987). ln rats, the sulfoxide and the oxime sulfoxide constitute the
major urinary metabolites, at 40% and 30%, respectively (Knaak et al., 1966).

4.2 Toxic effects

4.2.1 Humans

Aldicarb is one of the most toxic pesticides known (Marshall, 1985). Its toxicity is based
on a transient inhibition of acetylcholinesterase. Carbamates form unstable complexes with
chlolinesterases by carbamoylation of the active sites of the enzyes (Done, 1979;
Mortensen, 1986). Unlike the relatively irreversible anticholinesterase activity of the
organophosphorus insecticides, the carbamoylation process which produces the esterase
inhibition is quickly reversible.

Several reports on the acute and chronic toxicity of aldicarb are summarized in Table 4.
ln most exposure situations, the clinical syptoms observed were consistent with the known
mechanism of action (inhibition of acetylcholinesterase). ln some of the studies, the dose has
been estimated. Cholinesterase measurements have been of additional use in characterizing
dose or extent of exposure.

4.2.2 Experimental systems

The acute toxicity of alidcarb is high, with oral LDsos in rats and mice generally below
1 mg/kg bw. Depression of cholinesterase activIty has been reported in rats administered
aldicarb, its sulfoxide or its sulfone. The relative order of inhibition of cholinesterase was
plasma ~ red blood cells ~ brain (DePass et al., 1985; studies reported by Risher et aL.,
1987).

Afer a review of several studies, Risher et al. (1987) concluded there was no effect of
subchronic and chronic oral feeding to rats of aldicarb at 0.3 mg/kg bw/day; of aldicarb
sulfoxide at 0.3 mg/kg bw/day; of aldicarb sulfone at 2.4 mg/kg bw/day; or of 1:1 aldicarb
sulfoxide:sulfone mixture at 0.6 mg/kg bw/day. The latter was tested owing to the
observation that residues found in drinking-water are generally present as this mixture.

Suppressed humoral immune response (splenic plaque-forming cell assay) has been
reported after exposure of mice to aldicarb in drinking-water for up to 34 days. Suppression
on day 34 was significant, however, onlyat 1 ppb (iig/l) water and was less pronounced and
not significant at 10, 100 or 1000 l1g/1 water (Oison et al., 1987). ln a similar study in mice
exposed to aldicarb in drinking-water at levels of 0.1-1000 ppb (l1g/1) for 34 days, using a
variety of immunological endpoints including that used by OIson et al., no significant effect
on the immunological system was noted (Thomas et aL., 1987). Shirazi et al. (1990), however,
performed a follow-up experiment using the same assay and aldicarb at 0.01-1000 l1g/1 in
drinking-water but prolonging the study time up to 180 days. Afer extensive statistIcal
analysis, the authors concluded that there was a stimulatory effect at 30 and 60 days and an
inhibitoiy effect at 90 and 180 days. Dean et al. (1990) reported that aldicarb given
intraperitoneallyto mice atdoses of 0.01-100 ngpermouse (0.1 ml ofa 0.1,1,10,100 or 1000
ppb solution) decreased the stimulatory function of macrophages without affecting
T-lymphocye function. There was no clear dose-response relationship.
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Table 4. Acute and chronic toxicity or aldicarb in human populations

Type of exsure/population studied No. of cases Clinical Estimated dose Other endpoints/ Reference
symptom comments
reporteda

Foreman running mechanical bagging 1 + NRb Decrease in plasma and US Envionmental
machine for one day red bloo cell AChEc Protection Agency

~
(1975)

California, USA, 1974-76 38 + NR Not reported Peoples et al. (1978)
Acute ocupational intoxication as a:reported by physicians; dermal and 0
inhalation expsure

~
Florida, USA, 1981 1 + NR Intoxication confired by Grifith & Duncan 0
Intervew survey of 436 citrus growers unspecified laboratory (1985)

~tests
Farm worker exsed ,.2 h without 1 0.275 mg/kg bw Incapacitation due to Lee & Ranscell ::- v.
adequate protection intoxication thought to (1984) dcontribute to death in an

accident 8
Woman ate lea of spearmint growig 1 + NR NR Marshall (1985) a:
near roses sprayed three weeks tr

VIpreviously w
Nebraska, USA, 1977 and 1978 14 + (0.025-.041 No abnormal bloo Goes et al. (1980)
Tho incidents of intoxication foUowing mg/kg bw)d chemistry
ingestion of cucumbers; aldicarb conta-
mination identified in later incident
\'ancouver, Canada, 1985 140 + 0.01-0.03 mg/kg NR Hirsch et al. (1987)
Ingestion of cucumbers contaminated bw
with aldicarb



Table 4 (contd)

Reference1Je of expsure/population studied No. of cases Clinical Estimated dose

syptom
reporteda

Other endpointsl
comments

Oregon and California, USA
Ingestion of watermelon

Oregon, aldicarb residues in 10/16
melons eaten by definite cases

California, aldicarb sulfoxide residues
in 10/250 melons

Suffolk County, NY, USA 1981
Questionnaire survey of 150 households
with well-water aldicarb levels ;; 7 ppb
(¡,g/I)
Portge County, WI, USA 1985
37 women from households supplied by
well-water screened for aldicarb and 13
from households supplied with muni.
cipal water

61 definite,

43 suspected
26 reported
690 probable of

1350 reported

641 individuals
evaluated from
20 question-
naires
23 expsed to
detectable
levels of aldi-
carb, 27 con troIs

+ NR

+ 0.002-0.06 mg/kg NR
bw

NR

0.3-48 ¡.g/day

1tend in neurological
sydromes reported with
increasing aldicarb con-
centration
Increased number of T8
cells; increased % of total
lymphoces as T8 cells;
decreased ratio T4:T8
cells in expsed versus
controls

Green et al. (1987)

Jackson & Goldman
(1986); Jackson et al.
(1986)
Sterman & Varma
(1983)

Fiore et al. (1986)

aClinical syptoms reported consistent witb inhibition of acetylcholinesterase, +; no such syptom reported, -

"NR, none reported and no details given to estimate dose
cAChE, acetylcholinesterase

dJose estimated by Jackson & Goldman (1986)

G-
('
~t:
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4.3 Reproductive and developmental etTects
4.3.1 Humans

No data were avaIlable to the Working Group.

4.3.2 Experimental systems

Few data are avaIlable on the reproductive and developmental effects of aldicarb. ln two
studies described in a review by Risher et al. (1987), there was reported to be no evidence of
toxicity in the offspring of rats treated with aldicarb in the feed at doses as high as 1 mg/kg bw
(near the LDso) throughout pregnancy and lactation, and offspring of rabbits treated with
aldicarb by gavage at doses of up to 0.5 mg/kg bwon days 7-27 of gestation were reported to
exhibit no developmentai toxicity. Rats investigated in a three-generation study in which
aldicarb was incorporated into the diet were also reported to exhibit no significant difference
in any parame ter assessed compared to control animaIs.

Cambon et al. (1979, 1980) evaluated the effects of administering a single dose of
aldicarb (0-0.1 mg/kg bw) on gestation day 18 on acetyIcholinesterase activity in maternaI
and fetal tissue of Sprague-Dawley rats. MaternaI blood acetyIcholinesterase activity was
reduced at doses greater th an 0.001 mg/kg, and fetal blood acetyIcholinesterase activitywas
reduced at doses of 0.001 mg/kg and above in samples taken :; 1 h after dosing. The effect
persisted for up to 24 h at doses of 0.01 mg/kg and above. Tissues were stored overnight at
4°C before analysis. AcetyIcholinesterase was asyed in maternaI and fetai brain

homogenates 1 h after administration of 0.1 mg/kg bw aldicarb, and isoenzyes were
analysed using polyacrylamide electrophoresis. Both maternaI and fetal brain acetyl-
cholinesterase Ievels were decreased by aldicarb; the Ievels of two of three cholinesterase
isozyes were decreased in fetal brain and that of only one of the cholinesterase isozyes
was decreased in maternaI brain.

4.4 Genetic and related elTects (see Thble 5 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Aldicarb induced differential toxicity in Salmonella typhimurium but not in strains of
Escherichia coli. Aldicarb was not mutagenic to bacteria, whereasmutations were induced in
cultured mammalian cells. Gene mutation, sister chromatid exchange and chromosomai
aberrations were induced by aldicarb in cultured human cells. ln a single study, no DNA
strand breakage was observed in human cells.

ln vivo, aldicarb induced chromosomai aberrations in cells of rat bone marrow.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Aldicarb is a moderately persistent systemic insecticide, acaricide and nematicide
formulated as granules. It was first used in 1970 and is applied mainly on cotton and potatoes.

Exposure to aldicarb may occur during its production and application and, at Iower
levels, via contamination of groundwater and consumption of food containing residues.



Table 5. Genetic and related effects of aldicarb

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

SAD, Salmonella typhimurium TA1538/1978, differential toxicity + 0 100.~~ Rashid & Mumma (1986)
ERD, Escherichia coli WP2, differential toxicity - 0 200.~~ Rashid & Mumma (1986)
ERD, Escherichia coli K12, differential toxicity - 0 200.~~ Rashid & Mumma (1986)
SAO, Salmonella typhimurium TA100, reverse mutation - - 500.~~ Dunkel et al. (1985)
SAO, Salmonella typhimurium TA100 reverse mutation - - 500.~~ Zeiger et al. (1988)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.~~ Dunkel et al. (1985)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.~~ Zeiger et al. (1988)

B
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.~~ Dunkel et al. (1985)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.~~ Zeiger et al. (1988) -
SA8, Salmonella typhimurium TA1538, reverse mutation 500.~~ Dunkel et al. (1985) (j- -

~SA9, Salmonella typhimurium TA98, reverse mutation - - 50.~~ Dunkel et al. (1985)
SA9, Salmonella typhimurium TA98 reverse mutation 500.~~ Zeiger et al. (1988) tx- -
SAS, Salmonella typhimurium TA97, reverse mutation - - 500.~~ Zeiger et al. (1988)
ECW, Escherichia coli WP2 uvrA, reverse mutation - - 500.~~ Dunkel et al. (1985)
GST Gene mutation, mouse lymphoma L5178Y cells, tk locus + 0 260.~~ Caspary et al. (1988)
GST Gene mutation, mouse lymphoma L5178Y cells, tk locus + + 1300.~~ Mitchell et al. (1988)
GST Gene mutation, mouse lymphoma L5178Y cells, tk locus - + 100.~~ Myhr & Caspary (1988)
DIH, DNA strand breakage, human skin fibroblasts in vitro - 0 1. 90 Blevins et al. (1977)
GIH, Gene mutation, human lymphoblastoid TK6 cells, tk locus + 0 160.~~ Caspary et al. (1988)
SHL, Sister chromatid exchange, human lymphoctes in vitro + + 0.~~ Debuyst & Van Larebeke

(1983; abstract)
SHL, Sister chromatid exchange, human lymphoctes in vitro (+ ) + 40.~~ Cid & Matos (1984)
CHL, Chromosomal aberrations, human lymphoces in vitro (+ ) + 350.~~ Cid & Matos (1987)
CBA, Chromosomal aberrations, rat bone-marrow in vivo + 0 0.0012 X 5 i.p. Sharaf et al. (1982)

a +, positive; ( + ), weak positive; -, negative; 0, not tested
bln-vitro tests, ¡.g/ml; in-vivo tests, mg/kg hw

..0-.
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5.2 Carcinogenicity in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animaIs

Aldicarb has not been tested adequately for carcinogenicity in experimental animaIs.

5.4 Other relevant data

Aldicarb is highly acutely toxic: it is one of the most potent cholinesterase-inhibiting
carbamate insecticides.

No data were avaIlable on the genetic and related effects of aldicarb in humans.
Aldicarb induced chromosomal aberrations in rat bone-marrow cells in vivo. It induced

various kinds of chromosomal damage and gene mutation in cultured hum an cells and
induced gene mutation in rodent cells. It did not cause mutation in bacteria.

5.5 Evaluation1

No data were available from studies in humans.
There is inadequate evidence for the carcinogenicity of aldicarb in experimental animaIs.

Overall evaluation
Aldicarb is not c/assifiable as to Its carcinogenicity to humans (Group 3).
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eHLORDANE AND HEPTAeHLOR

Chlordane and heptachlor were considered together because of their close structural
similarity and because technical-grade products each contain approximately 20% of the
other compound.

These substances were considered bya previous Working Group, in 1978 (IARC, 1979).
Since that time, new data have become available, and these have been incorporated into the
monograph and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Table 1. Chemical Abstract Services Registry numbers, names and synonyms

Name CAS Reg. Nosa Chem. Abstr. namesb and syonyms

Chlordane 57-74-9

(3940-80-1;
53637-13-1 )

Technical-grade
chlordane
cis-Chlordane

12789-03-6

5103-71-9

(22212-52-8;
26703-86-6;
28140-46-7)

5103-74-2
(17436-70-3;
28181-89-7)

trans-Chlordane

)'-Chlordane 556-34-7

Heptachlor 76-44-8
(23720-59-4;
37229-06-4)

ENT 9932; 1,2,4,5,6, 7,8,8.octachloro.2,3,3a,4,7, 7a.hexa.
hydro.4,7 .methano.1H. indene; 1,2,4,5,6,7,8,8-octachloro-
2,3,3a,4,7, 7a-hexahydro-4,7-methanoindene (IUPAC);
octachloro-4, 7 -methanotetrahydroindane; 1,2,4,5,6,7,8,8-
octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindan; OMS 1437

a-Chlordan; a-chlordane; cis-chlordan; (la,2a,3aa,4ß,-
7ß, 7aa).1,2,4,5,6, 7,8,8.octachloro-2,3,3a,4, 7, 7a- hexahydro.
4,7.methano.1H.indene; 1a,2a,4ß,5,6,7ß,8,8-octachloro-
3aa,4, 7, 7aa-tetrahydro-4, 7-methanoindan
ß-Chlordan; ß-chlordane; trans-chlordan; (1a,2ß,3aa,4ß,7ß,-
7aa ).1,2,4,5,6, 7,8,8-octachloro.2,3,3a,4, 7, 7 a-hexahydro.4, 7-
methano-1H-indene; 1ß,2a,4a,5,6,7a,8,8-octachloro-
3aß,4, 7, 7aß,4, 7, 7aß-tetrahydro-4, 7 -methanoindan

)'-Chlordan; 2,2,4,5,6, 7,8,8.octachloro-2,3,3a,4, 7,7 a. hexa-
hydro-4,7 -methano-1H-indene; 2,2,4,5,6,7,8,8-octachloro-
3a,4, 7, 7a-tetrahydro-4, 7-methanoindan stereoisomer

3-Chlorochlordene; E 3314; ENT 15 152; 1,4,5,6,7,8,8.hepta-
chloro-3a,4, 7, 7a-tetrahydro.4, 7 -methano.1H- indene;
1,4,5,6,7 ,8,8-heptachloro-3a,4, 7, 7a-tetrahydro-4, 7 -methano-
indene (IUPAC); OMS 193

-115-
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Table 1 (contd)

Name CAS Reg. Nos" Chem. Abstr. namesb and syonyms

Heptachlor epoxide 1024-57-3

(407-30-5;
24699-42-1;
24717-72-4;
280-82-8;
66240-71-9)

ENT 25584; epoxyheptachlor; 1,4,5,6,7,8,8-heptachloro-
2,3-epoxy-3a,4, 7, 7a-tetrahydro-4, 7-methanoindan; (1ao:,
1 bß,20:,50:,5aß,6ß,6ao: )-2,3,4,5,6,7,7. beptacbloro-
la, 1 b,5,5a,6,6a. bexabydro- 2,5. methano- 2H. indeno(1,2. b)-
oxirene; heptachlor cis-oxide

"Replaced CAS Registry number(s) in parentheses
bln bold

Ci Ci
Ci

ClOH6CIB

Ci

Ci

Ci

Chlordane

Ci Ci

Ci

Ci

Ci

Heptachlor

Ci
Ci

Ci

Ci

Ci

Heptachlor epoxide

MoL. wt: 409.8

ClOHSCh MoL. wt: 373.5

ClOHsChO MoL. wt: 389.4

1.1.2 Chemical and physical properties

Chlordane

(a) Description: Light-yellow to amber-coloured, viscous liquid (technical product)
(WHO, 1988a)

(b) Boiling-pøint: 175°C at 1 mm Hg (0.13 kPa) (pure material) (Royal Society of
Chernistry, 1989)
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(c) Melting-point: 106-107°C (~-isomer); 104-105°C (y-isomer) (WHO, 1988)
(d) Spectroscopydata: Infrared (prism (534); grating (41094P)) spectroscopy data have

been reported (Sadtler Research Laboratories, 1980).

(e) Solubilty: Practically insoluble in water (0.1 mg/I at 25°C) but soluble in most
organic solvents (e.g., acetone, ethanol, kerosene, trichloroethylene) (Worthing &
Walker, 1987)

if Volatility: Vapour pressure, 1 x 10-5 mm Hg (0.13 x 10-5 kPa) at 25°C (pure); 4.6 x

10-4 mm Hg (0.61 x 10-4 kPa) at 25°C (technical product) (Royal Society of
Chemistry, 1989)

(g) Stability: Decomposed by alkalis, wIth loss of chlorine; ultra-violet irradiation
induces a change in the skeletal structure and of the chlorine content; corrosive to
iron, zinc and various protective coatings (Royal Society of Chemistry, 1989)

(h) Conversion factor for airbome concentrations1: mg/m3 = 16.76 x ppm
Heptachlor

(a) Description: White crystallne solid with mild odour of camphor (Worthing &
Walker, 1987; WHO, 1988b)

(b) Boiling-point: 135-145°C at 1-1.5 mm Hg (0.13-0.210 kPa) (US Environmental
Protection Agency, 1986a)

(c) Melting-point: 95-96°C (pure compound) (Worthing & Walker, 1987)
(d) Spectroscopy data: Infrared (prism (74915); grating (74915)) and nuclear magnetic

resonance (proton (47772)) spectral data have been reported (Sadtler Research
Laboratories, 1990).

(e) Solubilty: Practically insoluble in water (56 llg/l at 25-29°C); fairly soluble in
organic solvents:acetone (750 g/l), benzene (1060 g/l), ethanol (45 g/l) and xylene
(1020 g/I) (WHO, 1988b)

if Volatility: Vapour pressure, 4 x 10-4 mm Hg (0.5 x 10-4 kPa) at 25°C (Worthing &
Walker, 1987; WHO, 1988b)

(g) Stability: Stable in daylight, air, moisture and moderate heat (160°C); corrosive to
metals; susceptible to epoxidation; slowly loses hydrogen chloride in alkaline media
(WHO, 1988b; Royal Society ofChemistry, 1989)

(h) Conversion factor for airbome concentrations1: mg/m3 = 15.28 x ppm
Heptachlor epoxide

(a) Description: Solid (Agency for Toxic Substances and Disease Registry, 1989a)

(b) Melting-point: 160-161.5°C (US Environmental Protection Agency, 1987a)
(c) Spectroscopy data: Infrared (prism(74932); grating (74932)) and nuclear magnetic

resonance (proton (47783)) spectral data have been reported (Sadtler Research
Laboratories, 1990).

(d) Solubilty: Practically insoluble in water (0.35 mg/l at 25°C) (US Environmental
Protection Agency, 1987a)

(e) Conversion factor for airbome concentrations1: mg/m3 = 15.93 x ppm

lCalculated from: mg/m3 = (molecular weight/24.45) xppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPJ)
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1.1.3 Trade names, technical products and impurities
Sorne examples of trade names are:
Chlordane: Aspon; Belt; CD 68; Chlordan; Chlorindan; Chlor Kil; Chlorotox;

Corodane; Cortilan-neu; Dowchlor; Gold Crest; HCS 3260; Intox; Kypchlor; M 140; Niran2;
Octachlor; Oktaterr; Ortho-Klor2; Starchlor; Sydane; Synklor; Tat Chlor 4; Termex;

Topichlor; Toxichlor; Unexan-Koeder; Velsicol 1068
Heptachlor: Aahepta; Agroceres; Arbinex 30TN; Basaklor; Drinox; GPKh; Hepta;

Heptachlorane; Heptagran; Heptagranox; Heptamak; Heptamul; HeptasoI; Heptox;
Rhodiachlor; Soleptax Velsicol 104

Heptachlor epoxide: GPKh epoxide; HCE; Hepox; Heptepoxide; Velsicol 53-CS-17
The term chlordane commonly refers to a complex mixture of chlordane isomers, other

chlorinated hydrocarbons and by-products, and at least 26 different components have been
identified (WHO, 1988a). Technical-grade chlordane contains 60-75% of chlordane isomers
(Royal Society of Chemistry, 1989), the major components being two stereoisomers (cis and
trans, or a and -y), the nomenclature of which has been confused in the literature. The a or
cis-isomer is described above under (5103-71-9); the trans-isomer (5103-74-2), also usually
known as the -y-isomer, is occasionally referred to as ß-chlordane (the term -y-chlordane has
been assigned by the Chemical Abstracts Servce to the 2,2,4,5,6,7,8,8-octachloro-isomer
(5566-34-7)). The remainder of the technical grade comprises other congeners (each -= 7%)
and heptachlor. One description of the approximate composition of technical chlordane is as
follows: trans-chlordane, 24%; cis-chlordane, 19%; chlordene isomers, 21.5%; heptachlor,
10%; nonachlor, 7%; octachlorocyclopentene, 1 %; hexachlorocycIopentadiene, 1 %; other,
16.5% (Brooks, 1974). Several reviews give details of the composition of technical-grade
chlordane (Cochrane & Greenhalgh, 1976; Sovocool et aL., 1977; Miyazaki et al., 1985;
Buchert et al., 1989).

Chlordane has been available in various formulations, including 5-30% granules, oil
solutions containing 2-300 g/litre chlordane and emulsifiable concentrates containing
400-900 g/litre (Worthing & Walker, 1987; WHO, 1988a; Royal SocietyofChemistry, 1986).

Technical-grade heptachlor contains about 72% heptachlor and 28% related
compounds (20-22% -y-chlordane and 4-8% -y-nonachlor). Formulations have included
emulsifiable concentrates, wettable powders, dusts and granules containing various
concentrations of active material (Izmerov, 1982; Worthing & Walker, 1987; WHO, 1988b).
ln the USSR, the hexachlorocyclopentadiene content of heptachlor is limited by law to less
than 2% (Izmerov, 1982). Heptachlor is registered in Czechoslovakia for formulation in
combination with thiram ( see IARC, 1976) (Royal Society of Chemistry, 1986).

1.1.4 Analysis

Determination of chlordane residues is diffcult because of the complex nature of the
components and the fact that each component degrades independently. Resulting residues
may bear little relation to the proportions in the technical product. Extraction from crops,
other plant products, dairy products, plants and oIls has been achieved with an 80-100%

2Disntinued
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effciency using acetonitrile for extraction, petroleum ether for partitioning and dean-up on
a FlorisIl column. Gel-permeation chromatography can also be used for dean-up,
particularly of human adipose tissue. The method of choice for the qualitative and
quantitative estimation of chlordane isomers and heptachlor is gas chromatography with
electron-capture detection. Gas chromatographie analyses can be confirmed by gas
chromatography-mass spectrometry, a method that can also provide better determination of
sorne of the components, such as heptachlor epoxide. Analysis for total organically bound
chlorine remains the preferred method for determination of technical-grade chlordane and
heptachlor and of the active ingredient in formulations (WHO, 1988a,b).

Selected methods for the analysis of chlordane, heptachlor and heptachlor epoxide in
various matrices are given in Thble 2. Several reviews are available on the analysis of
chlordane, heptachlor and heptachlor epoxide in technical products, formulations and as
residues in various matrices, induding titrimetric, colorimetrie, spectrophotometric, infrared
spectroscopie and gas chromatographie methods (Bowery, 1964; Raw, 1970; Izmerov, 1982;
WHO, 1984a,b; Wiliams, 1984a,b; Anon., 1985; Worthing & Walker, 1987; AgencyforToxic
Substances and Disease Registry, 1989a,b; Royal Society of Chemistry, 1989; Fendick et al.,
1990).

Table 2. Methods for the analysis of chlordane, heptachlor and heptachlor oxide

Sample Sample preparation Assay Limit of Reference
matri procedurea detectionb

Ai Collect vapours on polyurethane GC/ECD NR US Envionmental
foam; extract with 5% diethyl Protection Agency
ether in hexane (1988a)
Collect vapours on Chromosorb GC/ECD 0.1 ¡.g/ Thylor (1979);
102; desorb with toluene sample ElIer (1989)

Water Extract with hexane; inject GC/ECD 0.14, US Envionmental
extract 0.003, Protection Agency

0.00 ¡.g/l (0.00, (1988b)
0.012 ¡.g/iy

Extract with dichloromethane; GC/MS NR, US Environmental
dry, concentrate (packed 1.9, Protection Agency
column) 2.2 ¡.g/l (1986b)
Extract with dichloromethane; GC/ECD 0.00 1 SC, US Environmental
isolate; extract; dry; concentrate 0.01, Protection Agency
with methyl tert-butyl ether 0.015 ¡.g/l (198&)
(capilary column)
Extract by passing sample GC/MS 0.2, O~ 1 ¡.gfl, US Environmental
through liquid-solid extractor; 0.04, 0.2 ¡.g/l Protection Agency
elute with dichloromethane; (0.3 g/i)d (1988d)
conc. by evaporation (capillary
column)

Waste-water Exract with dichloromethane; GC/ECD 0.014, US Environmental
dry; exchange to hexane 0.03, Protection Agency

0.083 ¡.g/l (1986, 1989a)
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Table 2 (contd)

Sample Sample preparatioo Asy Liit of Refereoce
matri procdurea detectionb

Waste-water Extract with dichloromethaoe; GCIMS NR, US Envionmental
(contd) dry; concentrate (packed 1.9 Protection Agency

columo) 2.2 J.g/I (1989b)
Formulations Dislve in tolueoe or benzene, TCM NR Wiliams (1984a)
(chlordane) then tolueoe; extraet with 0.1N

süver nitrate solution
:Formulations Dislve in methanol/benzene or Colorietrie NR Wiliams (1984a)
(chlordane) extract with pentane; dissolve;

add Davidow reagente, boü; col;
read absorbaoce at 550 nID

Formulations Dissolve in acetic acid; add sÜver ACM NR Horwitz (1975)

(heptachlor) nitrate or extract with pentaoe;
dissolve

Dissolve in carbn disulfde or GC/PID NR Horwitz (1975)
extract with pentaoe; dissolve

Selected Extract with pentane; dean-up Colorietrie US Foo and Drug
vegetables 00 Florex column; evaporate to 0.02, Administration

dryess; react with Polen-Süver- 0.02-0.04 ppm (1989)
man reageotf; read absorbaoce at (mg/kg)
56 nm for heptachlor and at 410
nm for heptachlor oxide

Soü, Mix with anhydrous soium GC/MS NR, US Envionmental
sediment, sulfate; extract using Soxhlet or 1.9, Protectioo Agency
wast es sonication process; deao-up 2.2 J.g/kg (1986b)

using Florisil columo or gel-
permeatioo (packed column)

Mix with aohydrous soium GC/MS NR US Envionmental
sulfate; extract using Soxhlet or Protection Agency
sonication process; dean-up (1986)
using Florisil columo or gel-
permeation (capilary column)

aAbbreviations: ACM, active chlorie method; GCÆCD, gas chromatography/electron capture detection;
GC/PlD, gas chromatographylfame ioniztion detection; GC/MS, gas chromatography/mass spectrometiy;
TCM, total chlorie method
Úfe limits of detection are presented for chlordane, heptachlor and heptachlor epoxide, respectively; NR,
not reported
COetection limites) for a- aod 'Y-chlordane
dtran-Nonachlor

eiiethanolamine-potassium hydroxide solution
fPepared by dissolvig potassium hydroxide in distiled water, coling to room temperature, adding butyl
Cellosolve and monoethaoolamine and düutiog to 1 litre with butyl Cellosolve. This solution, after standing
several days, is decanted from aoy sediment and diluted with ao equal volume of benzene.
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1.2 Production and use

The discovery, chemistry and uses of chlordane and heptachlor and the problems
associated with their technical-grade products have been reviewed (Brooks, 1974).

1.2.1 Production

Chlordane was first produced commercially in the USA in 1947. ln 1974, production in
the USA amounted to 9500 tonnes (WHO, 1988a); the US Environmental Protection
Agency estimated that approximately 1600-1800 tonnes of chlordane were used in 1986.
From 1 July 1983, the only use of chlordane approved in the USA was in the control of
underground termites, but this use was prohibited in April 1988. The amounts of chlordane
both produced and usd have decreased considerably in recent years (US Environmental
Protection Agency, 1987b; Agency for Toxic Substances and Disease Registry, 1989b).

Heptachlor was isolated from technical-grade chlordane in 1946. Production of
heptachlor in the USA was 2700 tonnes in 1971,900 tonnes in 1974, 590 tonnes in 1978, 180
tonnes in 1980 and 45 tonnes in 1982. Sales of heptachlor in the USA were voluntarily
stopped by the sole US producer in August 1987, and since April 1988, heptachlor can no
longer be used for the underground control of termites in the USA (WHO, 1988a; Agency for
Toxic Substances and Disease Registry, 1989b). Chlordane and heptachlor are currently

produced by one company in the USA; heptachlor epoxide is not produced commercially in
the USA.

Chlordene, the starting material for the synthesis of both chlordane and heptachlor, is
prepared by the Diels-Alder condensation of hexachlorocycIopentadiene with

cycIopentadiene (Agency for Toxic Substances and Disease Registry, 1989b). Chlordane is
prepared by the Lewis-acid catalysed addition of chlorine to chlordene (WHO, 1984a),
whereas heptachlor is prepared by the free-radical chîorination of chlordene (Sittig, 1980).

Heptachlor epoxide can be prepared from heptachlor in a one-step oxidation. It is a
metabolite as weIl as an environmental oxidation product of heptachlor (Anon., 1985).

1.2.2 Use

Chlordane has been used as an insecticide since the 1950s. It is a versatile,
broad-spectrum, contact insecticide and has been used mainly for nonagricultural purposes
(primarily for the protection of structures, but also on lawn and turf, ornamental trees and
drainage ditches). It has also been used on maize, potatoes and livestock (WHO, 1984a). The
use pattern for chlordane in the USA in the mid 1970s was as follows: 35% used by pest
control operators, mostly on termites; 28% on agricultural crops, including maize and citrus;
30% for home lawn and garden use; and 7% on turf and ornamental plants (Agency for Toxic
Substances and Disease Registry, 1989b). Since the mid-1970s, the use of chlordane has been
increasingly restricted in many countries (WHO, 1988a). By 1980, less than 4500 tonnes of
chlordane were being used yearly in the USA, mostly for termite control (Esworthy, 1985).
By 1986, use had been reduced to 1800 tonnes (US Environmental Protection Agency,
1987b). ln Japan, where chlordane was used exclusively for termite control, it was prohibited
in 1986 (Takamiya, 1990).

Heptachlor was first introduced as a contact insecticide in the USA in 1952 for foliar, soil
and structural application. It has also been used in the control of malaria. It is a nonsystemic
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internaI and contact insecticide (WHO, 1988b). The use pattern for heptachlor in the USA in
the mid-1970s was as follows: 58% on maize, 27% by pest control operators, 13% as seed
treatment and 2% for miscellaneous uses, incIuding fire ant control, use on pineapples and
possibly on citrus (IARC, 1979). ln 1970, the use of heptachlor throughout the world was as
follows: Afica, 5%; Asia, 15%; Canada and the USA, 5%; Europe, 60%; and South
America, 15% (WHO, 1988b). For example, in the Republic of Korea, average use of
heptachlor was about 33 tonnes per year over the period 1962-79 (Lee, 1982). The use of
heptachlor has been increasingly restricted in many countries; it is now confined almost
exclusively to the control of soil insects and termites (WHO, 1988b). By 1986, less than 340
tonnes of heptachlor were used in the USA, mainly for termite control (US Environmental
Protection Agency, 1987a).

1.3 Occurrence

The environmental occurrence and fate of chlordane and heptachlor have been

reviewed (WHO, 1984a,b; Fendick et al., 1990).

1.3.1 Air
Treatment for termite control in the USA in 1978, by subslab injection of 2% chlordane

or exterior ditching of apartment blocks, produced high indoor air concentrations (0.4-263.5
¡.g/m3) within one year; the levels after two years were 0-37.9 ¡.g/m3. Termite treatments in
the USA in 1970 produced air concentrations within houses of 14.5-37.8 ¡.g/m3 (Livingston &
Jones, 1981). Other US houses treated for termites with an emulsion containing 0.54%
chlordane, 0.76 ppm diazinon and 0.93 ppm malathion resulted in airborne household dust
containing 30 ppm (503 mg/m3) chlordane and traces of the other pesticides (Vinopal &
Olds, 1977).

1.3.2 J#ter
An episode of chlordane contamination of a segment of a municipal water system

occurred in 1976 in Chattanooga, TN (USA), resulting in a concentration of chlordane in the
water of up to 1200 mg/l (0.12%) (sic). The contamination probably occurred through
careless handling of a concentrated chlordane solution, and a period of negative water
pressure during dilution of the concentrate may have caused back-siphonage into the water
system (Harrington et al., 1978). Another public water supply was contaminated in
Pittsburgh, PA: Levels ofup to 6600 ppb (¡.g/l) chlordane were found in tap-water; sixmonths
later, the level was -c 1 ppb (-c 1 llg/l) (Anon., 1981).

Afer chlordane was applied to the surface of a lake, the concentration in the water was
4-5.5 ¡.g/l after seven days and 0.008-0.011 l1g/1 after 421 days. The concentration in the lake
sediments reached 20-30 ¡.g/kg during the first 279 days and 10 iig/kg 421 days after
application. Chlordane is not expected to leach since it is insoluble in water and should be
adsorbed on the soil surface (US Environmental Protection Agency, 1986e).

1.3.3 Soil

Application of chlordane at 9 kglha (active ingredient) to turf over a sandy loam soil
resulted in residues of 1.6-2.1 mg/kg in the root zone (0-1 cm depth) and c: 0.3 mg/kg in the
soil zone (1-3.5 cm depth). Total residues after 56 days had decIined to 69% of the dose
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originally applied. ln studies in Maryland, USA, where chlordane was applied to sandy loam
soil at rates of 56, 112 and 224 kg/ha, 83 % of that applied was stil present after one year and
45% remained after 15 years (US Environmental Protection Agency, 1986e).

Heptachlor is stable to light and moisture, and volatilization is the major mechanism of
transport of topically applied materiaI. Its half-time in soil in temperate regions ranges
between 0.75 and 2 years, depending on soil tye and may be less in tropical regions.
Residues have been detected in soil14 years after initial use (WHO, 1984b).

A survey on cropland soils in 37 states of the USA in 1971 revealed heptachlor residues
in 4.9% of samples at a maxmum of 1.37 mg/kg; heptachlor epoxide was detected in 6.9% of
the samples at a maxmum level of 0.43 mg/kg (Carey et al., 1978).

1.3.4 Food
Many studies were carried out during the 1970s in Canada, the United Kingdom, the

USA and other countries on the occurrence of pesticide residues in foods. Generally,
residues of chlordane were seldom found. For example, in a market basket survey in the USA
from 1963 to 1969, chlordane residues were found in less than 1 % of samples at levels of
1-5 l1g/kg (WHO, 1984a).

Significant levels were found in meat, milk and eggs, as a result of residues in feed crops
or direct applications to cattle and poultry (as reported by the WHO, 1984a). ln a study on
eggs in Canada, trans-chlordane was found in 78% of samples, at a mean level of 2 l1g/kg
fresh weight, and cIs-chlordane in 81 % of the eggs, at a mean level of 1 l1g/kg (Mes et al.,
1974). ln another study (Herrick et al., 1969), no residue was found in the eggs of chickens fed
chlordane in the diet at 0.08 mg/kg for one week.

ln analyses of cows' milk in the USA, 87% of samples contained chlordane, at levels
ranging from 0.02 to 0.06 mg/l (lARC, 1979). ln another study, the milk of cows grazing on
pastures to which chlordane had been applied at 0.55 kg/ha contained an average chlordane
concentration of 0.03 mg/litre; no residue was found at lower treatment levels (WHO,
1984a). Chlordane was also found in Canadian meat samples at levels ranging from 0 to 106
l1g/kg in beef, 0 to 32 l1g/kg in pork and 0 to 70 l1g/kg in fowl (Saschenbrecker, 1976).

Of 1171 samples of fruits, meats, dairy products, grains and wine analysed for chlordane
as part of the Canadian national surveilance programme (1984-89), none contained

residues. Of 1227 samples of fruits, vegetables, meats, dairy products and wine analysed for
heptachlor and its epoxide, four contained residues (2/21 carrots and 2/100 cucumbers), at
levels of 0.01-0.02 mg/kg (Government of Canada, 1990).

ln Brazil, 1998 samples of cattle meat, 102 samples of horse meat and 158 samples of
corned beef and roast beef were analysed for heptachlorlheptachlor epoxide and

oxychlordane/transnonacIor in 1984 and 1985; no residue was reported (limit of detection,
0.02 mg/kg) (Codex Committee on Pesticide Residues, 1989).

The daily human intake of heptachlor epoxide in the USA was calculated to be 0.29-0.64
l1g/day during 1971-74 (as reported by the WHO, 1984b). The daily intake of heptachlor
epoxide from food in 1965 in the USA was estimated as 2 l1g/day; in 1970, this figure was
1 l1g/day (Duggan & Corneliussen, 1972).

Market basket surveys carried out in 1972-73 in the USA showed maximum values for
heptachlor epoxide ranging from trace to 2 l1g/kg (Johnson & Manske, 1976). ln a study done
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in 1966-67 in the United Kingdom, the heptachlor epoxide content in the total diet was, in
general, less than 0.5 ¡.g/kg; heptachlor was not detected (Abbott et al., 1969). ln a series of
studies of total diets in the USA heptachlor epoxide was found in small amounts in fish,
poultry, meat and dairy products, and in trace amounts in fruits, vegetables, oils and cereals.
The maximum values in poultry, meat and fish ranged from trace to 2 ¡.g/kg (Johnson &
Manske, 1976).

Heptachlor was not found in foods examined between August 1972 and July 1973 in a
total-diet study conducted by the US Food and Drug Administration (Johnson & Manske,
1976). ln a study (reported by WHO, 1984b) conducted in 20 cities in the USA in 1974-75,
only 3 of 12 food classes contained detectable residues of heptachlor epoxide. Levels ranged
from 0.6-3 ¡.g/kg. A study (reported by WHO, 1984b) that started in 1974 in the USA
revealed residues of heptachlor and heptachlor epoxide at the me 

an levels shown in Table 3.

Table 3. Heptachlor and heptachlor epoxide levels in fooda

Residue Level (J.g/kg wet weight)

Pork Horse meat Chicken Beef Turkey

Heptachlor
Heptachlor epoxide

1.25
1.95

1.06
5.28

3.27
9.58

0.10
0.50

0.65
6.66

QAs reported by WHO (1984b)

Within the framework of the Joint FAO/WHO Food Contamination Monitoring
Programme, the levels of heptachlor and heptachlor epoxide residues in various food
samples in 1980-82 were reported from Austria, Canada, Denmark, Guatemala, Japan, the
NetherIands and the USA. On a fat basis, the median levels ranged from 0 (not detected) in
butter and cattle fat in Denmark to 13 l!g/l in cows' milk in Japan. Median levels in the
products ranged from 0 (not detected)in hens' eggs in Denmark to 4 lLg/kg in fresh onions in
Guatemala. The median levels of heptachlor epoxide on a fat basis ranged from 0 (not
detected) in butter and pasteurized cows' milk to 0.30 lLg/l in raw cows' milk in Germany
(WHO, 1983).

Heptachlor and/or heptachlor epoxide was present in 32% of 590 fish samples in the
USAin 1967-68, at levels of 0.01-8.46 mg/kg (Hendersonet aL., 1969). Fish have been shown
to accumulate heptachlor and heptachlor epoxide: 0.008 mg/kg was found after exposure to a
concentration of 0.06 lLg/I water. Residues ofheptachlor plus heptachlor epoxide were found
at 0.001-0.026 mg/kg (on a fibre basis) and.. 0.01-0.8 (on a tissue basis) (Hannon et aL.,
1970). The average concentration of heptachlor and heptachlor epoxide in oysters in the
USA was .. 0.01 mg/kg (Bugg et al., 1967).

ln a German study reported by WHO (1984b), heptachlor and heptachlor epoxide
residues were determined in cheese, butter, pasteurized milk and human milk. The average
total residue in milk and milk products was less th an 0.05 mg/kg, but the levelsinhuman milk
were about 10 times higher, with heptachlor at 0.1 mg/kg 

and heptachlor epoxide at 0.34
mg/kg In..milk fat.
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1.3.5 Dther
The occurrence of chlordane and heptachlor and their metabolites in human tissues and

biological fluids is reviewed in section 4. LI.
Members of families living on dairy farms who consumed milk and milk products

contaminated with heptachlor were compared with a group of unexposed people. The cows'
milk contained levels of heptachlor epoxide ranging up to 89.2 ppm (mg/l; lipid basis). Afer
33 farms in Arkansas and five in Missouri and Oklahoma had been placed in quarantine, the
level of heptachlor epoxide in milk was 12.6 ppm (mg/l; lipid basis). Heptachlor epoxide and
oxychlordane were detected in the serum of 23.1% of the exposed persons and

trans-nonachlor in 30.8%, versus 3.7, 4.0 and 6.5%, respectively, in the control group. The
mean levels (0.81, 0.70 and 0.79 iig/l) of heptachlor epoxide, oxychlordane and

trans-nonachlor were significantly different from those found in the control group
(Stehr-Green et al., 1986).

1.4 Regulations and guidelines

The FAO/WHO Joint Meeting on Pesticide Residues evaluated chlordane at its
meetings in 1965, 1967, 1969, 1970, 1972, 1974, 1977, 1982, 1984 and 1986 (FAO/WHO,
1965, 1968, 1970, 1971, 1973, 1975, 1978, 1983, 1985, 1987). ln 1970, it re-established
residue tolerances for food at 0.02-0.5 mg/kg for the sum of cIs- and trans-isomers of
chlordane and oxychlordane. ln 1986, an acceptable daily intake in food of 0.0005 mg/kg bw
was established (FAO/WHO, 1987).

The FAO/WHO Joint Meeting on Pesticide Residues evaluated heptachlor at its
meetings in 1965, 1966, 1967, 1968, 1969, 1970, 1974, 1975, 1977 and 1987 (FAO/WHO,
1965, 1967, 1968, 1969, 1970, 1971, 1975, 1976, 1978, 1988). ln 1970, an acceptable daily
intake in food of 0.0005 mg/kg bw was established (Codex Committee on Pesticide Residues,
1990).

European Community legislation prohibits the marketing and use of plant protection
products containing chlordane. The use of chlordane in agriculture is prohibited in several
countries, including those of the Community, Argentina, Chile, Ecuador, Japan, Singapore,
Switzerland, Sweden, the USA and Yugoslavia (WHO, 1988a) as weIl as Finland and the
USSR. The use of chlordane is restricted in Cyprus and Venezuela. It must be registered for
import, export or manufacture in India (WHO, 1988a). ln Canada, since 1985, the
registration of chlordane limits it to use as a restricted class termiticide. Chlordane has not
been used in Norway since 1968.

European Community legislation prohibits the marketing and use of plant protection
products containing heptachlor. The use of heptachlor in agriculture is prohibited in several
countries, including those of the Community, Argentina, Cyprus, Ecuador, Singapore, the
USA (with sorne exceptions, e.g., fire ants; US Environmental Protection Agency, 1987b)
and Yugoslavia. Chile and Venezuela restricted its use in agriculture; its use is permitted in
agriculture but prohibited in domestic sanitation in Brazil (WHO, 1988b). It has never been
registered for use in Norway. The only accepted uses of heptachlor in Finland are as a
termiticide in particle-board and in the plywood industry (for exported materials) and asa
laboratory chemical. The registration of heptachlor in Canada was discontinued in 1985.
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Maxmum residue levels have been established by the Codex Alimentarius Commission
for chlordane (sum of cIs- and trans-chlordane or, in the case of animal products, sum of cIs-
and trans-chlordane and 'oxychlordane' (fat-soluble residue)) in or on the following
commodities (in mg/kg): 0.05 for cottonseed oit (crude), linseed oil (crude), meat (fat),
poultry meat (fat), soya bean oit (crude); and 0.02 for almonds, cottonseed oil (edible), eggs,
frit, hazelnuts, maize, oats, pecans, rIce (poli shed), rye, sorghum, soya bean oit (refined),
vegetables, walnuts, wheat (Codex Committee on Pesticide Residues, 1990).

Maxmum residue limits have been established by the Codex Alimentarius Commission
for heptachlor (sum of heptachlor and heptachlor epoxide (fat-soluble residue)) in or on the
following commodities (in mg/kg): 0.5 for soya bean oil (crude); 0.2 for carrots, meat (fat),
poultry meat (fat); 0.05 for eggs, vegetables (except carrots, soya beans, sugar beets and
tomatoes); 0.02 for cereal grains, cottonseed, soya beans (immature seeds), soya bean oil
(refined), tomatoes; 0.01 for citrus fruit, pineapples; and 0.006 for milk (Codex Committee
on Pesticide Residues, 1990).

WHO (1988c) recommended guideline limit values of 0.3 l1g/1 for chlordane (total of
isomers) and 0.1 l1g/1 for heptachlor and heptachlor epoxide in drinking-water. ln Mexico,
maximum permissible concentrations of chlordane in ambient water are 0.002 mg/l for
coastal and estuarine waters and 0.003 mg/l for water treated for drinking; those of
heptachlor in ambient water are 0.2 Jlg/l for coastal waters, 0.002 mg/l for estuarine waters
and 0.018 mg/l for water treated for drinking (WHO, 1988a,b). The US Environmental
Protection Agency has established a National Ambient Water Quality Criterion for
heptachlor of 0.28 l1g/1 (Agency for Toxic Substances and Disease Registry, 1989a).

Chlordane and heptachlor epoxide were included in the 1987 Canadian guidelines for
drinking-water quality for re-evaluation; the maximum acceptable concentrations in 1978
were 0.007 mg/l and 0.003 mg/l, respectively. Heptachlor was also included in the 1987
Canadian guidelines for drinking-water quality, with an interim maximum acceptable
concentration of 0.28 mg/l (Ritter & Wood, 1989).

Treatment of root crops and soil with heptachlor is prohibited in the USSR, and it cannot
be applied in water-catchment areas with a large number of open water reservoirs. The
maximum allowable concentration of heptachlor in water used for drinking and domestic
water supplies is 0.05 mg/l; that in the atmosphere of populated areas is 0.001 mg/m3 for a
maximum single concentration and 0.0002 mg/m3 for a daily average concentration
(Izmerov, 1982).

National and regional pesticide residue limits for chlordane, heptachlor and heptachlor
epoxide in foods are presented in Tables 4 and 5. Tables 6 and 7 present occupational

exposure limits and guidelines for chlordane and heptachlor in several countries. Because of
potentially continuous household exposure, the Committee on Toxicology of the US
National Academy of Sciences (1979) recommended a maximum acceptable level of 5 Jlg/m3
chlordane in residences.
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Table 4. National and regional pesticide residue limits for chlordane in foosa

Country or

region

Australia

Austria

Belgium

Canada

Chile

Czechoslovaki

Denmark

European
Community

Finland
France

Germany

Hungary

Residue
limits
( mglkg)

0.2
0.1
0.05

0.02

0.05b
0.02
0.05c
0.005
0.002
o (0.05)d,e

o (0.02y,e

0.11

0.5d
0.3d
O.2d
0.05c,d

0.02

0.3d
0.2d
O.lc,d

O.05C
0.02c,d

O.Old
0.002c

O.Osg

0.02g

0.002g

O.ih

O.Osg
0.02

0.2
0.05i

0.02i
O.Oli

0.02

Commodities

Mammalian meat (fat basis)
Sugar beets

Cottonseed oil (crude), cucurbits, fish, linseed oil (crde), milk (fat
basis), milk products (fat basis), soya bean oil (crude)
Cereal grins, citrus, cottonseed oil (edible), eggs, fruit (pme,
stone), pineapples, soya ben oil (edible), vegetables (except
cucurbits )

Meat, animal fats (edible), milk
Eggs (without shelI)
Meat, poultry, hare, fowl, game, meat products, animal fats
Eggs
Milk and milk products

AIl foostuffs of vegetable origin

AIl other foostuffs of animal origin

Butter, cheese, milk and other dair products, meat and meat by-
products (cattle, goats, hogs, poultiy sheep)
Soya bean oil (unrefined)
Potatoes, sugar beets
Lettuce
Maize, milk and dair products (fat basis), carcasses (fat basis),
poultiy (fat basis), rice (plished), wheat
Citrus fruit, eggs, tomatoes
Sugar beets

Pieapples
AIl spices, cereals (raw), maize (roasted, sweet), cucumbers, egg-
plant, green peppers, lea vegetables, pumpki, squash, tomatoes,
watermelons
Fat from meat
Bernes and small fruit, carrots, cereals, eggs, fruit (citrus, pome,
stone, other), other root vegetables and onions '
Potatoes
Milk, milk products and daii products
Fat contained in meat, preparations of meat, offal and animal fats
Barley, buckwheat, grain sorghum, maize, milet, oats, paddy rice,
iye, triticale, wheat, other cereals
Raw cows' milk and whole-cream cows' milk

Fish, crustaceans, shellfish and their products
Fruit, vegetables
Cereal grains
Tobacc products
Meat, meat products, edible animal fats, milk, dairy products (ail
on fat basis), spices, tea, tea-like products
Cereals, eggs (without shelI), egg products
Other foostuffs of animal and plant origin

Imported products
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Country or
region

Commodities

India

Residue
limits
(mg/kg)

O.3d
0.2d
O.ld
0.05d
0.5
0.3
0.2

Israel

0.1

0.05

0.02

Italy 0.2Ï
0.09
0.02Ï

Kenya 0.5
0.3

0.2

0.1

0.05

0.02

Luxembourg 0.05k

Netherlands
0.02k

O.lg
O.osg
0.02g
0.OO2g
o (0.02)l

0.05

O.Osg
0.02g
O.Olg

Romania
Spain

Sugar beets

Vegetables
Fruit
Foograins, milk and milk products (fat basis)
Linseed oil (crude), soya bean oil (crude)
Potatoes, radishes, sugar beets, sweet potatoes, tumips
Asparagus, brocli, Brussels' sprouts, cabbage, caulifower,

celery, lettuce, mustard greens, spinach
Almonds, bananas, cottonseed oil (crude), cucumbers, figs,
filberts, guavas, mangoes, melons, olives, papayas, passion fruit,
peanuts, pecans, pineapples, pomegranates, pumpkins, squash,
strawberres, walnuts, watermelons
Carcass meat (fat basis), maize, milk and milk products (fat basis),
oats, poultry (fat basis), rice (plished), rye, wheat, sorghum
Beans, cottonseed oil (edible), eggplant, eggs (without shell), fruit
(citrus, pome, stone), peas, peppers, pimentos, soya bean oil
(edible), tomatoes, other foostuffs
Tobacc (dried)
Aromatic and medicinal herbs, teas
Coffee
Linseed oil (crude), soya bean oil (crude)
Parsnips, potatoes, radishes, rutabagas, sugar beets, sweet pota-
toes, turnips
Asparagus, brocli, Brussels' sprouts, cabbage, caulifower,

celery, lettuce, mustard greens, spinach, Swiss chard
Almonds, bananas, cantaloupes, cottonseed oil (crude), cucu ff-
bers, figs, fiberts, guavas, mangoes, olives, papayas, passion fruit,
pecans, pineapples, pomegranates, pumpki, squash, strawber-
ries, walnuts, watermelons
Milk and milk products (fat basis), meat and poultry (fat basis),
sorghum
Beans, coUards, cottonseed oil (edible), eggplant, eggs (without
shen), fruit (citrus, pome, stone), maize, oats, pea, popcm, rice
(plislied), rye, soya bean oil (edible), tomatoes, wheat
Animal fats (except butyc fats), meat and meat products (fat
basis), milk and milk products (fat basis), poultiy and poultiy
products (fat basis)
Eggs (without sheU)

Cucumbers, melons, pineapples
Potatoes, other dair products (fat basis)
Other fruit, other vegetables, Piiises, plant oil
Milk
Other plant products

Meat, milk and milk products
Spices, tea and similar products
Cereal grins

Other plant products
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Country or
region

CommoditiesResidue
limits
(mg/kg)

Sweden

United Kingdom

O.ld
0.02
0.01

O.05c,d

0.02

0.002

USA 0.3m
D.1m

Yugoslavia 0.05
0.02

Fruits, vegetables
Cereals, hulled grain, flakes and flour made from cereals
Potatoes
Meat, fat and preparations of meats (fat basis), dairy produce
(:: 2% fat)

Apples, bananas, barley, blackcurrants, beans, Brussels' sprouts,
cabbge, carrots, celery, caulifower, cucumbers, eggs (birds' eggs
in shell (other than eggs for hatching) and whole egg products and
egg yolk products (whether fresh, dried or otherwse prepared)),
grapes, leeks, lettuce, maize, mushrooms, nectaries, oats, onions,
oranges, paddy rice, peaches, pears, peas, plums, potatoes, rasp-
berres, rye, strawberres, swedes, tomatoes, tumips, wheat, other
cereals, other citrus
Milk (fresh raw cows' milk and fresh whole cream cows' rnilk
expressed as whole milk)
Animal fat (rendered), fish (edible portion)
Animal feed (processed), asparagus, bananas, beans, beetroot
(with or without tops), beetroot greens, berres (except cran-
berres, currants, eldeiberres, gooseberres, and olallie berres),
Brassica (cole) leafy vegetables (except brocli raab, Chinese
mustard cabbage, and rape greens), carrots, celeiy, citrus fruit,
maize, cucurnbers, eggplant, lettuce, melons, okra, onions, papa-
yas, parsnips, peanuts, peas, peppers, pineapples, porne fruit
(except crabapples and loquats), potatoes, radishes (with or with-
out tops), radish tops, rutabagas (with or without tops), rutabaga
tops, small fruit, spinach, squash, stone fruit (except chickasaw,
darnson and Japanese plums), sweet potatoes, Swiss chard, torna-
toes, turnips (with or without tops), turnip greens
Meat and meat products (fat basis), vegetables
Fruit, grain

aprom Health and Welfare Canada (199); US Foo and Drug Administration (199)
bChlordane and oxychlordane (total calculated as chlordane)
cSum of cis- and tran-chlordane and oxychlordane (usually for animal products)
dSum of cis- and trans-chlordane (usually for plant products)
~esidues should not be present; the value in parentheses indicates the lower limit for residue deter-
mination accrding to the standard rnethod of analysis, this limit havig being used to reach the
no-residue conclusion.
fCalculated on the fat content; including the metabolite oxychlordane
8Sum of cis- and tran-isomers and oxychlordane expressed as chlordane
~Sum of cis- and trans-chlordane, oxychlordane and tran-nonachlor
IChlordane and oxychlordane (calculated as chlordane) for animal products; chlordane for plant
products
lIncludes isomers and/or rnetabolites; active substance revoked
kSingly or combined, including oxychlordane, expressed as chlordane
lResidues shall be absent, while the value in parentheses is the highest concentration at which this

requirement is stil deemed to have been met.
1necommended action levels
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Table 5. National and regioDal pesticide residue lImits for heptachlor iD foosa

Country
or region

Residue
limits
(mglkg)

Commodities

Argentina
Australia

Austria
Belgium

B razil

Canada

Chile

Czechoslovakia

Denmark

European
Community

üb

0.5c
0.2c
0.15c
0.05c
0.02c

O.OF

O.OF

0.2c
0.1
O.02c
0.01
0.00 c

o (O.Ol)d

0.2
0.01
0.05
0.02
0.01

0.2e
O.le

0.2c
0.15
0.05
0.02
0.01

0.5c
0.2c
0.15c
0.05c
0.02c

O.01c

0.2c
0.05
0.01
0.00
0.2c

0.01

0.00

Cereals, fruit, garden vegetales, oilseeds

Soya be oil (crde)
Carrots meat fat
Milk and milk products (fat basis)
Eggs, fish, vegetables (except carrots, tomatoes)
Cereal grains, cottonseed, soya bean oil (edible), soya beans,
sugar-cne, tomatoes

Citrus fruit, pineapples
AIl foostuffs of animal origin

Meat, poultry, hare, fowl, game, meat products, animal fats
Herbal teas, spices and dried herbs, teas
Eggs
Grains
Milk and milk products
Other foostuffs of animal and vegetable origin

Carrots, tomatoes
Milk and milk products (fat basis)
Eggs (without shell), vegetables
Maize, meat (fat basis), rice
Bananas, sugar-cane

Meat, meat by-products, fat (catte, goats, hog, poultry, sheep)
Butter, cheese, milk, other dairy procucts
Carcasses (fat), carrots, poultry (fat)
Milk and milk products (fat)
Eggs, garden vegetables, sugar beets
Cereals (raw), tomatoes
Citrus fruit
Soya bean oil (crude)
Meat (fat basis)
Milk and milk products (fat basis)
Eggs (egg white, yolk, without shell), vegetables
Cereals (raw), cottonseed, soya bean oil (edible), soya beans,
tomatoes
Citrus fruit, pineapples
Meat fat
Carrots, eggs
Cereals, onions, potatoes, other vegetables
Milk, milk products, dair products
Meat fat, preparations of meat, offal and animal fats
Barley, buckwheat, grain sorghum, maize, milet, oats, paddy rice,
rye, triticale, wheat, other cereals
Raw cows' milk, whole-cream cows' milk
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CommoditiesCountry
or region

Residue
limits
(mglkg)

Finland

France
Germany

Hungary

India

Ireland

Israel

Italy

Kenya

O.lC
O.05c

O.Olc

0.2c

O.lc
0.05c
O.Olc

O.ost

0.021

O.Olt

O.15c
0.05
0.01
0.002

O.2c
0.05
0.02
0.01

0.5
0.2
0.15
0.05

0.02

0.01

O.oic

0.5
0.2
0.15
0.05

0.02

0.01

Fish, crstacens, shelIfish and their products
Other crops and foostuffs

Cereal grains, fruit, vegetables
Meat, meat products, edible animal fats (all on fat basis), tobacc
products
Milk, daii products, spices, tea, tea-like products
Eggs (without shelI), egg products
Other foostuffs of animal and plant origin

Brussels' sprouts, beetroot, cabbage, carrots, caulifower, celery,
celery leaf, celery leaf (dried), garlic, horseradish, kohlrabi,

lettuce, onion (red), parsley, parsley root, radishes, savoy, sorrel,

spinach
Grains (barley, oats, rye, wheat), maize, rice (brown, polished),
sorghum, soya bean oil, soya beans, tomatoes, triticale
Lemons, oranges, pineapples

Milk and milk products (fat basis)
Vegetables
Foo grains
Milled foo grains
Carrots
Other vegetables

Tomatoes
Other foo products

Soya bean oil (crude)
Carcass meat (catte, goats, pigs, poultry, sheep) (fat basis), carrots
Milk and milk products (fat basis)
Eggs (without shelI), sugarbeets, vegetables (except where other-
wise specified)

Cottonseed, raw cereals (barley, corn, oats, rice, wheat), soya bean
oil (edible), soya beans, tomatoes
Citrus fruit, pineapples
Fruit, garden vegetabJes

Soya bean oil (crude)
Carrots, fat or meat and poultry
Milk and milk products (fat basis)
Eggs (without shelI), vegetables (except where otherwse speci-
fied)
Cereals (raw), cottonseed, soya bean oil (edible), soya beans, toma-
toes
Citrus fruit
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CommoditiesCountry
or region

Residue
limits
( mglkg)

Luxembourg

Netherlands

Peru

Romania

Spain

Sweden

Switzerland

0.2g

O.lSK
O.OSK

0.03g
0.02g

O.SC

0.2C
O.ic
0.05C
0.02C
O.Olh
O.0QC
o (0.01)Ï

0.5
0.2
0.15
0.05
0.02

0.01

0.20
0.10
0.05

O.lOc
O.Olc

O.ic
0.05c
0.02c
O.Olc

0.005

0.2c

0.125c
0.05c
0.02c
O.Olc
0.002c

Meat and meat products (fat basis), poultry and poultry products
(fat basis), animal fats (except butyc fats)
Milk and milk products (fat basis)
Eggs (without shell), nursing foos used in feeds
Other foos use in feeds
Natural foos use in feeds (except animal fats)
Eggs (fat basis)
Game and fowl, meat, poultry meat (aIl on fat basis)
Tea
Potatoes, other vegetables
Cottonseed, soya beans, tomatoes, plant oil and fat
Citrus fruit, pineapples
Milk
Other crops or foostuffs

Soya bean oil (raw)
Carrots, meat (fat basis), poultry (fat basis)
Milk and milk products (fat basis)
Eggs (without shell)
Cereals (raw), cottonseed, soya bean oil (edible), soya beans, toma-
toes
Beets, citrus fruit, pineapples
Meat
Milk and milk products

Eggs (without shell)

Spices, tea and similar products
Other piant products
Butter, cheese
Eggs, fruit, vegetables
Meat raw material
Cereal and hulled grain, flakes and flour made from cereals, pota-
toes
Milk

Meat and meat products (except fish and fish based products) (fat
basis)
Milk and milk products (fat basis)
Coca butter and bulk coa (fat basis)
Ceeeais
Eggs, vegetables
Cereal products, inant and baby foos (expressed as foo as con-

sumed: milk products and othee products (limit value: 0.00 mg/kg)



Table 5 (contd)

CHLORDAN AN HEPTACHLOR 133

CommoditiesCountiy
or region

Residue
limits
(mg/kg)

Thailand

United Kigdom

USA

0.3C
O.ic
0.05c
O.OY
0.02c

0.2c
O.lc
0.05c
O.02c
O.oic

0.02c
O.Olc

0.00

0.3T

O.2c,j (fat

basis)
0.1 c, (fat

basis)
0.02c,j

0.01 c,j

Aquatic animal products, meat, milk
Vegetables
Eggs, fruit, pulses
Cereals
Fat and oil from animaIs and vegetables

Carrots, meat, fat and preparations of meats (fat basis)
Daii produce (;: 2% fat)
Beans, Brussels' sprouts, cabbage, caulifower, celeiy, cucumbers,
eggs (birds' eggs in shell (other than eggs for hatching) and whole
egg products and egg yolk products (whether fresh, dned, or other-

wise prepared)), leeks, lettuce, mushrooms, onions, peas, pota-
toes, swedes, turnips
Tomatoes
Apples, bananas, barley, blackcurrants, grapes, maize, nectaries,
oats, oranges, paddy rice, peaches, pears, plums, raspberres, iye,
strawberres, wheat, other cereals, other citrus
Milk (fresh raw cows' milk and fresh whole-cream cows' milk ex-
pressed as whole milk)
Fish and shellish

Cattle, goats, horses, sheep, swine, ix)Ultiy, rabbits

Milk

Fat, meat and meat by-products, cucurbit vegetables, quinces,
cucumbers, melons, pumpkins, squash (winter or summer), pine-
apple
Arichokes, asparagus, Brassica (cole) leafy vegetables, bulb
vegetables, cereal grains, citrus fruits, leafy vegetables (except
Brassica), non-grass animal feeds, pome fruits, small fruits and
berres, stone fruits, processed animal feed, eggs, figs, fruiting
vegetables except cucurbits, grass forage, fodder and hay, legume
vegetables, root and tuber vegetables, beans (except snap beans),
eggplant, oua, pimentoes, leafy vegetables, salsify tops, pears, rice
grain, small fruits, blackberres, blueberres, boysenberres, dew-
berres, peppers, raspberres, tomatoes, alfalfa, apples, barley,
lima beans, snap beans, beetroot, sugar beets, blackeyed peas,

Brussels' sprouts, cabbage, carrots, caulifower, cherres, clover,
sweet clover, cottonseed, cowpeas, grapes, grass (pasture), grass
(range), kohlrabi, lettuce, maize, oats, onions, peaches, peanuts,
peas, potatoes, radishes, rutabagas, iye, sorghum (grain milo),
sugar-cane, sweet potatoes, tomatoes, turnips (inc1uding tops)
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Table 5 (contd)

Country
or region

Residue
limits
( mglkg)

Commodities

USSR
Yugoslavia

None

O.lC
0.05C

Ali foo products

Meat and meat products (fat basis)
Eggs (without shen) and egg products, milk and milk products (fat
basis)

ilrom Health and Welfare Canada (199)
bResidue below the sensitivity limit of the test method; calculated as heptachlor and its epoxide

CJncluding heptachlor epoxide

"Residues should not be present; the value in parentheses indicates the lower limit for residue deter-
mination according to the standard method of analysis, this limit having being used to reach the no-
residue conclusion
eCalculated on fat content; including heptachlor epoxide

tieptachlor epoxide only

SSingly or combined, including heptachlor epoxide, expressed as heptachlor
hA pesticide may be used on an eating or drikig ware or raw material without a demonstrable resi-

due remaining behind; the value listed is considered the highest concentration at which this require-
ment is deemed to have been met.
IResidues shan be absent; the value in parentheses is the highest concentration at which this require-
ment is still deemed to have been met.
.iecommended action levels, tolerances revoked (US Foo and Drug Administration, 199)

Table 6. Occupational exposure IImits for chlordanea

Country Year Concentration Interpretationb
(mg/m3)

Austria 1987 0.5 ìWA
Belgium 1987 0.5 (sy ìWA
Denmark 1988 0.5 (s) ìWA
Germany 1989 0.5 (s) ìWA
India 1987 0.5 (s) ìWA

2 (s) STEL
Indonesia 1987 0.5 ìWA
Italy 1985 0.5 (s) ìWA
Mexico 1987 0.5 (s) ìWA
Netherlands 1987 0.5 (s) ìWA
Romania 1975 0.3 Average

0.6 Maxum
Switzerland 1987 ìWA
United Kingdom 1987 0.5 (s) ìWA

2 (s) STEL (10 min)
USA

ACGIH 1989 0.5 (s) ìWA
OSHA 1989 0.5 (s) ìWA

USSR 1987 0.01 (s) MAC
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Table 6 (contd)

Country Year Concentration Interpretationb
(mg/m3)

Venezuela 1987 0.5 1WA
2 Ceiling

Yugoslavi 1987 0.5 1WA

"From Cook (1987); Arejdstilsyet (1988); American Conference of
Governmental Industril Hygienists (ACGIH) (1989); Deutsche
Forschungsgemeinschaft (1989); US Ocupational Safety and Health
Administration (1989)

~AC, maxmum allowable concentration; TW A, time-weighted
average; STEL, short-term expsure level
cSki irtant notation

Table 7. Occupational exposure lImits for heptachlora

Country Year

Austri
Belgium
B ulgari

Denmark
Germany
Finland

1987
1987
1984

1988

1989
1987

Indonesia
Mexico
Netherlands
Romania

1987

1987
1987

1985

Switzerland
UK

1987
1987

USA
ACGIH
OS HA

USSR
Venezuela

1989

1989

1987

1987

Yugoslavi 1987

Coneen tration
(mg/m3)

0.5 (s)c
0.5 (s)
0.1 (s)
0.5 (s)
0.5 (s)
0.5 (s)
1.5 (s)
0.5 (s)
0.5 (s)
0.5 (s)
0.3
0.6
0.5 (s)
0.5 (s)
2 (s)

0.5 (s)
0.5 (s)
0.01 (s)

0.5 (s)
1.5 (s)

0.5

Interpretationb

1WA
1WA
1WA
1WA
1WA
1WA
STEL
1WA
1WA
1WA
Average
Maxum
1WA
1WA
STEL (10 mn)

1WA
1WA
MAC
1WA
Ceilng
1WA

"From Cook (1987); Arejdstisyet (1988); American Conference of

Governmental Industril Hygienists (ACGIH) (1989); Deutsche
Forschungsgemeinschaft (1989); US Occupational Safety and Health
Administration (OSHA) (1989)
~AC, maxum allowable concentration; TW A, time-weighted
average; STEL, short-term expsure level
cSki irtant notation
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2. Studies of Cancer in Humans

2.1 Case reports

Infante et al. (1978) reported five cases of neuroblastoma in children, which were
associated with pre- and postnatal exposure to chlordane for termite control, as weIl as three
cases of aplastic anaemia and three of acute leukaemia associated with exposure to
chlordane or heptachlor. Three of the patients with blood dyscrasia had also been exposed to
other pesticides.

Four cases of leukaemia were among 25 cases of blood dyscrasia associated wi th
exposure to chlordane/heptachlor (Epstein & Ozonoff, 1987) (see also Table 19).

A two-month-old neonate with a gliosarcoma was reported to have been exposed to
heptachlor during prenatal development through contamination 'at unacceptable levels' of
milk drunk by her mother (Chadduck et al., 1987). (Details of the contamination were not
given.)

2.2 Cohort studies

Three studies analysed the mortality experience of workers at two us plants-one
producing chlordane and the other producing heptachlor (Ditraglia et aL., 1981). Exposures
ta other chemicals, including chlorine and dicyclopentadiene (chlordane plant) as weIl as
endrin, chlorine, chlorendic anhydride, hexachlorocyclopentadiene and vinyl chloride
(heptachlor plant) were also reported. As the bases of these studies overlap substantiaIly,
they do not provide independent information on the carcinogenicity of chlordane/-
heptachlor. Thble 8 shows the population enrolled in each study and the results obtained with
regard to mortality from lung cancer.

Wang and MacMahon (1979a) evaluated the mortalityexperience ofwhite male warkers
employed for three months or more at the two plants between 1946 or 1952 and 1976. The
identities of 1403 of the 1685 men were established (83%); 104 deaths were determined
through social security records and ni ne from other sources. The chlordane plant had been
the place of employment for 570 of the identified men and 76 of the deaths. Expected deaths
were calculated on the basis of national rates. There were 24 observed cancer deaths, wi th
29.3 expected (standardized mortality ratio (SMR), 0.82; 95% confidence interval (CI),
0.54-1.2). An excess oflung cancer was observed (12 observed, 9.0 expected; SMR, 1.3; 95%
CI, 0.73-2.3). Seven lung cancers were observed (6.1 expected) in the chlordane plant and
five (2.9 expected) in the heptachlor/endrin plant. Risks did not increase with duration of
employment at the plants, but SMRs were higher for men aged ~ 35 years at entry
(7 observed, 2.6 expected) and aged ? 35 years at death (5 observed, 6.3 expected).

Another investigation included white men employed for at least six months between
1946 or 1951 and 1964, who were followed up to 1976. ln the first plant, there were 327
workers, nine (3%) ofwhom were lost to follow-up; in the second there were 305 men, with
16 (5%) lost to follow-up. Expected deaths were calculated according to US white male
mortality rates. There were Il (SMR, 0.69; 95% CI, 0.35-1.2) and six (0.91; 0.33-2.0) cancer
deaths, respectively. Mortality from respiratory cancers was slightly elevated in each plant:



Table 8. Cohort studies on white male workers in US plants producing chlordane and heptachlor

Reference Plant Enrolled Criteri for Years of Years of Observed no. SMR 95% confidence n
population inclusion recruitment follow-up of lung cancer interval ~

5(months of deaths
employment) ~

~Wang & MacMahon Chlordane 570a 3 1946.76 1946-76 7 1.2 0.46-2.4

(1979a) Heptachlor 835a 3 1952-76 1952-76 5 1.7 0.57-4.1

~
0.40-2.4Ditraglia Chlordane 327 6 1946-64 1946-76 6 1.1 ~

et al. (1981) Heptachlor 305 6 1951-64 1951-76 3 1.2 0.25-3.6 tr
70fi

"'
Shindell & Ulrich Chlordane 3 1946-85 1946-85 12 0.86 0.4-1.5 ~
(1986); Shindell n
(1987) ~r
1T0 people employed in both plants

0
~

b87 women and 7 nonwhite men were also studied but not included in the calculation

..t.-i



138 IAC MONOGRAHS VOLUME 53

six cases (1.1; 0040-2.4) and three cas (1.2; 0.25-3.6), respectively. Mortality from stomach
cancer was elevated (three deaths; 3.0; 0.61-8.9) among workers in the chlordane plant
(Ditraglia et al., 1981).

An analysis of the mortality of workers of each sex and aIl races who were employed for
at least three months between 1946 and 1985 in the factoryproducing chlordane was carried
out by Shindell and Ulrich (1986). Mortality was followed up to mid-1985. This study
included 706 white men (of whom three were untraced) and 94 others (7 blacks and 87
women; aIl traced); the results given here are for white men only. Expected numbers were
based on US mortality rates. There were 37 cancer deaths (40.6 expected; SMR, 0.91 (95%
CI, 0.6-1.3)). The SMR for lung cancer was 0.86. The observed and expected numbers of
deaths are not given, but 12 deaths from respiratory cancer are indicated in a figure giving the
numbers of lung cancer deaths by years of employment; however, denominators were not
provided. This lapse was pointed out in a letter by Infante and Freeman (1987). ln a reply,
Shindell (1987) reported 12 respiratory cancer deaths and 1404 expected (SMR, 0.8; 004-1.5)
and 25 other cancer deaths with 26.2 expected (1.0; 95% CI, 0.6-1.4). No trend with duration
of employment was seen for respiratory cancer.

Cancer risks have also been evaluated among cohorts of pesticide applicators engaged
in termite control, in which chlordane has been the chemical most widely used until recently.
Subjects may also have had contact with other pesticides.

The study of Wang and MacMahon (1979b) of the mortality experience of a cohort of
over 16 000 urban applicators, described in detail in the monograph on occupational
exposures in spraying and application of insecticides (p. 60), was extended (MacMahon et al.,
1988), to give a maximal period of follow-up of 18 years. A significant excess of lung cancer
(SMR, 1.4; 90% Ci, 1.1-1.6) was observed, along with nonsignificant excesses for cancers of
the skin (1.3; 0.65-2.2) and bladder (1.2; 0.50-2.5). The risk for lung cancer was lower among
termite control operators (0.97 (0.7-1.3)), the group who probably had more contact with
chlordane, th an among other employees (1.6; 1.3- 1.9). Risks for cancers of the skin and
bladder were about the same for the two groups. The risk for lung cancer did not rise with
increasing duration of employment.

ln another investigation of commercial applicators, also described in the monograph on
occupational exposures (p. 62), an overall excess oflung cancer (SMR, lA (95% Ci, 0.9-1.9))
occurred among licensed pesticide applicators in Florida (Blair et al., 1983). The risk for lung
cancer death rose to nearly three fold among those licensed for 20 years or more: the SMRs
were 1.0 (95% Ci, 0.6- 1. 7) for -c 10 years, 1.6 (0.8-2.8) for 10-19 years and 2.9 (1.2-5.6) for
). 20 years. Excesses, based on small numbers of deaths, were also seen for leukaemia (1.3;
004-304) and for cancers of the skin (1.3; 0.2-4.8), bladder (1.6; 0.3-4.6) and brain (2.0

(0.6-4.7)). People working for firms certified for treatment of termites had an SMR of lA
(0.9-2.1) for lung cancer; other pest control workers had an SMR of 1.2 (0.6-2.2).

( Al though no ne of these cohort investigations had access to information on tobacco use,
smoking is probably not the explanation for the positive results because there was no excess
mortality from emphysema or nonmalignant respiratory disease and because smoking is
unlikely to explain the trend with duration of employment in the study of Florida
applicators.)



CHLORDAN AN HEPTACHLOR 139

2.3 Casontrl studies

Two population-based ca-control intervew studies in the USA-one of soft-tissue
sarcomas and non-Hodgkin's lymphoma and one of leukaemia-provide estimates of the
risks for cancer asscIated with exposure to chlordane/heptachlor. Both are described in
detail in the monograph on occupational exposures in spraying and application of
insecticides (pp. 67 and 68).

An excess of non- Hodgkin's lymphoma (odds ratio, 1.6; 95 % CI, 0.7-3.8) but no excess
of soft-tissue sarcoma (0.96; 0.2-4.8) was associated with possible exposure to chlordane in
the study from Washington State (Woods et al., 1987). Adjustment for selected chemical
exposures by regression analysis did not change the risk estima tes substantially. ln an
additional report from Washington State in which the analysis was restricted to farmers
(Woods & Polissr, 1989), the odds ratio for non-Hodgkin's lymphoma in relation to
exposure to chlordane was 1.6 (0.5-5.1).

ln the study of leukaemia in Iowa and Minnesota (Brown et al., 1990), farmers who
reported use of chlordane on crops had a slight deficit (odds ratio, 0.7; 95% CI, 0.3-1.6),
while those who reported use of chlordane on animaIs had a slight excess (1.3; 0.7-2.3).
Among farmers using chlordane on animaIs, the risks rose inconsistently with frequency of
use, from an odds ratio of 1.1 (0.4-2.8) for ~ 5 days per year, to no exposed case and fIve
exposed controls for 5-9 days per year, to an odds ratio of 3.2 (0.9-11.0) for ~ 10 days per
year. This risk estimate was not adjusted for other agricultural exposures.

Cohort and case-control studies on chlordane and heptachlor are summarized in Table 9

(see also Table 8).

Table 9. Studies of populations exposed to chlordane/heptachlor

Blair et al.
(1983)
Cohort

Cancer No. of caes Relative 95% CI Comments
risk

Entire cohort of applicators
Lung 108 1.4 1.1-1.6 Pesticide applicators; chlordane
Ski 9 1.3 0.65-2.2 use for termites a component;
Bladder 5 1.2 0.50-2.5 90% CI
Lymphatic and 25 1.0 0.67-1.4

haematopoietic
Termte control operators only
Lung 30 0.97 (0.7-1.3) 90% CI
Ski 3 1.2 (0.4-2.9)
Bladder 2 1.3 (0.3-3.9)
Lung 34 1.4 (0.9-1.9) Pesticide applicators; chlordane
Ski 2 (1.3) (0.2-4.8) use for termites a component;
Bladder 3 (1.6) (0.3-4.6) lung cancer risk among
Brain 5 2.0 (0.6-4.7) employees of firms licensed to
Leukaemia 4 (1.3) (0.3-3.4) treat termites was 1.4

Soft-tissue Not reported 0.96 0.2-4.8 Author indicates that 1.6% of
sarcoma study population was pOssibly

Non-Hodgki's Not reported 1.6 0.7-3.8 expsed to chlordane
lymphoma

Reference
and design

MacMahon
et al. (1988)
Cohort

Woos et al.
(1987)
Case-control
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Table 9 (contd)

Reference Cancer No. of cases Relative 95% CI Comments
and design rik

Woos & Non-Hodgki's Not reported 1.6 0.5-5.1 Farmers only
Polissar (1989) Iymphoma
Case-control
Brown et al. Leukaemia 7 0.7 0.3- 1.6 Used on plants
(199) Leukaemia 19 1.3 0.7-2.3 Used on animaisCase-cntrol

3. Studies of eancer in Experimental Animais

The carcinogenicity of chlordane and heptachlor/heptachlor epoxide in experimental
animaIs has been reviewed (US Environmental Protection Agency, 1986a).

Selected histopathological materials from several of the carcinogenicity studies on

chlordane/heptachlor and/or heptachlor epoxide which were reviewed in a previous
monograph (IARC, 1979) were re-evaluated by a panel of pathologists (Pesticide
Information Review and Evaluation Committee) convened by the US National Academy of
Sciences (1977) at the request of the US Environmental Protection Agency. The intentwas to
provide uniform diagnosis of hepatocellular neoplasms which had been diagnosed under
several different classification systems for liver neoplasia by the original investigators or, in
some cases, a second review panel of pathologists. The review panel diagnosed hepato-
cellular tumour and hepatocellular carcinoma and nodule change or nodule according to the
definitions given in Annex 1 to this monograph (p. 177).

3.1 Oral administration

3.1.1 Mouse
Epstein (1976) and the US Environmental Protection Agency (1986a) reported a

previously unpublished study by the Food and Drug Administration, carried out in 1965, in
which three groups of 100 male and 100 female C3H mice rage unspecified) were fed 0 or 10
mg/kg of diet heptachlor or heptachlor epoxide rpurity unspecified) for 24 months. A review of
the histopathology of liver samples from this study by the panel of the US National Academy
of Sciences (1977) indicated a significant increase in the incidence of hepatocellular
carcinomas in females but not in males given heptachlor, and in both males and females
given heptachlor epoxide (Table 10).

ln an unpublished study conducted by the International Research and Development
Corporation in 1973 and reported by Epstein (1976), groups of 100 male and 100 female
Charles River CD-1 mice, seven weeks of age, were fed a mixure of 75% heptachlor epoxide
and 25% heptachlor rpurity unspecified) at levels of 0, 1,5 or 10 mg/kg of diet for 18 months.
Excluding 10 animaIs sacrificed from each group for interim study at six months, mortality at
18 months was 34-49%, with the exception of males and females receiving the 10 mg/kg diet
level, which had mortalities of approximately 70%; in addition, comparatively large numbers
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Table 10. Thmour incidence in C3H mice treated with heptachlor and heptachlor
epoxidea

Treatment Males Females

Hepatocllular Hepatocllular Hepatocellular Hepatocellular
carcinomas carcinomas and carcinomas carcinomas and

nodules nodules

Con trois 29/77 48/77 5/53 11/53
Heptachlor 35/85 72/85 (p = 0.001) 18/80 (p = 0.04) 61/80 (p .: 0.001)

(10 mg/kg
diet)
Heptachlor 42/78 (p = 0.031) 71/78 (p .: 0.001) 34/83 (p .: 0.(01) 75/83 (p .: 0.001)

epoxide (10

mg/kg diet)

Ilrom National Acdemy of Sciences (1977)

of animaIs from aIl groups were lost to histology by autolysis. A review of the histopathology
of liver samples from this study by the panel of the US National Academy of Sciences (1977)
indicated a significant increase in the combined incidence of hepatocellular carcInomas and
nodules in the high-dose groups (Table Il).

Table 11. Thmour incidence in CD-l mice treated with a mixture of heptachlor
and heptachlor epoxidea

Concentration Males Females
(mg/kg diet)

Hepatocellular Hepatocellular Hepatocellular Hepatocellular
carcinomas carcinomas and carcinomas carcinomas and

nodules nodules

Con troIs 1/59 2/59 1/74 1/74
1 1/58 1/58 0/71 0/71
5 2/66 4/66 1/65 3/65
10 1/73 27/73 (p .: 0.001) 4/52 16/52 (p .: 0.001)

Ilrom National Acdemy of Sciences (1977)

ln an unpublished study conducted by the International Research and Development
Corporation in 1973 and reported by Epstein (1976), groups of 100 male and 100 female
Charles River CD-l mice, six weeks of age, were fed 0, 5,25 or 50 mg/kg of diet technical-
grade chlordane (purity unspecified) for 18 months. ExcIuding 10 animais sacrificed from
each group for interim study at six months, mortality at 18 months was 27-49%, with the
exception of males and females receiving the 50 mg/kg di et level, in which mortalities of 86
and 76%, respectively, were seen; in addition, a relatively large number of animaIs were lost
byautolysis. A review of of the histopathology of liver samples from this study by the panel of
the US National Academy of Sciences (1977) indicated a significant increase in the incidence
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of hepatocellular carcinomas in mid-dose males and in mid-dose and high-dose females
(Table 12).

Table 12. Thmour incidence in CD-l mice treated with chlordaneo

Concentration Males Females
(mg/kg diet)

Hepatocllular Hepatocellular Hepatocllular Hepatocellular
carcinomas carcinomas and carcinomas carcinomas and

nodules nodules

Control 1133 4/33 0/44 1144
5 1155 11/55 0/61 0/61
25 11/51 (p = 0.015) 30/51 (p .: 0.(01) 11/51 (p .: 0.(01) 23/51 (p .: 0.(01)
50 7/44 25/44 (P .: 0.(01) 6/40 ((P = 0.00) 22/40 (P .: 0.(01)

Ofrom National Acdemy of Sciences (1977)

Groups of 50 male and 50 female B6C3Fi hybrid mice, five weeks of age, were fed
analytical-grade chlordane (consisting of 94.8% chlordane (71.7% cIs-chlordane and 23.1 %
trans-chlordane), 0.3% heptachlor, 0.6% nonachlor, 1.1% hexachlorocycIopentadiene,
0.25% chlordene isomers and other chlorinated compounds) for 80 weeks. Males received
initial levels of 20 and 40 mg/kg of diet and females 40 and 80 mg/kg of diet; time-weighted
average dietary concentrations were 30 and 56 mg/kg of diet for males and 30 and 64 mg/kg
of diet for females. There were 20 male and 20 female matched controls and 100 male and 80
female pooled controls. Survvors were kiled at 90 weeks. Survval in aIl groups was

relatively high: over 60% in treated males, over 80% in treated females and over 90% in male
and female con trois (US National Cancer Insti tute, 1977a). A review of the histopathology of
liver samples from this study by the panel of the US National Academy of Sciences (1977)
indicated a significant increase in the incidence of hepatocellular carcinomas by linear trend
analysis in males and females given diets containing chlordane, and a significant increase in
the combined incidence of hepatocellular carcinomas and 'nodular changes' in high-dose
males and females (Table 13).

Table 13. Thmour incidence in 86C3F 1 mice treated with chlordane or heptachloro

Treatment Males Females

Hepatocellular Hepatocellular Hepatocellular Hepatocellular
carcinomas carcinomas and carcinomas carcinomas and

nodules nodules

Controls 2/20 5/20 1119 1119
Chlordane (low) 4/45 16/45 0/46 2/46
Chlordane (high) 12/46 (P = 0.031) 30/46 (P = 0.(03) 7/47 (P = 0.018) 20/47 (P = 0.(02)

(trend) (trend)
Con trois 2/19 5/19 0/10 1110
Heptachlor (low) 3/45 14/45 0/44 3/44
Heptachlor (high) 2/45 24/45 (P = 0.042) 2/42 21/42 ((P = 0.022)

Ofrom National Acdemy of Sciences (1977)
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Groups of 50 male and 50 female B6C3Fi hybrid mice, five weeks of age, were fed
technical-grade heptachlor (72% heptachlor, 18% trans-chlordane, 2% cis-chlordane, 2%
nonachlor, 1% chlordene, 0.2% hexachlorobutadiene) in the di et for 80 weeks. Males
received initial dietary concentrations of 10 and 20 mg/kg of diet and time-weighted average
concentrations of 6 and 14 mglkg of diet; females received initial concentrations of20 and 40
mglkg of diet and time-weighted average concentrations of 9 and 18 mglkg of diet. Initial
dose levels were reduced during the experiment due to adverse toxic effects. Matched
controls consisted of 20 males and 20 females; and pooled controls consisted of 100 males
and 80 females. Survval in aIl groups was relatively high: over 70% of treated and control
males and 60% of treated and control females were stil alive at 90 weeks. Survval of female
mice showed a signficant trend to lower survval in treated groups compared to that of
controls (US National Cancer Institute, 1977b). A review of the histopathology of liver
samples from this study by the panel of the US National Academy of Sciences (1977)
indicated a significant increase in the combined incidence of hepatoceIlular carcinomas and
'nodular changes' (p .: 0.05) in males and females receiving the high dose (Table 13).

Groups of 80 male and 80 female Charles River (ICR) (SPF) mice, five weeks of age,
were fed diets containing 0, 1, 5 or 12.5 mg/kg of diet 'technical chlordane' (containing
unspecified amounts of cIs- and trans-chlordane, isomers of chlordene, heptachlor and
nonachlor) for 104 weeks. Eight males and eight females from each group were kiled for
evaluation at 52 weeks. Survval of treated groups did not differ from that of controls: at 104
weeks, males: 28 control s, 2110w-dose, 32 mid-dose and 29 high-dose; females: 30 controls,
35 low-dose, 38 mid-dose and 37 high-dose. The incidence of hepatoceIlular adenomas was
significantly increased in male mice receiving the high dose (control, 12/79; low-dose, 14/79;
mid-dose, 14/80; high-dose, 27/80; p .: 0.01). The number of high-dose male mice with
haemangiomas of the liver was also significandy increased (control, 4/79; low-dose, 1/79;
mid-dose, 8/80; high-dose, 14/80; p .: 0.05) (The authors described haemangiomas as
'benign tumors of vascular cells associated with the liver adenomas'.) (Khasawinah &
Grutsch, 1989a). (The Working Group noted that hepatocellular adenocarcinomas were
apparently also diagnosed in aIl groups of treated and control male mice, but the incidences
of these tumours were not reported specificaIly. The combined incidences of hepatocellular
adenomas and adenocarcinomas in male mice could not be determined from the report, and
the incidences of hepatocellular neoplasms were not given for female mice.)

3.1.2 Rat
Epstein (1976) reported on an unpublished study, carried out in 1955, in which groups of

20 male and 20 female CF rats, 10 weeks of age, were administered 0, 1.5,3,5, 7 or 10 mg/kg
of diet heptachlor (purity unspecified) by spraying aIcoholic solutions onto Purina Chow
pellets, for 110 weeks. Mortality in aIl test groups was stated to be random. No increase in the
incidence of liver tumours was found in treated animaIs. (The Working Group noted the
small number of animaIs and the uncertain concentrations of heptachlor in the feed.)

Epstein (1976) reported on another unpublished study by the same laboratory, carried
out in 1959, in which groups of25 male and 25 female CFN rats, seven weeks of age, were fed
0.5, 2.5, 5.0, 7.5 or 10.0 mg/kg of diet heptachlor epoxide (purity unspecified) by spraying
aIcoholic solutions on Purina Chowpellets, for 108 weeks. Survval at that time was over 45%
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in treated and control groups. A review of the histopathology of liver samples from this study
by the panel of the US National Acdemy of Sciences (1977) found no increase in the
incidence of liver tumours in treated animaIs. (The Working Group noted the small number
of animaIs and the uncertain concentrations of heptachlor epoxide in the feed.)

A group of 95 male and female sucklingWista rats were administered 10 mg/kg bw
heptachlor (97% pure) in corn oil by gavage on five succssive occasions at two-day intervals
starting at 10 days of age; 19 male and 27 female controls received corn oil al one. ExcIuding
ni ne male and 20 female treated animaIs that were sacrificed for interim histology at 60
weeks, survval in treated and control groups was high and comparable. The numbers of
tumours in treated and control groups were comparable; 'lipomatous' renal tumours were
noted in two females treated with heptachlor (Cabral et aL., 1972). (The Working Group
noted the small number of doses administered and the short duration of treatment. J

Groups of 50 male and 50 female Osborne-Mendel rats, fIve weeks of age, were
administered analytical-grade chlordane (see p. 142) in the diet for 80 weeks at initial dose

levels of 400 and 800 mg/kg of diet for males and 200 and 400 mg/kg of diet for females.
These were reduced during the experiment due to adverse toxic effects, and the
time-weighted average dietary concentrations were 204 and 407 mg/kg of diet for males and
121 and 242 mg/kg of diet for females. There were 10 male and 10 female matched controls
and 60 male and 60 female pooled controls. Survvors were kiled at 109 weeks, at which time

approximately 50% of treated and control males and 60% of treated females and 90% of
control females were stil alive. ln treated females, there was an increase in the incidence of
follicular-cell thyroid neoplasms (6/32 high-dose, p .( 0.05; 4/43 low-dose, 3/58 pooled
con troIs; p = 0.03, trend test). There was also an increase in the incidence of malignant
fibrous histiocyomas (site unspecified) in treated males: 7/44 in high-dose animaIs (p .(
0.05), 1/44 in low-dose animaIs and 2/58 in poo!ed controls (US National Cancer Institute,
1977a). (The Working Group noted the short duration of treatment.)

Groups of 50 male and 50 female Osborne-Mendel rats, fIve weeks of age, were fed
technical-grade heptachlor (see p. 143) in the diet for 80 weeks. Males received initial dietary
concentrations of 80 and 160 mg/kg of diet and time-weighted average concentrations of 39
and 78 mg/kg of diet; females received initial concentrations of 40 and 80 mg/kg of di et and
time-weighted average concentrations of 26 and 51 mg/kg of di et. Matched controls
consisted of 10 males and 10 females; and pooled controls consisted of 60 males and 60
females. At 110 weeks, 60-75% of ail treated and control groups were stil alIve. Thyroid
follcular-cell neoplasms occurred in 14/38 high-dose females and 3/58 controls (p .( 0.01)
and in 9/38 low-dose males and 4/51 controls (p c( 0.05); the incidence in high-dose males
was 3/38 (US National Cancer Institute, 1977b). (The Working Group noted the short
duration of treatment.)

Groups of 80 male and 80 female Fischer 344 (SPF) rats, five weeks of age, were fed diets
containing 0, 1, 5 or 25 mg/kg of diet technical-grade chlordane (containing unspecified

amounts of cIs- and trans-chlordane, isomers of chlordene, heptachlor and nonachlor) for
130 weeks. Eight males and ni ne females in each group were kiled for evaluation at 26 and
52 weeks. Survval at 130 weeks was: males-13 controls, 20 low-dose, Il mid-dose and nine

high-dose; females-23 controls, 24 low-dose, 28 mid-dose and 24 high-dose. Survval in aIl
groups was greater than 65% at 104 weeks. The incidence of hepatocellular nodules as
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diagnosed by the original pathologist was increased in treated male rats, with an incidence of
1/80 control s, 2/80 low-dose, 3/80 mid-dose and 9/80 high-dose males, the latter being
significantly different from that in controls (p.-( 0.05). A group of seven other pathologists
re-evaluated selected Iiver sections and observed increased incidences of hepatocellular
adenomas: in 2/64 controls, 4/64 low-dose, 2/64 mid-dose and 7/64 high-dose males (p =
0.018 trend test) (Khasawinah & Grutsch, 1989b).

3.2 Administration with known carcinogens

Chlordane (25 and 50 mg/kg diet) or heptachlor (5 and 10 mg/kg diet) was fed in the diet
for 25 weeks at concentrations of 5-50 mg/kg to groups of 40 male B6C3Fi mIce previously
treated with N-nitrosodiethylamine at 20 mg/l in drinking-water for 14 weeks. An increase in
the incidence and multiplicity ofliver adenomas and carcinomas was seen over that observed
in untreated mice or mIce receiving treatment with N-nitrosodiethylamine only (Wiliams &
Numoto, 1984).

4. Other Relevant Data

The toxicology of chlordane and heptachlor has been reviewed (FAO/WHO, 1964,
1965, 1967, 1968, 1971, 1978, 1983; WHO, 1984a,b; FAO/WHO, 1987; US Public Health
Servce, 1989a,b).

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
The main components of technical-grade chlordane-chlordane, heptachlor and

trans-nonachlor-have aIl been identified in hum an tissues following a variety of exposures,
indicating that aIl are absorbed (see Tables 14-16). trans- and cIs-Chlordane are metabolized
to oxychlordane, and heptachlor is metabolized to heptachlor epoxide; a minor component
of technical-grade chlordane, trans-nonachlor, has been found in human plasma and milk as
a major residue of technical-grade chlordane. Being lipophilic, these compounds are stored
mainly in the adipose tissue. Elimination takes place via both urine (Curley & Garrettson,
1969) and faeces (Garrettson et aL., 1985). Breast milk is a supplementary excretory route in
lactating women (WHO, 1984a,b).

A positive relationship was found in pest control operators between blood levels of total
chlordane (trans-nonachlor, oxychlordane and heptachlor epoxide) and the conditions of
spraying technIcal-grade chlordane: total amount of chlordane sprayed (r = 0.68), number of
spraying days in the last year (r = 0.78) and particularly in the last three months (r = 0.81).
Blood levels are reported in Table 14 (Saito et al., 1986).

Levels of chlordane residue determined after accidental ingestion of chlordane
preparations are summarized in Table 15.
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Table 14. Compounds derived from technicalngrade
chlordane in the blood of 51 pest control operatorsa

Compound Positive samples
(%)

Level (i.ig/I)

Mean Range

Total chlordane
Oxychlordane
Heptachlor epoxide

trans-Nonachlor

37
22
20
37

0.89
0.29
0.29
0.55

ND-5.6
ND-1.5
ND-1.6
ND-2.9

llrom Saito et aL. (1986)

Table 15. Total chlordane levels in human tissue after accidental ingestion of technical-
grade chlordane

Time after event Reference

:? 3 h
8 days
3 months

First day
3 days
130 days

Third day

After 49 days

After 58 days

oxychlordane
trans- nonachlor
heptachlor epoxide

Chlordane (¡.g/g)

Adipose Serum Tissues:
tissu e serum

3.12 2.71 (1.5:1)
147:1

25.53 0.017 1470:1

3.4
0.138
0.03

(0.103)
0.039

0.51
1.88
2.62

Estimated
half-time
(days)

21 Curley & Garrettson (1969)

88 Aldrich & Holmes (1969)

Olanoff et aL. (1983)

-, not reported

Heptachlor epoxide was the first among the materials derived from technical chlordane
to be analysed routinely in human adipose tissue. Residues in humans originate from the use
of technical-grade chlordane in agriculture and households. Studies on the storage of
heptachlor epoxide and oxychlordane in the adipose tissue of the general population in
different countries are summarized in Table 16. trans-Nonachlor has also been identified in
the adipose tissue of people representative of the general population of the USA (Sovocool
& Lewis, 1975).

The presence of heptachlor epoxide in the adipose tissue of stilborns (Wassermann et
aL., 1974) and in the blood of newborns (cord blood) (D'Ercole et al., 1976) demonstrates
placental transfer of heptachlor and/or heptachlor epoxide.



Table 16. Storage of heptachlor epoxide and oxychlordane in the adipose tissue of the general population

Country No. of Heptachlor epoxide (Ilg/g) Oxchlordane (Ilg/g) Reference
samples

Mean
nMean Range Range ~r

USA Hayes et al. (1%5)
0

25 0.24 0.03- 1.45 ~
Italy 18 0.46 0.01-1.50 PaccgneUa et aL. (1967)

~United Kigdom 248 0.04 0.0-.40 Abbott et aL. (1%8)
Netherlands 11 0.01 0.cXM-o.03 de Vlieger et al. (1968) ~
USA 64 0.1Oa 0.03-0.61 Zavon et al. (1%9) S
France 98 0.28 (ND - l- 1.6 men); Fournier et al. (1972) ~

0.36 ((ND - l- 0.65 women) rn
"i

United Kigdom 201 0.03 0.0-.14 Abbott et al. (1972) ~
Japan 241 0.02 oe 0.01-0.2 Curley et al. (1973) n

~
USA 27 0.14 0.03-0.40 Biros & Enos (1973) r0

77.8% positive ~
Israel 53b 0.015 0.001-0.132 Wassermann et al. (1974)

aOn lipid basis
bResults CIted for age group 25-44 years; total number of samples, 307; age range, stilborn-~ 70 years

¡..t'-



148 IARC MONOGRAPHS VOLUME 53

Components of technical-grade chlordane and their metabolites are excreted in human
milk in quantities that vary with agricultural and household use, dietary habits, individual
phenotye and time of milk sampling. ln Israel, the mean levels of heptachlor epoxide in the
milk of 29 women 2-4 days after delivery were 9.1 l1g/litre in whole milk and 720 l1g/kg fat.
The values were 9.8 l1g/litre in women aged 20-29 and 7.2 l1g/litre in those aged 30-39
(Polishuk et aL., 1977). (The number of positive samples was not given, and the means are
presumed to be for aIl samples tested. J The levels of heptachlor epoxide in the breast milk in
50 women in Switzerland were -: 10-110 l1g/kg fat with a mean value of 30 l1g/kg fat
(Schuepbach & Egli, 1979). A total of 1436 samples of breast milk were analysed in a study in
the USA; the mean level of oxychlordane was 96 l1g/kg fat in 1061 positive samples, and the
mean level ofheptachlor epoxide was 91 l1g/kg fat in 906 positive samples. ln a subset of288
samples from southeastern USA, oxychlordane was found at 116 l1g/kg fat in 239 samples
and heptachlor epoxide at 128 l1g/kg fat in 221 samples (Savage et aL., 1981). ln 29 positive
samples analysed in Japan, cis-chlordane was found at geometric mean levels of 3.08 l1g/kg
fat and 0.09 l1g/litre whole milk; trans-chlordane at 1.20 l1g/kg fat and 0.04 l1g/litre whole
milk; oxychlordane at 11.5 l1g/kg fat and 0.39 l1g/litre whole milk; heptachlor epoxide at
20 l1g/kg fat and 0.66 l1g/litre whole milk; trans-nonachlor at 15.7 l1g/kg fat and 0.55 l1gllitre
whole milk; and cis-nonachlor at 4.0 l1g/kg fat and 0.14 l1g/litre whole milk (Tojo et aL., 1986).
Analysis of samples from 155 primipara mothers in Finland in 1984-85 showed fat contents
of 410 l1g/kg total chlordane (cis- and trans-chlordane, oxychlordane and trans-nonachlor)
(20 positive samples), 100 l1g/kg cis-chlordane (8), 200 l1g/kg trans-chlordane (9), 70 l1g/kg
heptachlor (16), 230 l1g/kg oxychlordane (6), 100 l1g/kg heptachlor epoxide (9) and
760 l1g/kg trans-nonachlor (7) (Mussalo-Rauhamaa et aL., 1988). ln women who followed a
strict vegetarian diet, the mean levels ofheptachlor epoxide in milk were 1-2% of the average
for the US general population (Hergenrather et aL., 1981). ln a Japanese study, the level of
total chlordane in milk was higher in eight women with a high frequency offish intake than in
four with a Iow frequency of intake (2.53 ng/ml versus 1.25 ng/mI) (Tojo et al., 1986). Curley
and Kimbrough (1969) found traces of heptachlor epoxide in milk during lactation. A
downward trend in level with progression of the lactation period was reported by Mes et aL.
(1984) for oxychlordane and trans-nonachlor and by Klein et al. (1986) for heptachlor
epoxide.

4.1.2 Experimental systems

The metabolism of chlordane (WHO, 1984a; Nomeir & Hajjar, 1987) and of heptachlor
(WHO, 1984b; Fendick et aL., 1990) has been reviewed.

Chlordane is readily absorbed from the gastrointestinal tract in rats and mice (Barnett &
Dorough, 1974; Tashiro & Matsumura, 1977; Ewing et al., 1985), from the skin of rats
(Ambrose et al., 1953) and from the respiratory system in rats (Nye & Dorough, 1976).

Heptachlor is readily absorbed via most routes of exposure and is readily metabolized to
heptachlor epoxide by mammals (US Public Health Servce, 1989a; Fendick et al., 1990).
Heptachlor epoxide is stored mainly in fat but also in liver, kidney and muscle in rats and
dogs. ln rats fed 30 mg/kg diet heptachlor for 12 weeks, maximal heptachlor epoxide
concentrations occurred in fat within two to four weeks; 12 weeks after cessation of exposure,
heptachlor epoxide had completely disappeared from the adipose tissue (Radomski &
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Davidow, 1953). Heptachlor is also stored in fat as heptachlor epoxide in steers (Bovard et
al., 1971) and laying hens (Kan & Thinstra, 1976). Heptachlor epoxide and a hydrophilc
metabolite, 1-ex-hydroxy-2,3-epoxychlordene, were excreted in the faeces and urine of rats
and rabbits treated with heptachlor (Klein et al., 1968). Another metabolite, a

dehydrogenated derivative of 1-hydroxy-2,3-epoxychlordene, has been isolated from rat
faeces (Matsumura & Nelson, 1971).

Following uptake of chlordane after oral administration to rats, it was rapidly
distributed, with the highest levels in fat and lower levels in other organs in the following
order: liver, kidney, brain and muscle. Treatment with trans-chlordane resulted in slightly
higher tissue concentrations than that with cis-chlordane. Patterns of distribution were
similar following single and repeated oral dosing (Barnett & Dorough, 1974).

The major route of metabolism of chlordane in treated animaIs is via oxychlordane.
Heptachlor is a minor metabolite of both optical isomers of chlordane. cis- and
trans-Chlordane give rise qualitatively to the same metabolites (Tashiro & Matsumura,
1977). Four metabolic pathways for the metabolism of chlordane have been proposed
(Nomeir & Hajjar 1987, Fig. 1):

(i) hydroxylation to form 3-hydroxychlordane followed by dehydration to form the
postulated precursor of oxychlordane, 1,2-dichlorochlordene;

(ii) dehydrochlorination to form heptachlor with the subsequent formation of
heptachlor epoxide and various hydroxylation products;

(iii) dechlorination to monochlorodihydrochlordene;
(iv) replacement of chlorine atoms by hydroxyl groups with the formation of mono-, di-

and trihydroxy metabolites that are excreted or conjugated with glucuronic acid.
Human liver preparations have little capability to convert trans-nonachlor (a minor

component of technical-grade chlordane) to trans-chlordane in comparison to rat liver
prepared similarly (Tashiro & Matsumura, 1978).

Phenobarbital pretreatment significantly enhanced the metabolism of heptachlor in
rats, causing a 6- to I1-fold increase in the formation of heptachlor epoxide in liver (Miranda
et al., 1973). ln liver microsomes from rats and humans, heptachlor epoxide constituted
85.8% of the metabolized heptachlor in rats but only 20.4% in the human liver microsome
system. Other metabolites identified in the human liver mIcrosome system were
1-hydroxy- 2,3-epoxychlordene (5 % ), 1-hydroxychlordene (4.8 % ) and 1 ,2-dihydroxydi-

hydrochlordene (0.1 %); 68.6% was unmetabolized heptachlor (Tashiro & Matsumura,
1978).

Rats and mice eliminated 80-): 90% of single oral doses of 14C-Iabelled chlordane
within seven days (Barnett & Dorough, 1974; Tashiro & Matsumura, 1977; Ewing et al.,
1985). Most of the radiolabel was eliminated in faeces. C57Bl/6JX mice showed two distinct
excretory patterns: the vast majority were high excretors, their elimination rate during the
first day after dosing being 20 times faster th an that of the low excretors (Ewing et al., 1985).

Mice were given repeated doses of technical-grade chlordane (containing 5.88% trans-
and 1.45% cis-nonachlor) in olive oH by gavage at 0.48 mg/mouse every other dayfor 29 days.
No increase in body burden of trans- or cis-chlordane was noted; rather, the levels decreased
continuously, indicating that chlordane induced Its own metabolism. The levels of trans- and



Fig. 1. Metabolic pathways of chlordane (from Nomeir & Hajar, 1987)
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cIs-nonachlor and of oxychlordane, however, increased throughout the study period
(Hirasawa & Thkizawa, 1989).

ln cows fed hay containing heptachlor over 30 days, heptachlor epoxide was present iD

the milk from 10 days after the start of feeding (Huber & Bishop, 1961).

4.2 Toxic efTects

4.2.1 Humans
Case reports and epidemiological studies of poisoning with technical-grade chlordane

and heptachlor following both occupational exposures and exposure of the generai

population are summarized in Thble 17.

4.2.2 Experimental systems

Chlordane
The toxic effects of chlordane have been reviewed (WHO, 1984a).
The acute oral LDso of chlordane in peanut oïl was 335 (299-375) mg/kg bw for male

and 430 (391-473) for female Sherman rats (Gaines, 1960). The LDso values for cIs- and
trans-chlordane were reported to be similar (392 and 327 mg/kg bw, respectively). The major
metabolite, oxychlordane, was reported to have an LDsO in rats of 19.1 mg/kg bw, and
several other metabolites had LDso values ? 4600 mg/kg bw. The signs associated with
acute chlordane poisoning include ataxia, convulsions, respiratory failure and cyanosis,
followed by death (WHO, 1984a).

Oral doses of chlordane of 50 mg/kg bw per day for 15 days resulted in convulsions and
death in rats, whereas doses of 25 mg/kg bw per day had no such effect (Ambrose et al., 1953).

ln long-term studies (see section 3), chlordane caused tremor in female rats fed the high
dose during one week, decreased body weight gains in high-dose animaIs and increased liver
weights (US National Cancer Institute, 1977; Khasawinah & Grutsch, 1989b). ln mice
(Khasawinah & Grutsch, 1989a), the liver was the target organ for non-neoplastic toxicity;
the serum levels of aspartate transferase and alanine transferase were elevated in animaIs of
each sex, and liver weights were increased in males fed 12.5 mg/kg of diet. Increased liver-cell
volume was seen in males and females fed 5 or 12.5 mg/kg, whereas hepatocye degeneration
and necrosis were seen only in treated males. Chlordane induced hepatic drug-metabolizing
enzyes in experimentai animaIs (WHO, 1984a) and enhanced oestrone metabolism in rats
and mice (WeIch et al., 1971).

Mice treated with chlordane at doses of 0.1-8 mg/kg bw for 14 days showed a dose-
related increase in cell-mediated immunity, as evaluated in vitro. Expression of delayed
hypersensitivity and the antibody response to sheep red blood cells in vivo were unaltered
(Johnson et al., 1986).

Wistar rats and cyomolgus monkeys were exposed to chlordane by inhalation at
concentrations close to 0.1, 1 and 10 mg/m3 for 8 h per day on five days per week for 90 days

(Khasawinah et aL, 1989). ln rats, the liver was the main target organ, and liver weights were
significantly increased in animaIs of each sex exposed to 10 mg/m3. Histopathological
changes, such as centrilobular hepatocye enlargement, were observed in males and females
at 1 and 10 mg/m3. ln male rats, increased weight of the follicular thyroid epithelium was



Table 17. Case reports, heaIth sUl"Veys and epidemiological studies of cases of poisoning with technical-grade
chlordane and technical-grade heptachlor

Population ReferenceClinical features

34 workers manufacturig and formulating chlordane,
aldri, dieldri
24 workers employed for 2 months to 5 years in a plant
manufacturig chlordane

A female worker spiled a mixure of pesticides
(including chlordane) on her clothing
Suicide of a 32-year-old woman who ingested a 5%
chlordane talc formulation; estimated ingested dose
of chlordane: 6 g (104 mg/kg bw)

15 workers expsed for 1-15 years to chlordane
durig manufacture

A 2O-month-old boy drank an unknown quantity of
a 74% technical-grade chlordane formulation

A 4-year-old girl ingested an unknown amount of
45% chlordane

A segment of a municipal water system in
Chattanooga, TN (USA), 1976, was contaminated
with chlordane, initially up to 120 mg/l; 1-3 days later,
0.001-92.5 mg/l. Of 105 residents in affected houses,
71 reported contact with contaminated water
Case reports of bloo dyscsias assoiated with
expsure ta chlordane or heptachor alone or in
combination with other agents

Workers employed for more than 3 months in the
manufacture of chlordane and heptachlor, 1946-76

(study population overlaps with that of Shindell &
Ulrich, 1986)

No evidence of adverse health effects

No evidence of adverse health effects

Confusion, generalized convulsions, death; congestion
of brain, lung and stomach mucosa
Vomiting, dry cough, agitation and restlessness,
haemorrhagic gastritis, bronchopneumonia, muscle
twitching, convulsions, death after 9.5 days

No evidence of adverse health effects

Vomiting 45 min after ingestion and seizures; serum
alkaline phosphatase and thymal turbidity levels
slightly elevated after 3 months

Convulsions, increased excitability, loss of cord-
ination, dyspnoea, tachycardia
13/71 (18%) described mild symptoms compatible with
chlordane expsure (gastrointestinal and/or neuro-
logical)

25 previously reported and 6 new cases include 22
aplastic anaemia, 3 acute leukaemia, 2 leukopenia
and 1 each hypplastic anaemia, haemolytic anaemia,

megaloblastic anaemia and thrombotopenia
17 deaths from cerebrovascular disease observed
versus 9.3 expected

Prnci & Spurbeck (1951)

Alvarez & Hyman (1953)

Derbes et al. (1955)

Derbes et al. (1955)

Fishbein et al. (1%4)

Curley & Garrettson (1969)

Aldrich & Holmes (1969)

Harrngton et al. (1978)

Infante et al. (1978)

Wang & MacMahon (1979a)
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Table 17 (contd)

ReferencePopulation Clinical features

Cohort of 16 126 men employed as pesticide
applicators for 3 months or more in 1967, 1968 and
1976, including group of 6734 termite control

operators
A 62-year-old man accidentaUy ingested ",300 ml of

75% chlordane

A 59-year-old man with a history of Alzheimer's
disease inadvertently drank from a bottle containing
a chlordane formulation

A 30-year-old woman expsed to chlordane through
excessive household use

Workers employed in the manufacture of chlordane
for 3 months or more, ia 194685 (study population
overlaps with that of Wang & MacMahon, 1979a)
45 members of dair-farm families who consumed
milk and milk procucts contaminated with heptachlor
metabolites

25 case reports of bloo dyscrasias assoiated with
expsure to chlordane and heptachlor; of 16 cases
for which expsure data available, 75% involved home
and garden applications and 25% professional
applicators

261 residents of 85 households treated with chlordane
for termite control

AlI deaths, 311 (SMR, 84); cerebrovascular disease Wang & MacMahon (1979b)
among termite control operators (SMR, 39)

Unresponsive to verbal commands, generalized tonic Olanoff et al. (1983)
seizures, profuse diarrhoea, transient increase in liver
enzymes; recovery by 2 months

Rapid ocurrence of convulsions, death, despite Kutz et aL. (1983)

cardiopulmonary resuscitation and treatment

Numbness around mouth and nose and in arm used Garrettson et al. (1985)
for spraying; nausea, vomiting, persistent fatigue
and anorexia, menometrorrhagia; iregular theta

discharges on EEG
20 deaths from cerebrovascular disease observed ShindeU & Ulrich (1986)
versus Il.7 expected

No heptachlor-related metabolic effect observed in Stehr-Green et al. (1986)

routine liver function tests or specifie assays for

hepatic enzyme induction

Aplastic anaemia, thrombocopenic purpura, Epstein & Ozonoff (1987)
leukaemia, pernicious anaemia, megaloblastic anaemia

Headache in 22% of cases; sore throat and Menconi et al. (1988)
respiratory inections in 16%; fatigue, 14%; sleeping

difficulties, blurred vision and fainting also frequent
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observed in 11/35 animais at 10 mg/m3. A dose-related increased in cyochrome P450
concentration and microsomal protein was evident in each sex throughout the dose range
studied. EssentiaIlyaIl of the observed changes were reversed within 90 days after cessation
of exposure. No significant finding was noted in male or female monkeys exposed to up to
10 mg/m3; however, cyochrome P450 and microsomal protein were not measured.

Chlordane at 200 llM stimulated protein kinase C in vitro in preparations from mouse
brain, liver and epidermis. The stimulation was calcium- and phospholipid-dependent and
could be inhibited by quercetin, a known inhibitor of protein kinase C activity (Moser &
Smart, 1989).

Heptachlor
The toxic effects ofheptachlor have been reviewed (WHO, 1984b; Fendick et al., 1990).
The acute oral LDso ofheptachlor in pean ut oil was 100 (74-135) mg/kg bwfor male and

162 (140-188) mg/kg bw for female Sherman rats (Gaines, 1960). The signs associated with
acute heptachlor poisoning include hyperexcitability, tremors, convulsions and paralysis.
Liver da mage may occur as a late manifestation (WHO, 1984b).

Heptachlor epoxide has a higher acute toxicity than the parent compound, e.g., the oral
LDso of the epoxide in rats was 62 mg/kg bw (Sperling & Ewinike, 1969), and the intravenous
lethal doses for heptachlor and heptachlor epoxide in mIce were 40 and 10 mg/kg bw,
respectively (WHO, 1984b).

Daily oral doses of pure heptachlor at 50 and 100 mg/kg bw were lethal to rats after
10 days. ln animaIs given 5 mg/kg bw, hyperreflexia, dyspnoea and convulsions occurred, and
pathological changes were observed in the liver, kidney and spleen (Pelikan et al., 1968).

As reported in a review, rats were fed heptachlor epoxide in the diet at concentrations
varyng from 5 to 300 mg/kg for two years. AlI animaIs given 80 mg/kg in the diet or more
were reported to have died within 20 weeks, and aIl female rats given 40 mg/kg in the di et
died within 54 weeks, whereas male mortality was unaffected. Liver weights were increased
in males at dietary levels higher than 10 mg/kg and in females from 5 mg/kg upwards (WHO,
1984b). Dogs given 5 mg/kg bw heptachlor per day orally died within 21 days (Lehman,
1952).

Heptachlor induced hepatic drug-metabolizing enzyes (for review, see Fendick et al.,
1990) and enhanced oestrone metabolism in rats (Welch et al., 1971). Dietary levels of
2 mg/kg heptachlor given for two weeks induced aniline hydroxylase and aminopyrine
demethylase in rats (Den Tonkelaar & Van Esch, 1974). It inhibited oxidative phosphory-
lation in rat liver mitochondria (Nelson, 1975) and (at 200 llM) stimulated protein kinase C
in vitro in preparations from mouse brain (Moser & Smart, 1989).

43 Reproductive and prenatal etTects

4.3.1 Humans
An ecological study was done to compare the incidence rates of 37 congenital

malformations in Hawaii and in the USA as a whole (Le Marchand et aL., 1986), following
contamination of milk on Oahu Island by heptachlor. Milk contamination occurred between
the autumn of 1980 and December 1982 and was traced to contaminated foliage of pineapple
plants used as cattle feed. Data on birth defects were obtained from the Birth Defects
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Monitoring Program, which covers 62-76% of aIl births in Hawaii. Temporal and
geographical comparisons were made fIable 18). Increased incidence rates were reported on
Oahu for cardiovascular malformations and hip dislocation: ln 1978-80, the incidence rates
for cardiovascular malformations were 63.2110000 births on Oahu Island and 24.9 on the
other Hawaian islands; in 1981-83, these rates were 76.2 and 24.4, respectively. For hip
dislocation, the only increase occurred in 1981-83: rates were 42.2/10000 on Oahu and 22.4
on the other islands. AlI of the increased rates for Oahu were statistically significant
(p .c 0.01). The authors noted that the increase in cardiovascular malformations and hip
dislocation began in 1978-80, which included only the first few months of contamination.
(The Working Group noted that the incidence rates for hip dislocation were unstable.)

Table 18. Incidence rates per 10 00 births of cardiovascular malformations and
hip dislocation on Oahu Island and on the other HawaIIan islands, 1970-83°

, Defect Oahu Other islands

1970-74 1975-77 1978-80 1981-83 1970-74 1975-77 1978-80 1981-83

Cardiovascular 38.3 33.6 63.2 76.2 21.3 23.4 24.9 24.4
malformations

Hip disloction 12.6 8.8 29.3 42.2 9.9 30.8 31.1 22.4

aprom Le Marchand et al. (1986)

4.3.2 Experimental systems

The reproductive effects of chlordane and heptachlor/heptachlor epoxide have been
reviewed (WHO, 1984a,b; US Public Health Servce, 1989a,b).

Smith et al. (1970) found little effect of heptachlor on the hatchability of hens' eggs
treated at doses below 1.5 mg/egg.

Incubation of sea-urchin embryos at the two-cell stage in the presence of heptachlor at
0.02 mM/litre (,.7 ppm) until controls had developed up to the pluteus stage resulted in
impaired development of the fertilized eggs; no living embryo was formed. When embryos
were incubated in sea-water containing heptachlor for only 2 h, no effect on embryonic
development was observed. When heptachlor was added 15 min before fertilization and the
eggs allowed to incubate in the medium for an additional 15 min, the effect of heptachlor on
fertilization and development to the two-cell stage was delayed; 7% reached the two-cell
stage (Bresch & Arendt, 1977).

Rats treated with 320 mg/kg (0.032%) chlordane in their diet had substantially impaired
fertili ty and reduced survval of the offspring (Ambrose et al., 1953).

Pregnant CD-l mice were treated with chlordane orally at a dose of 50 mg/kg bw on
gestation days 8-12. Although 3/25 animais died, no effect was observed on number of live
pups or pup weight on postnatal days 1 and 3 (Chernoff & Kavlock, 1983).

Spyker Cranmer et al. (1978) explored the effect of chlordane on endocrine function in
mice. Mice were treated orally with 0.16 or 8.0 mg/kg bw from mating to parturition on day
22 of gestation. During the first week of life, 55% of offspring born to mothers
receiving 8.0 mg/kg died. At 101 days of age, there was no difference in plasma or adrenal
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corticosterone levels or adrenal weight between control and treated female offspring; male
offspring of dams treated at the lower dose, however, appeared to have increased levels of
plasma corticosterone and increased adrenal weight.

ln a continuation of this study, Cranmer et aL. (1984) evaluated plasma corticosterone
concentrations over the lifespan of mice treated prenatally throughout gestation with

chlordane at 0.16 or 8.0 mglkg bwper day. At 400 days, plasma cortIcosterone levels were
increased among male mice treated at either leveL. There was no difference in the
corticosterone levels at 800 days in the lower-dose group (no male offspring from the
higher-dose group was available for sacrifice at 800 days). Among female mice, cortico-
sterone levels were elevated only at 400 days among those treated at 0.16 mglkg.

Spyker Cranmer et al. (1982) evaluated cell-mediated and humoral immune response in
adult BALB/c mice treated in utero with chlordane at 0.16 or 8.0 mg/kg bw per day from
mating throughout gestation. Cell-mediated immunity (measured by contact hyper-
sensitivity) was decreased in a dose-dependent manner in offspring at 101 days; no difference
in humoral immune response was seen between treated and control mIce.

Menna et al. (1985) explored the effect of prenatal exposure to chlordane on response to
influenza A virus infection. BALB/c mIce were treated orallywith chlordane at doses of 0.16,
2.0, 4.0 and 8.0 mg/kg from mating to day 19, and at 38 days of age the mice were inoculated
with influenza tye NPR/8/34(HONl) at three different rates. Survval was enhanced
following the challenge, and antiviral titres were higher in mice treated with chlordane
in utero than in controls.

Cytotoxic T lymphocye activity was unchanged in 100-day-old mice treated with
chlordane in utero, but natural kiler cell activity was increased, only in female offspring. By
200 days of age, natural kiler cell activity had declined in treated male and female offspring
(Blaylock et al., 1990). Prenatal treatment with chlordane also substantially decreased the
number of granulocye/macrophage and splenIc colony forming units at both 100 and 200
days of age. The number of bone-marrow cells in these mIce was unchanged at 100 days of
age (Barnett et al., 1990).

4.4 Genetic and related efTects (see Tables 19 and 20 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Chlordane induced neither DNA damage nor point mutation in bacteria. Tt caused gene
conversion in Saccharomyces cerevisiae and mutation in plants. ln cultured mammalian cells,
it did not induce unscheduled DNA synthesis but did induce gene mutations at the tk and
Na+ /K+ ATPase loci. It inhibited gap-junctional intercellular communication in cultured
mammalian cells. ln cultured human cells, conflicting results were obtained for unscheduled
DNA synthesis; evidence was obtained for sister chromatid exchange induction but not for
the induction of gene mutation. Sister chromatid exchange was induced in intestinal cells of
Umbra limi (mud-minnow) in vivo. No dominant lethal effect was found in mice.

Heptachlor did not induce DNA damage or point mutation in bacteria or gene
conversion in Saccharomyces cerevisiae. It induced mutation and chromosomal aberrations
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Table 19 (contd) VI

00

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

ECW, Escherichia coli WP2 uvrA-, reverse mutation - - 0.0000 Probst et al. (1981)
SCG, Saccharomyces cerevisiae, gene conversion 0 + 6.6000 Gentile et al. (1982) -
PLM, Zea mays, forward mutation + 0 0.0000 Gentile et al. (1982) ~
* DNA sythesis inhibition, mouse lymphoma cens - 0 4.000 Brubaker et al. (1970) f3,

URp, Unscheduled DNA sythesis, rat hepatoces - 0 4.0000 Maslansky & Wiliams ~
(1981) 0

UIA, Unscheduled DNA synthesis, mouse hepatoces - 0 4.000 Maslansky & Wiliams Z
(1981)

0
C)

UIA, Unscheduled DNA sythesis, hamster hepatoctes - 0 4.000 Maslansky & Wiliams
~(1981) 'i

URp, Unscheduled DNA synthesis, mouse hepatoctes - 0 41.000 Probst et al. (1981) ::
G90, Gene mutation, V79 Chinese hamster cens, Na + /K + + 0 4.0000 Ahmed et al. (1977a) C/

ATPse locus ~0
G9H, Gene mutation, V79 Chinese hamster cells, hprt locus - 0 1. 600 Thushimoto et al. (1983)

GG5l Gene mutation, mouse lymphoma L5178Y cens, tk locus + 0 25.0000 McGregor et al. (1988) ~GIA, Gene mutation, rat liver epithelial cells, hprt locus - 0 41.000 Telang et al. (1982) tT
GIA, Gene mutation, V79 Chinese hamster cells, diphtheria - 0 1.6000 Thushimoto et al. (1983) VI

toxi resistance
w

SVA, Sister chromatid exchange, Umbra limi intestinal cells in vivo + 0 0.0002 Vigfusson et al. (1983)
UHF, Unscheduled DNA synthesis, human fibroblasts + - 0.4000 Ahmed et al. (1977b)
UHl Unscheduled DNA synthesis, HeLa cens - 0 16.0000 Brandt et al. (1972)
GIH, Gene mutation, human fibroblasts - - 41.0000 Tong et al. (1981)
SHL, Sister chromatid exchanges, human lymphoid cells in vitro + + 41.0000 Sobti et al. (1983)
DLM, Dominant lethal test, mice - 0 240.0000 X 1 i.p. Epstein et al. (1972)
DLM, Dominant lethal test, mice - 0 75.0000 X 5 p.o. Epstein et al. (1972)
DLM, Dominant lethal test, mice - 0 100.0000 X 1 i.p. Arnold et al. (1977)
DLM, Dominant lethal test, mice - 0 100.0000 X 1 p.o. Arnold et al. (1977)
ICR, Inhibition of metabolic cooperation, rat liver epithelial cells + 0 0.2000 Telang et al. (1982)



Table 19 (contd)

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

(+ ) 0 1.60 Thushimoto et al. (1983)
+ 0 20.~~ Ruch et al. (1990)
+ 0 20.~~ Ruch et al. (199)

ICR, Inhibition of metabolic cooperation in V79 cells
ICR, Inhibition of metabolic cooperation mouse hepatoctes
ICR, Inhibition of metabolic cooperation rat hepatoctes

*Not displayed on profie
a +, positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in severa! experiments within an adequate

study)
. bIn-vitro tests, ¡.g/ml; In-vivo tests, mg/kg bw
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Table 20 (contd)

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolIc metabolic
system system

SA8, Salmonella typhimurium TA1538, reverse mutation -- - 2500.0000 Moriya et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation 0 - 2500.000 Simmon et al. (1977)

()SA9, Salmonella typhimurium TA98, reverse mutation - - 0.0000 Probst et al. (1981) ~SA9, Salmonella typhimurium TA98, reverse mutation - (+Y 5.0000 Gentile et al. (1982) t"0SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.0000 Moriya et al. (1983) :;SA9, Salmonella typhimurium TA98, reverse mutation - - 167.~~ Zeiger et al. (1987) U
SA9, Salmonella typhimurium TA98, reverse mutation - - 500.000 Mersch-Sundermann

~et al. (1988)
SAS, Salmonella typhimurium TA1536, reverse mutation - - 500.~~ Marshall et al. (1976)

~
SAS, Salmonella typhimurium G46, reverse mutation - - 0.000 Probst et al. (1981)
SAS, Salmonella typhimurium C3076, reverse mutation - - 0.~~ Probst et al. (1981) :iSAS, Salmonella typhimurium 03052, reverse mutation - - 0.000 Probst et al. (1981) tT

""SAS, Salmonella typhimurium TA97, reverse mutation - - 500.~~ Mersch-Sundermann
~et al. (1988) ()EC2, Escherichia coli WP2, reverse mutation - - 0.000 Probst et al. (1981) :iEC2, Escherichia coli WP2 hcr, reverse mutation - - 2500.~~ Moriya et al. (1983) 5ECW, Escherichia coli WP2 uvrA-, reverse mutation - - 0.0000 Probst et al. (1981) :;SCG, Saccharomyces cerevisiae, gene conversion - - 0.~~ Gentile et al. (1982)PLM, Zea mays, forward mutation + 0 0.000 Gentile et al. (1982)PLC, Lens sp, chromosomal aberrations, + 0 1000.000 Jain (1988)PLC, Pisum sp, chromosomal aberrations, + 0 1000.0000 Jain (1988)PLC, Tradescantia, micronuclei + 0 1.8800 Sandhu et al. (1989)DMX, Drosophila melanogaster, sex-linked recessive lethal - 0 5.~~ (feeding Benes & Sram (1969)mutations

solutions)URp, Unscheduled DNA synthesis, rat hepatocytes - 0 3.7000 Maslansky & Willams
(1981)UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 3.7000 Maslansky & Wiliams
(1981) ""0'""



Table 20 (contd)

ReferenceTest system Resulta

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Dosé
LED/HID

UIA, Unscheduled DNA synthesis, hamster hepatocytes

UIA, Unscheduled DNA synthesis, mou se hepatoctes
GST Gene mutation, mouse lymphoma L5178Y cells, tk locus
GIA Gene mutation, rat liver epithelial cells, hprt locus
UHF, Unscheduled DNA synthesis, human fibroblasts
*, Inhibition of DNA synthe sis, testicular ceiiS in mice
DLM, Dominant lethal test, mice
DLM, Dominant lethal test, mice
DLM, Dominant lethal test, mice
ICR, Inhibition of metabolic cooperation, V79 cells
ICR, Inhibition of metabolÏc cooperation, rat lÏver epithelial cells
ICR, Inhibition of metabolic cooperation, rat hepatocytes
ICM, Inhibition of metabolic cooperation, mouse hepatocytes

+

+
+
+
+

o

o

o

o

+
o
o

o

o
o

o
o

o

3.7000

3.700
25.000
37.000
37.000
40.~~
24.000
15.~~ X 1 p.o. d
15.~~ x 1 Lp.d

10.000
0.0400

20.000
20.0000

Maslansky & Wiliams
(1981)
Probst et al. (1981)
McGregor et al. (1988)
Telang et al. (1982)
Ahmed et al. (1977b)
Seiler (1977)

Epstein et al. (1972)
Arold et al. (1977)
Arold et al. (1977)
Kurata et al. (1982)
Telang et al. (1982)
Ruch et al. (199)
Ruch et aL. (1990)

*Not displayed on profile
a+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

CPlant activation

d25:75 mixure of heptachlor:heptachlor epoxide; not displayed on profile
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in plants but not in Drosophila melanogaster. Heptachlor did not induce unscheduled DNA
sythesis in cultured rodent cells, but did so in human fibroblasts. It induced gene mutation at
the tk but not at the hprt locus in rodent cells. Heptachlor inhibited gap-junctional

intercellular communication in cultured mammalian cells. It did not inhibit DN A sythe sis in
mouse testicular cells and did not induce dominant lethal effects in mice in vivo,

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Chlordane has been used since the 1950s as a broad-spectrum contact insecticide,
mainly for nonagricultural purposes and to a lesser extent on crops and on livestock. Since
the mid-1970s, its use has generally been restricted to underground control of termites.

Heptachlor has been used since the 1950s as an insecticide in agriculture and in the
control of termites and soil insects. Like chlordane, its use is now largely restricted to subsoil
treatment for termites.

Chlordane and heptachlor have been formulated as granules, emulsifiable concentra tes
and solutions.

Both compounds can persist in soil for many years. Human exposure to chlordane and
heptachlor occurs mainly during their application and in the air of buildings where they have
been applied for termite control. When these compounds were used on crops, exposure may
have occurred at much lower levels as a result of consumption of foods containing residues.

5.2 Carcinogenicity in humans

Case reports of leukaemia and other blood dyscrasias have been associated with

exposure to chlordane/heptachlor, primarily in domestic situations.
Mortality from lung cancer was slightly elevated in two cohort studies of pesticide

applicators and one of chlordane/heptachlor manufacturers. Termite control opera tors
probably have greater exposure to chlordane th an other pesticide applicators; however, in
one study of applicators, the excess occurred only among workers who were not engaged in
termite control. ln the other study of applicators, the relative risk for lung cancer among
workers engaged in termite control was similar to that of workers engaged in other pest
control. Inconsistencies in these findings make it difficult to ascribe the excesses to exposure
to chlordane.

Small excess risks for other cancers, incIuding leukaemia, non-Hodgkin's Iymphoma and
soft-tissue sarcoma and cancers of the brai n, skin, bladder and stomach were observed, with
little consistency among studies.

5.3 Carcinogenicity in experimental animaIs

Chlordane, technical-grade chlordane, heptachlor, technical-grade heptachlor,
heptachlor epoxide and a mixture of heptachlor and heptachlor epoxide have been tested for
carcinogenicity by oral administration in several strains of mice and rats. These studies
uniformly demonstrate increases in the incidence of hepatocellular neoplasms in mice of
each sex. Increases in the incidence of thyroid follcular-cell neoplasms were observed in rats
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treated with chlordane and technical-grade heptachlor. An increased incidence ofmalignant
fibrous histiocyomas was observed in one study in male rats treated with chlordane. A small
increase in the incidence of liver adenomas was seen in one study in male rats treated with
technical-grade chlordane.

5.4 Other relevant data
Metabolites of chlordane and heptachlor, like those of other chlorinated hydrocarbons,

accumulate in human fat. Chlordane and heptachlor induce liver microsomal enzyes. The
liver is the target organ for chronic toxicity.

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

Chlordane and heptachlor did not cause dominant lethal effects in mice. Both
compounds inhibited gap-junctional intercellular communication and induced gene
mutation in rodent cells but did not induce unscheduled DN A synthesis. ln plants, heptachlor
induced mutation and chromosomal aberrations. Neither chlordane nor heptachlor was
mutagenic to bacteria and neither damaged bacterial or plasmid DNA.

5.5 Evaluation 1

There is inadequate evidenee in humans for the carcinogenicity of chlordane and of
heptachlor.

There issuffcient evidence in experimental animaIs for the carcinogenicity of chlordane
and of heptachlor.

Overall evaluations

Chlordane is possibly earcinogenie to humans (Group 2B).
Heptachlor is possibly earcinogenie to humans (Group 2B).
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Annex 1.

eriteria for classification of rodent hepatocellular neoplasmsa

Hepatocellular earcinoma: focal thickening of hepatocellular plates producing trabeculae
that are at least 4-5 cells thick, or the presence of papillary formations with finger-like
projection of hepatocyes completely surrounded by endothelial cells. Cytological
variation is frequently prominent, with a high nucleus: cyoplasm ratio; but the cells may
at times resemble normal hepatocyes. Infiltration of the surrounding parenchyma is
rare but indicates malignancy.

Basophilie nodules: hepatocye plates 1-3 cells thick, characterized by intense cyoplasmic
staining with haematoxylin. Most of the cells are small and rather uniform, but sorne
show a significant degree of cyological variation. These nodules are characterized by
increased cell number with compression of surrounding parenchyma.

Hyperplastic nodules: several cyological variants exist. ln the mouse, these nodules
frequently show considerable megalocyosis with numerous, often bizarre mitotic
figures. A feature common to aIl of them is hyperplasia with compression of the
surrounding parenchyma and 2-cell-thick hepatocye plates. Swelling of individual
hepatocyes is often prominent in these nodules. Portal triads are absent.

Nodules showingfeatures indicative of carcinoma: histological changes may not be diagnostic
of carcinoma, but the presence of a combination of several features strongly suggests
transition to hepatocellular carcinoma. These features may include a suspicion of
trabeculae formation, basophilie cyoplasmic changes, the formation of 'nodules within
nodules' (clusters of hepatocyes within hyperplastic nodules showing different
cyological features), a peculiar 'packing' phenomenon with close compression of many
hepatocyes or marked cyological atyia with the presence of unusually large numbers

of mitotic cells.

121aborated by the Pesticide Information Review and Evaluation Committee convened by the US National
Academy of Sciences (1977)
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DDT AND ASSOCIATED COMPOUNDS

These substances were considered by previous Working Groups, in 1973 (lARe, 1974)
and 1987 (lARC, 1987a). Since that time, new data have become available, and these have
been incorporated into the monograph and taken into consideration in the present
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Table 1. Chemical Abstract Services Registry numbers, names and synonyms

Name CAS Reg. Chem. Abstr. namesa and synonyms
Nos

para,para'-DDT

ortho,para'-DDT

para,para'-IDE

ortho,para' -IDE

50- 29- 3 a,a- Bis(para-chlorophenyl )-ß,ß,ß-trichloroethane; 1,I-bis(para-chloro-

phenyl)-2,2,2-trichloroethane; 2,2-bis(para-chlorophenyl)-I,I,I-trichlo-
ro-ethane; 1,I-bis(4-chlorophenyl)-2,2,2-trichloroethane; DDT; 4,4'-
DDT; para,para' -dichlorodiphenyltrichloroethane; 4,4' -dichlorodi-
phenyl trichloroethane; para,para' -dichlorodiphenyl trichloromethyl-
methane; ENT 1506; OMS 0016; 1,1,I-trichloro-2,2-bis(para-chloro-
phenyl)ethane; 1,1, I-trichloro-2,2-bis( 4,4' -dichlorodiphenyl)ethane;
2,2,2-trichloro-l, I-bis( 4-chlorophenyl)ethane; 1,1, I-trichloro-2,2-bis( 4-
chlorophenyl)ethane (IUPAC); trichlorobis( 4' -chlorophenyl)ethane;
i, i' .(2,2,2- trichloro.ethylidene )bis( 4.chlorobenzene)

789-02-6 2-(2-Chlorophenyl)- 2-( 4-chlorophenyl)-I, 1, 1- trichloroethane; i .chlo.
ro.2.(2,2,2.trichloro. i.( 4-chlorophenyl)ethyl)-benzene; 2,4' -DDT;
1,1, I-trichloro- 2-( ortho-chlorophenyl)- 2-(para-chlorophenyl )ethane;
1,1, I-trichloro-2-(2-chlorophenyl)-2-( 4-chlorophenyl)ethane (IDPAC)

72-54-8 1,1- Bis(para-chlorophenyl)-2,2-dichloroethane; 1,1-bis( 4-chlorophe-
nyl)-2,2-dichloroethane; 2,2-bis(para-chlorophenyl)-1,1-dichloroethane;
2,2-bis( 4-chlorophenyl)-I,I-dichloroethane; 000; para,para' -000;
4,4' -000; 1,I-dichloro-2,2-bis(para-chlorophenyl)ethane; 1,I-dichlo-
ro-2,2-bis( 4-chlorophenyl)ethane (IDPAC), dichlorodiphenyl dichlo-
roethane; para, para' -dichlorodiphenyldichloroethane; para, para' -
dichlorodiphenyl- 2,2-dichloroethylene; i, i ' -(2,2.dichloroethylidene)-
bis(4.chlorobenzene); IDE

53-19-0 i .Chloro.2-(2,2.dichloro. i -( 4-chlorophenyl)ethyl)-benzene; 2-(2-chlo-
rophenyl)-2-( 4-chlorophenyl-l, 1-dichloroethane; ortho,para' -000;
1, I-dichloro- 2-( ortho-chloroph enyl)- 2-(para -chlorophenyl )ethane;
2,4' -dichlorodiphenyldichloroethane

-179-
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Table 1 (contd)

Name CAS Reg. Chem. Abstr. namesa and synonyms
Nos

para,para' -ODE 72-55-9 2,2. Bis( 4.chlorophenyl).I, l.dichloroethene; 1,1-bis(para-chloro-
phenyl)-2,2-dichloroethylene; 2,2-bis( 4-chlorophenyl)-1,1-dichloro-
ethylene; ODE; 4,4'-DDE; 1,1-dichloro-2,2-bis(para-chloro-
phenyl)-ethylene; para,para' -dichlorodiphenyldichloroethylene;
1,1-dichloro-2,2-di( 4-chlorophenyl)ethylene (IUPAC); 1, l' .(dichloro-
ethenylidene)- bis( 4.chlorobenzene)

aln bold

C14H9CIs (para,para'-DDT)

ci-( fH-( ci
ccl3

MoL. wt: 354.5

ci

\Ø rH-( ei
C14H9CIs (ortho,para'-DDT)

CI-(rH-( Ci
CHCI2

CCI3
MoL. wt: 354.5

C14HioCl4 (para,para'-TDE) MoL. wt: 320.0

(Q rH -( Ci
ci CHCI2

C14HlOCl4 (ortho,para'-TDE)

ci-( ~ -( ci

CCI2

MoL. wt: 320.0

C14HaCl4 (para,para'-DDE) MoL. wt: 318.0

1.1.2 Chemical and physical properties

From Agency for Toxic Substances and Disease Registry (1989), unless otherwse noted

para,para'-DDT

(a) Description: Colourless crystalline solid, odourless or with weak aromatic odour
(h) Boiling-point: 260 ° C

(c) Melting-point: 108-109°C
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(d) Spectroscopy data: Infrared (prism (27, 127, 15542); grating (15014, 36866)),
ultraviolet (47, 4655, 36806) and nuclear magnetic resonance (proton (15, V620,
23171, 34386); C-13 (2410, 4401 D spectral data have been reported (Sadtler
Research Laboratories, 1980, 1990).

(e) Solubilty: Practically insoluble in water (0.0034 mg/l at 25°C); at 27-30°C, soluble
in acetone (58 gl100 ml), benzene (78 g/100 ml), cyclohexanone (116 gl100 ml),
diethyl ether (28 gllOO ml) (Budavari, 1989), chloroform (96 g/100 ml) (WHO,
1989) and other organic solvents (Brooks, 1974)

(f Vólatility: Vapour pressure, 5.5 x 10-6 mm Hg (0.73 x 10-6 kPa) at 20°C

(g) Stabilty: Stable to oxidation; corrosive to iron; dehydrochlorinated at temperatures
above its melting point to the non-insecticidal DDE, a reaction catalysed by iron
(III) or aluminium chlorides, by ultraviolet light and, in solution, by al kali (Worthing
& Walker, 1987)

(h) Octanollwater partition coeffcient (P): log P, 6.19
(i) Conversion factor for airbome concentrations1: mg/m3 = 14.5 x ppm

ortho,para'-DDT

(a) Description: White, crystalline solid (WHO, 1989)
(b) Melting-point: 74-75°C
(c) Spectroscopydata: Infrared (prism (46974); grating (31974)), ultraviolet (23375) and

nuclear magne tic resonance (proton (19449)) spectral data have been reported
(Sadtler Research Laboratories, 1980).

(d) Solubility: Slightly soluble in water (0.085 mg/l at 25°C); soluble in lipids and most
organic solvents (IARC, 1974)

(e) Vólatility: Vapour pressure, 5.5 x 10-6 mm Hg (0.73 x 10-6 kPa) at 30°C (Brooks,
1974)

(f Stability: Stable to concentrated sulfuric acid (1 ARC , 1974)
(g) Conversion factor for airbome concentrations1: mg/m3 = 14.5 x ppm

para,para' - TD E

(a) Description: Colourless, odourless crystalline solid
(b) Boiling-point: 193°C at 1 mm Hg (0.13 kPa)
(c) Melting-point: 109-110°C
(d) Spectroscopy data: Infrared (prism (18450); grating (36636)), ultraviolet (5898) and

nuclear magnetic resonance (proton (2040); C-13 (1284)) spectral data have been
reported (Sadtler Research Laboratories, 1980).

(e) Solubility: Slightly soluble in water (0.160 mg/l at 25°C)
(f VOlatility: Vapour pressure, 10.2 x 10-7 mm Hg (1.36 x 10-7 kPa) at 30°C
(g) Stability: Similar to that ofpara,para'-DDT but more slowIy hydrolysed by alkalis

(lARC, 1974)

(h) Octanollwater partition coeffcient (P): log P, 6.20
(i) Conversion factor for airbome concentratiqns1: mg/m3 = 13.09 x ppm

'Calculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and .
pressure (760 mm Hg (101.3 kPa))
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ortho,para'-TDE

(a) Description: Colourless crystals

(b) Melting-point: 76-78°C
(c) Conversion factor for airbome concentrations!: mg/m3 = 13.09 x ppm

para,para'-DDE

(a) Description: White, crystalline solid
(b) Melting-point: 88.4-90°C
(c) Spectroscopy data: Infrared (prism (27905); grating (3631)), ultraviolet (10847) and

nuclear magnetic resonance (proton (498); C-13 (6360)) spectral data have been
reported (Sadtler Research Laboratories, 1980)

(d) Solubility: Slightly soluble in water (0.12 mg/l at 25°C); soluble in lipids and most
organic solvents (IARC, 1974)

(e) Volatility: Vapour pressure, 6.5 x 10-6 mm Hg (0.87 x 10-6 kPa) at 20°C
(f Stability: Stable to concentrated sulfuric acid; may be oxidized to

para,para'-dichlorobenzophenone, catalysed by ultraviolet radiation (IARC, 1974)
(g) Octanollwater partition coeffcient (P): log P, 7.00
(h) Conversion factor for airbome concentrations!: mg/m3 = 13.01 x ppm

1.1.3 Trade names, technical products and impurities
Sorne examples of trade names are:
para,para'-DDT: Aavero-extra; Agritan; Anofex; Arkotine; AzotoxM 33; Benzochloryl;

Bosan supra; Bovidermol; Chlorophenothane; Chlorphenotoxum; Citox; Clofenotane;
Deoval; Detox; Detoxan; Dibovin; Dicophane; Dinocide; Dodat; DykoI; ENT-1506;

Estonate; Genitox; Gesafid; Gesarol; Guesapon; Guesarol; Gyron; Hildit; Ivoran; Ixodex;
Mutoxan; Neocid; Neocidol; Parachlorocidum; PEB1; Pentachlorin; Penticidum; Zerdane

para,para'-TDE: Dilene; ME 1700; Rhothane
ortho,para'-TDE: Chloditan; Mitotan; CB313; Lysodren
The WHO specification for technical DDT intended for use in public health

programmes requires that the product contain 49-51 % total organic chlorine, 9.5-11.5%
hydrolysable chlorine and a minimum of 70% para,para'-DDT (WHO, 1985).

A tyical sample of technical DDT had the following constituents: para,para'-DDT,
77.1 %; ortho,para'-DDT, 14.9%;para,para'-TDE, 0.3%; ortho,para'-TDE, 0.1 %;para,para'-
DDE, 4%,ortho,para'-DDE, 0.1 %; and unidentified products, 3.5% (WHO, 1989). Another
analysis showed the following approximate composition (%): para,para'- DDT, 63-77;

ortho,para'-DDT, 8-21; para,para'-TDE, 0.3-4.0; ortho,para'-TDE, 0.04; l-(ortho-chloro-
phenyl)ethyl-2-trichloro-para-chlorobenzene sulfonate, 0.1-1.9; 2-trichloro-1-(para-chloro-
phenyl)ethanol, 0.2; bis(para-chlorophenyl)sulfone, 0.03-0.6; æ-chloro-æ-(para-chloro-

phenyl)acetamide, 0.01; æ-chloro-æ-(chlorophenyl) acetamide, 0.01; chlorobenzene, 0.3;
para-dichlorobenzene (see IARC, 1987b), 0.1; 1,1,1,2-tetrachloro-2-(para-chlorophenyl)-
ethane, trace; sodium para-chlorobenzenesulfonate, 0.02; ammonium para-chlorobenzene-

lCalculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPa))
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sulfonate, 0.01; inorganics, 0.01-0.1; and unidentified components and losses, 5.1-10.6
(Bhuiya & Rothwell, 1969).

TechnIcal DDT has been formulated in almost every conceivable form, incIuding
solutions in xylene (see IARC, 1989a) and petroleum distiIates (see IARC, 1989b),
emulsifiable concentrates, water-wettable powders, granules, aerosols, smoke candles,
charges for vaporizers and lotions. Aerosols and other household formulations are often
combined with synergized pyrethrins (WHO, 1989).

Technical TDE has been formulated as solutions in aromatic solvents, wettable powders
and dusts (Brooks, 1974).

1.1.4 Analysis

Selected methods for the analysis of DDT and its metabolites in various media are
summarized in Table 2. Reviews of analytical methods for DDT and metabolites in various
media have been reported (Brooks, 1974; Horwtz, 1975a,b,c,d; WHO, 1979; Williams,
1984a; Rovinsky et al., 1988; Agency for Toxic Substances and Disease Registry, 1989).

Table 2. Methods for the analysis of DDT and metabolItes

Sample Sample preparation Assay Limit of Reference
matrix procedurea detectionb

Air Collect vapours on glass-fibre filter GC/ECD ? 1 ng/m3 US Environmental
with polyurethane foam; extract with Protection Agency
5% ether in hexane (1988a)
Collect vapours on polyurethane GC/ECD NR US Environmental
foam; extract with 5% diethyl ether Protection Agency
in hexane (1988b)
Collect vapours on glass-fibre fil ter; GC/ECD NR Taylor (1977)
extract with isooctane

Water Extract with dichloromethane; GC/ECD 0.0025, US Environmental
isolate extract, dry and concentrate 0.01, Protection Agency
with methyl tert-butyl ether 0.06 ¡.g/l (1988c)

Waste-water Extract wìth dichloromethane; dry; GC/ECD 0.011, US Environmental
exchange into hexane 0.004, Protection Agency

0.012 ¡.g/l (1986a, 1989a)

Extract with dichloromethane; dry GC/MS 2.8, US Environmental
and concentrate (packed column) 5.6 Protection Agency

4.7 ¡.g/l (1989b)
Formulations Extract with carbon disulfide and IR NR Wiliams (1984b)

sodium sulfate; compare with
reference spectrum at 9.4-10.2 ¡.m

Food (high Blend with acetone; extract with GC/HECD NR Williams (1985)
moisture, non- petroleum ether/dichloromethane;
fatty) dry; concentrate in petroleum ether

and acetone
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Table 2 (contd)

Sample
matri

Sample preparation Assay
procedurea

Limit of
detectionb

Ref~rence

Soil, sediment,
wastes

Mix with anhydrous sodium sulfate;
extract using Soxhlet or sonication;

dean-up using Florisil column or gel-
permeation (packed column)

Mix with anhydrous sodium sulfate;
extract using Soxhlet or sonication;

dean-up using Florisil column or
gel-permeation (capillary column)

a Abbreviations: GC/ECD, gas chromatography/electron capture detection; GC/HECD, gas chromatography/

Hall electrolytic conductivity detector; GC/MS, gas chromatography/mass spectrometry; IR, infrared
spectroscopy
u-e limits of detection are presented for 4,4' -TDE, 4,4' -ODE and 4,4' -DDT, respectively; NR, not reported

GC/MS 2.8,
5.6,
4.7 ¡.g/l

US Environmental
Protection Agency
(1986b)

GC/MS NR US Environmental
Protection Agency
(1986c)

1.2 Production and use

The discovery, chemistry and uses of DDT and problems associated with its use have
been reviewed (Brooks, 1974; Mellanby, 1989).

1.2.1 Production

Technical-grade DDT is made by condensing chloral hydrate with chlorobenzene in the
presence of sulfuric acid. To prepare ortho,para'-DDT, an excess of chlorobenzene is
condensed with 1-(2-chlorophenyl)-2,2,2-trichloroethanol in the presence of a mixture of
96% sulfuric acid and 25% oleum at 60°C (Brooks, 1974).

DDT was first synthesized in 1874, but it was not until 1939 that its insecticidal
properties were discovered. By 1943, low-cost production methods had been developed, and
commercial production had begun. At the height of DDT production, about 400 000 tonnes
were used annually worldwide, but this decreased to approximately 200000 tonnes in 1971.
Peak production in the USA occurred in 1963, when 80 000 tonnes were produced. After
restrictions were introduced in the USA in 1969 (Brooks, 1974), production of DDT in 1971
in that country was estimated to be 2000 tonnes. ln 1985, approximately 300 tonnes of DDT
were exported. ln 1989, there were three producers, but no data were available on the
current production of DDT in the USA (Agency for Toxic Substances and Disease Registry,
1989). DDT is produced currently by one company each in Italy, India and Indonesia
(Meister, 1990) and in China.

TDE was introduced commercially in Germany in 1945 under the trade na me Rhothane.
The commercial preparation of TDE from the ethyl acetal of dichloroacetaldehyde and
chlorobenzene usually gives a technical product consisting mainly of the para,para'-isomer,
with 7-8% of the ortho,para'-isomer (Brooks, 1974; IARC, 1974).

1.2.2 Use

DDT is a nonsystemic contact and stomachinsecticide with a broad spectrum of
insecticidal activity (Worthing & Walker, -1987). DDT has been used primarily in the
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prevention of malaria, yellow fever and sleeping sickness. ln 1971, approximately 50% of
production was used for these purposes (IARC, 1974).

DDT was used extensively for the control of malaria, tyhus and other insect-transmitted
disease during the Second WOrld War. It has been used worldwide in agriculture in the
control of insects. ln 1972, 4500-6400 tonnes of DDT were used in the USA; use on cotton
crops was estimated to account for 67-90% of the total use, with the remainder primarily on
peanut and soya bean crops. Since 1973, use of DDT in the USA has been limited to the
control of public health problems. It was estimated in 1973 that more th an 2 million tonnes of
DDT had been used for insect control since 1940, about 80% of that in agriculture. DDT was
once registered for use on 334 commodities in the USA (Agency for Toxic Substances and
Disease Registry, 1989).

Even before 1963, sorne restrictions had been placed on the use of DDT, mainly to
minimize residues in food and in the feed of animaIs that produce milk and meat. Another
important reason for reducing the use of DDT was the increasing resistance of pests.
Although many pests of public health importance became resistant to DDT in some or aIl of
their range, resistance among vectors of malaria was less marked. Because malaria control
constitutes su ch a large segment of vector control, the use of DDT for vector control has
tended to remain stable, while its use in agriculture has continued to decline, especially in
temperate climates (WHO, 1979).

DDT was introduced in India for use in public health and agriculture in 1948. Since then,
nearly 250 000 tonnes have been used, of which only 50 000 tonnes were in agriculture. The
use of DDT in India over a 20-year period is given in Table 3 (Mehrotra, 1985). India banned
the use of DDT for agricultural purposes in 1989 (County NatWest Woodlvlac, 1990).

Table 3. Total use of DDT (in thousands of tonnes) in India during 1960-84a

Type of use 1960 1966 1970 1975 1976 1977 1978 1979 1980 1984

Public health
Agriculture

21.0 2.7 6.2 7.3 7.3 9.0 6.8 6.5 8.5 12.0
0.6 2.4 2.4 2.5 1.3 2.5 4.7 4.2 4.0 2.0

aFrom Mehrotra (1985)

About 12 000 tonnes of DDT were used in Iraq by the agricultural authorities between
1960 and 1978 (Al-Omar et aL., 1985). ln Pakistan, the yearly agricultural use of DDT (active
ingredient) during the period 1977-81 ranged from 40 to 100 tonnes (Baloch, 1985). ln one
province in Indonesia, a large-scale malaria control programme was begun in 1952. Between
1952 and 1980, yearly usage of DDT (active ingredient) was as high as (1400 tonnes)
(calculated by the Working Group from a graphl (Bang et al., 1982).

TDE is a nonsystemic contact and stomach insecticide, which does not have the
broad-spectrum insecticidal activity of DDT but has equal or greater potency against the
larvae of sorne mosquitoes and lepidoptera (Brooks, 1974). It has had limited use as a
pesticide (Agency for Toxic Substances and Disease Registry, 1989). ln 1971, 110 tonnes of
TDE were used by farmers in the USA, 67% of which was on tobacco (US National Cancer
Institute, 1978).
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The pure ortho,para '-TDE isomer, which must be specially synthesized, has been used in
the treatment of adrenocortIcal carcinoma (Bergenstal et al., 1960) and of the

overproduction of adrenal cortical steroids (Wallace et al., 1961; Bledsoe et al., 1964;
Southern et al., 1966).

1.3 Occurrence

The physiochemical properties of DDT and its metabolites enable organisms to take
them up readily. As these compounds are resistant to breakdown, theyare readily adsorbed
by sediments and soils, which can act as both sinks and long-term sources of exposure.
Organisms can accumulate these chemicals from the surrounding medium and from food.
Uptake from water is generally more important for aquatic organisms, whereas food
provides the major source in terrestrial fauna.

Earlier data on occurrence were summarized in the previous monograph on DDT
(IARC, 1974). Environmental aspects of DDT and its derivatives were reviewed (WHO,
1989). The occurrence of DDT and its metabolites in human tissues and fluids is discussed in
section 4.1.1.

1.3.1 Sail

The absorption of DDT was greatest in muck soil and least in sandy loam soil and was
closely related to the organic matter content of the soil, the major fraction identified with
absorption being the humic materiaL. The degree of sorption is strongly associated with the
degree of humidification (WHO, 1989).

After application to the soil surface, 50% of DDT was lost within 16-20 days, with an
estimated time for 90% loss of 1.5-2 years. When it was mixed into the soil, the half-time of
DDT was 5-8 years, and it was estimated that 90% would be lost in 25-40 years (Wheatley,
1965).

ln a study to determine the ability of river sediments to degrade DD'l labelled material
was added to sediments in the laboratory or on mud flats in the United Kingdom. Incubation
in situ over 46 days led to very little metabolism of DDT; sorne para,para'-TDE was produced,
but metabolism did not proceed further. ln the laboratory, however, a greater amount of
degradation occurred over 21 days. Investigations of the microbial population of the
sediment showed that sorne organisms were capable of degrading DDT (Albone et al., 1972).

When cotton plants in Kenya were sprayed at 1.05 or 2.52 kg active ingredient/ha, and
soil and leaf samples were taken, the half-times for para,para'-DDT in soil for the two rates
were 18.5 and 2.2 days, respectiveIy. The Iow persistence of surface-applied DDT in tropical
climates represents a totally different situation from that reported for temperate climates.
With a soil temperature of over 65°C by mid-afternoon, the loss was attributed to
volatilization. Residues on cotton foliage had a similarly short half-time of 4.8 days. The
metabolite para,para'-DDE was slightly more persistent, with a half-time of 8.8 days (Foxall
& Maroko, 1984). ln a review of DDT residues in Indian soils in cotton-growing are as, the
half-time of DDT was about three months, as compared to 4-30 years in temperate regions
(Mehrotra, 1985).
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1.3.2 Plants

14C-Labelled DDT was applied to loam and sandy soils at 4 and 2 mg/kg and oats were

grown in the treated soils for 13 days. Ofthe total DDT applied, 95% was recovered from the
loam and 84% from the sandy soil, showing that little metabolism had taken place. DDE was
detected in both soils, together with very small amounts of other metabolites. Very little DDT
was detected in oat roots grown on loam (0.2%); uptake was greater (4.6%) in the roots of
oats grown on sand. No label was detected in the plant tops (Fuhremann & Lichtenstein,
1980).

DDT was not translocated into foliage of alfalfa after application to soil (Ware et al.,
1970), or into soya beans (Eden & Arthur, 1965). Only trace amounts of DDT or its
metabolites were found in stored carrots, radishes and turnips which had been grown in soils
containing up to 15 mg/kg DDT (Harris & Sans, 1967).

1.3.3 Food
Residues were found in 36 of 1535 samples analysed for DDT as part of a Canadian

national surveillance programme in 1984-89. The highest levels were found in carrots (12/75
samples), cheese (10/94) and grapes (7/129). The levels ranged from 0.01 to a maximum of
0.6 mg/kg (Government of Canada, 1990).

ln Brazil, the average levels of DDT in 1998 samples of cattle meat were 0.04-0.13
mg/kg, those in 102 samples of horse meat, 0.01-0.02 mg/kg and those in corned beef and
roast beef, 0.03-0.04 mg/kg (Codex Committee on Pesticide Residues, 1989).

para,para'-DDE was detected in 408 of 19851 food and animal feed samples analysed in
the USA during the period 1982-86; 288 samples contained less than 0.05 mg/kg (maximum,
2.0 mg/kg) (Luke et al., .1988).

1.3.4 Fish

Small fish take up more DDT from water th an larger fish of the same species: a range in
weight of mosquito fish between 70 and 1000 mg led to a four-fold difference in DDT uptake
over 48 h (Murphy, 1971).

Rainbow trout were exposed to concentrations of DDT in water of 176, 137 and 133 ng/l
at 5, 10 and 15°C, respectively. Whole-body residues of DDT after 12 weeks of exposure
were 3.8,5.9 and 6.8 mg/kg for the three temperatures, indicating increased uptake by fish
with tempe rature (WHO, 1989).

Fish accumulate DDT from food in a dose-dependent manner. Rainbow trout fed diets
containing 0.2 or 1.0 mg/kg DDT retained more than 90% of the dietaryintake over a 90-day
exposure. The time for 50% elimination was estimated at 160 days. There was a straight-line
relationship between exposure time and body burden of total DD'T with no tendency for
residues to reach a plateau within 45 days of feeding. The fish had accumulated 1.1 i-g/kg
from food containing 0.58 i-g/kg DDT, Il llg/kg from food containing 9.0 llg/kg and
110 i-g/kg from food containing 93 i-g/kg at the end of the experiment (WHO, 1989).

1.4 Regulations and guidelines

Sweden was the first country to ban the use of DD'T in 1970 (WHO, 1979). Many other
countries subsequently restricted its use, although DDT continues to be used in sorne
circumstances, for the control of vector-borne diseases.



188 IARC MONOGRAHS VOLUME 53

DDT and its metabolites were included in the 1987 Canadian guidelines for
drinking-water quality for re-evaluation; the 1978 maximum acceptable concentration was
30 l1g/1 (Ritter & Wood, 1989).

The FAO/WHO Joint Meeting on Pesticide Residues evaluated DDT at its meetings in
1963, 1965, 1966, 1967, 1968, 1969, 1977, 1979, 1980, 1983 and 1984 (FAO/WHO, 1964,
1965, 1967a,b, 1968a,b, 1969, 1970a,b, 1978, 1980a,b, 1981, 1984, 1985). ln 1963, an

acceptable daily intake in food of 0.005 mg/kg bw was established (FAO/WHO, 1964); this
was raised to 0.01 mg/kg bw in 1965. ln 1967, the level was extended to metabolites. The
acceptable daily intake was lowered to 0.005 mg/kg bw in 1969 and was raised to 0.02 mg/kg
bw in 1984 (FAO/WHO, 1985).

Maximum residue levels were established by the Codex Alimentarius Commission for
DDT (as the sum of para ,para 1 - D D'Y ortho ,para 1 - D D'l para ,para 1 - D DE and para ,para 1 -TD E

(fat-soluble residue)) in or on the following (in mg/kg): meat (fat), 5; fruit and vegetables, 1;
eggs, 0.5; cereal grains, 0.1; milks, 0.05 (Codex Committee on Pesticide Residues, 1990).

National and regional pesticide residue limits for DDT and its metabolites in foods are
presented in Table 4. Table 5 presents occupational exposure limits and guidelines for DDT
in some countries. The maximum allowable concentrations in the USSR are 0.001 mg/m3 for
average daily exposure to DDT in the atmospheric air of populated are as, 0.005 mg/m3 for a
single exposure in the same areas, 0.1 mg/l for DDT in water for drinking and domestic
purposes and 1 mg/kg for DDT in soil (Izmerov, 1983).

Table 4. National and regional pesticide residue lImIts for DDT in foodsa

Country or region CommoditiesResidue
limits
(mg/kg)

Australia

Austria

5
1.25
1

0.5
0.1

3b
LOb
0.5b
O.lb

F
O.F
0.04c
o (O.OSy,d

se
1.0

0.5

Belgium

Canada

Fat (meat, poultry)
Goat milk (fat basis), milk (fat basis), milk products (fat basis)
Edible oils, fish, fruit, margarine, vegetables
Eggs
Cereal grains

Fish
Cocoa nibs, spices, tea, tea-like products, unroasted coffee
Eggs (without shell), other foodstuffs of animal origin
Oilseeds
Meat, poultry, hare, fowl, game, meat products, animal fats
Eggs, fruit, vegetables
Milk and milk products
Other foodstuffs of animal and vegetable origin
Fish
Butter, cheese, milk and other dairy products, meat, fat and meat by-
products (cattle, hogs, poultry, sheep)
Eggs, fresh vegetables
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Country or region Residue
limits
(mg/kg)

Chile 7C

3.5
1.25
1.0
0.5

China -: 1.0

-: 0.2

-: 0.1

Czechoslovakia 2e
1.25
0.5
0.4
0.1

Denmark 5c
2
1

0.5
0.2

0.05
0.04

European LOb
Community 0.1

0.05

0.04

Finland 3c
0.5

0.1

France 0.1c
0.05c

Germany lOb
st
3.5
2g

1.0
LOb
Lot
Oost
0.1/
0.05g

Hungary O.ic
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Commodities

Apples, carcasses (fat), garden vegetables, peaches, pears, poultry (fat)
Cherries, citrus fruit, plums
Milk and dairy products (fat)
Vegetables (root, tuber)
Eggs

Fish (including other seafoo products)
Processed foodstuffs
Fruit, vegetables

Animal fats (fat basis), fish, meat
Milk and milk products (fat basis) (imported)
Eggs (without sheIl) (imported and domestic)
Milk and milk products (fat basis)
Fruit, potatoes, vegetables
Fish liver
Fish and fish products
Fat from meat
Eggs
Berries and small fruit, carrots, fruit (citrus, pome, stone, other),
onions, potatoes, vegetables (leafy, other root)

Cereals
Milk, milk products, dairy products
Fat contained in meat, preparations of meat, offal and animal fats
Other crop and food products

Barley, buckwheat, grain sorghum, maize, milet, oats, paddy rice, rye,
triticale, wheat, other cereals
Raw cows' milk and whole-cream cows' milk

Codliver oil
Crustaceans, fish, shellfish and their products (excluding codliver oil),
other crops and food products
Cereal grains

Fruit, vegetables
Cereal grains
Tobacco products

Fish liver and roe products
Eel, salmon and sturgeon, as weIl as products thereof (except roe)
Other fish and other cold-blooded animaIs, seafood as weIl as products
thereof (except liver and roe)
Meat, meat products, edible animal fats (fat basis)
Spices, raw coffee, tea, tea-like products
Milk, daiiy products
Eggs (without sheIl), egg products
Citrus juice, fruit, oilseed, vegetables
Other foodstuffs of plant origin
Crops, food
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Table 4 (contd)

Country or region Residue
limits
(mg/kg)

India 7h
3.5h
1.25h
O.5h

Ireland O.ic
Israel 3

0.25
1.0
0.5
0.05

Italy 1.0C,1

0.1
Japan 0.2
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Commodities

Kenya 7

3.5
1.25
1.0

Luxembourg
0.5

9
3.9
3f

2J

1.29
0.9
0.2J
0.1j

0.05
0.03

Fish, meat, poultry (whole product)
Fruit, vegetables (including potatoes)
Milk, milk products (fat basis)
Eggs (without shell)
AlI crop and food products
Apples, apricots, carcass meat (in fat), cherries, fruit (citrus, tropical),
peaches, pears, plums, other small fruit not mentioned in list (except
strawberries), poultry (in fat), vegetables
Milk products (fat basis)
Cottonseed, nuts (shelled), strawberries
Eggs (without shell)
Milk (fat basis)

Aromatic and medicinal herbs, tea
Coffee, fruit, garden vegetables
Apples, asparagus, baby kidney beans, baby peas, burdock, cabbage,

cauliflower, celery, cherries, Chinese white cabbage, cucumbers, egg-
plant, garden radish, garden radish leaves, grapes, Irish potatoes, lettuce,
loquats, mandarins, oranges, peaches, pears (Bartlett, Japanese), persim-
mon, pumpkin, soft greens, Spanish paprika, spinach, strawberries,
summer oranges (peel, pulp), sweet potatoes, taro, tea, tomatoes, trefoil,
turnip, turnip leaves, watermelons, white muskmelons
Apples, apricots, meat (fat basis), peaches, pears, poultry (fat basis),
small fruit (except strawberries), vegetables (except root)
Cherries, fruit (citrus, tropical), plums
Milk products (fat basis)
Maize, milet, nuts (shelled), root vegetables, sorghum, strawberries,
sunflower seeds (en tire), wheat grain
Eggs (without shell), whole milk

Fish eggs, liver products
Eel, salmon and sturgeon and derived products (except fish eggs)
Animal fats (except butyric fats), meat and meat products, poultry and
poultry products
Other fish, crustaceans, molluscs and derived products (except fish eggs
and liver)
Milk and milk products
Eggs (without shell), animal fats and fish meal (used as animal feed)
Other foostuffs (used as animal feed)

Vegetable fats (used as animal feed), supplementary feed for lactating
animaIs
Natural foods (used as animal feed)
Cereals (used as animal feed)



Table 4 (contd)

Country or region Residue
limits
(mg/kg)

Mexico 7
6
4
3.S
1.S
1.0

O.S

Netherlands Sc
F
O.Sc
O.F
O.OSc
O.04c
O.02c

New Zealand se
2e
1.2Se
O.se

Peru 7h
3.Sh
1.2Sh
1.0h
O.Sh

Romania S
3
1.2S

Singapore 0.2
O.OOS

South Africa 3c
O.Sc
O.OSc

Spain LOc
O.F
O.OSc

Sweden Sc
LOc
O.Sc
O.OSc
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Commodities

Beans, chili peppers, grapes, lettuce, pineapples, tomatoes
Soya bean oil (processed)
Cottonseed
Avocado, carrots, citrus fruit, maize, papayas
Soya beans
Arichokes, asparagus, brocoli, cabbage, celery, okra, on ions, potatoes,
radishes, spinach, sweet potatoes
Apples, cucumbers, eggplant, guavas, mangoes, melons, peaches, pea-
nuts, pears, peas, squash, strawberres
Eggs (fat basis)
Meat, poultry meat, other animal products (fat basis), tea
Cocoa butter (wring/refined)
Fruit, plant oil and fat, vegetables, tropical seed (fat basis)
Other foodstuffs
Milk
Other cocoa (fat basis)
Meat fat in any foodstuff
Fruit, vegetables
Milk fat in any foodstuff
Eggs
Fruit (drupe, pome), meat (fat basis), poultry (fat basis)
Fruit (citrus, tropical)
Milk and milk products (fat basis)
Walnuts (shelled)
Eggs (without shen)
Meat (catte, goats, sheep)
Meat (pigs, poultry)
Milk and milk products
Fat (catte, hogs, sheep), otherfoostuffs
Milk
Carcass meat (fat basis)
Eggs (without shen)
Milk (fat basis)

Coffee, spices, tea and similar products
Fruit, vegetables (except potatoes)
Potatoes, other plant products
Fishery products
Butter, cheese, fruit, vegetables
Eggs, raw meat
Cereals and hulled grain, flakes and flour made from cereals, milk,
potatoes
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Table 4 (contd)
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CommoditiesCountry or region Residue
limits
(mg/kg)

Switzerland

Thailand

United Kingdom

USAk

LOC

O.SC

0.2Sc
O.12Sc
O.F
O.Olc
O.02c
O.OOsc

7
6
S
2
1.S
1.0
O.S

1b

O.S

0.1

O.OS

0.04

S

3
1.2S
1.0

O.S

0.2

Meat and meat products (except fish and fish-based products (fat basis)),
tea and tea plants
Eggs
Cocoa butter and bulk cocoa (fat basis)
Milk and milk products (fat basis)
Cereal, fruit, vegetables
Cereal products
Infant and baby foods (as consumed); other products rlimit value, 0.06)
Infant and baby foods (as consumed); milk products pimit value, O.OlS)

Fruit
Fat and oil from animaIs and vegetables
Aquatic animal products, meat
Vegetables
Eggs, pulses

Milks
Cereals
Bananas, oranges, other citrus, meat, fat and preparations of meats (fat
basis), dairy produce (? 2% fat)
Eggs (birds' eggs in sheU (other than eggs for hatching) and whole egg
products and egg yolk products (whether fresh, dried or otherwiseprepared)) .
Apples, blackcurrants, beans, Brussels' sprouts, cabbage, carrots, celery,
caulifower, cucumbers, grapes, leeks, lettuce, mushrooms, nectarines,
on ions, peaches, pears, peas, plums, potatoes, raspberries, strawberries,
swedes, tomatoes, turnips
Barley, maize, oats, paddy rice, rye, wheat, other cereals
Milk (fresh raw cows' milk and fresh whole-cream cows' milk expressed
as whole milk)

Fat of meat (catte, goats, hogs, horses, sheep), fish

Carrots
Manufactured dairy products
Beans (coca, whole raw), peppermint oil, potatoes, soya bean oïl
(crude), spearmint oil, sweet potatoes
Arichokes, asparagus, barley grain (food, feed), broccoli, Brussels'
sprouts, cabbage, caulifower, celery, coUards, eggs, endives (escarole),
hay, kale, kohlrabi, lettuce, maize grain (foo, feed), milo sorghum grain
(foo, feed), mushrooms, mustard greens, oat grain (food, feed), pepper-
mint hay, rice grain (food, feed), rye grain (food, feed), spearmint hay,
spinach, Swiss chard, tomato pomace (dried, for use in dog and cat food),
wheat grain (food, feed)
Apricots, avocdoes, beans, beans (dried), beets (roots, tops), cherries,
guavas, mangoes, nectarines, okra, onions (dry bulb), papayas, parsnips
(roots, tops), peaches, peanuts, peas, pineapples, plums (fresh prunes),
radishes (roots, tops), rutabagas (roots, tops), soya beans, (dry), tumips
(roots, tops)
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Country or region CommoditiesResidue
limits
(mg/kg)

USA (contd) 0.1

USSR DDT
0.05

0.7
0.5
Not per-
mitted
7
3.5

2.0e
i.Oe
0.5e
O.le

IDE

Yugoslavia

O.03e
o.oie

Apples, blackberres, blueberries (huckleberries), boysenberres, citrus
fruit, maize (fresh sweet plus cob with husk removed), cottonseed,
cranberres, cucumbers, currants, dewberries, eggplant, gooseberres,
hops (fresh), loganberries, melons, pears, peppers, pumpkins, quinces,
raspberres, squash, squash (summer), strawberres, youngberries
Grapes, hops (dried), tomatoes, lettuces .

Tobacc products
Fruit, vegetables
AlI other food products including milk, meat, butter, eggs, garden
strawberries and raspberries
Fruits, vegetables
Grain
Vegetable oil (refined, unrefined) and their procucts (fat basis)
Venison, fish (fat basis)
Meat and meat procucts (catte, hogs, poultry, sheep (fat basis), milk
and milk products (fat basis)
Eggs (without shell) and egg products, fruit, vegetables, other foo
commodities
Cereals
Processed cereals

aprom Health and Welfare Canada (199)
bDDT, ODE, IDE and their isomers (total calculated as DDT)
cSum of para,para' -DDT, ortho,para' -DDT, para,para' -ODE and para,para' -IDE

aResidues should not be present; the value in parentheses indicates the lower limit for residue determination
according to the standard method of analysis, this limit having being used to reach the no-residue conclusion
elncluding IDE and DDE

frE and isomers

goDE (total calculated as DDT)
hLimits apply to DDT, IDE and ODE singly or in any combination
iActive substance revoked; EEC value for fruit and garden vegetables

.ÎDT, IDE, ODE (singly or combined, expressed as DDT)
"Recommended action levels, tolerances revoked (US Food and Drug Administration, 199)

WHO (1984) recommended a guideline value of 1 ¡.g/l for DDT (total isomers) in
drinking-water, and the US Environmental Protection Agency (1980) established an ambient
water quality criteria for DDT of 2.85 ¡.g/L.
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Table 5. Occupational exposure lImits for DDTa

Country Year Concentration Interpretationb
(mg/m3)

Austria 1987 1 (s)C TWA
Belgium 1987 1 TWA
B ulgaria 1987 0.1 TWA
China 1987 0.3 TWA
Denmark 1988 1 TWA
Finland 1987 1 (s) TWA

3 (s) STEL
Germany 1989 1 (s) TWA
Hungary 1987 0.1 (s) TWA

0.5 (s) STEL
India 1987 1 TWA

3 STEL
Indonesia 1987 1 (s) TWA
Italy 1987 1 TWA
Mexico 1987 1 TWA
Netherlands 1986 1 TWA
Poland 1987 0.1 TWA
Romania 1987 0.7 (s) Average

1 (s) Maximum
Switzerland 1 (s) TWA
United Kingdom 1987 1 TWA

3 STEL (10 min)
USA

ACGIH 1989 1 TWA
OSHA 1989 1 (s) TWA

USSR 1987 0.1 (s) MAC
Venezuela 1987 1 TWA

3 Ceiling
Yugoslavia 1987 0.1 (s) TWA

llrom Arbeidsinspectie (1986); Cook (1987); Health and Safety Executive (1987);

Työsuojeluhallitus (1987); Arbejdstilsynet (1988); American Conference of Gov-
emmental Industrial Hygienists (ACGIH) (1989); Deutsche Forschungsgemein-
schaft (1989); US Occupational Safety and Health Administration (OSHA) (1989)
bMAC, maximum allowable concentration; 1WA time-weighted average; STEL,
short-term exposure level
cSkin irrtant notation

2. Studies of Cancer in Humans

2.1 Cohort studies
Venous blood samples were sought from 1708 adults in Charleston, SC, USA, enrolled

in a prospective cohort study (Boyle, 1970; Keil et al., 1984) in 1974-75 (468 white men, 602
white women, 310 black men and 328 black women) and were obtained for919 subjects (304
white men, 327 white women, 204 black men and 84 black women) (Austin et al., 1989).
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para,para'-DDT andpara,para'-DDE levels in the blood specimens were analysed, and total
serum DDT was estimated; the mean serum DDT level was 48 ppb (iig/I) with a standard
deviation of36 ppb Üig/l). When the 919 subjects were traced through 1984,209 were found
to be deceased and 700 stil alive; 10 were lost to foIlow-up. National and state age-, sex- and
race-specifie mortality rates for 1980 were used for external comparisons. ln internai
comparisons, the rates for persons in the upper (:; 52 ppb) and middle (31-52 ppb) terciles of
serum DDT levels were compared to those in the Iowest tercile (0-31 ppb). These relative
mortality rates were adjusted for differences in age, race, sex, years of schooling and smoking
using a proportional hazards modeL. Mean levels were slightly higher among men than
women (by 6%), among blacks th an whites (by 14%) and among nonsmokers than smokers
(% not given). Compared to the general population, mortality from respiratory cancer was
slightly higher among the cohort th an expected (standardized mortality ratio (SMR), 1.2; 21
deaths; 95% confidence interval (Ci), 0.76-1.9). Relative rates for total mortality by serum
DDT levels were 1.2 (72 deaths; 0.8-1. 7) for the middle tercile and 1.2 (80 deaths; 0.9-1.8) for
the upper tercile (57 deaths for the lowest tercile). The trend was not significant. Relative
mortality rates for respiratory cancer by tercile were 1.5 (7 deaths; 95% Ci, 0.5-4.9) and 1.8
(7 deaths; 95% Ci, 0.5-6.2) (5 deaths for the lowest terciIe) with a non-significant trend.

Mortality was evaluated among workers empIoyed at three manufacturing plants in
Michigan and Arkansas, USA, and one research establishment in Michigan, where potential
exposure to brominated chemicals existed (Wong et aL., 1984). Workers employed in the
plants between 1935 and 1976 were identified from personnel records. Of the 3612 male
workers identified, 33 were excluded because their dates of birth were not available, Ieaving
3579 for analysis (2806 alive as of 31 December 1976), 578 deceased (541 with death
certificates) and 195 with unknown vital status. SMRs for the cohort were calculated using
US white male rates to generate expected numbers. Race was not available on aIl
employment records, but, according to the company, few blacks had worked at the plants.
DDT had been produced at one time in one of the plants, and 740 workers were identified as
having worked in DDT production departments. Mortality from aIl causes combined among
these workers was about the same as expected (SMR, 0.99; 112 deaths; 95% Ci, 0.82-1.2), as
was mortality from aIl cancers (SMR, 0.95; 19 deaths; 95% CI, 0.57-1.5). Cancers for which
the rates were slightly elevated, with more than one death, included Ieukaemia (SMR, 2.1;
2 deaths; 95% Ci, 0.24-7.6) and lung (1.5; 9 deaths; 0.68-2.8). Many of the workers with
potential exposure to DDT also had potential exposure to other chemicals, including
inorganic brominated compounds. Information on smoking was not available for the entire
cohort (see General Remarks for a discussion). ln a nested case-control study of respiratory
cancer, the 46 workers from the entire cohort who had died from respiratory cancer were
each matched to two workers who had died from other causes (except cancer, nonmalignant
respiratory disease or unknown causes) on plant, age at death and time ofhiring. Information
was sought on detailed work history and smoking history from employment records and
other sources; information obtained on smoking was incomplete (20% were ascertained to
be smokers, but no information was available on the remainder) and was not considered
further. On the basis of detailed work histories, 10 cases and 25 controls were judged to have
been exposed to DDT (odds ratio, 0.74 (95% CI, 0.3-1.7)).

~;.,~~
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Ditraglia et al. (1981) studied 354 workers at a plant in California, USA that had
produced DDT exclusively since 1947. (Three plants that produced other organochlorine
pesticides were also studied, but the results presented here are restricted to the DDT plant.)
AlI workers employed for at least six months prior to 31 December 1964 were included. Vital
status as of 31 December 1976 was ascertained for 90% of the cohort: 278 were alive and 42
were dead; those whose vital status was unknown were assumed to be alive as of the closing
date of the study. Mortality among the cohort was compared to that of US white males,
adjusted for age and calendar time. Fewer cancers occurred than expected (SMR, 0.68;
6 deaths; 95% CI, 0.25-2.5). For respiratory cancer, an SMR of 1.3 was obtained (4 deaths,
95% CI, 0.34-3.2). Observed SMRs for aIl cancers combined byyears since first employment
at the plant were none for.: 10 years, one (3.7 expected) for 10-19 years and five (3.8

expected) for 20 or more years.
Subjects enrolled in 1971-73 in a national programme to monitor the health effects of

exposures to pesticides were followed to 1977 to ascertain mortality and morbidity (details of
the design of this study are presented in the monograph on occupational exposures in
spraying and application of insecticides, p. 62) (Morgan et al., 1980). Blood samples were
obtained from each of the 3669 volunteers on their entry into the study and analysed for
serum DDT and DDE levels. The geometric mean for volunteers who developed cancer was
similar to that of those who did not (43 ppb and 45 ppb, respectively). (Relative risks for
cancer were not presented by serum DDT and DDE level.)

Cohort studies on DDT are summarized in Table 6.

Table 6. Cohort studies of populations exposed to DDT

Reference Cancer site No. of cases Relative 95% CI
risk

Austin et aL. Respiratory 5 (low DDT) 1.0

(1989) cancer 7 (medium) 1. 0.5-4.9
7 (high) 1.8 0.5-6.2

Wong et al. Lung 9 1.5 0.68-2.8

(1984) Leukaemia 2 2.1 0.24-7.6
(Lymphomas 1 0.7 0.0-5.8)

Ditraglia
et al. (1981)

RespiratoI) 4
system
Lymphatic and 0
haematopoietic
system

0.34-3.21.3

Comments

Exposure levels based
on serum levels of DDT
(p for trend = 0.34)
RespiratoI) cancer in

total cohort: SMR, 1.2
Workers at a DDT
manufacturing plant;
also exposed to other
pesticides
Nested case-control
analysis gave odds ratio
= 0.74 for DDT
exposure
Workers at a DDT
manufacturing plant; no
death from skin, brain,
bladder cancer or
leukaemia
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2.2 Case-control studies

2.2.1 Based on measured levels in tissues

Caldwell et al. (1981) compared serum levels of DDT in 10 children with colorectal
cancer diagnosed between 1974 and 1976 and 24 controls without a malignancy who had
visited a health clinic. The cases were aged 14-19 years and the controls, 5-18 years. One case
was deleted because no information on exposure could be found. The mean serum level of
DDT was 65.6 ppb (¡.g/l) for the remaining cases and 28.3 ppb for the 24 controls. When two
cases with very high Ievels (in excess of200 ppb) were excluded, the mean level was 22.9 ppb.

Unger and Olsen (1980) analysed the levels of polychlorinated biphenyls and DDE in
adipose tissue from people in Denmark who had died of cancer. ln an extension of this study
(Unger et al., 1982), adipose tissue was obtained post mortem from 51 cancer cases and 63
noncancer cases between 1978 and 1980. Ten of the patients had died from cancer of the gut,
13 from lung cancer and the remainder from various other tyes. The con troIs had died of
apoplexy (11), coronary or vascular disease (28) and various other diseases. Mean levels of
DDE were higher (5.5 ppm) among the cancer cases than among the con troIs (3.4 ppm).
Mean levels of polychlorinated biphenyls were also higher among the cancer cases than
among the noncancer cases (10.2 ppm and 6.1 ppm, respectively). (The Working Group
noted that it was difficult to separate the effects of the two compounds in the published
reports. )

Breast fat tissue was obtained from 14 patients with breast cancer and 21 patients with
other breast disorders who were undergoing breast surgery. Mean DDE levels were similar
in the cancer cases (1.23 ppm) and the controls (1.25 ppm) (Unger et al., 1984).

(Measurement of tissue levels of DDT provides information on individual exposure to
DD1; but the Working Group was concerned that levels determined after diagnosis of
cancer, particularly in serum, may be affected by the disease process.)

2.2.2 Lymphatic and haematopoietic tissues

The risk for non-Hodgkin's lymphoma from exposure to DDT was evaluated in a
population-based case-control study in Washington State, USA (Woods et al., 1987). The
design of this investigation is given in detail in the monograph on occupational exposures in
spraying and application of insecticides (p. 67). A total of 576 patients with non-Hodgkin's
lymphoma and 694 controls were intervewed to obtain information on pesticide use. The
odds ratio for non-Hodgkin's lymphoma was 1.8 (95% Ci, 1.0-3.2) among those reporting
use of DD'f Adjustment for other agricultural exposures did not substantially change this
estimate. When the analysis was restricted to farmers (Woods & Polissar, 1989), the odds
ratio for exposure to DDT was 1.7 (95% Ci, 0.9-3.3).

ln the case-control study on leukaemia In Iowa and Minnesota, USA described in detail
in the monograph on occupational exposures in spraying and application of insecticides
(p. 68), the odds ratio for leukaemia was 1.2 (95% CI, 0.7-1.8) for use of DDT on crops and
1.3 (1.0-1.8) for use on animaIs. The odds ratio for leukaemia rose with frequency of reported
use of DDT on animaIs from 0.6 (95% CI, 0.3-1.4; 7 cases) for fewer than five days of use per
year, 1.1 (0.4-2.7; 7 cases) for5-9 days, to 2.1 (1.1-3.9; 21 cases) for 10 or more days. No Such
pattern was evident for use of DDT on crops. Elevated risks for both chronic lymphatic and
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chronic myeloid leukaemia were found among farmers who used DDT: the odds ratios were
1.5 (0.9-2.3; based on 36 cases) and 1.9 (0.9-4.2; 10 cases), respectively (Brown et al., 1990).

Cases of chronic lymphatic leukaemia diagnosed in five hospitals in Sweden between
1964 and 1984 in patients who survved after 1981 were compared with population controls
living in the catchment areas of the hospitals. The study design is described in the monograph
on occupational exposures in spraying and application of insecticides (p. 68). Results of a
stratified analysis based on a confounder score including age, sex, exposure to fresh wood,
solvents, exhausts, DD'l horses and employment as farmer were presented. Exposure to
DDT was reported by six cases and four controls; the odds ratio was 6.0 (95% CI, 1.5-23)
(Flodin et aL., 1988). (The Working Group noted the limitation of inclusion of prevalent cases
because of the potential influence on recall of exposure.)

A study on Hodgkin's disease and B-cell non-Hodgkin's Iymphomas was conducted in
one of the areas included in the study summarized above (Persson et al., 1989) and described
in the monograph on occupational exposures in spraying and application of insecticides
(p. 69). The same criteria were applied for selection of cases, and the same series of controls
was used. Logistic regression analysis was carried out including sex, age, occupation in
farming, exposure to fresh wood and aIl exposures resulting in a crude odds ratio greater th an
2.0. Exposure to DDT was reported by three patients with Hodgkin's disease, none with
non-Hodgkin's lymphoma and three controls. The odds ratio for Hodgkin's disease was 7.5
(90% CI, 0.8-70) (The limitation of the study by Flodin et aL. (1988) noted above also applies
to this study.)

ln the case-control study of malignant Iymphomas in northern Sweden described in the
monograph on occupational exposures in spraying and application of insecticides (p. 69)
(Hardell et al., 1981),22 cases and 26 controls reported exposure to DDT (odds ratio, 1.8;
95% Ci, 1.0-3.2). Seven cases and 11 controls reported exposure to DDT and not to
phenoxyacetic acid herbicides (odds ratio, 1.6; 95% Ci, 0.6-4.1 J. Information was not
presented separately for Hodgkin's disease and non-Hodgkin's lymphoma.

Case-control studies on cancers of lymphatic and haematopoietic tissues and exposure
to DDT are summarized in Table 7.

2.2.3 Soft-tissue sarcoma
Four population-based case-control studies in Sweden assessed the risk of soft-tissue

sarcoma, primarily in association with exposure to phenoxyacetic acid herbicides and
chlorophenols (Hardell & Sandström, 1979; Eriksson et aL., 1981; Hardell & Eriksson, 1988;
Eriksson et aL., 1990a). The studies are described in detail in the monograph on occupational
exposures in spraying and application of insecticides (pp. 69-70). ln the first study, in
northern Sweden, four cases and 14 controls reported exposure to DDT (crude odds ratio,
1.2 (95% CI, 0.4-3.7) (Hardell & Sandström, 1979). ln the second study, in southern Sweden,
seven cases and 11 controls reported exposure to DDT (crude odds ratio 1.3; 95% CI,
0.5-3.4) (Eriksson et al., 1981). ln the third study, in northern Sweden, six cases, 19
population-based con trois and eight cancer controls reported exposure to DDT (crude odds
ratio, 1.9; 95% CI, 0.7-5.0 (population controls); crude odds ratio, 2.7; 95% CI, 0.9-7.8
(cancer controls)). One case, 10 population-based controls and three cancer controls
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Table 7. Case-control studies of cancers of Iymphatic and haematopoietic tissues
containing information of exposure to DDT

Reference Cancer No. of Relative 95% CI CommentsLotion site expsed risk
casesl
con troIs 

Woos et al. (1987); Non-Hodgkin's Not 1.8 1.0-3.2 Not adjusted for otherWoos & Polissar (1989) lymphoma reported agricultural expsuresWashington State, USA

Not 1.7 0.9-3.3 Farmers only
reported

Persson et al. (1989) Non- Hodgkin's 0/3 Adjusted for sorneSweden lymphoma other agricultural
expsures

Hodgkin's 3/3 7.5 0.8- 70 90% CI
disease

Hardell et al. (1981) Malignant 22/26 ( 1.8) ( 1.0-3.2) Crude risk calculatedNorthern Sweden lymphoma from data in paper. Not
adjusted for other
agricultural expsures.

7/11 ( 1.6) (0.6-4.1 ) Crude risk for DD'r
without exposure to

phenoxyacetic acid
herbicides

Brown et al. (199) Leukaemia 35/75 1.2 0.7-1.8 DDT used on cropsIowa and Minnesota, 80/149 1.3 1.0-1.8 DDT used on animaisUSA
Not adjusted for other
agricultural expsures;
risks increased with
duration of usea

Chronic lym- 36 1.5 0.9-2.3 DDT used on crops and
phatic leukaemia animalsb
Chronic myeloid 10 1.9 0.9-4.2
leukaemia

Flodin et al. (1988) Chronic lym- 6/4 6.0 1.5-23 Adjusted for otherSweden phatic leukaemia agricultural exposures
llncreased risks reported also in association with exposure to other insecticides
bNo data provided for other subtypes of leukaemia

reported exposure to DDT without exposure to phenoxyacetic acid herbicides (crude adds
ratio, 0.6 (95% CI, 0.1-5.0)) for population controls and (1.2 (95% CI, 0.1-12.1)) for cancer
controls (Hardell & Eriksson, 1988). ln the fourth study, from central Sweden, exposure ta
DDT was reported by22 cases and 33 controls (odds ratio, 0.61; 95% Ci, 0.34-1.1)(Eriksson
et al., 1990a).

ln the case-control study on soft-tissue sarcomas in Kansas, USA, also described in the
monograph on occupational exposures (p. 66), an odds ratio of 2.3 (95% Ci, 0.9-5.6, based
on 10 exposed cases and 28 exposed contraIs) was reported for use of DDT on animaIs (Hoar
Zahm et al., 1988). ln the population-based case-control study of soft-tissue sarcoma in
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Washington State, USA (Woods et al., 1987) (see p. 67), the odds ratio for soft-tissue sarcoma
was 1.1 (0.4-3.2).

Case-control studies on soft-tissue sarcoma and exposure to DDT are summarized in
Table 8.

Table 8. Case-control studies of soft-tissue sarcoma containing information on
exposure to DDT

Reference No. of Relative 95% CI Comments
Loction expsed risk

cases/
con trois 

Hardell & Sandström 4/14 1.2 (0.4-3.7) Not adjusted for other agricultural
(1979) exposures
Sweden
Eriksson et aL. (1981) 7/11 (1.3) (0.5-3.4) Crude risk calculated from data in
Sweden paper; not adjusted for other

agricultural expsures
Hardell & Eriksson 6/19 (1.9)a (0.7-5.0) Crude risk calculated from data in
(1988) 6/8 (2.7)b (0.9-7.8) paper; not adjusted for other
Sweden agricultural exposures

1/10 (O.6)a (0.1-5.0) Crude risk for exposure to DDT
1/3 (1.2)b (0.1-12. i) and not phenoxyacetic acids

Eriksson et al. (l99a) 22/33 0.61 0.34-1.1 Not adjusted for other agricultural
Sweden exposures
Hoar Zahm et al. (1988) 10/28 2.3 0.9-5.6 DDT on animalsc; not adjusted for
Kansas, USA other agricultural exposures
Woods et al. (1987) Not 1. 0.4-3.2 Not adjusted for other agricultural
Washington, USA reported exposures

apopulation controls
bCancer controls

CNo data provided for DDT use on crops

2.2.4 Other cancers

A proportionate analysis of occupational mortality in Washington State, USA, identified
a 30% increased risk for respiratory cancer among orchardists (Milham, 1983), and a
case-control study was thus undertaken in Washington State in 1968-80 (Wicklund et al.,
1988). The design of the study is described in the monograph on occupational exposures in
spraying and application of insecticides (p. 70). A total of 89 cases and 89 controls were
assumed to have had exposure to DDT. When men exposed to DDT but not to lead arsenate
were considered, there were 33 cases and 29 controls, and the odds ratio (adjusted for
smoking) was 0.91 (95% CI, 0.40-2.1). (The Working Group noted that the unexposed group
included men for whom details on e),.'posure ta DDT were not available, which may have
biased the odds ratio towards the nulL.)

Two case-control studies in Sweden examined the risks for colon cancer (Hardell, 1981)
and nasal and nasopharygeal cancer (Hardell et al., 1982), primarily in relation to exposure
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to phenoxyacetic acid herbicides and chlorophenols. These studies are described in the
monograph on occupational exposures (p. 71). Odds ratios for exposure to DDT, without
controllng for other agricultural exposures, were (0.8; 0.4-1.7) for colon cancer and (1.2;

95% CI, 0.5-2.9) for nasal and nasopharygeal cancer. ln the study of colon cancer, exposure
to DDT was also analysed after excluding subjects who had been exposed to phenoxyacetic
acids and chlorophenols; the odds ratio was (0.5; 0.2-1.6).

Men aged 25-80 who had been diagnosed with liver cancer between 1974 and 1981 and
reported to the Department of Oncology, Umeå, Sweden, were included in another
case-control study (Hardell et al., 1984), described in the monograph on occupational
exposures (p. 71). Odds ratios for exposure to DDT, without controlling for other agricultural
exposures, were (0.4; 95% Ci, 0.1-1.1) for exposure to DDT in farming and (1.3; 0.4-4.0) for
exposure to DDT in forestry.

These studies are summarized in Table 9.

Table 9. Case-control studies of other cancers containing information of DDT exposure

CancerReference
Location

No. of
exposed
casesl
contraIs

Relative 95% CI Comments
risk

Hardell (1981)

Sweden
9/40 (0.8) (0.4-1.7) Crude risk calculated from data

in paper; not adjusted for other
agricultural exposures

(0.5) (0.2-1.6) Crude risk calculated from data
in paper; for expsure to DDT
and not phenoxyacetic acids or
chlorophenols
Crude risk calculated from data
in paper; not adjusted for other
agricultural exposures
Crude risk calculated from data
in paper; not adjusted for other
agricultural exposures; farmers
Crude risk calculated from data
in paper; not adjusted for other
agricultural exposures; foresters
Both cases and con troIs were
orchard workers

Colon

Colon 3/21

Hardell et al. N ose, naso- 6/40 (1.2 ) (0.5-2.9)
(1982) pharynx
Sweden

Hardell et al. Primary liver 4/20 (0.4 ) (0.1-1.)
(1984)
Sweden

Primary liver 5/8 (1.3) (0.4-4.0)

Wicklund et al. Respiratory 33/29 0.9 0.40-2.1
(1988)
USA
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3. Studies of eancer in Experimental AnimaIs

The carcinogenicity of DDT in experimental animaIs has been reviewed (Cabral, 1985).
The Working Group was aware of studies of para ,para '-DDT by oral and subcutaneous

administration and by skin application in mice, rats, hamsters and trout by Bennison and
Mostofi (1950; mice, skin), Halver (1967; trout), Weisburger and Weisburger (1968; rat,
oral), Gargus et al. (1969; mice, subcutaneous), the US National Technical Information
Servce (1968) and Innes et al. (1969; mice; para,para'-TDE, oral and subcutaneous; DDT,
subcutaneous), Agthe et al. (1970; hamster, oral), Shabad et al. (1973; mice, oral) and
Lacassagne and Hurst (1965; rat; ortho,para'-TDE, oral). These were considered in the
previous IARC monograph (IARC, 1974). Studies of oral administration of DDT to mice
(Del Pup et al., 1978; Reuber, 1979; Lipsky et al., 1989) and rats (Shivapurkar et aL., 1986)
were considered but are not summarized here since they do not contribute to an evaluation
of carcinogenicity.

Because of the large number of studies, histopathological findings are summarized for
sorne studies in Table 10 at the end of this section (p. 209).

3.1 Oral administration

3.1.1 Mouse
ln a screening study on about 70 compounds, groups of 18 male and 18 female (C57B1/6

x C3H/Anf)Fi and (C57B1/6 x AK)Fi mice, seven days old, were given daiIy single doses
of 46.4 mg/kg bw (maximum tolerated dose) para,para '- DDT (purity unspecified) by stomach
tube, followed by daily administration of the same absolute amount until 28 days of age, at
which time the mice were transferred to a diet containing 140 mg/kg para,para'-DDT.
AnimaIs were killed at 81 weeks of age. About 30% of females of both strains died during the
treatment. Hepatomas were found in male and female mice of each strain, and malignant
lymphomas were found in (C57Bl/6 x AK)Fi females (see Table 10) (US National
Technical Information Servce, 1968; Innes et al., 1969).

ln a five-generation study, originally designed to investigate the effects of DDT on
behaviour, one treated and one control group of BALB/c mice were taken from each of the
five generations and studied for tumour incidence. A total of 683 mice received a diet
containing 2.8-3 mg/kg para,para'-DDT ((purity unspecified) melting-point, 108-109°C),
and 406 received a control diet. Lung carcinomas were observed in 116 of the treated mice
and in five controls (p .( 0.001 J. (The incidence oflung adenomas was not reported, although
the authors noted an average incidence of 5% In their colony of mice.J The incidence of
leukaemias was 85/683 in treated mice (64 in females) and 10/406 in controls (p .( 0.001 J
(see Table 10) (Tarján & Kemény, 1969).

ln a two-generation dose-response study, 939 treated and 242 control CF-1 mice were
fed dietary concentrations of 0 or 2, 10, 50 or 250 mg/kg technical-grade DDT (73-78%
para,para'-DDT, 20% ortho,para'-DDT, 1 % meta,para'-DDT, 0.5-1.5% para,para'-TDE and
0.5% para,para'-DDE), starting at 6-7 weeks of age for the parent (P) generation and
continuing in the P and offspring (Fi) for life. There was excess mortality from week 60
onwards among mice of the P and Fi generations that had received 250 mg/kg of diet DDT.
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Only the incidence of Iiver-cell tumours was increased by exposure to DDT: males, 25/113
(controIs), 57/124, 521104, 67/127, 821103 in treated groups; females, 4/111 (controls),
41105, 11/124, 131104,60/90 in treated groups. The excess of Iiver-cell tumours over that in
con troIs in mice of each sex fed 250 mg/kg of diet DDT was significant (p ~ 0.01). The excess
over that in con troIs of liver-cell tumours in males fed 2, 10 or 50 mg/kg of diet was significant
(p ~ 0.01) in animaIs survving more th an 70 weeks. ln females, aIl liver-cell tumours were
found after 100 weeks of age, and the excess over that controls was significant (p ~ 0.05) in
the group fed 50 mg/kg diet DDT and (p ~ 0.01) in the group fed 250 mg/kg of diet DDT
Four liver-cell tumours, aIl occurring in DDT-treated mice, gave metastases. No remarkable
difference was observed between P and F1 mice in this study (Tomatis et al., 1972).

ln a continuation ofthis study (Turusov et al., 1973), the effects ofthe same doses of DDT
were studied in six consecutive generations of CF-l mice (including the first two generations
described by Tomatis et aL., 1972). The experiment involved a total of 2764 exposed and 668
control animaIs. Exposure to aIl four levels of DDT significantly increased the incidence of
liver-cell tumours (hepatomas) in males; in females, hepatoma incidence increased
considerably after exposure to 250 mg/kg (see Table 10). No progressive increase in
hepatoma incidence from generation to generation was noted in treated mice. Malignant
hepatoblastomas were observed at a slightly increased incidence in DDT-treated male mice:
3/328 in control males, 5/354, 14/362, 12/383 and 25/350 in 2, 10, 50 and 250 ppm
DDT-treated males, respectively (positive trend, p ~ 0.001). Ten of 56 hepatoblastomas
found in DDT-treated mice metastasized to the lungs. DDT did not alter significantly the
tumour incidence at sites other than the Iiver.

ln a two-generation study, 515 female and 430 male BALB/c mice were administered
dietary concentrations of 0, 2, 20 or 250 mg/kg technical-grade DDT (70-75% para,para'-
DDT, 20% ortho,para'-DDT and 0.2-4% para,para'-TDE) for life. ln females, the survval
rates were comparable in aIl groups; in males, early deaths occurred in aIl groups as a
consequence of fighting and (at the high dose) because of toxicity. ln animaIs that survved
more than 60 weeks, only liver-cell tumours were found in excess, and only at 250 mg/kg of
diet was the increase significant (see Table 10) (Terracini et al., 1973a). Confirmatory results
were obtained in two subsequent generations of BALB/c mice fed DDT, although F¡, Fi and
F3 mice, which were exposed to DDT both in utero and after birth for life, developed more
liver tumours th an did P mice, which were exposed to DDT only after weaning (Terracini et
al., 1973b).

Groups of 30-32 CF-1 mice of each sex were fed diets containing 50 or 100 mg/kg
para,para'-DDT (purity, :: 99.5%) for two years. A control group of 47 mIce ofeach sexwas
available. Asignificant increase in the incidence ofliver-cell tumours was observed in treated
males and females (see Table 10) (Walker et al., 1973).

ln a subsequent study, 30 male and 30 female CF-l mice were fed 100 mg/kg of diet
para,para'-DDT (:: 99.5% pure) for 110 weeks. The animaIs were not sent for autopsy until
the intra-abdominal masses reached a size that caused the animaIs to become anorexic or
clinically affected. A significant increase (p ~ 0.01) in the incidence ofliver tumours (23/30
males and 26/30 females compared with 11/45 and 10/44 controls, respectively) was
observed within 26 months (see Table 10) (Thorpe & Walker, 1973).
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Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held as
untreated controls or were given technical-grade DDT (70.5% para,para'-DDT, 21.3%
ortho,para'-DDT) orally as 100 mg/kg of diet DDT or by daily gavage of 0.25 mg DDT in
olive oil for 80 weeks. Survval (37-54%) and weight gains were not affected by treatment.
The incidence of lymphomas was significantly increased (p -c 0.05) in treated males and
females (see Table 10) (Kashyap et al., 1977). (The Working Group noted the small number
of animaIs used. J

Groups of 50 male and 50 female B6C3Fi mice, sixweeks old, were fed diets containing
technical-grade DDT (principal component, about 70%, assumed to be para,para'-DDT) for
78 weeks and were then held for 14 or 15 additional weeks before terminal sacrifice. Groups
of20 mice were fed a control diet for 91 or 92 weeks. Initially, males received diets containing
10 or 20 mg/kg and females received diets containing 50 or 100 mg/kg DDT; after nine
weeks, these concentrations were gradually increased up to 25 and 50 mg/kg of diet for males
and 100 and 200 mg/kg of di et for females because of the absence of toxicity. The
time-weighted average dietary concentrations were 22 and 44 mg/kg of diet for males and 87
and 175 mg/kg of diet for females. Survival in aIl groups of male mice was poor, possibly due
to fighting. Survval of male mice at week 70 was 12120 control, 20/50 Iow-dose and 37/50
high-dose animaIs; terminal survival of fema!e mice was 20120 control, 45/50 low-dose and
36/50 high-dose animaIs. There was no difference in body weight gain between treated and
control mice. The incidence of malignant Iymphoma was increased in females (control, 0/20;
Iow-dose, 3/49; high-dose, 7/46 (p -c 0.05, trend test)) (see Table 10) (US National Cancer
Institute, 1978). (The Working Group noted that females received four times higher doses
than males-)

3.1.2 Rat
ln two two-year experiments started at an interval of one year, 228 Osborne-Mendel

rats, three weeks of age, received diets containing technical-grade DDT (81.8%
para,para'-DDT, 18.2% ortho,para'-DDT) as a powder or as a solution in corn oil at

concentrations of 0 (24 males and 12 females), 100 (12 males), 200 (24 males and 12 females),
400 (24 males and 12 females), 600 (24 males and 24 females) or 800 (36 males and 24
females) mg/kg of diet. Of the 192 rats exposed to DDT, 111 died before 18 months of
treatment; only 14 rats given 800, 23 rats given 600, 14 given 400, 24 given 200, six given 100
mg/kg of diet and 20 controls were alive at this time. Tumour incidences were not given for
each dose leveL. Among the 81 rats that survived at Ieast 18 months, four had 'low-grade'
hepatic-cell carcinomas (measuring 0.5- 1.2 cm), and 11 showed nodular adenomatous
hyperplasia (nodules measuring up to 0.3 cm). No liver lesion was found in control rats.
Hepatic-cell tumours were reported to occur spontaneously in 1 % of the rats of this colony
and nodular adenomatous hyperplasia was reported to be rare (Fitzhugh & Nelson, 1947).
(The Working Group noted the inadequate reporting.) An unspecified amount of
histopathologicai material from this study was reviewed by Reuber (1978), who confirmed
the presence of neoplastic liver lesions in treated animaIs.

ln two experiments reported from the same institution, groups of30 male and 30 female
Osborne-Mendel rats were exposed from weaning for at least two years to either 80 or 200
mg/kg of diet DDT (purity unspecified) and were compared to two control groups of 30
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animaIs of each sex. Undifferentiated bronchogenic carcinomas were seen in 2/120 controls
(two experiments combined), in 8/60 rats (males and females combined) fed 80 mg/kg of diet
DD'l and in none of the animaIs receiving 200 mg/kg of di et DDT. One hepatoma occurred
in a control female in one experiment and another in a female given 200 mg/kg of diet DDT.
Incidences of other tumours were similar in control and treated rats (see Table 10)
(Radomski et al., 1965; Deichmann et al., 1967).

Groups of36 or 37 male and 35 female outbred Wistar rats, seven weeks ofage, were fed
a control diet or a diet containing 500 mg/kg of diet technical-grade DDT (70-75%
para,para'-DDT, 20% ortho,para'-DD'l 0.2-4% para,para'-TDE) until 152 weeks of age.
Survval was not affected by the treatment and was greater than 50% at 100 weeks in aIl
groups. Body weight gains were decreased by 10-20% in the treated groups as compared to
the controls. The average dose of DDT was 34.1 mg/kg bw per day in males and 37.0 mg/kg
bw per day in females. The incidence of liver-cell tumours (neoplastic nodules) was increased
in treated males (9/37; controls, 0/36) fp = 0.001) and females (15/35; controls, 0/35)
fp .( 0.001) (see Table 10) (Rossi et al., 1977).

Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were fed
diets containing technical-grade DDT (principal component, 70%, assumed to be
para,para'-DDT) for 78 weeks and killed at 111 weeks. The initial concentrations of DDT
were 420 or 840 mg/kg of diet for males and 315 or 630 mg/kg of diet for females; these
concentrations were subsequently increased to 500 and 1000 and then decreased to 250 and
500 mg/kg of diet for males and were decreased to 158 and 315 mg/kg of di et for females
when signs of toxicity (tremors) appeared. The time-weighted average concentrations were
321 and 642 mg/kg of di et for males and 210 and 420 mg/kg of diet for females. Groups of20
males and 20 females received a control diet. Body weights of high-dose rats were lower than
those of controls by as much as 15% during the study. Survival was not affected by the
treatment. There was no increase in the incidence of tumours that could be attributed to
treatment with DDT (US National Cancer Institute, 1978). (The Working Group noted the
short duration of treatment.)

Groups of 38 male and 38 female MRC Porton rats, six ta seven weeks of age, were fed
control diet or a diet containing 500 mg/kg technical-grade DDT (78.9% para,para'-DD'l
16.7% ortho,para'-DD'l 1.6% para,para'-DDE, 0.6% para,para'-TDE, 0.2% ortho,para'-
DDE, 0.1 % ortho,para'-TDE and 1.9% unknown) for 144 weeks. Groups of 30 male and 30
female rats received diets containing 125 or 250 mg/kg of diet DDT. Survval and body weight
gains were not significantly different between treated and control groups; survval at 80
weeks was greater than 70% in aIl groups except that of high-dose males (61%). The
incidence of liver-cell tumours was significantly increased in female rats (0/38 control, 2/30
low-dose, 4/30 mid-dose, 7/38 high-dose; p .( 0.001, trend test). Liver-cell nodules
(hyperplastic) or foci of cellular alteration occurred significantly more frequently (p .( 0.05)
in low- and mid-dose females than in con troIs. Residues of DD'l TDE and DDE in liver,
determined in three male and three female high-dose rats killed at 52 weeks, were on average
2.5 times higher in females than males (Cabral et al., 1982a).

;l",_.,",.
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3.1.3 Hamster
Groups of30-40 male and 29-40 female outbred Syrian golden hamsters, five weeks old,

were fed for life on diets containing 0, 125,250 or 500 mg/kg of diet technical-grade DDT
(78.9% para,para'-DDT, 16.7% ortho,para'-DDT, 1.6% para,para'-DDE, 0.6% para,para'-
TDE, 0.2%ortho,para'-DDE, 0.1 % ortho,para'-TDE and 1.9% unknown). Survval and body
weight gains were comparable between treated and control animaIs. The experiment was
terminated at 120 weeks when the last survvor was killed. There was no significant difference
in tumour incidence in the various groups; however, a significant trend was observed for
tumours of the adrenal cortex (mostly adenomas) in males: 3/40 control, 4/30 low-dose, 6/31
mid-dose and 8/39 high-dose fp = 0.04) (Cabral et al., 1982b).

Groups of 45 or 48 male and 46 or 48 female Syrian golden hamsters, eight weeks old,
were fed diet containing 0 or 1000 mg/kg DDT (70-75% para,para'-DDT, 20% ortho,para'-
DDT, 0.2-4% para,para'-TDE) until 128 weeks of age. Survival was 60% or greater in aIl
groups at 80 weeks. Adrenal gland tumours ('mainly cortical adenomas') occurred in 14/35
treated males compared to 8/31 male controls (p :? 0.05) and in 10/36 treated females
compared to 2/42 female controls (p .. 0.01) (see Table 10) (Rossi et al., 1983).

Groups of 30 male and 30 female hamsters (strain unspecified) were given diets
containing 0, 250, 500 or 1000 mg/kg technical-grade DDT for 18 months. No difference in
body weight gains between groups was observed. Mean survival time ranged from 13 to 14.9
months in male and female control groups, to 17.3 and 17.1 months in high-dose male and
female groups. The incidence of lymphosarcomas was reduced from 50% in male controls
and 41 % in female controls to 0 in the high-dose groups of each sex (Grailot et aL., 1975).
(The Working Group noted the short duration of treatment.)

3.2 Skin application

Mouse: Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held
as untreated controls or were administered 0.25 mg/animal technical-grade DDT (70.5%
para,para'-DDT, 21.3% ortho,para'-DDT) in 0.1 ml olive oil twice weekly byskin application
for 80 weeks. Survval (40-57%) and weight gains were not affected by treatment, and no
increase in tumour incidence was observed (Kashyap et al., 1977). (The Working Group
noted the short duration of treatment.)

3.3 Subcutaneous and/or intramuscular injection
Mouse: Groups of 30 male and 30 female Swiss inbred mice, six weeks of age, were held

as untreated controls or received twce-monthly subcutaneous injections of 0.25 mg/animal
. technical-grade DDT (70.5%para,para'-DDT, 21.3% ortho,para'-DDT) in 0.1 ml oliveoil for
80 weeks. Survval (40-57%) and weight gain were not affected by treatment. The incidence
of liver-cell carcinomas was 7/26 in treated females and 0/20 in control females (p = 0.01)
(see Table 10) (Kashyap et al., 1977).

3.4 Studies with known carcinogens

Rat: Dietary intake of DDT was found to promote 2-acetylaminofluorene-induced

tumorigenesis in rat liver, in a way similar to that of phenobarbital (Peraino et aL., 1975). It
also significantly shortened the latent period for the appearance of mammary tumours in rats
treated with 2-acetamidophenanthrene (Scribner & Mottet, 1981).
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3.5 Carcinogenicity of metabolites

TDE
Mouse: A group of 60 male and 60 female CF-l mice, 6-7 weeks old, was fed a diet

containing 250 mg/kgpara,para'-TDE (99% pure) until130 weeks of age; 100 males and 90
females served as controls. The incidence of hepatomas was significantly increased in treated
males, and the incidences of lung tumours were significantly increased in males and females
compared with controls (see Table 10) (Tomatis et al., 1974).

Groups of 50 male and 50 female B6C3Fi mice, six weeks of age, were fed diets initially
containing 315 or 630 mg/kg technical-grade TDE (principal component, 60%, assumed to
be para,para'-TDE, 19 unidentified impurities) for 78 weeks and were killed at 90 weeks. The
dietary concentrations were increased to 425 and 850 mg/kg due to lack of toxicity. The
time-weighted average dietary concentrations were 411 and 822 mg/kg of diet. Further
groups of 20 males and 20 females were fed control diets. Body weight gain of high-dose
females was somewhat reduced late in the study. Survval was not affected by treatment;
terminal survval was 13/20 control, 30/50 low-dose and 27/50 high-dose males and 18120
control, 41/50 low-dose and 44/50 high-dose females. There was no significant increase in
the incidence of hepatocellular carcinomas (see Table 10) (US National Cancer Institute,
1978). (The Working Group noted the short duration of treatment.)

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were
fed diets containing technical-grade TDE (principal component, 60%, assumed to be
para,para'-TDE, 19 unidentified impurities) for 78 weeks and were killed at 111 weeks. The
initial dietary concentrations for male rats of 1400 or 2800 mg/kg were increased to 1750 and
3500 mg/kg due to lack of toxicity. Females received diets containing 850 or 1700 mg/kg of
diet throughout the study. The time-weighted average concentrations given to males were
1647 and 3294 mg/kg of di et. Further groups of 20 males and 20 females were fed control
diets. Body weight gains were substantially reduced in high-dose rats and somewhat reduced
in low-dose rats compared to controls. Survival was not affected by treatment. Increased
incidences of tumours of the thyroid gland were seen in animaIs of each sex, but significance
was reached only for follicular-cell adenomas and carcinomas combined in low-dose males
(p -c 0.05) (see also Table 10) (US National Cancer Institute, 1978).

DDE
Mouse: A group of 60 male and 60 female CF-1 mice, 6-7 weeks old, was fed a di et

containing 250 mg/kgpara,para'-DDE (99% pure) until 130 weeks of age. A group of 100
males and 90 females was used as con trois. An increased incidence of hepatomas was found
in treated males and treated females compared with controls (see Table 10) (Tomatis et al.,
1974).

Groups of 50 male and 50 female B6C3Fi mice, six weeks of age, were fed diets
containingpara,para'-DDE (? 95% pure) for 78 weeks and were kiled at 92 weeks. The
initial dietary concentrations of 125 and 250 mg/kg of diet were increased during the study to
150 and 300 mg/kg due to lack of toxicity. When toxicity became apparent, the
concentrations in the diet were held constant, but the high-dose diets were replaced by
control diet every fifth week for the duration of the treatment period. The time-weighted
average dietary concentrations were 148 and 261 mg/kg of diet for males and females,
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respectively. Further groups of 20 males and 20 females were fed control diets. Body weight
gain was reduced somewhat in treated females compared to controls. At 70 weeks survval
was 5/20 control, 35/50 low-dose and 31/50 high-dose males; at 75 weeks, survval in females
was 19/20 control, 47/50 low-dose and 28/50 high-dose animaIs. The incidences of
hepatocellular carcinoma were 0/19 control, 7/41 low-dose and 17/47 high-dose males and
0/19 control, 19/47 low-dose and 34/48 high-dose females (p .c 0.001 for both low- and
high-dose female mice and p = 0.001 for high-dose males) (see Table 10) (US National
Cancer Institute, 1978). (The Working Group noted the low s urvi val and the frequent
changes in dietary concentrations of DDE.)

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, seven weeks of age, were
fed diets containing para ,para '- DDE (? 95 % pure) for 78 weeks and were killed at i i 1
weeks. The initial dietary concentrations of 675 or 1350 mg/kg for male rats and of375 or 750
mg/kg for females were reduced to 338 and 675 mg/kg of diet for males and 187 and 375 for
females due to the onset of toxic signs. Additionally, the high-dose diets were replaced by
control diet every fifth week during the latter part of the study. The time-weighted average
concentrations were 437 and 839 mg/kg of diet for males and 242 and 462 mg/kg of di et for
females. Further groups of20 males and 20 females were fed control diets. Body weight gains
were somewhat reduced in treated male and high-dose female rats compared to controls.
Survval at 92 weeks was 16/20 control, 34/50 low-dose and 26/50 high-dose males and 20/20
control, 42/50 low-dose and 36/50 high-dose females. No increase in tumour incidence was
observed (US National Cancer Institute, 1978). (The Working Group noted the short
duration of treatment.)

Hamster: Groups of 40-47 male and 43-46 female Syrian golden hamsters, eight weeks
old, were fed a control diet or a diet containing 500 or 1000 mg/kgpara,para'-DDE (purity,
99%) until 128 weeks of age. SurvvaI was 50% or greater in aIl groups at 80 weeks. There
were significantly (p .c 0.05) increased incidences of liver-cell tumours (neoplastic nodules)
in both groups of treated males and femaIes: males-control, 0/10; low-dose, 7/15; and
high-dose, 8/24; females-controI, 0/31; low-dose, 4/26; and high-dose, 5/24 (Rossi et al.,
1983).

4. Other Relevant Data

The toxicokinetics of DDT has been reviewed (WHO, 1979; FAO/WHO, 1964,1965,
1967b, 1968b, 1970b, 1980a; Hayes, 1982; FAO/WHO, 1985; Agency for Toxic Substances
and Diseases Registry, 1989).

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
DDT is absorbed by aIl routes; its fate and its metabolism in man was studied in

volunteers receiving known quantities of technical-grade DDT (77% para,para', 23%
ortho,para'), para,para'-2,2-bis(para-chlorophenyl)acetic acid (DDA), para,para'-TDE or
para,para'-DDE (Roan, 1970; Morgan & Roan, 1971; Roan et al., 1971). DDT, TDE orDDA
ingested at5, 10 or 20 mgperdayfor21-183 days was partlyexcreted asDDAin urine-most



Table 10. Summary of selected experimental carcinogenicity studies

Reference Species/ Sex Dose Experiental parameter/ Group Statistical
strain schedule observation trend

0 1 2 3 4

DDT

Innes et al. Mouse M Gavage/day Dose (gavage; mg/kg bw) 0 46.4
(1969) (C57B1!6 28 days; in Dose (mg/kg of diet) 0 140

X C3H/ diet to 81 Hepatoma 8/79 11/18** NA v
Anf)F 1 weeks of age v

F Gavage/day Dose (gavage; mg/kg bw) 0 46.4 ""
28 days; in Dose (mg/kg of diet) 0 140 ~
diet to 81 Hepatoma 0/87 4/18** NA Z
weeks of age v

Mouse M Gavage/day Dose (gavage; mg/kg bw) 0 46.4 ;i
C/

(C57BI/6 28 days; in Dose (mg/kg of diet) 0 140 C/0X AKR)Fi diet to 81 Hepatoma 5/90 7/18** NA \.weeks of age ""
F Gavage/day Dose (gavage; mg/kg bw) 0 46.4 ~

28 days; in Dose (mg/kg of diet) 0 140 t'
diet to 81 Hepatoma 1/82 1/18 v
weeks of age Lymphoma 4/82 6/18** NA \.

0Tarján & M& Diet Dose (mg/kg diet) 0 2.8-3 ~Kemény F 5-generation Lung carcinomas 5/406 116/683*** i-
(1969) Leukaemia 10/406 85/683 0

Lymphosarcomas 1/406 15/683 NA C
Z

Turusov et aL. Mouse M Diet multi- Dose (mg/kg diet) 0 2 10 50 250 v
(1973) CF-l generation Liver-cel! tumours 97/328 179/354 ** 181/362** 214/383** 301150** C/

Hepatoblastomas 3/328 5/354 14/362* 12/383 * 25/350** (p .( 0.(01)

F Diet multi- Liver-cel! tumours 16/340 12/339 32/355* 43/328** 192/293** fp -: 0.001)
generation

Terracini et Mouse M Diet for Dose (mg/kg of diet) 0 2 20 250
al. (1973a) BALB/c lifespan Liver-cel! tumoursQ 1/62 3/48 0/48 14/31 ** (p .( 0.001)

2-generation Malignant lymphoma 6/107 5/112 4/106 1/106 (p = 0.04)

F Diet for Dose (mg/kg of diet) 0 2 20 250
lifespan Liver-cell tumoursQ 0/124 0/130 1/126 71/115** fp -: 0.(01)
2-generation

8



N,.0Table 10 (contd)

Reference Species/ Sex Dose Experimental parameter/ Group Statisticalstrain schedule observation trend
0 1 2 3 4

Walker et aL. Mouse M Diet for 2 Dose (mg/kg of diet) 0 50 100
(1973) CF-1 years Liver-cell tumours 6/47 12/32* 17 /32**

fp oC 0.001)
F Diet for 2 Dose (mg/kg of diet) 0 50 100

years Liver-cell tumours 8/47 15/30** 24/32 **
fp oC 0.001)Thorpe & Mouse M Diet for 110 Dose (mg/kg of diet) 0 100 -

~Walker CF-1 weeks Liver-cell tumours 11/45 23/30** NA :;(1973) Malignant lymphoma 16/45 4/30
fp oC 0.05) ()F Diet for 110 Dose (mg/kg of diet) 0 100 ~weeks Liver-cell tumours 10/44 26/30 ** NA 0Malignant lymphoma 16/44 6/30 Z

Kashyap Mouse M Diet or ga- Untreated Diet Gavage 0aet al. (1977) Swiss vage for 80 Dose (mg/kg of diet) 0 100

S;
weeks (mg/animal) 0.25 NS

Lymphoma 2/26 8/27 * 6/24 '"
::Lung adenoma 4/26 8/27 7/24 C/F Diet or ga- Dose (mg/kg of diet) 0 100 ~vage for 80 (mg/animal) 0.25 0weeks Lymphoma 2/20 8/22 * 8/24 t"
CLung adenoma 1/20 3/22 5/24 NS ~US National Mouse F Diet for Dose (mg/kg of diet) 0 87 175 t'Cancer Insti- B6C3F i 78-92 weeks Survival (70 weeks) 20/20 45/50 36/50 Vl
VJtute (1978) Lymphoma 0/20 3/49 7/46 p oC 0.05

Radomski et Rat M& Diet for 2 Dose (mg/kg of diet) 0 80 200
al. (1965); Osborne- F years Lung carcinoma 2/120 8/60* 0/60 NSDeichmann Mendel
et al. (1967)

F Diet for 2 Dose (mg/kg of diet) 0 80 200
years Hepatoma 1/30 0/30 1/30

Rossi et aL. Rat M Diet until 152 Dose (mg/kg of diet) 0 500
(1977) Wistar weeks of age Liver-cell tumours 0/36 9/37** NA

F Diet until 152 Dose (mg/kg of diet) a 500
weeks of age Liver-cell tumours 0/35 15/35*** NA



Table 10 (contd)

Reference Species/ Sex Dose Experiental parameter/ Group S ta tistical

strain schedule observation trend

0 1 2 3 4

Cabral et al. Rat F Diet for 144 Dose (mg/kg of diet) 0 125 250 500

(1982a) MRC weeks Liver-cell tumours 0/38 2/30 4/30 7/38 p .. 0.001

Porton

Cabral et al. Hamster M Diet for 120 Dose (mg/kg of diet) 0 125 250 50 v
(1982b) Syrian weeks Adrenal cortex tumour 3/40 4/30 6/31 8/39 fp = 0.04) v

golden (mostlyadenomas) ..
F Adrenal cortex tumour 0/39 0/28 1/28 3/40 NS

~Rossi et al. Hamster M Diet until 128 Dose (mg/kg of diet) 0 100
(1983) Syrian weeks of age Adrenal cortex tumour 8/31 14/35 NA ~

golden (mostlyadenomas) r.r.
F Adrenal cortex tumour 2/42 10/36* * NA 0

Kashyap Mouse F Subcutaneous Dose (mg/animal) 0 0.25 n-
et al. (1977) Swiss Liver-cell carcinomas 0/20 7/26 fp = 0.01)

~
TDE v
Tomatis et al. Mouse M Diet until 130 Dose (mg/kg of diet) 0 250 n
(1974) CF-l weeks of age Liver-cell tumours 33/98 31/59** NA 0

Lung tumours 53/98 51/59** ~
"i

F Diet until 130 Dose (mg/kg of diet) 0 250 0
weeks orage Liver-cell tumours 1/90 1/59 C

Lung tumours 37/90 43/59** NA Š
US National Mouse M Diet for 78 Dose (mg/kg of diet) 0 411 822 r.
Cancer Insti- B6C3Fi weeks Hepatocellular carcinoma 2/18 12/44 14/50 NS
tute (1978)

F Diet for 78 Dose (mg/kg of diet) 0 411 822
weeks Hepatocellular carcinoma 0/20 2/48 3/47 NS

National Rat M Diet for 78 Dose (mg/kg of diet) 0 1647 3294
Cancer Insti- Osborne- weeks Follicular-cell adenoma 1/19 16/49* 11/49 P = 0.03
tute (1978) Mendel and carcinoma

F Diet for 78 Dose (mg/kg of diet) 0 850 1700
weeks Follicular-cell adenoma 2/19 11/48 6/50 NS

and carcinoma
N¡-
¡-
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Table 10 (contd)

Reference Species/ Sex Dose Experimental parameter/ Group Statistical
strain schedule observation trend

0 1 2 3 4

DDE ~
f3Tomatis et aL. Mouse M Diet until 110 Dose (mg/kg of diet) 0 250

(1974) CF-1 weeks of age Liver-cell tumours 33/98 39/53* * NA ~0F Diet until 110 Dose (mg/kg of diet) 0 250 Zweeks of age Liver-cell tumours 1/90 54/55*** NA 0
US National Mouse M Diet for Dose (mg/kg of diet) 0 148 261 Q
Cancer Insti- B6C3Fi 78 weeks Sui"Vival at 70 weeks 5120 35/50 31/ 50 ~tute (1978) Hepatocellular carcinoma 0/19 7/41 17 /47* P .. 0.001 "'

F Diet for 78 Dose (mg/kg of diet) 0 148 261 ~u:weeks SUl"Vival at 75 weeks 19120 47/50 28/50

dHepatocellular carcinoma 0/19 19/47*** 34/48*** p .. 0.001

Rossi et aL. Hamster M Diet until128 Dose (mg/kg of diet) 0 500 100 8(1983) Syrian weeks of age Liver-cell tumours 0/10 7/15* 8/24 * NA
a:golden t'F Diet until 128 Dose (mg/kg of diet) 0 050 100 Vi

weeks of age Liver-cell tumours 0/31 4/26* 5/24* NA w

NA, not applicable; NS, not statistically significant
*p -( 0.05

**p .. 0.01

***p .. 0.001

a¡n mice that died after 60 weeks



DDT AN ASSOCIATED COMPOUNDS 213

rapidly following DDA ingestion and least following DDT U rinary excretion of DDA began
within 24 h of ingestion of DD'l TDE or DDA. Urinary DDA returned to its predose level
two to three days after its administration but continued to be excreted slightly above the
predose level for more than four months following terminatIon of ingestion ofTDE or DDT:
DDE failed to produce any increase in DDA excretion (Roan et aL., 1971). Dechlorination of
DDT (administered to volunteers at 5, 10 or 20 mg day for 183 days) led to conversion to
TDE (measured in serum and adipose tissue) and further metabolism to the readily excreted
DDA. Dehydrochlorination of DDT yielded DDE, a stable metabolite. ln two subjects who
ingested technical-grade DD'l the conversion of para,para'-DDT to para,para'-DDE was
limited, as assessed by measuring DDE concentrations in serum and adipose tissue (Morgan
& Roan, 1971). After oral administration of technical-grade DDT at 10 or 20 mg per day for
six months, the level of ortho,para'-DDT was reported to decline more rapidly than that of
para,para'-DDT After the treatment period, excretion of DDA declined sharply, despite a
very slow decrease in serum and adipose tissue levels of DDT (Roan, 1970).

A positive dose-related correlation between exposure to DDT and urinary excretion of
DDAhas been observed (Perini & Ghezzo, 1970; Wolfe & Armstrong, 1971), indicating that
the urinary level of DDA could be used as a monitoring test of the extent of recent exposure
to DDT:

As discussed in section 1.3, DDT and its metabolites tend to accumulate in the human
body as weIl as in the environment (WHO, 1979, 1989), and DDT and/or its metabolites have
been determined in several human organs and maternaI milk. As use of DDT was either
banned or restricted during the 1970s throughout the world, temporal changes occurred in
some pharmacokinetic parameters of DDT in the general population. Some examples in
various countries are shown in Tables 11-13.

4.1.2 Experimental systems

The. metabolism of DDT has been reviewed (WHO, 1979; Lund, 1989; Agenc)' for Toxic
Substances and Disease Registry, 1989).

Several metabolic pathways leading from DDT to DDA have been proposed, and those
suggested for the degradation of DDT, including areas at which reactive metabolites may be
involved, are given in Figure 1. The biological half-time for DDT is about one month in dogs
(Deichmann et al., 1969), two months in hens (Lillard & NoIes, 1973), three months in
monkeys (Durham et al., 1963) and approximately five weeks in rats (Datta & Nelson, 1968).
ln the latter species, the half-time was reduced to five days under conditions of starvation for
three days followed by a restricted diet (Mitjavila et al., 1981). Most species, including
humans but with the exception of rhesus monkeys, store DDE more tenaciously than they do
DDT (WHO, 1979). DDAis the major and final water-soluble metabolite in the 

urine of rats,
mice and rabbits (Reif & Sinsheimer, 1975; Gold & Brunk, 1982; \Vhite & Sweeney, 1945).

ln the main pathway from para,para'-DDT via para,para'-TDE to para,para'-DDA, the
formation of two reactive intermediates is postulated, i.e., a free radical and an acid chloride
(Baker & Van Dyke, 1984; Gold & Brunk, 1984). Both intermediates are probablycapable of
binding covalently to cellular macromolecules. Other reactive intermediates in the
metabolism of DDT include side-chain epoxides of DDE, 1-chloro-2,2-bis(para-chloro-
phenyl)ethene and 1,1-bis(para-chlorophenyl)ethene (Planche et al., 1979; Gold et al., 1981;
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Table 11. Temporal trends in total DDT
levels in human adipose tissue (mg/kg) in the
US population (range of reported values)a

Period DDT (mg/kg)

6.7-19.9
5.5-23.2
1 b -4.3

1955-65
1965- 72

1975-88

llrom WHO (1979); Adeshina & Todd (1990)
bNorth Texas only

Table 12. Temporal trends in total DDT levels in human
blood in different populations (mean or range of means)a

Country Periodb DDT (¡.g/iy

Brazil 1973 45

(late 1970s)d 30

Canada (early 1970s) d 32
(early 1980s)d 2-3

India 1975 166-683
1979-80 26.2

aFrom Agarwal et al. (1976); WHO (1979); Procianoy & Schvartsman

(1981); Saxe na et al. (1983); Mes et aL. (1984)
bln square brackets, approximate date (dates not givcn in article)

'Reported as ¡.g/l or approximated from concentrations given in paper

Table 13. Temporal trends in concentrations of DDT-
derived material in human milka

Country Period mg/ib

France 1971- 73 0.11
1979 0.001

Sweden 1967 0.1
1978- 79 0.06

aFrom Luquet et al. (1974); WHO (1979); Hofvander et al. (1981);

Klein et aL. (1986)
bReported as mg/l or approximated from concentrations in paper

Fawcett et al., 1987). Ring epoxides (arenoxides) may lead to the formation of the methyl
sulfone of DDE (Jensen & Jansson, 1976; Lund, 1989).

ln a study in mice pretreated for five months with DDE and subsequently given
radiolabelled DDE, however, most of the radiolabel in urine, faeces and liver was bound to
unchanged DDE and one phenolic metabolite (Gold & Brunk, 1986). The authors concluded
that there was no indication for the metabolism of DDE to a reactive electrophilic species.
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Fig. 1. Compilation of metabolic pathways proposed for DDT in rodents;
asterisks indicate where reactive intermediates are suggested to be formeda
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tlrom Lund (1989); p,p' -DDK, bis(4-chlorophenyl)ketone; DDA, para,para' -2,2-bis(para-chloro-
phenyl)acetic acid; DDMU, 1-chloro-2,2-bis(para-chlorophenyl)ethene; PhCI, 4-chlorophenyl
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Several studies have indicated that the metabolic pathways are similar in various species
including humans (Reif & Sinsheimer, 1975; Gingell, 1976; Fawcett et al., i 987). Hamsters
differ froID mice, however, in that after dietary treatment withpara,paral-DD'l they do not
excrete DDE in the urine; furthermore, the relative DDE tissue levels in hamsters are much
lower than those in mice (Gingell & Wallcave, 1974; Gingell, 1976). The metabolism of DDT
is promoted by DDT itselfin hamsters but not in mice (Gingell & Wallcave, i 974). Monkeys
fed diet containing up to 5000 ppm (mg/kg) of para,para'-DDT stored little or no DDE in
body fat, butwhen DDE itselfwas fed (at200 ppm in the diet), DDE was readiIyaccumulated
in body fat (Durham et al., 1963).

ortho,para'-TDE was bound irreversibly in the alveolar and bronchiolar areas of rabbit
and mouse lung (Lund et al., 1986; Lund, 1989). 3-Methylsulfonyl-DDE was bound
covalently in the zona fasciculata of the mouse adrenal cortex, causing necrotic changes
(Lund et al., 1988).

4.2 Toxic efTects

4.2.1 Humans
Signs and symptoms reported following acute intoxication by DDT include nausea,

vomiting, paraesthesia, dizziness, ataxia, confusion, tremor and, in severe cases, convulsions
(WHO, 1979; Hayes, 1982).

Increased serum Ievels of triglyceride, cholesterol and )'-glutamyl transpeptidase were
associated with increased serum levels of DDT in a largely black, agricultural US community,
where over a period of years fish had been consumed that was contaminated with DD'l as
they were caught from a river in which DDT wastes from a nearby manufacturing plant had
accumulated in sediments. Serum levels of DDT were several fold higher than the US
average (Kreiss et al., 1981).

Therapeutic use of ortho,para'-TDE for Cushing's syndrome and adrenocortical
carcinoma at doses of 1-12 g per day for up to 34 months was associated with fatigue, nausea,
anorexia, vomiting and diarrhoea (Southern et al., 1966; Hoffman & Mattox, 1972; Luton et
al., 1979).

4.2.2 Experimental systems

The acute toxicity of DDT is high in insects (LDso, 14 mg/kg bw) and less pronounced in
mammals (oral LDso, 150-400 mg/kgbw; Fahmyetal., 1973; Hrdina et al., 1975; Lund, 1989).
The oral LDsos in rats of DDE, TDE and DDA are Iower (880-1240, :; 4000 and 600-1900
mg/kg bw, respectively) (WHO, 1979).

Acute intoxication with DDT elicits symptoms mainly from the central nervous system,
and death is usually caused by respiratory arrest. Large doses of DDT cause focal necrosis of
liver cells in several species (WHO, 1979).

Long-term studies of oral administration of DDT have been performed in rats, mice,
hamsters, dogs and monkeys (reviewed by the Agency for Toxic Substances and Disease
Registry, 1989). The liver is one of the main target organs, and hepatic effects range from
increased liver weights to cellular necrosis. As reported by the Agency for Toxic Substances
and Disease Registry (1989), the no-observed-adverse-effect level for hepatic effects in a
study by the US National Cancer Registry (1978) was 32 mg/kg bw per day for 78 weeks in
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rats, and that in a study by Durham et aL. (1963) was 8 mg/kg bwper daywhen given to rhesus
monkeys for 3.5-7.5 years.

Effects on the central nervous system such as tremors and hyperactivity are also
associated with chronic exposure to DDT As reported by the Agency for Toxic Substances
and Disease Registry (1989), tremors were apparent with doses of 10.5 mg/kg bwper day in
the study of the US National Cancer Institute (1978) in rats; in a study by Cabral et al.
(1 982b), it was reported that hamsters showed no clinical sign of neurotoxicity at doses up to
40 mg/kg bw per day for life.

DDT and its derivatives induce a variety of microsomal enzyes in rodents and
primates, mainly involving cyochrome P450-related enzymes (WHO, 1979; Campbell et al.,
1983). ln rats, DDT increased the hepatic activity of microsomal drug hydroxylation and
glucuronidation (Vainio, 1974, 1975). Species differences in isozye-specific induction by
DDT and its derivatives may contribute to species differences in the toxicology of these
compounds. ln the livers of partially hepatectomized rats treated in vivo with
N-nitrosodiethylamine, DDT induced the metabolism of pentoxy- and benzyloxyesorufin,
markers of cytochrome P450b isozyes, but not of ethoxyesorufin, a marker of the

cyochrome P450c-d isozyes (Flodström et al., 1990). loannides et al. (1984) also showed
that DDT has no significant effect on ethoxyesorufin O-deethylase in rat liver or kidney
(described in the paper in terms of the former terminology as cytochrome P448 activity).
Mice appear to be relatively resistant to induction of hepatic microsomal enzyes by DDT
(Chhabra & Fouts, 1973).

ortho,para'-DDT has oestrogenic activity in rats, while para,para'-DDT has less and
TDE and DDE have little or no activity (Welch et al., 1969; Robison et al., 1985a).

Feeding ofpara,para'-DDT to Wistar rats at 100 mg/kg of diet significantly suppressed
both humoral and cell-mediated immune responses after 18-22 weeks (Banerjee, 1987).

DDT also enhanced the incidence of)'-glutamyltranspeptidase-positive enzyme-altered
foci in vivo in partially hepatectomized, N-nitrosodiethylamine-initiated male Sprague-
Dawley rats that received 1000 ppm (mg/kg) DDT in the diet for Il weeks. It induced
significantly more foci per cubic centimetre and a larger percentage of liver tissue occupied
by focus tissue than was seen in a vehicle-treated group. The related compound, fenarimol,
caused no significant change in the incidence of foci, although it induced cyochrome
P450-related enzye activities similar to those induced by DDT (Flodström et al., 1990).
Induction of altered focI by DDT has also been demonstrated using other protocols (Ho et al.,
1983).

DDT at 200 llM stimulated protein kinase C activity in vitro in preparations from mouse
brain (Moser & Smart, 1989). ln contrast, DDT (at 25 llM) did not stimulate protein kinase C
activity in hamster V-79 cells (utilized for studies on cell-cell communication), nor could any
binding of DDT to the phorbol ester receptor be demonstrated (Wärngård et al., 1989).
Furthermore, cytosolic calcium was not involved in the DDT-induced loss of gap-junctional
intercellular communication in rat liver WB-F344 cells (Fransson et al., 1990).
Co-administration of quercetin with DDT in vivo did not prevent the development of
preneoplastic enzye-altered foci in the livers of rats that had undergone a partial

hepatectomy and been initiated with N-nitrosodiethylamine (Wärngård et al., 1989).
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4.3 Reproductive and prenatal etTects

4.3.1 Humans
ln one study of 101 spontaneous abortions in Florida, USA (28 in whites and 73 in

blacks) and 152 normal pregnancies (45 in whites and 107 blacks), blood was collected and
analysed for the concentration of DDT The women investigated Iived in an area where DDT
was used extensively for industrial and residential pest control. No difference was found
between the two groups. No confoundingwas apparentlyexerted by age orparity(O'Leaiyet
al., 1970). (The Working Group noted that the leveis of exposure may have been 10W and
homogeneous. )

ln a study in Brazil, 54 maternaI-infant pairs were divided into two groups: term
deliveries (30 pairs) and pre-term deliveries (24). None of the mothers had had known
occupational exposure or domiciliary use of DD'l but aIl lived in an area highly conta-
minated with DDT MaternaI blood and cord blood were collected at the time of delivery,
and DDT metabolites were measured. No difference was found in the concentration of DDT
metabolites between mothers in the two groups, and there was no correlation between DDT
levels in the neonates and their gestationai ages; however, a significant correlation was
detected between low birth weight and DDT levels in neonates (p .: 0.05). The authors
interpreted those findings as indicating that the most important factor determining the cord
blood level of DDT is the amount offetal adipose tissue (Procianoy & Schvartsman, 1981).

ln a study from Israel, mean serum levels of total DDT were 71.1 ppb ().g/l) in 17 women
who gave birth prematurely and 26.5 ppb in a group of 10 women with term deliveries
(Wassermann et al., 1982).

ln a study in North Carolina, USA, birthweight, head circumference, neonatai jaundice
and neurological and behavioural changes were determined in 912 infants born between
1978 and 1982 and followed to 1985. Blood samples from the mothers and the babies and
samples of placenta and milk or colostrum were collected and analysed for the concentration
of DDE. DDE leveis in milk fat at birth were presented in categories ranging from 0 to ? 6
ppm ().g/kg). No association was found between DDE concentrations and birthweight, head
circumference and hyperbilirubinaemia; a statistically significant association was detected
between the levels and hyporeflexia, measured in the babies through a reflex score (Rogan et
aL., 1986).

4.3.2 Experimental systems

The effects of DDT on reproduction and development have been reviewed (Ware, 1975;
Agency for Toxic Substances and Disease Registry, 1989).

Because they have weak oestrogenic effects, DDT and its metabolites have been
investigated for reproductive and developmental effects (Bitman & Cecil, 1970; Bustos et aL.,
1988; Mason & Schulte, 1981; Robison et al., 1985a,b; Uphouse & Wiliams, 1989). Studies
by Deichmann and Keplinger (1966) (abstract) and Deichmann et al. (1971) suggested
impaired reproduction. Gellert et al. (1974) and Gellert and Heinrichs (1975) demonstrated
altered reproductive function in rats treated perinatally with DDT or metabolites.

Treatment of 10-day old NMRI mice with DDT or its metabolite, 2,2-bis( 4-chloro-
phenyI)ethanol-palmitic acid, at doses as low as 1.4 ).mol/kg bw (0.5 mg/kg bw for DDT)
resulted in changes In behaviour (such as disruption of a nonassociative learning process).
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DDT treatment also resulted in changes in acetylcholine metabolism II the brain in
adulthood (Eriksson et al., 1990b).

Developmental effects, such as decreased survval of neonatal rats, were observed after
feeding technical-grade DDT to rats at 200 ppm (mg/kg) in the diet. Premature puberty was
seen in dogs fed 5 mg/kg per day (Ottoboni, 1969; Ottoboni et aL., 1977). Del Pup et al. (1978)
examined the effect of technical-grade DDT (100 ppm (mg/kg) in the diet) on stable mouse
populations, each containing about 400 animaIs. During the 70-week treatment with DD'l
no alteration in viability index (survval at day 4:survval at day 1) was observed; however, a
decrease in the lactation index (survval at day 30:survival at day 4) was noted. The
no-observed-adverse-effect level for developmental effects was reported to be 1 mg/kg bw
per day for aIl three studies (Agency for Toxic Substances and Disease Registry, 1989).

Tarján and Kemény (1969) conducted five-generation studies in BALB/c mice by
feeding them DDT (mostly para,para'-) at 2.8-3.0 ppm (mg/kg) in the diet. No effect on
number of pregnancies, births, litters, offspring or weanling survival was noted.

Male rats were given DDT at either 500 mg/kg bw on days 4 and 5 oflife or 200 mg/kg bw
per day from day 4 to day 23 of life by gavage. Testicular weight was decreased by both
treatments, as was tubular diameter. Spermatogenesis and fertility were also impaired
(Kra use et al., 1975).

Dean et al. (1980) examined the effect of a single injection of DDT (8% (w/v) DDT (95%
para,para' -) (40 mg) in 0.5 ml arachis oil, intraperitoneally) on gestational day 13 on the
androgen status of two-, four-, six-, eight- and ten-day-old male rats. Cross-fostering oflitters
from treated and control rats suggested that substantial amounts of DDT were transferred to
the pups during lactation. Neonatal exposure to DDT increased hepatic metabolism of
testosterone without altering circulating testosterone levels or testicular synthesis of
testosterone.

Preimplantation treatment of New Zealand white rabbits with DDT decreased the size
of the conceptus by approximately 60% and decreased the weight of 28-day-old fetuses, of
fetal brain and of fetal kidney. It also altered the protein profile of the yolk sac fluids, as
demonstrated by polyacrylamide gel electrophoresis (Fabro et al., 1984).

Early studies on reproductive effects suggested that DDT affects avian eggshell
thickness (Bitman et al., 1969). These studies demonstrated that administration of
ortho,para'- or para,para'-DDT in the diet at 100 ppm (mg/kg) decreased egg weight, eggshell
thickness and the percentage of calcium in the shells. A series of studies conducted since that
time further defined the effect of DDT and its metabolites on eggshell thickness (see WHO,
1979, for review).

Swartz (1984) evaluated the effect on DDT on the chick embryo, with specific attention
to gonadal development. DDT at 5, 10 or 20 mg was injected into the yolk sac of eggs, which
were incubated for five or 12 days before examination. After five days of incubation, no
difference in the number of primordial germ cells was observed in treated or control chicks;
after 12 days of incubation, however, there were differences in the morphology and histo-
chemistry of the chick gonads.

Treatment of quail eggs with an aqueous suspension of DDT over five generations
produced a progressive decrease over generations in the number of germ cells in the gonad of
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the chicks (David, 1977). Shellenberger (1978) observed no effect of para,para'-DDT at
5 or 50 ppm (mg/kg) in the diet on quail growth or reproduction over four generations and no
effect on growth, egg production, hatchability or fertility.

Bryan et al. (1989) examined the effect of ortho,para'-DDT (1-10 mg) and

para,para'-DDT (1-10 mg) on Japanese quail following treatment in ovo beginning on day 1
of incubation. Neither ortho,para'- nor para ,para '-DDT affected hatchability, survival to day
16 post-hatching or the numbers of malpositioned or malformed chicks at doses up to
10 mg/egg. A dose-dependent increase in the percentage of chicks with ataxia and tremor
and embryos that pipped but did not emerge was observed when eggs were treated with
para,para'-DDT. Survval to five weeks of age was decreased in chicks treated with 6.25 mg
ortho,para'-DDT and above and with 1.75 mg para,para'-DDT and above. Feather

morphology was altered in more than 50% of birds treated with 6.25 mg ortho,para'-DDT
and above and 1.75 mgpara,para'-DDT and above. Ovipositions and the percentage hatched
were decreased by exposure to 5 mg ortho,para'- and 1.75 mgpara,para'-DDT. Reproductive
behavIour was altered by treatment with 6.25 mg ortho,para'- but not with 1.75 mg
para ,para' - D DT

Jelinek et al. (1985) found an increased incidence of malformations in a chick embryo
screening test. Fry and Toone (1981) injected DDT into gulls' eggs at concentrations
comparable to those found in contaminated eggs in the 1970s (2-100 ppm (mg/kg) per whole
egg). Treatment induced abnormal development of gonadal tissues, with formation of
ovarian tissue and oviducts in male embryos.

4.4 Genetic and related elTects (see also Tables 14-17 and Appendices 1 and 2)

4.4.1 Humans
B100d samples were taken from 50 workers in three pesticide plants in Brazil who were

of similar socioeconomic status and were either directly or indirectly exposed to DDT. They
were divided into two groups on the basis of their tye of employment and DDT plasma
levels: 20 people in a 'control group' had a DDT plasma level of 0.275 ¡.g/ml (range,
0.03- 1.46 ¡.g/ml), and 30 people in an 'exposed group' had a plasma level of 0.993 ¡.g/ml
(range, 0.16-3.25 ¡.g/ml). The frequencies of cells with chromatid aberrations was 8.8% in
the control group and 12.0% in the exposed group (p .. 0.05, analysis of variance); there was
no difference in the frequency of cells with chromosome-tye aberrations (Nazareth Rabello
et aL., 1975). (The Working Group noted that smoking was not controlled for and that details
of the choice of the original con troIs were not given. Furthermore, a 72-h culture time was
used, and only 50 metaphases per individual were analysed, thus weakening the significance
of the results.)

4.4.2 Experimental systems

DDT

DDT did not induce DNA damage in either bacteria or cultured rodent and human cells.
It did not induce gene mutation in bacteria, fungi or insects, in rodent host-mediated assays
or in the mouse spot test in vivo. Gene mutation was not induced in Chinese hamster V79
cells at the hprt locus. Tests for the induction of aneuploidy in insects gave conflcting resuIts,
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while one study in Drosophila melanogaster showed that DDT induced dominant lethality in
insects.

Conflicting results were obtained in tests for chromosomal aberration in cultured rodent
and human cells.

Inhibition of gap-junctional intercellular communication (as measured by inhibition of
metabolic cooperation or dye transfer) was found consistently in rodent and human cens
following treatment with DD'l ln corroboration of these findings, exposure of rats to DDT in
vivo reduced the number of gap junctions. Conflicting results were obtained in cell
transformation assays.

ln a study in vivo, positive results were reported for chromosomal aberrations in mouse
bone-marrow cells. The Working Group noted that an additional study, reported from the
sa me laboratory, was inadequate for evaluation because of the small number of control
animaIs (Larsen & Jalal, 1974). Negative results were obtained in the same tests in the rat. A
weak positive response was seen for induction of chromosomal aberrations in mouse
spermatocytes in a single study. Dominant lethal tests in mice and rats gave equivocal results.
No significant effect on sperm morphology was observed in several studies; but, in a single
study in rats, significant changes were found.

para,para' - TD E

para,para'-TDE was not mutagenic to bacteria, and an unspecified isomer of TDE did
not induce unscheduled DNA synthesis in primary cultures of mouse, rat or Syrian hamster
hepatocytes. para,para'-TDE weakly induced chromosomal aberrations in rodent cells. ln a
single study, it inhibited gap-junctional intercellular communication in cultured rodent cens.
ln one study, it did not induce transformation in mouse embryo cens.

ortho,para'-TDE

ortho,para'-TDE did not induce mutation in Salmonella typhimurium. An unspecified

isomer of TDE did not induce unscheduled DNA synthesis in primary cultures of rat, mouse
or Syrian hamster hepatocyes. Equivocal results were obtained for induction of chromo-
somal aberrations in cultured rodent cells. ln a single study, it did not induce transformation
in mouse embryo cells.

para,para' -D D E

para,para'-DDE did not induce DNA damage in bacteria or mutation in bacteria or
yeast. It induced intrachromosomal rearrangements in yeast. (The Working Group noted
that this is a newIy developed, not yet validated assay system involving DNA rearrangement
in an integrated recombinant plasmid.) para,para'-DDE did not induce unscheduled DNA
synthesis in primary cultures of rat, mouse or hamster hepatocyes. It induced gene mutation
in insects and rodent cells. Weak positive results were obtained in a single study for sister
chromatid exchange and in the majority of studies on chromosomal aberrations in rodent
cells.

ln single studies, para ,para '- DDE inhibited gap-junctional intercellular communication
between cultured rodent cells, but it did not induce transformation of mouse embryo cells.



222

Ilui:Il..Il
'-Il
¡:a
~

 ê
~ao ¡

.
a..

'L"5V
l

Il¡:

E
-

elelc,oV
l

..~~~"0~..~-~i."0i:~~.-..~i:~c;~,.~:Q~

E
l

Il..V
l

~..V
l

~

V
l

;
:
 
.
:
d

0-5
.
8
 
E

-
5
 
O
l
 
c
U
 
I
l

~
 § ~

 ~
V

l
;
:
 
.
:
d

"5 g Õ
o
 
1
l
,
l
 
E
l

-50Jci~
~

 § ~
 ~

IA
R

C
 M

O
N

O
G

R
A

PH
S V

O
L

U
M

E
 53

Il
"0

.... ~ \-
\0\0 \0 0
00 00 00 -- 0 __
~

~
~

~
 .. ..~

~
 N

.."" ..""''
0
0
 
~
 
~
 
~
 
~
 
-
-
0
 
-
-
 
r
-
 
_
_
 
r
-
 
0
\
 
I
l
 
0
0
 
0
\
 
_
_
 
\
0
 
r
-
 
r
-
 
\
0
 
r
-
_
_

r
-
 
-
-
 
c
U
 
c
U
 
0
0
 
c
U
 
0
0
 
~
 
~
~
 
O
O
M
 
~
~
~
"
O
 
0
\
 
0
0
 
~
 
~
 
-
-
-
-
r
-
 
0
0
 
~
 
-
-
r
-
 
~

~
 
0
\
0
0
 
E
 
E
 
~
 
E
 
0
\
 
'
 
-
 
~
,
 
~
.
.
 
.
.
 
0
\
 
0
0
 
.
.
 
\
0
 
0
\
 
0
\
 
.
.
 
0
\
 
0
0

~
 
~
~
~
C
~
~
~
_
~
 
c
 
~
~
~
~
~
~
C
0
C
~
C
~

~
~
E
E
~
c
~
~
.
.
 
~
.
.
-
~
~
 
-
 
~
 
~

-
 
~
 
.
.
.
.
l
'
 
c
:
 
-
-
_
_
.
C
8
-
.
~
 
.
c
.
~

~
~
~
~
~
~
 
~
~
~
 
~
u
~
 
~
 
~
_
~
 
~

~~~~ ~~~ ~~ ~~~ ~ ~~ ~ ~~ ~~~ ~ ~ ~~ ~~
~_~~~~~~_"'_~O

~~ ecU
~_~_ ~o _~_

"0 ~
 "0 "0 .. "0 Il '" i: '" ~

 a( a(.s¿
 ;:.. - ~

 ~
 i: ~

 C
 '"

.s ;: :g :g .. :g ~ t en 0 .~ § _ v i: 8.§ .. ~.. tí § ~ ~ .. tí 0 ~
t
;
 
~
 
t
i
 
t
i
 
¡
i
 
t
i
 
t
:
 
i
:
 
,
l
 
E
E
 
.
.
 
I
l
 
e
i
 
g
 
c
 
r
-
 
t
i
 
¡
i
 
'
r
:
 
t
;
,
l
 
e
i
 
t
;
 
,
l
 
E
 
'
r
:

'
C
 
c
U
 
c
U
 
c
U
 
I
l
 
c
U
 
c
U
 
c
U
 
0
 
.
.
 
~
 
_
 
.
.
 
c
U
 
0
\
.
_
 
V
 
0
 
c
U
 
0
 
~
 
E
 
.
.
 
c
U
 
0
 
,
§
 
0

o :: ¡: ¡: a ¡: ~
 ~

 ~
 ~

 ~
 ~

 0 ~
 :5 ~

z a :: :: ~
 ~

 ~
 0 :: ~

 ~
 ~

§§§§§§§§§§§§
g~~~~óg¡:~ggg
~

 ooo8!"1" V
)llV

'
N
N
N
N
 
N
N
N

§ § §
gs;g
I£N

~

o
 
1
0
0
 
1
0
1

"1 101 10

Ò(J'x8~
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c

c
 
.
9
 
,
9
 
.
g
 
.
9
 
.
9
 
.
9
 
.
9
 
.
9
 
.
9

-
5
 
~
 
~
 
§
 
~
 
§
 
§
 
§
 
§
 
§
 
§

.- - "5 ;: ;: ;: ;: ;: ;: ;: ;:
x
 
Ò
ò
ò
t
;
 
E
l
 
E
l
 
E
 
E
 
E
 
E
 
E
 
E
l
 
E
l

S
 'u '0 'ü ~

.~
_ .~

 'x 'x 00 ~
 ~

 &
 ~

 ~
 &

 ~
 ~

 ~
~S88~~~~\-\-~\-\-\-

C
C

 O
\~

~
~

~
~

~
~

~
~

~
 Il.~

 .~
_ .. Il Il Il Il V

 Il Il Il Il
-~~~Æ

oo\-~~\-\-\-\-\-\-
':: ~

 c C
 i: M

.S ~ ~ ~ v ~ g g g g g g g g g
'
0
 
Q
)
 
Q
)
 
t
)
~
,
.
'
I
"
"
1
"
"
"
"
"
'
I
.
.
.
.

~
 ¡g t; ~

 ~
 ~

 ¡: ¡: ¡: ¡: ¡: ¡: ¡: ¡: ¡:
z
 
.
_
 
"
0
 
"
0
 
"
0
 
E
:

a eN
-N

N
-:: E

: E
: E

: E
: E

: E
: E

: E
: E

:
"0 tí ~ .. ~ .~ .~ .~ .~ .~ .~ .~ .g .g .g
.~

 ~
 ~

 ~
 ~

 .~
 ~

 ~
 ~

 ~
 ~

 ~
 ~

 ~
 ~

p.~
 -g -g -g ~

~
 ~

 ~
 ~

 ~
 ~

 ~
 ~

 ~
.S ~ ~ ~ ~ è' ~ ~ 8 ~ ~ ~ 8 8 ~
cu :i:.~:.:§~~~~~~~~~
o.~ i: l: i: ~____-.________-.__
~

 ~
'S

 '5 '5 § ~
 ~

 ~
 ~

 ~
 ~

 ~
 ~

 ~
cU

~~~~E
:Q

Q
Q

Q
Q

Q
Q

Q
Q

~
 
~
 
J
3
 
J
3
 
J
3
 
"
t
 
.
§
 
.
§
 
.
§
 
.
§
 
.
§
 
.
.
 
.
.
 
.
.
 
.
.

~
 C

Q
 _ _ _ V

¡ i3 i3 r5 c5 i3 i3 i3 r5 r5

Ô
g~ § ~ ~-%

%
%

%
%

%
%

%
%

¡. ~
 p: ¡. ¡. ~

 ~
 vi vi vi vi vi vi vi vi

§§§§§§§
¡:ggs;~gg
.. if 1£ N

i£i£
N
.
.
 
N
 
N

§§00d ó
o
 
1
£

i
f
 
N..

§
§
 
§

000
~
g
 
g

V
)
 
i
f

N
 N

1
0
0
 
1
 
1
0
1

C
 C

 C
 c i: i: c c c i:

c c .9 .9 .9 .9 .9 .9 .9 .9 .9 .9
.9 .9 ~

 .. .. ~
 .. .. .. ~

-;g§§~~~;3;3~~
~

 ~
 ;: ;: ;: ;: ;: ;: ;: ;: ;: ;:

;:;:E
lE

E
E

E
E

E
E

E
E

E
E

lvvvvllvvvvv
V

Q
)~oo~~~~ø~~~

~~~~~~~~~~~~
....IlV

V
IlIlV

V
V

V
V

1l1l~~~~~~~~~~
~~V

IlIlV
IiV

IiIlV
V

~~~~~~~~~~~~
~
 
~
.
-
 
v
)
 
v
)
 
i
.
 
v
-
 
v
i
 
v
)
'
-
 
r
-
 
~
 
r
-
 
r
-

8 8 c: c: :r c: c: :; c: :r cp;:i
~
.
.
,
.
,
.
 
'
f
 
T
"
 
T
"
 
'
l
 
T
"
,
.
 
'
l
'
'

¡
:
 
¡
:
 
¡
:
 
t
S
 
¡
:
 
¡
:
 
t
S
 
¡
:
 
¡
:
 
¡
:
 
¡
:
 
¡
:

E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:
 
E
:

.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g
 
.
g

:: :: :: :: :: :: :: :: :: :: :: ::
~
 
E
:
 
E
:
 
E
:
 
~
 
E
:
 
E
:
 
E
:
 
E
:
 
~
 
E
:
 
E
:

~~~~~~~~~~~~
~888~~8~~~~~
:§:§~:§~~:§:§~~:§:§
"'''''''~~~''''''~~
~~~~~~~~~~~~
Q
 
Q
 
Q
 
Q
 
Q
 
Q
 
Q
 
0
 
C
 
Q
 
c
o

.
.
 
.
.
 
.
§
 
.
§
 
.
§
 
.
§
 
.
§
 
.
§
 
.
§
 
.
.
 
.
§
 
.
§

~~~~~~~~~~~~
V

¡ V
¡ V

¡ V
¡ V

¡ V
¡ V

¡ V
) V

¡ V
¡ V

' V
i

c
S
 
c
S
 
1
£
-
 
o
r
 
v
i
 
v
i
 
o
r
 
o
r
 
l
-
 
l
-
 
r
-
 
c
-

..~~~~~~..~~~~
v
i
 
i
Z
 
i
Z
 
i
Z
 
v
i
 
v
i
 
i
Z
 
i
f
 
v
i
 
v
i
 
~
 
i
f



elui:el..~el
~

o
~

 ê
~oo¡i
o..

'L~V
)

el
~

,-'e..i:o(J
'-

E~V
)

~
~~~-.C~

..V
)

~

~.~
0-i:.

.
 
E

.s~C
1el

~ 0""..
~
 
~
 
S
 
~

~.~
.. 0-
:: i: 0 c
o
 
~
~
.
.
 
~

-50....
~
 
~
 
S
 
~

D
D

T
 A

N
D

 A
SSO

C
IA

T
E

D
 C

O
M

PO
U

N
D

S
223

e
l
 
e
l

"
0
 
"
0

.
.
 
.
.

~
 ~

 .S
 -- .ß

~
~
 
~
 
~
~
 
~
~
 
~
 
~
 
~
~
~
 
~

~
O

\~
__ ~

~
 ~

 __~
 ~

O
\ el O

\O
\~

~
 el

~
 
.
.
 
~
 
~
 
-
-
 
-
-
 
~
 
~
O
\
 
8
 
~
 
-
-
 
~
 
~
 
-
-
 
~
O
\
 
.
.
"
0
 
~
.
 
~
O
\
 
~
O
\
 
O
\
~
 
~
 
~
 
~
 
"
0

'
-
 
~
.
.
I
.
O
\
 
O
O
O
\
-
~
O
\
~
 
'
-
 
_
 
~
~
~

~el~0\~~-~0\""~0\-~~el i: ~~~~~~ §
..~-.C

~,."-..C
'-,.C

~~..i3~ ~....u -ceG
?

~
~
 
~
 
'
-
'
'
~
 
~
~
~
'
-
_
_
.
~
'
-
~
~
 
~
 
~
 
o
o
~

el 
e
l
 
.
.
.
 
'
~
e
l
~
i
:
 
i
:
.
.
e
l
(
I
~
 
-
 
(
1

o
~
~
~
~
~
~
o
 
~
~
~
~
i
:
o
~
~
 
C
1
~
O
~

~
 ~

 ~
 ou ~

 ~
 i: ~

 ou el ~
 i: ~

 ~
 ~

 u 5 e _~
 ~

"0 w
 01 0 "0 .. 01 0 "0 :;: c 0 "0 'v

e
l
.
.
;
;
.
.
i
:
c
 
u
.
.
 
;
;
c
i
:
 
(
1
0
-
-
"
"
-
 
.
.

.
.
 
u
 
V
)
 
'
C
 
1
£
 
0
 
"
"
 
:
:
 
e
n
 
U
 
l
£
'
c
 
"
"
 
0
 
:
:
 
U
 
~
.
-
 
¡
.
 
:
:
 
V
)

~
 e ~

 0 0 el E
 01 ~

 § 0 0 E
 el 01 e i:~

 ~
 (1 01 ~

6 ~
 ~

 ~
 ~

 £~
 a ~

 ~
 ~

 ~
 ~

 £6 ~
 ~

 G
Z

 0 6 ~

.
.
.
.
.
.
 
~

i: i: i: ~
~

 êi ~
.~

.. .. .. ¡:..
V
'
 
V
'
 
f
J
 
i
-
 
I
.

.g.g.g i:s;
~ ~ ~ ~G

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 
~
~
~
~
g
~
~
~

~
'ddd~

~
'~

'~
'd~

~
d¡;'~

'~
'dd ~

~
'dd~

~
~

d
~
~
O
~
 
~
~
~
o
 
~
~
 
~
 
O
~
~
~
~
~

N
N
~
 
_
.
.
 
~
 
N
~
 
_
 
~
N
 
M

-N
 N

N
 N

N
N

 ..
't

1

o
 
1

"
100 1 1

1
0
1
0
 
1

i: i: i: i: i: i: i: i:
.
9
 
.
9
 
.
9
 
.
9
 
.
9
 
.
9
 
.
9
.
9
 
i
:
 
i
:
 
i
:
 
i
:
 
i
:
 
i
:
 
i
:
 
i
:
 
i
:

~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~
E

E
E

E
E

E
E

E
~::~::::~::::::

~~~~~~~~E
E

E
E

E
E

E
E

E
.
.
 
.
.
 
.
.
 
.
.
 
.
.
 
.
.
 
.
.
 
.
.
 
e
l
 
(
1
 
e
l
 
e
l
 
e
l
 
e
l
 
(
1
 
e
l
 
e
l

e
l
 
e
l
 
e
l
 
e
l
 
e
l
 
e
l
 
e
l
 
e
l
 
V
)
 
0
0
 
0
0
 
0
0
 
V
)
 
0
0
 
0
0
 
0
0
 
V
)

~~~~~~~~..................
(
1
 
e
l
 
e
l
 
e
l
 
(
1
 
(
1
 
(
1
 
e
l
 
e
l
 
(
1
 
(
1
 
e
l
 
e
l
 
e
l
 
e
l
 
(
1
 
e
l

................~~~~~~~~~
~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~~~~~~~~~~~~~~~~~
.
.
 
.
.
 
.
.
 
-
 
.
.
 
.
.
 
-
 
-
 
0
\
 
0
\
 
0
\
 
0
\
 
0
\
 
0
\
 
0
\
 
0
\
 
0
\

~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~
 
-
~
 
.
~
 
.
~
 
.
~
 
.
~
 
.
~

~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
~

 ~
 ~

 ~
 ~

 ~
 ~

 8 ~
 ~

 ~
 ~

 8 ~
 ~

 ~
 8

~~~~~~~~~~~~~~~~~
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
v
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u
 
o
u

~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
i: i: i: i: i: i: ~

 i: i: i: i: i: i: i: i: i: i:
~~~~~~~~~~~~~~~~~
~ ~ ~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~

101i: i:
i: i: i: .9 i: i: .9
o 0 ...9 ~

 .g .9 c: ~
.- '- ~ .. ~ ~ .9 ..
~
 
.
.
~
 
a
i
 
=
'
 
.
f
 
+
-
 
;
:

-
 
.
.
 
E
 
:
:
 
:
:
 
§
 
E

E
E

E
elE

E
::(l

el(I(I~~~E
~

~~~~:u:u~~
elel(Iel~~..el
~~~""elel(I""
el 

el el _....~
~

': ': .._~ '-N
 ~ ~

~O
O

N
~~1r .0\

O
\O

\O
\-oo~..

~~~~08t)~
~~~~~~~~
~~~~~~~~
.
~
 
.
~
 
.
~
 
.
~
 
-
~
 
.
~
 
.
~
 
.
~

~
 ~

 ~
. ~

 ~
 ~

 ~
 ~

~~~~~~~~
~:.~~~~~~
8~~~8~~~
i: ~

~
 i: i: i: i: i:

~ ~ ~~~~~~
~~~~~~~~
O

~~~~~~~
~~~~~~~~
c5~~~c5c5~~
~~~-~~~~~
~~~~~~~~



Table 14 (contd)

N
~

Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

35. ~~ Probst et al. (1981)

0 - 500. ~~ Glatt & Oesch (1987)

~
35. ~~ Probst et al. (1981)

2500. ~~ Moriya et al. (1983)
0 99. ~~ Crebelli et al. (1986) ~00 990. ~~ Crebelli et al. (1986) Z
0 7500.~~ Clark (1974) 0
0 1O.00e Grosch & Valcovic (1967) 0
0 20. ~~ Pielou (1952) ~
0 0.~~ Clark (1974) ""

=:+ 0 0.~~ Clark (1974) (J
+ 0 0.~~ Clark (1974) ~

0 25. ~~ Wooruff et al. (1983) 0
354.~~ Swenberg et al. (1976) 5

106.~~ Swenberg (1981) ~
t'0 106. ~~ Sina et al. (1983) VI

0 35.~~ Maslansky & Willams w

(1981)
0 35.~~ Probst et al. (1981)

0 35.~~ Klaunig et al. (1984)

0 35.000 Maslansky & Williams
(1981)

0 35.0000 Maslansky & Wiliams
(1981)

0 35.0000 Kelly-Garvert & Legator
(1973)

0 14.2000 Thushimoto et al. (1983)

Test system

ECW; Escherichia coli WP uvrA, reverse mutation
ECW, Escherichia coli WP2 uvrA, reverse mutation
EC2, Escherichia coli WP2, reverse mutation
EC2, Escherichia coli WP2 hcr, reverse mutation
ANN, Aspergillus nidulans, aneuploidy
ANF, Aspergllus nidulans, forward mutation
NCF, Neurospora crassa, forward mutation
*, Wasp, recessive/dominant lethal mutation

DMX, Drosophila melanogaster, sex-linked recessive lethal mutation
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation
DML, Drosophila melanogaster, dominant lethal mutation
DMN, Drosophila melanogaster, aneuploidy
DMC, Drosophila melanogaster, chromosome loss
DIA DNA damage, Chinese hamster V79 cells
DIA DNA damage, Chinese hamster V79 cells
DIA DNA damage, rat hepatoctes
URp, Vnscheduled DNA synthesis, rat hepatoctes

VRp, Vnscheduled DNA synthesis, rat hepatoces
UIA Unscheduled DNA synthesis, mou se hepatoctes
UIA, Unscheduled DNA synthesis, mou se hepatoctes

VIA Vnscheduled DNA synthesis, hamster hepatoctes

G9H, Gene mutation, Chinese V79 hamster cells, hprt locus

G9H, Gene mutation, Chinese V79 hamster cells, hprt locus



Table 14 (contd)

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

CIC, Chromosomal aberrations, Chinese hamster V79 cells - 0 45.~~ Kelly-Garvert & Legator V
(1973) V

i-CIC, Chromosomal aberrations, Chinese hamster B14F28 cells + 0 49.~~ Mahr & Miltenburger ~
(1976)

8TBM, Cell transformation, BALB/c 3T3 mouse fibroblast cel1s + + 10.~~ Fitzgerald et aL. (1989)

TCL, Cell transformation, mouse embryo cells - 0 15.~~ Langenbach & Gingel1 ~
(1975)

¡z
¡z

UHT Unscheduled DNA synthe sis, HeLa cel1s - 0 18.~~ Brandt et al. (1972) 0
UHT Unscheduled DNA synthesis, human fibroblasts 354.~~ Ahmed et al. (1977) ()- - -
UHT Unscheduled DNA synthe sis, human lymphoctes - 0 500.~~ Rochi et al. (1980) ~
GIH, Gene mutation, human fibroblasts - - 35.~~ Tong et al. (1981) mvCH L, Chromosomal aberrations, human lymphoctes in vitro - 0 0.200 Lessa et al. (1976)

()HMM, Host-mediated assay, Neurospora crassa - 0 150.~~ x 2 p.o. Clark (1974) 0
HMM, Host-mediated assay, Salmonella typhimunum his G46 - 0 500.~~ Buselmaier et al. (1972) ~
MST, Mouse spot test in vivo - 0 250.~~ Wallace et aL. (1976) 'i0
CBA, Chromosomal aberrations, mou se bone-marrow cells + 0 100.~~ X 1 i.p. Johnson & Jalal (1973) C
CBA Chromosomal aberrations, rat bone marrow in vivo - 0 200.~~ x 1 i.p. Legator et al. (1973) 8CBA, Chromosomal aberrations, rat bone marrow in vivo - 0 100.~~ x 5 i.p. Legator et al. (1973) ¡z
CBA Chromosomal aberrations, rat bone marrow in vivo - 0 100.~~ x 1 p.o. Legator et al. (1973)
CBA Chromosomal aberrations, rat bone marrow in vivo - 0 80.~~ x 5 p.o. Legator et al. (1973)
CGC, Chromosomal aberrations, mouse spermatoctes in vivo (+ ) 0 150.~~ Clark (1974)

DLM, Dominant lethal test, mice - 0 130.~~ x 1 i.p. Epstein et al. (1972)

DLM, Dominant lethal test, mice - 0 1200.~~ x 1 i.p. Buselmaier et al. (1972)
DLM, Dominant lethal test, mice (+ ) 0 150.~~ x 2 p.o. Clark (1974)

DLR, Dominant lethal test, rats (+ ) 0 50.~~ Palmer et al. (1973)
DLM, Dominant lethal test, mice - 0 105.~~ Epstein & Shafner (1968)
CLH, Chromosomal aberrations, human lymphoctes in vivo (+ ) 0 1.~~ Nazareth Rabello et al.

(1975) N
~



N
Table 14 (contd) N0\

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

ICR, Inhibition of metabolic cooperation, rat liver epithelial cells + 0 0.3500 Williams et al. (1981)

ICR, Inhibition of metabolic cooperation, Chine se hamster V79 cells + 0 2.~~ Kurata et al. (1982)
""ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 3.60 Thushimoto et al. (1983) ~

ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 6.~~ Warngård et al. (1985) ~ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 10.~~ Zeilmaker & Yamasaki ~
(1986) 0ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 0.500 Aylsworth et al. (1989) Z

ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 7.~~ Warngård et al. (1989) 0
Ç)ICR, Inhibition of metabolic cooperation, mou se hepatocytes + 0 1. ~~ Klaunig & Ruch (1987)
~ICR, Inhibition of metabolic cooperation, mouse hepatoces + 0 9.~~ Klaunig et al. (199)
'"ICR, Inhibition of metabolic cooperation, Chinese hamster V79 cells + 0 3.500 Flodström et al. (1990) ::

ICR, Inhibition of metabolic cooperation, rat liver WB-F344 cells + 0 3.500 Flodström et al. (199) í/
ICR, Inhibition of metabolic cooperation, Djungarian hamster + 0 100.~~ Budunova et aL. (1989) ~0fibroblasts, SV 40 transformed r
ICH, Inhibition of metabolic cooperation, human skin fibroblasts + 0 5.~~ Davidson et al. (1985) C
ICH, Inhibition of metabolic cooperation, teratocarcinoma cells + 0 5.~~ Zhong-Xiang et al. (1986) ~

tT* Reduction of gap junctions, rat liver cells in vivo + 0 500.~~ Sugie et al. (1987) VI
SPM, Sperm morphology, mice 0 50.~~ Wyrobek & Bruce (1975) w-
SPM, Sperm morphology, mice - 0 125.~~ Bruce & Heddle (1979)
SPM, Sperm morphology, mice - 0 100.~~ Topham (1980)
SPR, Sperm morphology, rats + 0 200.~~ Krause et al. (1975)

*Not displayed on profie
a +, positive; (+ ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, Ilg/ml; in-vivo tests, mg/kg bw

'With S9 but no cofactors
dAlso tested with 1,1,1-trichloropropene-2,3-oxide (microsomal epoxide hydrolase inhibitor)
eia ¡.g per wasp



Table 15. Genetic and related efTects of para,para'-TDE

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

SAO, Salmonella typhimurium TAl00, reverse mutation - - 2500.~~ Moriya et al. (1983) U
USAO, Salmonella typhimurium TAl00, reverse mutation - - 500.~~ Glatt & Oesch (1987) '"

SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.~~ Moriya et al. (1983) ~
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500.000 Glatt & Oesch (1987) ŠSA7, Salmonella typhimurium TA1537, reverse mutation - - 2500.000 Moriya et al. (1983) ~SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.000 Glatt & Oesch (1987) V1

V1SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500.~~ Moriya et al. (1983) 0SA8, Salmonella typhimurium TA1538, reverse mutation 500.~~ Glatt & Oesch (1987) ('- - -
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.~~ Moriya et al. (1983) ~SA9, Salmonella typhimurium TA98, reverse mutation - - 500.000 Glatt & Oesch (1987) tr

USAS, Salmonella typhimurium TAn, reverse mutation - - 500.000 Glatt & Oesch (1987) ('EC\v Escherichia coli WP2, uvrA, reverse mutation - - 500.0000 Glatt & Oesch (1987) 0EC2, Escherichia coli WP2 ha, reverse mutation - - 2500.0000 Moriya et al. (1983) ~'iURp, Unscheduled DNA synthesis, rat hepatocytes - 0 32.oo00c Maslansky & Willams (1981) 0UIA Unscheduled DNA synthesis, mouse hepatocytes - 0 32.OOc Maslansky & Wiliams (1981) C
ZUIA Unscheduled DNA synthesis, hamster hepatoctes - 0 32.OOc Maslansky & Wiliams (1981) ÛCIC, Chromosomal aberrations, Chinese hamster B14F28 cells (+ ) 0 45.0000 Mahr & Miltenburger (1976) V1

CIA, Chromosomal aberrations, other animaIs cells in vitro (+ ) 0 10.000 Palmer et al. (1972)
TCL, Cell transformation, mouse embryo cells - 0 15.00C Langenbach & Gingell (1975)
HMM, Host-medìated assay, Salmonella typhimurium hìs G46 - 0 5oo.oo0c Buselmaier et al. (1972)
ICR, Inhibition of metabolic cooperation, animal cells in vitro + 0 5.000 Kurata et al. (1982)
a +, positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate

study)
bIn-vitro tests, ¡.g/ml; rn-vivo tests, mg/kg bw

qsomer not specified

NN-.



Table 16. Genetic and related efTects of ortho,para'-TDE

~
00

Test system Resulta Doseb
LED/HID

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Reference

SAO, Salmonella typhimurium TA100, reverse mutation

SAS, Salmonella typhimurium TA1535, reverse mutation

SA7, Salmonella typhimurium TA1537, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation

URp, Unscheduled DNA synthesis, rat hepatocytes
UIA, Unscheduled DNA synthesis, mouse hepatoctes
UIA Unscheduled DNA synthesis, hamster hepatocytes
sic, Sister chromatid exchange, Chinese hamster cells in vitro
CIC, Chromosomal aberrations, Chine se hamster CHO cells
CIA Chromosomai aberrations, other animaIs cells in vitro
HMM, Host-mediated assay, Salmonella typhimurium his G46
TCL, Cell transformation, mouse embryo cells

(+ )

o

o

o

o
o

a

50.000
50.0000
50.0000

166.0000
32.0OOOC

32.OO0OC

32.OO0OC

16.000
50.0000
10.000

5oo.oo0c
15.00OOc

Mortelmans et al. (1986)
Mortelmans et al. (1986)
Mortelmans et al. (1986)
Mortelmans et al. (1986)
Maslansky & Williams (1981)
Maslansky & Williams (1981)
Maslansky & Williams (1981)
Galloway et al. (1987)
Galloway et al. (1987)
Palmer et al. (1972)
Buselmaier et aL. (1972)
Langenbach & Gingell (1975)

a+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response ¡n several experiments within an adequate
study)
bIn-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw
cIsomer not specified
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Table 17 (contd)

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

U* Saccharomyces cerevisiae, intrachromosomal recombination + 0 100.~~ Schiestl et al. (1989) U,
""* Saccharomyces cerevisiae, intrachromosomal recombination + 0 100.~~ Schiestl (1989),
;pSCH, Saccharomyces cerevisiae, homozygosis - - 2500.~~ Simmon & Kauhanen (1978)
aDMX, Drosophila melanogaster, sex-linked recessive lethal + 0 1~~.~~ Valencia et al. (1985)

mutations ;pr:DMH, Drosophila melanogaster, heritable translocation test - 0 1000.~~ Valencia et al. (1985) r:0DIA, DNA damage, rat hepatocytes (?) + 0 95.~~ Sina et al. (1983) ()
URp, Unscheduled DNA synthesis, rat hepatocytes 0 31.~~ Maslansky & Wiliams (1981) --

~URp, Unscheduled DNA synthesis, rat hepatocytes - 0 200.~~ Wiliams et al. (1982)
UIA, Unscheduled DNA synthesis, mouse hepatocytes - 0 31.~~ Maslansky & Williams (1981) 0
URp, Unscheduled DNA synthesis hamster hepatocytes - 0 31.~~ Maslansky & Wiliams (1981) ()
GCO, Gene mutation, Chinese hamster ovary cells in vitro + 0 16.~~ Amacher & Zelljadt (1984) 0

~G5l Gene mutation, mou se lymphoma L5178Ycells, tk locus + - 40.~~ Clive et al. (1979) 'i
SiC, Sister chromatid exchange, Chinese hamster cells in vitro - (+ ) 5.~~ Galloway et al. (1987) 0

c:
CIC, Chromosomal aberrations, Chinese hamster V79 ce Ils (+ ) 0 35.~~ Kelly-Garvert & Legator (1973) Z
CIC, Chromosomal aberrations, Chinese hamster B14F28 cells (+ ) 0 44.~~ Mahr & Miltenburger (1976) Ur:CIC, Chromosomal aberrations, Chinese hamster CHO cells - - 60.~~ Galloway et al. (1987)
CIA, Chromosomal aberrations, other animaIs cells in vitro (+ ) 0 10.~~ Palmer et al. (1972)
HMM, Host-mediated assay, Salmonella typhimurium hisG46 - 0 500.~~ Buselmaier et al. (1972)
TC L, Cell transformation, mouse embryo cells - 0 15.~~ Langenbach & Gingell (1975)
ICR, Inhibition of metabolic cooperation, animal cells in vitro + 0 10.~~ Kurata et al. (1982)

*Not displayed on profile
a + , positive; (+ ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

Nw¡.
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5. Summary of Data Reported and Evaluation

5.1 Exposure data

Technical-grade DDT is a complex mixture of para,para'-DDT, Its isomers and related
compounds. It has been used since 1943 as a nonsystemic insecticide with a broad spectrum
of activities. DDT has been used extensively for the control of vectors of malaria, tyhus,
yellow fever and sleeping sickness, and also on food crops. Its use is banned in sorne countries
and has been restricted since the 1970s in many others to the control of vector-borne
diseases.

DDT has been formulated in almost every conceivable form, including granules and
powders, solutions, concentra tes, aerosols and others, alone and in combination with other
insecticides.

DDT is ubiquitous in the environment. It is highly persistent and has been found
extensively in foods, soils and sediments. Residual levels in human tissues have been
declining slowly with the decreasing use of DDT worldwide.

Exposure may occur during its production and application and as a result of persistent
residual Ievels in surface water and sediments, and in foods.

5.2 Carcinogenicity in humans

Slight excess risks for lung cancer were observed among workers at two DDT producing
facilities in the USA. A nested case-control study in one of these investigations found a slight
deficit of respiratory cancer. No other cancer occurred in sufficient numbers for analysis. ln a
prospective cohort study in which exposures were estimated on the basis of serum levels of
DD'T the risk for lung cancer rose with increasing concentration but was based on sm aIl
numbers.

Several investigators have compared serum or tissue levels of DDT and/or DDE among
individuals with and without cancer, with inconsistent results.

Results from case-control studies of soft-tissue sarcoma do not point to an association.
An elevated risk for non-Hodgkin's lymphoma in relation to potential exposure to DDT

was found in a study from Washington State in the USA, but not for other agricultural
exposures. An elevated risk for malignant Iymphomas was also found in a case-control study
in northern Sweden, with adjustment for exposure to herbicides. The onlystudy available
found no association between exposure to DDT and primary liver cancer. ln the USA, a slight
increase in the risk for leukaemia occurred among farmers who reported use of DDT and
many other agricultural exposures. The relative risks for leukaemia rose with frequency of
use of DDT on animaIs.

Epidemiological data on cancer risks associated with exposure to DDT are suggestive,
but limitations in the assessments of exposure in the studies and the finding of sm al! and
inconsistent excesses complicate an evaluation. The slight excesses of respiratory cancer seen
among cohorts exposed to DDT are based on differences of five or fewer cases between
exposed and unexposed groups. ln case-control studies of lymphatic and haematopoietic
cancers, exposure to agricultural pesticides other than DDT resulted in excesses as large as or
larger than those associated with exposure to DD'l ln most of the case-control studies,
adjustment was not made for the potential influence of other exposures.
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The cohort and case-control studies that have become available since the last evaluation
was made in 1987 (see IARC, 1987) add to some extent to the concern about DDT. Most of
the se investigations were not specifically designed to evaluate the effects of DDT;
consequently, the findings for DDT were not reported as fully as would have been desirable.

5.3 Carcinogenicity in experimental animaIs

DDT has been tested adequately for carcinogenicity byoral administration in mice, rats
and hamsters, and by subcutaneous administration in mice. Following oral administration to
mice, it caused Iiver-cell tumours, including carcinomas, in animaIs of each sex and
hepatoblastomas in males. ln one study, the incidence oflung carcinomas was increased, and
in three studies the incidence of malignant lymphomas was increased; the incidence of
lymphoma was decreased in two studies (see also General Remarks). The incidence of liver
tumours was increased in mice following subcutaneous injection of DDT. Oral adminis-
tration of DDT to rats increased the incidence of liver tumours in female rats in one study and
in male rats in two studies. ln two studies in which DDT was administered orally to hamsters
at concentrations similar to or higher than those found to cause liver tumours in mice and
rats, sorne increase in the incidence of adrenocortical adenomas was observed.

A metabolite of DD'l para,para'-DDE, has been tested for carcinogenicity by oral
administration in mice and hamsters. A second metabolite, TDE, was tested by oral
administration in mice and rats. TDE increased the incidence of liver tumours in male mice
and of lung tumours in animaIs of each sex in one of the two studies in mice. An increase in
the number of thyroid tumours was observed in one study in male rats. DDE produced a high
incidence of Iiver tumours in male and female mice in two studies. An increased incidence of
neoplastic Iiver nodules was observed in one study in male and female hamsters.

5.4 Other relevant data

The Iiver is the target organ for the chronic toxicity of DDT. This compound induced
liver microsomal enzyes in rodents and primates and increased the frequency of
enzyme-positive foci in rat liver.

DDT impaired reproduction and/or development in mice, rats, rabbits, dogs and avian
species.

ln one study, higher DDT levels were noted in the serum of women who had delivered
prematurely than in those who had had a normal delivery. Studies of spontaneous abortion,
gestational period and newborn status showed no clear association with body levels of DDT

ln one study, increased frequencies of chromatid-tye but not chromosome-tye
aberrations were observed in peripheral lymphocytes of workers with increased plasma
levels of DDT No data were available on the genetic and related effects of metabolites of
DDT in humans.

DDT reduced gap-junctional areas in rat liver cells in vivo and inhibited gap-junctional
intercellular communication in rodent and human cell systems. Conflicting data were
obtained with regard to some genetic endpoints. ln most studies, DDT did not induce
genotoxic effects in rodent or human cell systems nor was it mutagenic to fungi or bacteria.
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para,para'-DDE weakly induced chromosomal aberrations in cultured rodent cells and
caused mutation in mammalian cells and insects, but not bacteria. para,para'- DDE inhibited
gap-junctional intercellular communication in cultured rodent cells.

ln most studies,para,para'-TDE did not induce genetic effects in short-term tests in vitro.
It inhibited gap-junctional intercellular communication in cultured rodent cells.

There is no evidence that ortho,para'-TDE induced genetic effects in short-term tests in
vitro on the basis of the few studies available.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of DDT:
There is suffâent evidence in experimental animaIs for the carcinogenicity of DDT:

Overall evaluation
DDT is possibly carânogenic to humans (Croup 2B).
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DELTAMETHRIN

1. Exposure Data

1.1 Chemical and physical data

Prior to 1980, deltamethrin was known as decamethrin. Of the eight possible
stereoisomers with the general structure shown below (three asymmetric centres), only two
isomers, 1R,3R,S(benzyl) and lR,3S,S(benzyI) have insecticidal activity. The commercial
product, deltamethrin, contains only the former (cis) isomer; products containing the latter
are known as trans-deltamethrin. Deltamethrin hàs an ~-cyanogroup on the 3-phenoxy-
benzyl alcohol and is a tye II pyrethroid.

1.1.1 Synonyms, structural and molecular data

Deltamethrin
Chem. Abstr. Sem Reg. No.: 52918-63-5
Replaced CAS Reg. Nos.: 55700-96-4; 62229-77-0
Chem. Abstr. Name: (lR-(1~(S*),3~))-3-(2,2-DibromoethenyI)-2,2-dimethylcyclopr0-
panecarboxylic acid, cyano(3:.phenoxyhenyl)methyl ester
IUPAC Systematic Name: (S)-~-Cyano-3-phenoxybenzyl, (lR,3R)-3-(2,2-dibromo-
vinyl)- 2,2-dime thylcyclopropanecarboxyla te
Synonyms: Decamethrin; Decamethrine; FMC 45498; NRDC 161; OMS 1998; RU
22974; RUP 987; cis-deltamethrin

trans- Del tamethrin
Chem. Abstr. Sem Reg. No.: 64363-96-8
Chem. Abstr. Name: (1R-(1~(S*),3ß))-3-(2,2-Dibromoethenyl)-2,2-dimethylcyclopr0-
panecarboxylic acid, cyano(3-phenoxyhenyl)methyl ester
IUPAC Systematic Name: (S)-~-Cyano-3-phenoxybenzyl, (lR,3S)-3-(2,2-dibromovinyI)-
2,2-dimethyl cyclopropanecarboxyla te
Synonym: RU 26979

CH3 CH3\ /

er2C=CH-C~\CH- COO-CH-1OJ§
1

CN

Ciill1913riN()3 MoL. wt: 505.2

- 251 -
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1.1.2 Chemical and physical properties of deltamethrin

(a) Description: White, odourless orthorhombic needles (Roussel-Uclaf, 1982; WHO,
1990)

(b) Boilng-point: Decomposes above 300°C (WHO, 1990)
(c) Melting-point: lOI-102°C (Roussel-Uclaf, 1982); 98-101°C (Vaysse et al., 1984;

WHO, 1990)
(d) Spectroscopy data: Infrared, nuclear magnetic resonance, ultraviolet and mass

spectral data have been reported (Roussel-Uclaf, 1982).
(e) Solubility at 20°C: Slightly soluble in water ( -c 0.002 mg/l); ethylene glycol, glycerol

and isopropanol ( -c 0.01 g/100 ml); acetonitrile, cyclohexane and ethanol (0.01-0.1
g/100 ml); acetone, benzene, dimethyl sulfoxide, toluene and xylene (0.1-0.5 g/100
ml); cyclohexanone, dimethylformamide and tetrahydrofuran (:? 0.5 g/lOO ml)
(Roussel-Uclaf, 1982; Vaysse et al., 1984; WHO, 1990)

(j Jllatility: Vapourpressure, 1.5 x 10-8 mm Hg (0.2 x 10-8 kPa) at25°C (WHO, 1990)
(g) Stabilty: Gradually undergoes photoisomerization to trans-deltamethrin and the

IS,3R stereoisomer; photodegrades on exposure to sunlight (Roussel-Uclaf, 1982);
stable to heat (for six months at 40°C) and air but unstable in alkaline media
(WHO, 1990)

(h) Octanollwater partition coeffcient (P): log P, 5.43 (WHO, 1990)
(i) Conversion factor for airbome concentrations!: mg/m3 = 20.66 x ppm

1.1.3 Trade names, technical products and impurities

Sorne common trade names for deltamethrin are Butox, Butoflin, Cislin, Crackdown,
Decis and K-Othrine.

Technical-grade deltamethrin has a purity greater than 98% (WHO, 1990). The WHO
(1985) specification for technical-grade deltamethrin intended for use in public health
programmes requires that it contain a minimum of 98 % deltamethrin and a maximum of 1 %
trans-deltamethrin.

Deltamethrin is formulated as solutions, emuIsifiabIe concentra tes, flowable powders,
wettable powders, ultra-lowvolume concentrates, dusts, aerosols, granules and concentrated
suspensions (Roussel-Uclaf, 1982; WHO, 1985; Royal Society of Chemistry, 1986;
Collaborative International Pesticides Analytical Council Ltd, 1988). Deltamethrin is also
registered in combination with dimethoate, heptenophos and sul fur (Royal Society of
Chemistry, 1986).

1.1. 4 Analysis

Selected methods for the analysis of deltamethrin in various matrices are given in
Table 1. Several analytical methods have been developed for the qualitative determination of
deltamethrin residues and formulations, including thin-layer chromatography, gas chroma-
tography and high-performance liquid chromatography (Baker & Bottomley, 1982;

'Calculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPa J)
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Papadopoulou-Mourkidou, 1983; Vaysse et al., 1984; Meinard et al., 1985; Izmerov, 1986;
Worthing & Walker, 1987; Martijn & Dobrat, 1988; WHO, 1990).

Table 1. Methods for the analysis of deItamethrina

Sample matrix Sample preparation Assay procedureb Reference

Crops (non Extract with acetonitrile; wash with GC/ECO Vaysse et aL. (1984)
oily) petroleum ether; extract with petroleum

ether/ethyl ether; dean-up on Florisil
Crops (oily Extract with petroleum ether/ethyl GC/ECO Vaysse et aL. (1984)
and moist) ether; concentra te; dissolve extract in

dimethyl sulfoxide (DMSO); wash with
petroleum ether; partition between
OMSO/water and ethyl acetate; dean-up
on Fiorisil

Formulations Extract with isooctane/dioxane (80:20); HPLC/UV Vaysse et al. (1984)
filter

Fruit (low fat Extract with acetonitrile or hexane; GC/ECO Roussel-Udaf (1982)
content) filter; rewash filter; rewash; purify by

liquid-liquid separation
Fruit (high fat Extract with petroleum ether:ethyl ether GC/ECO Roussel-Udaf (1982)
content), milk (50:50); filter; rewash; filter; rewash;

purify by liquid-liquid separation
Meat Extract; purify by liquid-liquid separation LG/GP-ECO Roussel-Uclaf (1982)

Milk Extract with hexane; partition with aceto- GC/ECO Vaysse et al. (1984)
nitrile; dean-up on Florisil

Soii Extract with acetone/hexane; partition GC/ECO Vaysse et aL. (1984)
extracts between water and hexane;
dean-up on acid alumina column

Tissue Extract with petroleum ether/ethyl GC/ECO Vaysse et aL. (1984)
ether; take up in acetonitrile; wash
with petroleum ether; dean-up by gel
permeation chromatography

£io limit of detection reported
bAbbreviations: GC/ECD, gas chromatography/electron capture detection; HPLC/UV, high penormance
iiquid chromatography/ultraviolet detection; LC/GP-ECO, liquid chromatography/gel permeation-electron
capture detection

1.2 Production and use

1.2.1 Production

Deltamethrin was first synthesized in 1974 and first marketed in 1977 (Vaysse et al.,
1984). Chemically, it is the (1R,3R (or cis); æS)-isomer of eight stereoisomeric esters of the
dibromo analogue of chrysanthemic acid, 2,2-dimethyl-3-(2,2-dibromovinyl)cyclopropane-
carboxylic acid, with æ-cyano-3-phenoxybenzyl alcohol (WHO, 1990).

ln 1987, worldwide production was about 250 tonnes. Production of deltamethrin
increased steadily to this level from 75 tonnes in 1979 (WHO, 1990).
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1.2.2 Use

Deltamethrin is a synthetic pyrethroid insecticide which possesses an extremely high
level of activity against a wide range of insects (Worthing & Walker, 1987), incIuding
Lepidoptera, Hemiptera, Diptera and Coleoptera (Roussel- Uclaf, 1982). It acts by both direct
contact and ingestion (Worthing & Walker, 1987).

It is used mostly for crop protection (85 % of total production), of which 45 % is used on
cotton, 25% on fruit and vegetable crops, 20% on cereals, maize and soya beans and the
remaining 10% on miscellaneous crops (WHO, 1990), such as coffee, maize (Health and
Welfare Canada, 1990) and hops (Codex Committee on Pesticide Residues, 1990). It is also
used in public health programmes (against Chagas' disease and malaria) and to protect
stored crops, primarily cereal grains, coffee beans and dry beans. It can be used in animal
facilities (WHO, 1990).

Deltamethrin is recommended for crop use at 10-15 g/ha (Roussel-Uclaf, 1982).
ln the USSR, deltamethrin is approved for commercial application on sunflowers,

cotton, potatoes and sugar beets (Izmerov, 1986).

1.3 Occurrence

1.3.1 Soil
When deltamethrin was applied to a sandy clay loam soil at 17.5 g/ha in an indoor

incubation study and in two field experiments, its half-times were 4.9 and 6.9 weeks,
respectively (Hill, 1983).

Chapman et aL. (1981) examined the relative persistence of five pyrethroids, including
deltamethrin, in sand and organic soil under laboratory conditions. AlI the insecticides
(1 mg/kg) were degraded more rapidIy in natural soils than in sterilized soils, suggesting the
importance ofmicrobial degradation. About 52% of the deltamethrin applied was recovered
from sand and 74% from organic soil eight weeks after treatment of natural soiL.

The degradation of deltamethrin was investigated by Zhang et al. (1984) in an organic
soil over a 180-day period. The half-time was found to be 72 days, indicating that delta-
methrin is likely to be Iess susceptible to degradation in organic soils than in mineraI soils.
The degradation of deltamethrin was also studied in two German soils: the half-times for
sandy soil and sandy loam soil were reported to be 35 and 60 days, respectively (WHO, 1990).

1.3.2 Food

Sorne 598 samples of food were analysed as part of the Canadian national surveilence
programme in 1984-89. Three samples contained residues (2/25 samples of apples and 1/21
of strawberries) at levels of 0.004-0.006 mg/kg (Government of Canada, 1990).

A trial in Tunisia in 1987 involving one application at a rate of 50 g active ingredient/ha
of formulated product (0.1 % concentra te) on pears resul ted in average residue of 0.04 mg/kg
after 14 days. When stored potatoes were dusted with one application of a dust powder
formulation of deltamethrin at a rate of 100 g/100 kg potatoes, samples collected at 113 days
showed residue levels averaging 0.07 mg/kg (FAO/WHO, 1988).

The level in wheat grain treated with deltamethrin at the rate of 2 mg/kg was 1.08 mg/kg
after storage for 9 months. When the wheat was milled and baked, the residue level in white
bread was 0.11 mg/kg (as reported by WHO, 1990).
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1.3.3 Occupational exposure

Workers packaging deltamethrin in a small importing factory in China were reported to
have been exposed to airborne levels of 0.5-12 i.g/m3, with resulting skin contact (He et aL.,
1988).

1.4 Regulations and guidelines

The FAO/WHO Joint Meeting on Pesticide Residues ~valuated deltamethrin at its
meetings in 1980, 1981, 1982, 1984, 1985, 1986 and 1987 (FAO/WHO, 1981, 1982, 1983a,b,
1985, 1986a,b, 1987, 1988). ln 1982, an acceptable daily intake of 0.01 mg/kg bw was
established (Codex Committee on Pesticide Residues, 1990; WHO, 1990).

Maximum residue levels have been established by the Codex Alimentarius Commission
for deltamethrin in or on the following agricultural commodities (in mg/kg): tea (black,
green), 10; hops (dry) and wheat bran (unprocessed), 5; coffee beans, 2; beans (dry), cereal
grains, field peas (dry), lentils (dry) and wheat wholemeal, 1; leafy vegetables, legume animal
feeds (dry) and straw and fodder (dry) of cereal grains, 0.5; Brassica vegetables (head
cabbages, flowerhead brassicas), fruiting vegetables (cucurbits) and fruiting vegetables
(except cucurbits), 0.2; bulb vegetables (except fennel (bulb)), legume vegetables, oilseed,
oilseed (except peanut), olives, po me fruit and wheat flour, 0.1; artichokes (globe), bananas,
cocoa beans, grapes, kiwifruit, mandarins, oranges (sweet, sour), stone fruit and
strawberries, 0.05; figs, legume oilseeds, melons (except watermelon), milks, mushrooms,
peanuts, pineapples and vegetables (root, tuber), 0.01 (Codex Committee on Pesticide
Residues, 1990).

The US Environmental Protection Agency (1987) proposed that a tolerance of 0.2 ppm
(mg/kg) be established for the combined residues of deltamethrin and a tolerance of 1.0 ppm
for its trans-isomer in or on imported tomatoes and concentrated tomato products.

National and regional pesticide residue limits for deltamethrin in foods are present in
Table 2.

Table 2. National and regional pesticide residue lImIts for deItamethrin in foodsQ

Country or region CommoditiesResidue
limit
(mg/kg)

Argentina 1

0.1

Australia

O.OS

0.01

10 (provi-

sional)
2
0.2
0.1

O.OSb

Stored cereal grains in general
Apples, beans, cabbage, caulifower, maize, cotton, eggplant,
flax, peaches, peanuts, pears, peas, peppers, sorghum, soya, sun-
flower, sweet corn, Swiss chard, tomatoes
Arichokes
Potatoes
Wheat bran, wheat pollard

Cereal grains (whole grain)
Milk (fat basis)
Berry vegetables, meat fat (caUle, goats, sheep), oilseeds, sweet
maize, vegetables (pod, seed)
Cole crops
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Country or region CommoditiesResidue
limit
(mg/kg)

Austria

Belgium

Brazil

Canada

Denmark

Finland
France

Germany

Hungary

5.0
0.5

0.2

0.2
0.1
0.05
o (O.05)C

1.0

0.1
0.05
0.04
0.03
0.02
0.01
0.005
0.002
0.001

Negligible

0.5
0.1

0.5

1

0.5
0.2

10
2
0.5
0.2

0.1

0.05

0.1

Hops
Arichokes, asparagus, beans (broad, green), bulb vegetables,
cabbage, cardoon, cereals, chard, cucumber, eggplant, fennel,
fruit used as vegetables, garden celery, kitchen herbs, lettuce,
melons, mushrooms, parsley (without root), peas (green), pepper
cress, peppers, potatoes, pumpkin, rapeseed, rhubarb stalks,
spinach, squash, sweet maize, tomatoes, zucchini
Fruit, other vegetables
Pome fruit, vegetables
Other fruit
Potatoes, strawberres
Other foostuffs of vegetable origin

Coffee, maize (stored in bulk, on cob, in sacks), rice (stored in
sacks), wheat
Kale
Broccoli, citrus fruit (peel), rice, sorghum
Peaches
Caulifower, cucumbers, eggplant, garlic, onions, tomatoes
Apples, cottonseed, plums
Peppers, wheat
Cabbage, maize, peanuts, potatoes
Figs, honeydew melons, soya beans
Citrus fruit (edible parts), string beans, watermelons
Apples, asparagus, barley, blueberres, broccoli, Brussels'
sprouts, cabbages, caulifower, cucumbers, flax, lentils, mustard,
oats, pears, peaches, peppers, potatoes, rapeseed (canota oil),
Saskatoon berries, sunflowers, strawberries, wheat
Leafy vegetables

Fruit (pome, stone)
Food products

Cereal grains
Vegetable greens (salad)
Fruit, other vegetables
Hops, tea
Raw coffee
Green cabbage, legumes
Fruit used as vegetables (except mushrooms), pome fruit, vege-
tables (leaf, sprout (except green cabbage, on ions, shallots)),
wheat bran
Berries (except strawberries), cereals, cereal products (except
wheat bran), grapes, oilseeds, olives, onions, shallots, stone fruit
Spices, tea-like products, other foods of plant origin
Crops and food



Table 2 (contd)

DELTAMETHRIN 257

Country or region Commodities

Italy

Residue
limit
(mg/kg)

0.5

Netherlands 0.2
0.1
O.05d
o (O.05Y

1.0
0.1

0.05

South Africa

Spain 2
0.5
0.2
0.05
0.01

0.05b

0.1
0.05

0.03
0.01

1.0
0.5

Sweden

Switzerland

Taiwan

Yugoslavia

0.2
0.1
0.05
0.01

0.2
0.1

Broad beans, cabbages, carrots, citrus fruit, maize, cucumbers,
drupes, eggplants, figs, grapes, kidney beans, lettuce, olives,
peas, pomes, potatoes, strawberres, sugar beets, tobacco, toma-
toes, wheat
Leafy vegetables

Other fruit
Meat, milk, other vegetables, potatoes, strawberries
Other foodstuffs
Oats, rye, wheat
Apples, beans, cruciferae, grapes, lucerne, mealies (green),
peaches, pears, plums
Groundnuts, peas, prickly pears, sorghum, sweet potatoes, tom a-
toes

Hops (dried)
Grains (cereal, legume), leafy vegetables
Other vegetables (except bulbs, roots, tubers)
Fruit
Vegetables (bulb, root, tuber), other plant products
Potatoes
Fruit (except grapes)
Cereal, grapes, mushrooms, rapeseed, vegetables (except pota-
toes)
Milk
Maize, potatoes

Tea leaves
Leafy vegetables with large wrapper leaves, leafy vegetables with
small leaves
Berries, fruit vegetables
Melons
Rice
Tropical fruit

Cabbage, cabbage-like plants
Fruit, vegetables (except cabbage)

llrom Health and Welfare Canada (199)
Úfe maximum residue limit has been set at or about the limit of analytical determination.
cre figure in parentheses is the lower limit for determining residues in the cOITesponding product accor-

ding to the standard method of analysis.
dA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue

remaining; the value listed is considered the highest concentration at which this requirement is deemed
to have been met.
~esidues shaH be absent; the value in parentheses is the highest concentration at which this requirement
is stil deemed to have been met.
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2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental Animais

Oral administration

Mouse: Groups of30 male and 30 female C57Bl/6 mice, sixweeks of age, were given 10r
4 mg/kg bw deltamethrin (99.5% pure) dissolved in arachis oil by gavage daily on five days a
week for 104 weeks. Further groups of 50 males and 50 females received 8 mg/kg bw
deltamethrin daily for 104 weeks. Control groups of 50 males and 50 females were given
arachis oil or left untreated. The experiment was terminated when the mice were 120 weeks
of age. The survval rate was similar in treated and control groups (40-64%), except in
high-dose females, of which only 32% were alive at 120 weeks. There was no increase in the
incidence of tumours at any site in experimental groups (Cabral et al., 1990).

Rat: Groups of 50 male and 50 female BD VI rats, six weeks of age, were given 0, 3 or
6 mg/kg bw deltamethrin (99.5% pure) in arachis oil by gavage daily on five days a week for
104 weeks. Control rats received arachis oil alone. The experiment was terminated when the
rats were 120 weeks of age. The survval pattern was comparable in ail groups; 60% or more
rats were alive at 120 weeks. The incidence of thyroid adenomas in males (19/50) that
received 3 mg/kg bw and in females (14/49) that received 6 mg/kg bwwas significantly higher
than that in controls (6/48 maIes,p = 0.003; 4/47 females,p = 0.011) (Cabral et al., 1990).
(The Working Group noted that the tye of thyroid adenoma was not specified.)

4. Other Relevant Data

The toxicity of deltamethrin has been reviewed (FAO/WHO, 1981, 1982, 1983a,b;
WHO, 1990). For a general introduction to the toxicokinetics of pyrethroids, see the
monograph on permethrin.

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
The cutaneous and gastrointestinal absorption of deltamethrin in humans has been

demonstrated after acute poisonings due to occupational overexposure or ingestion of
deltamethrin products. The presence of a deltamethrin metabolite (3-(2,2-dibromovinyl)-

2,2-dimethylcyclopropane carboxylic acid) (see Fig. 1) has been reported in the urine of

people with acute deltamethrin intoxication (He et al., 1989), confirming the absorption and
metabolic degradation of this insecticide in the human body.

4.1.2 Experimental systems

The metabolIc pathways of deltamethrin in mammals are shown in Figure 1. The
metabolism of this compound has been studied in rats in vivo (Ruzo et al., 1978, 1979) and



Fig. 1. Metabolic pathways of deltamethrin in mammalsa
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in vitro (Soderlund & Casida, 1977; Shono et a/., 1979) and shown to occur via ester
hydrolysis, oxidation, hydroxylation and conjugation.

Deltamethrin was labelled with 14C in the dibromovinyl substituent or in the benzylic
carbon and administered orally to rats and mice. Eight days later, the highest concentrations
were retained in fat tissue, regardless of the labelling position, suggesting that

unmetabolized deltamethrin is retained in fat. When the 14C-Iabel was in the cyano group,
the greatest radiocarbon activity was found in skin and stomach and, in the rat, also in the
intestines and blood, due to remaining thiocyanate. ln rats, 80-90 % of the radiolabel was
eliminated within 24 h. When the 14C-label was in the cyano group, elimination was slower,
owing to retenti on of thiocyanate. ln general, unmetabolized deltamethrin and hydroxylated
metabolites were excreted in the faeces, while more polar hydrolysis products and conjugates
were eliminated in the urine. Mice had a somewhat slower rate of elimination than rats
(48-60% within 24 h) (Ruzo et al., 1978, 1979).

4.2 Toxic effects

4.2.1 Humans
He et al. (1989) reviewed 325 cases of deltamethrin intoxication from the Chinese

medical literature. Common findings included paraesthesia, particularly involving the face,
dizziness, headache, nausea, anorexia and fatigue. Less common findings included chest
tightness, palpitations, blurred vision, increased sweating and low-grade fever. Muscular
fasciculations, convulsions and coma were reported in sorne of the more severely poisoned
cases. Two deaths from convulsions were reported.

4.2.2 Experimental systems

The acute toxicity of deltamethrin is high, with an oral LDso (in an oily vehicle) of
approximately 50 mg/kg bw for adult male and 30 mg/kg bw for adult female rats (Kavlock et
al., 1979; Gaines & Linder, 1986). A suspension of deltametrin in 10% gum-arabic solution
reduced the oral toxicity in rats by more than 100-foId (Pham et al., 1984).

Signs of acute intoxication in rats and mice included salivation, ataxia and
choreoathetotic movements (Kavlock et al., 1979; Pham et al., 1984).

Deltamethrin has been demonstrated to bind covalently to mammalian hepatic proteins
in vitro, although the binding was less pronounced than that of cIsmethrin (Catinot et al.,
1989).

The following studies were reported in a review (WHO, 1990). ln Sprague-Dawley rats
given up to 10 mg/kg bw deltamethrin by gavage daily for 13 weeks, slight hyperexcitability
was noted in sorne animaIs at the highest dose. Lower body weight gain was noted in males at
2.5 and 10 mg/kg. No other treatment-related effect was reported. ln dogs treated at similar
doses (by gelatin capsule) over 13 weeks, dilated pupils were seen at doses of 2.5 and
10 mg/kg bw per day. The incidence of vomiIing increased dose-dependently at doses from
1 mg/kg bw. The central nervous system was the main target of toxicity, with various
neurological symptoms at the higher doses. No histopathological lesion was found, neither
was any other toxic effect found.

ln 24-month studies, no treatment-related non-neoplastic effect was found in mice fed
dietarylevels ofup to 100 mg/kg (CD-l mice) or in mice given up to 8 mg/kg bwby gavage on
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five days a week (C57Bl/6 mice). ln Charles River CD rats fed up to 50 mg/kg of diet
deltamethrin for 24 months, no significant treatment-related non-neoplastic effect was
noted, except for slightly less weight gain at the 50 mg/kg dose level. ln dogs given up to
40 mg/kg deltamethrin in the diet for 24 months, no treatment-related non-neoplastic effect
was noted.

4.3 Reproductive and developmental efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Deltamethrin dissolved in corn oil was given to CD-1 mIce at 0, 3, 6 or 12 mg/kg by
gavage on days 7-16 of gestation and to Sprague-Dawley rats at 0, 1.25,2.5 or 5.0 mg/kg by
gavage on days 7-20 of gestation. Mice and rats were sacrificed on day 18 or 20 of gestation,
respectively. ln mice, there was a dose-dependent decrease in maternaI weight and an
increase in supernumary ribs; however, there was no effect on number of implantation sites,
perinatal mortality, fetal weight, ossification centres or visceral abnormalities. ln rats, there
was a dose-dependent decrease in maternaI body weight with no effect on fetal parameters
(Kavlock et aL., 1979).

ln a screening study for developmental toxicity, 25 CD-l mice were treated with
deltamethrin at 10 mg/kg (dose reported correctly in follow-up studyJ in corn oil by gavage
on days 8-12 of gestation, and 24 controls were treated with corn oil. There was no effect on
the number of pregnancies, maternaI weight gain during pregnancy, number of pups born
alive or pup weights on postnatal days 1 or 3 (Chernoff & Kavlock, 1982). An extension of the
experiment up to 250 days of life to assess growth, viability, morphology and reproductive
function of the offspring showed no effect of deltamethrin on these parameters (Gray &
Kavlock, 1984).

ln a similar screening test in ICR/SIM mice, animaIs were treated with a minimally toxic
maternaI dose (14 mg/kg bw per day) by oral intubation (in corn oil) on days 8-12 of
gestation. Although maternaI weight gain was decreased, there was no effect on neonatal
survival or weight gain (Seidenberg et aL., 1986). A repetition using similar procedures with
deltamethrin at 10 mg/kg bw per day suggested an effect on neonatal survival (Kavlock et al.,
1987).

Quail embryos received an intravitelline injection of purified technical-grade or a
commercial preparation of deltamethrin (25 g deltamethrin/litre excipient, essentially
xylene). The number of germ cells was decreased by both preparations, but the commercial
preparation was more potent th an the purified deltamethrin, being"active independently of
the route of treatment (injection, spraying, treatment of parents via feed). Both xylene and
deltamethrin appeared to be responsible for the decrease in germ cell number (David, 1982).

Treatment of quail eggs with deltamethrin by immersion in aqueous emulsions

(equivalent to 0- 1.5 g active ingredient in 110 litres applied per hectare) on days 0,4 or 14 of
incubation had no effect on hatchability or developmental malformation. An effect on
incubation time was seen at the highest concentration when given at the preincubation stage
(Martin, 1990).
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4.4 Genetic and related effects (see also Table 3 and Appendices 1 and 2)

4.4. i Humans

No data were available to the Working Group.

4.4.2 Experimental systems

Deltamethrin did not induce point mutation in bacteria or cultured mammalian cells or
DNA damage in yeast, but it induced chromosomal aberrations in root meristem cells of
Allum cepa.

ln vivo, deltamethrin induced chromosomal aberrations and micronucleus formation in
bone-marrow cells of mice. ln a study by oral administration, no chromosomal aberration
was observed in mouse bone marrow, but morphological sperm abnormalities were induced
in mice. (The Working Group noted that the studies by Páldy (1981) and Hoellinger et al.
(1987) could not be evaluated because of inadequacies of experimental design and
reporting.)

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Deltamethrin is a highly active contact insecticide. It was first marketed in 1977 and is
used mostly on cotton and on crops such as coffee, maize, cereals, fruit, vegetables and hops.
It is also used in public health programmes and for the protection of stored crops.

Deltamethrin has been formulated as solutions, concentra tes, granules, powders and
aerosols, alone and in combination with other pesticides.

Exposure can occur during its production and application and, at much lower levels,
from the consumption of food containing residues.

5.2 Carcinogenicity in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animaIs

Deltamethrin was tested for carcinogenicity in one experiment in mice and in one
experiment in rats byoral administration. ln mice, no increase in tumour incidence was seen.
ln rats, a statistically s~gnificant increase in the incidence of unspecified thyroid adenomas
was observed in low-dose males and high-dose females.

5.4 Other relevant data

No data were available on the genetic and related effects of deltamethrin in humans.
Deltamethrin induced micronucleus formation and chromosomal aberrations in bone

marrowand abnormal sperm morphology in mice treated in vivo. The only other indication
of genotoxic potential was induction of chromosomal aberrations in plants.



Table 3. Genetic and related effects of deltamethrin

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system sytem

2500. ~~ Kavlock et al. (1979)
300. ~~ Pluijmen et al. (1984)
10 .~~ Pluijmen et al. (1984)

2500.~~ Kavlock et al. (1979) tJ
250. ~~ Kavlock et al. (1979) tr
2500.~~ Kavlock et al. (1979) q
2500.~~ Kavlock et al. (1979) ~

~300.~~ Pluijmen et al. (1984) tr10.~~ Pluijmen et al. (1984) i500.~~ Kavlock et al. (1979) :;5~~.~~ Kavlock et al. (1979) -
+ 0 0.500 (6-8 h) Chauhan et al. (1986) Z

40.~~ Pluijmen et al. (1984)
40.~~ Pluijmen et al. (1984)

+ 0 10.~~ x l, i.p. Bhunya & Pati (199)
+ 0 20.~~ x 1, p.o. Bhunya & Pati (199)
+ 0 20.~~ x 1, s.e. Bhunya & Pati (199)

0 6.800 X 5, p.o. Polaková & Vargová (1983)
+ 0 10.~~ x 2, i.p. Bhunya & Pati (199)
+ 0 10.~~ x S, Lp. Bhunya & Pati (199)

0 8.~~ Flodström et al. (1988)

SAO, Salmonella typhimurium TA100, reverse mutation

SAO, Salmonella typhimurium TA100, reverse mutation (plate incorporation)
SAü, Salmonella typhimurium TA100, reverse mutation (fluctuation test)'
SA5, Salmonella typhimurium TA1535, reverse mutation
SA7, Salmonella typhimurium TA1S37, reverse mutation

SA8, Salmonella typhimurium TA1S38, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation (plate incorporation)
SA9, Salmonella typhimurium TA98, reverse mutation (fluctuation test)'
EC2, Escherichia coli WP2, reverse mutation
SSB, Saccharomyces ceTevisiae D3, DNA da mage
ACC, Allum cepa, chromosomal aberrations
G90, Gene mutation, Chinese hamster V79 cells, ouabain resistance
G9H, Gene mutation, Chinese hamster V79 cells, hpn locus
CBA Chromosomal aberrations, Swiss albino mouse bane marrow
CBA Chromosomal aberrations, Swiss albino mouse bone marrow
CBA, Chromosomal aberrations, Swiss albino mou se bone marrow
CBA, Chromosomal aberrations, Swiss albino mouse bone marrow
MVM, Micronucleus test, Swiss albino mouse bane marrow
SPM, Sperm morphology, Swiss albino mouse
ICR, Inhibition of intercellular communication, V79 cells

'Not displayed on profile
a+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bIn-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

~w
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5.5 Evaluation 1

No data were available from studies in humans.
There is inadequate evidence for the carcinogenicity of deltamethrin in experimental

animaIs.

Overall evaluation
Deltamethrin is not classifiable as to ils carcinogenicity ta humans (Croup 3).
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This substance was considered by a previous Working Group in 1978 (IARC, 1979a).
Since that time, new data have become available, and these have been incorporated into the
monograph and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 62-73-7
Replaced CAS Reg. Nos.: 8023-22-1; 8072-21-7; 8072-39-7; 8076-16-2; 11095-17-3;
11096-21-2; 11111-31-2; 11126-72-0; 12772-40-6; 55819-32-4; 62139-95-1; 62655-59-8;
95828-55-0; 116788-91-1

Chem. Abstr. Name: Phosphoric acid, 2,2-dichloroethenyl dimethyl ester
¡UPAC Systematic Name: 2,2-Dichlorovinyl dimethyl phosphate
Synonyms: 2,2-Dichloroethenol, dimethyl phosphate; dimethyl dichlorovinyl phosphate;

dimethyl 2,2-dichloroethenyl phosphate; dimethyl 2,2-dichlorovinyl phosphate;
O,O-dimethyl 2,2-dichlorovinyl phosphate; 2,2-dichloroethenyl dimethyl phosphate;
phosphoric acid, 2,2-dichlorovinyl dimethyl ester

o
Il

H3C - 0 - P - 0 - CH = CCI2
1

o
1

CH3
C4H7Cl204P MoL. wt: 221.0

1.1.2 Chemical and physical properties

From AMVAC Chemical Corp. (1986), otherwse specified
(a) Description: Clear, colourless to pale yellow, almost odourless liquid

(b) Boiling-point: 117°C at 10 mm Hg (1.33 kPa)
(c) Melting-point: .c -60°C (AMVAC Chemical Corp., 1990)
(d) Density: 1.422 at 25°C/4°C
(e) Spectroscopy data: Infrared (prism (7721); grating (4455 IP)) spectroscopy data have

been reported (Sadtler Research Laboratories, 1980).

- 267 -
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if Solubility: Completely miscible with aromatic hydrocarbons, chlorinated hydro-
carbons, alcohols, ketones and esters; slightly soluble in water (approx. 1 %) and
glycerine (approx. 0.5%); insoluble in kerosene and aliphatic hydrocarbons

(g) Volatility: Vapour pressure, 0.012 mm Hg (1.6 x 10-3 kPa) at 20°C
(h) Stability: Hydrolysed by water and readily decomposed by strong acids and bases;

breaks down on standing in the presence of traces of moisture, with the formation of
acidic products that catalyse further decomposition; corrosive to black iron and
mi Id steel (WHO, 1989)

(i) Octanollwater partition coeffcient (P): log P, 1.47 (WHO, 1989)
(j) Halftime in water: 301 min at pH 8; 462 min at pH 7; 2100 min at pH 6; 4620 min at

pH 5.4 (Latif et al., 1984)
(k) Conversion factor for airborne concentrations!: mg/m3 = 9.04 x ppm

1. 1.3 Trade names, technical products and impurities
Sorne examples of trade names are: Atgard; Bibesol; Brevinyl; Canogard; Chlorvnphos;

DDVP; Dedevap; Des; Dichlofos; Dichlorman; Dichlorovos; Divipan; ENT 20738;
Equigard; Equigel; Estrosel; Estrosol; Fecama; Fekama; Insectigas D; Mopari; Nefrafos;
Nerkol; Nogos; Novotox; Nuan; Nuvan; OKO; OMS 14; Panaplate; Phosvit; Prima U; SD
1750; Szklarniak; TAP 9VP; Task; Unifos; Unitox; Vapona; Vapona Insecticide; Vaponite;
Vinylofos; Vinylophos; Winylophos

WHO (1985, 1989) specifications for technical-grade dichlorvos for public health use
require a minimum purity of 97%; the value was previously 93% (WHO, 1967).

Dichlorvos is available in the USA as a technical-grade product with a minimal purity of
93 or 96% (MIVAC Chemical Corp., 1986, 1990). ln the past, 2-4% epichlorohydrin (see
IARC, 1987a) was added to stabilize the technical-grade product; other stabilizers may now
be used in sorne products, but improved technology and purity has largely eliminated the
need for them (WHO, 1989). Analysis of a sample of commercial-grade dichlorvos
(produced in about 1970) showed the following constituents (%): dichlorvos, 95-97; dipterex
(trichlorfon; O,O-dimethyl 2,2,2-trichloro-l-hydroxyethylphosphonate) (see IARC, 1983a,
1987b), 1.5-3; O,O-dimethyl 2-chlorovinyl phosphate, 0.4-0.7; O,O-dimethyl methyl-
phosphate, trace-O. 1; O,O,O-trimethyl phosphate, 0.3-0.8; and chloral (trichloro-
acetaldehyde), 0.1-0.5 (Santodonato et al., 1985).

ln the USA and Europe, registered formulations include dusts, granules, pellets/tablets,
impregnated resin strips, emulsifiable concentrates, soluble concentrates, wettable powders
and pressurized formulations (Royal Society of Chemistry, 1986; US Environmental
Protection Agency, 1987). ln the USSR, dichlorvos is formulated as emulsion concentra 

tes,
pellets and aerosols (Izmerov, 1984). Dichlorvos is also formulated in combination with
dimethoate, dinocap, fenchlorphos, fenitrothion, iodofenphos, lindane (see IARC, 1987c),
malathion (see IARC, 1983b, 1987d), methoxychlor (see IARC, 1979b, 1987e), phosalone,

'Calculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg £101.3 kPaJ)
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piperonyl butoxide (see IARC, 1983c, 1987f), pirimiphos-methyl, propoxur, tetrasul,
pyrethrins and trichlorfon (Royal Society of Chemistry, 1986).

1.1.4 Analysis

Selected methods for the analysis of dichlorvos in various matrices are given in Table 1.
Dichlorvos residues can be determined by gas chromatography; the same method can be
used for product analysis. Alternative methods include infrared spectrometry and reaction
with excess iodine, with estimation by titration (WHO, 1989). Several other methods in
various media have been reviewed (Porter, 1964; Anon., 1972; Vevai, 1974; Worthing &
Walker, 1987; WHO, 1989).

Table 1. Methods for the analysis of dichlorvos

Sample matri Sample preparation Assay Limit of Reference
procedurea detection

Air Collect vapours on polyurethane GC/ECO Not reported US Environmental
foam; extract with 5% diethyl Protection Agency
ether in hexane (1988a)
Adsorb on XA-2; desorb with GC/FPD 0.2 Jlg/sample US National Insti-
toluene tute for Occupa-

tional Safety and
Health (1979)

Water Extract with dichloromethane; GC/NPO 2.5 Jlg/I US Environmental
isolate extract; dry; concentrate Protection Agency
with methyl tert-butyl ether (1988b)

Groundwater, Extract with dichloromethane; GC/MS 0.1 Jlg/I US Environmental
soil, wastes dry; concentrate; dean-up using Protection Agency

Florisil column or gel permea- (1986)
tion; exchange into hexane

Formulations Dissolve in chloroform; concen- IR Not reported Williams (1984)
trate using evaporation (baits &
emulsifiable concentrate forms)

Extract with sodium hydroxide; IR Not reported Williams (1984)

dry using anhydrous sodium
sulfate (spray solutions & sprays
in hydrocrbon solvents)

Fruits and Acidify with hydrochloric acid; GC/MCD 0.05 ppm (mg/kg) US Food and Drug
vegetables extract with hexane; dean-up on Administration

silicic acid column (1989a)
Animal tissues, Acidify with hydrochloric acid; GCrr or 0.01-0.02 ppm US Food and Drug
crops, milk extract with hexane; dean-up GC/ECOb (mg/l or mg/kg) Administration

with anhydrous sodium sulfate (milk & tissues) (1989a)
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Table 1 (contd)

Sample matri Sample preparation Assay Limit of
procedurea detection

Reference

Animal tissues, Extract into hexane; dean-up on GC/FPD
crops, eggs, silicic acid column with dichloro-
milk methane:hexane (3:2) eluant

0.002 ppm (mg/l
milk)

US Food and Drug
Administration
(1989b)

aAbbreviations: GC/ECD, gas chromatography/electron capture detection; GC/FPD, gas chromatography/
flame photometrie detection; GC/MS, gas chromatography/mass spectrometiy; GC/NPD, gas chromatogra-
phy/nitrogen-phosphorus detection; GC/MCD, gas chromatography/microculometric detection; GCfI,
gas chromatography/thermionic detection; IR, infrared spectrophotometiy
bUsed if interfering organophosphorus or organochlorine pesticides are present

1.2 Production and use

1.2.1 Production

Dichlorvos was first synthesized in the late 1940s (Tinker, 1972). It has been

commercially manufactured and used throughout the world since 1961 (WHO, 1989). It was
first found as a highly insecticidal impurity of trichlorfon (chlorophos) in 1955; trichlorfon is
rapidly converted to dichlorvos at above pH 6 (Eto, 1974). Dichlorvos is manufactured by the
dehydrochlorination of trichlorfon in aqueous alkali at 40-50 °C or by the reaction between
chloral and trimethyl phosphite (WHO, 1989).

Dichlorvos is produced currently in Argentina, Brazil, Germany, India, Israel, Japan, the
Republic of Korea, Mexico, the Netherlands, Spain, Sweden, Switzerland and the USA
(Meister, 1990). The present worldwide production of dichlorvos is about 4000 tonnes per
year (WHO, 1989). Worldwide production figures for 1984 were as follows (tonnes): eastern
Europe, 220; western Europe, 300; Latin America, 400; south-east Asia, 500; USA, 500;
Japan, 1100; Middle East, India and Pakistan, 1200 (WHO, 1989).

1.2.2 Use

Dichlorvos is a contact and stomach insecticide with fumigant and penetrant action. It is
used as granules or impregnated resin to control internaI and external parasites (especially
fleas and ticks) in livestock and as aerosols or liquid sprays or as impregnated cellulose,
ceramic or resin strips to control insects in houses, buildings and outdoor areas (especially
fles and mosquitos). It is also used to protect certain crops (and other plants) from insects in
the field and in storage. Dichlorvos is not generally applied directly to soil, but it is added to
water to control parasites in the case of intensive fish farming (WHO, 1989). It is used as an
antihelminthic by incorporation in animal feeds (Worthing & Walker, 1987).

Worldwide, it is estimated that 60% is used in plant protection, 30% for public health
and vector control and 10% to protect stored products (WHO, 1989).

ln the USA, in 1971, 16 tonnes of dichlorvos were used on crops (mainly tobacco) and
1100 tonnes were used on livestock and livestock buildings; in 1976, 50 tonnes were used on
crops and 390 on livestock. ln 1975, 80% of the dichlorvos produced in the USA was
formulated into polyvnyl chloride resin strips containing 20% byweight of dichlorvos, which
were used primarily in households. These strips were first marketed in 1967 to control flies
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and mosquitoes in the home; they were introduced earlier in dairy and poultry operations.
FIea collars containing dichlorvos, for dogs and cats, have also been commercially marketed
(Santodonato et al., 1985).

ln the USA in 1980, the yearly agricultural usage of dichlorvos (active ingredient) was
estimated as follows (tonnes): dairy cattle, 340; beef cattle, 30; hogs, 6; poultry, 2; and other
livestock, 14; about 50 tonnes were used for treatment of tobacco. Overall, 680-1200 tonnes
of dichlorvos were used for agricultural uses, 450 tonnes for public health and about 450
tonnes for household use (US Environmental Protection Agency, 1980). Less than 450
tonnes of dichlorvos (active ingredient) are believed to have been used in the USA in 1989.

ln Finland, about 1500 kg (active ingredient) of dichlorvos were sold in 1988
(Agrochemical Producers' Association of Finland, 1989).

1.3 Occurrence

1.3.1 Air
Dichlorvos is degraded rapidly in air, the rate depending on humidity. The method of

application is an important factor in determining its concentration in air (Gillett et al.,
1972a).

Examples of indoor air concentrations resulting from household and public health use
are shown in Table 2 (WHO, 1989).

The highest exposure recorded in a vaporizer production plant and its packaging rooms
was 3 mg/m3, with an average value of 0.7 mg/m3 (Menz et aL., 1974). The mean concen-
tration of dichlorvos in air did not exceed 0.5 ppb (0.005 mg/m3) in the office and insecticide
storage rooms of commercial pest control buildings and 0.1 ppb (0.001 mg/m3) in vehicles
(Wright & Leidy, 1980).

Dichlorvos was sprayed at 8 ml active ingredientllOO m3 in a unit used for mushroom
cultures, and kept cIosed for 24 h. The air concentration decreased from 3.3 to 0.006 mg/m3
in 24 h. The unit was also treated with paper strips drenched in 50% dichlorvos formulations
(40 ml/l00 m3), which gave air concentrations of 0.38 and 0.024 mg/m3 at 3 and 24 h,
respectively (Grübner, 1972).

Following weekly 6-h applications, the maximum concentrations of dichlorvos observed
in a large warehouse ranged from 2.4 to 7 mg/m3. The amount of dichlorvos dispensed per
application was 25-59 mg/m3, which resulted in average air concentrations after eight
applications of 4 mg/m3 (Gilenwater et al., 1971).

The work place concentration resulting from hot spraying of dichlorvos in six
greenhouses at 0.4 ml/m3 was 7-24 mg/m3 (average, 16 mg/m3) (Wagner & Hoyer, 1975).
Spraying of 12 glass and plastic greenhouses gave concentrations between 0.7 and 2.7 mg/m3

(average, 1.3 mg/m3). Field application by spraying resulted in air concentrations of
0.01-0.26 mg/m3 (average, 0.08 mg/m3) (as reported by WHO, 1989). The air concentration
of dichlorvos in greenhouses immediately after spraying with 0.2-0.3% dichlorvos solutions
was 1.2 mg/m3, which decreased to 0.01 mg/m3 within 24 h. Disturbing the plants resulted in
an increase of 10-26% in the dichlorvos concentration in air (Zotov et aL., 1977).

ln a study designed to test the aeration period needed for safe reentry into a room
following dichlorvos treatment with a pressurized home-fogger, the air levels after 30 min



N
Table 2. Indoor air concentrations of dichlorvos following various applications a tj

Location Application Doseb Temperature RHC Ventilation Time after Concentration
C) (%) application (mg/m3)

Food shops Resin strips 1 strip/30 m 3 Normal First week 0.03
4 weeks 0.02
10 weeks 0.01

Houses Resin strips 1 strip/30 m3 18-35 20-60 Normal First week 0.06-0.17
2-3 weeks 0.01

Hospital wards Resin strips 1 strip/30 m 3 20-27 35-70 Varied Several days 0.10-0.28
20-30 days 0.02

-
~Hospital wards Strips of paper 0.2 ml ai/m3 - - 2 h 3 days 0.06

drenched in 50% 0.2 ml ai/m3 17 - 2 h 66 h 0.1-0.3 ~dichlorvos solution 0.2 ml ai/m3 17 - 2 h 90 h 0.3
hanging in rooms for 0.8 ml ai/m3 30 High 2 h 3 h 3.7 0

Z
24-36 h 46 h 0.6 0

Houses 0.5% solution 225 or 1200 ml 26 47-60 None 0 0.4
0

according to typical 8 h 0.2 ~
pest control practice 24 h -: 0.1 ""

::
Bathroom 0.5% solution wall 25 ml 26 60 None 0 1.1 CJ

(sealed) spray 4 h 0.3 ~024 h -: 0.1
8Living room Spray cans 2.3 mg ai/m3 20- 22 30 min 0 0.24 ~(experimental) 1 h 0 0.13 tT

Fogging 240 mg ai/m3 20-22 None 1 h 37 VIw
None 24 h 5.5
1 h 1 h 2.5
120 h 1 h -:0.2

Apartmentsd 0.5% solution 190 mg ai/m 3 26 82 - 0-2 h 0.5
2-24 h 0.2

lleviewed by WHO (1989)
bai, active ingredient

CRH, relative humidity
dprom Gold et al. (1984)
-, not stated
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were below the industrial workplace permissible exposure level of 1 mg/m3. Without
ventilation, 18 h were required to reach an acceptable IeveI. Because of concern for the
health of infants and elderly persons, the acceptable level for homes was established at 1/40
of the permissible exposure leveI. Rooms treated with this tye of applicator and ventilated

after treatment were considered safe for reentry after 10 h (as reported by WHO, 1989).
Monitoring of mushroom-growing houses in the USA gave air concentrations of

0.1 mg/m3; swabs of exposed surfaces revealed maximal residues of 0.026 l1g/cm2 (as
reported by WHO, 1989).

ln houses treated for pest control with 230-330 g dichlorvos as an aerosol and 40-50 g as
emulsion spray, the mean dichlorvos residue on surfaces was 0.24 l1g/cm2 at the end of day 1
and decreased to 0.06 l1g/cm2 by day 5 (Das et al., (1983).

1.3.2 Uiter
ln water, dichlorvos is hydrolysed into dimethyl phosphoric acid and dichloroacetic acid

(WHO, 1989).

1.3.3 Soi!

Dichlorvos vaporized in a mushroom house to give 0.2-0.4 mg/m3 degraded rapidly in
the moist loam soiL, with only 37% remaining after 3 days. The am ou nt of free
dichloroacetaldehyde at that time was 4% (Hussey & Hughes, 1964).

Dichlorvos is degraded by microorganisms. Bacillus cereus utilizes it as a single carbon
source. ln soil columns perfused with an aqueous solution containing dichlorvos at 1 kg/litre,
30% of the loss of the compound was attributed to microbial action (Lamoreaux & Newland,
1978). Species of Pseudomonas derived from sewage converted dichlorvos to dichloro-
ethanol, dichloroacetic acid and ethyl dichloroacetate (Lieberman & Alexander, 1983).
Fungi, su ch as Trichoderma viride, also degrade dichlorvos into water-soluble metabolites
(Matsumura & Boush, 1968).

1.3.4 Plants

Dichlorvos is rapidly lost from leaf surfaces by volatilization and hydrolysis, with a
half-time of only a few hours. A small amount penetrates the waxy layers of plant tissues,
where it may persist for longer (FAO/WHO, 1971).

ln California, the estimated safe level of dislodgeable foliar dichlorvos from turf is
0.06l1g/cm2 (WHO, 1989). Studies by Goh et aL. (1986a,b) found that dislodgeable foliar
dichlorvos residues decreased rapidly after 2-6 h and were not detectable after 24-48 h.

1.3.5 Food

Data on residues in food commodities resulting from pre- and post-harvest treatment
and from use on animaIs were summarized by FAO/WHO (1967, 1968, 1971, 1975).

ln Canada, of262 bovine and porcine fat samples analysed between 1973 and 1981, only
one was contaminated with dichlorvos (Frank et al., 1983). ln a national surveilence
programme in Canada, 1984-85 to 1988-89, no residue was found in 898 samples of fruit,
vegetables, meat or wine (Government of Canada, 1990).

Normally, dichlorvos residues present in food are destroyed by washing and cooking.
Abbott et aL. (1970) confirmed the absence of residues in a total-diet study in the United
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Kingdom, 1966-67, finding no dichlorvos in 462 samples. A total-diet study carried out In the
USA from 1975 to 1976 gave similar results (Johnson et al., 1981).

Food, meals and unwrapped ready-to-eat foodstuffs exposed to dichlorvos from resin
strips had me an residue levels of -c 0.05 mg/kg (range, c( 0.01-0.1 mg/kg) (Elgar et al.,
1972a,b) and -c 0.02 mg/kg (Collins & deVries, 1973). No residue of dichloroacetaldehyde
(-c 0.03 mg/kg) was detected in the ready-to-eat foodstuffs (Elgar et al., 1972b). Food and
beverages exposed to air concentrations of 0.04-0.58 mg/m3 for 30 min contained dichlorvos
residues of 0.005-0.5 mg/kg, except for margarine which had up to 1.7 mg/kg (Dale et aL.,
1973).

1.3.6 Occupational exposure

Mixed dermal and inhalation exposures were assessed for 13 professional pesticide
applicators after a day's work spraying dichlorvos preparations. Absorbent pads recorded
average exposures of 0.08 l1g/cm2 on the back and 0.04 l1g/cm2 on the chest. Levels found in
respirator filters were 1.1 l1g/cm2, in contrast to surface residues of 0.04-0.5 l1g/cm2
measured at various sites around the treated houses. Although the men wore protective
equipment, sorne absorption of dichlorvos occurred, as shown by the recovery of 0.32-1.4 l1g
dimethylphosphate from their urine (Das et al., 1983).

1.4 Regulations and guidelines

The FAO/WHO Joint Meeting on Pesticide Residues evaluated dichlorvos at its
meetings in 1965, 1966, 1967, 1969, 1970, 1974 and 1977 (FAO/WHO, 1965, 1967, 1968,
1970, 1971, 1975, 1978). ln 1966, the Meeting established an acceptable daily intake for
humans of 0.004 mg/kg bw (FAO/WHO, 1967).

Maximum residue levels have been established by the Codex Alimentarius Commission
for dichlorvos in or on the following agricultural commodities (in mg/kg): fruit (e.g., apples,
peaches, pears, strawberries), 0.1; mushrooms and vegetables (except lettuce), 0.5; head
lettuce, 1; cereal grains, coffee beans, dried lentils, dried soya beans and peanuts, 2; and
cacao beans, 5. As such residues decline rapidly during storage and shipment, these limits are
based on residues likely to be found at harvest (Codex Committee on Pesticide Residues,
1990).

Maxmum residue limits have also been established by the Codex Alimentarius
Commission for dichlorvos in or on the following animal commodities (in mg/kg): milk, 0.02;
eggs, goat meat, meat of cattle, pigs, sheep and poultry, 0.05, based on residues likely to be
found at slaughter (Codex Committee on Pesticide Residues, 1990).

ln the USSR, dichlorvos residues are not allowed in fishing are as; however, a level of
0.1 mg/l was established for other surface waters (Izmerov, 1984).

National and regional pesticide residue limits for dichlorvos in foods are presented in
Table 3.
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Table 3. National and regional pesticide residue limits for dichlorvos in foosa

Country or
region

Argentina
Australia

Austria

Belgium

B razil

Canada

Chile

China

Residue limit
(mg/kg)

2

5
2
1

0.5
0.1

0.05
0.02

2.0
0.1
0.05

5
2
0.5
0.1
0.05
0.02
o (O.02)b

5.0
2.0
1.0
0.5

0.1

0.05
0.02

2.0
0.5
0.25
Negligible

2.0
1.0
0.5
0.1
0.05
0.02

0.2
0.1
None

Commodities

Stored cereals in general

Cocoa beans

Cereal grains, coffee beans (green), lentils, nuts, peanuts, soya beans
Lettuce
Mushrooms, tomatoes, vegetables (except lettuce)
AlI foods for which no other maximum residue limit is specified (e.g.,
bread, cakes, cooked meats), fruit
Eggs, meat, poultry

Whole milk
Cereals
Other foods of vegetable origin
Eggs (without shell), meat, milk

Cocoa beans

Coffee beans, grains, leguminous vegetables (dried)
Flour
Fruit, vegetables
Animal fats, fowl, game, hare, meat, meat products, poultry
Milk and dairy products
Other foodstuffs of animal and vegetable origin
Cocoa
Barley, maize, coffee, cottonseed, peanuts, rice, rye, soya beans, wheat
Lettuce, ornamental plants, tobacco
Chick peas, eggs (without shell), field beans, onions, potatoes, vegetables
(except lettuce)
Apples, bran, Brazil nuts, cakes, citrus fruits, flour, mushrooms, piñon
seed, strawberries, watermelon
Meat and meat products, poultry
Milk

Non-perishable packaged foos of high fat content (:: 6%)
Non-perishable packaged foods of low fat content (-c 6%)
Tomatoes
Beef and dairy catte (meat and milk), foods exposed in food storage

areas, homes and restaurants to dichlorvos generated from 20% resin
strips
Lentils, raw cereals
Lettuce
Cereal products, garden vegetables (except lettuce)
Fruits
Eggs, carcasses, poultry
Whole milk
Vegetables
Grain
Vegetable oils



276

Table 3 (contd)

IARC MONOGRAPHS VOLUME 53

CommoditiesCountry or Residue limit
region (mg/kg)

Czechoslovakia 2.0
1.0
0.5
0.2
0.1
0.1
0.02

Denmark 2
1

0.5
0.1

European 2.0
Community

0.1

Finland 1.0
0.2
0.1

France 2
0.1

Germany 2.0
0.5
0.1

Hungary 2.0

1.0
0.5

India
0.2

1.0
0.25
0.15
0.1

1.0
0.5
0.1

Ireland

Imported lentils, peanuts, raw cereals, soya beans, unroasted coffee
Imported head lettuce
Imported min products, mushrooms, tomatoes
Dried medicinal herbs (for preservation)
Foodstuffs in general (for preservation), fruits, vegetables
Imported fruits, various foodstuffs
Imported eggs (without shell), milk

Cereals
Leafy vegetables
Mushrooms
Berries and sman fruits, citrus fruits, other fruits, pome and stone fruits
Barley, buckwheat, grain sorghum, maize, millet, oats, other cereals,
paddy rice, rye, triticale, wheat
Other products

Cereal grains
Flour
Fruit, vegetables

Wheat
Fruits, vegetables
Cereals
Cereal products

Other foods of plant origin
Barley grain, maize, oat grain, rice (brown, polished), rye, sorghum,
triticale, wheat grain
Greenhouse lettuce, lettuce
Beetroot, Brussels' sprouts, cabbage, carrots, caulifower, celery, celery
leaf, garlic, green beans, greenhouse cucumber, greenhouse green papri-
ka, greenhouse tomatoes, horseradish, kohlrabi, mushrooms, paprika,
peas, parsley, parsley root, radishes, red onion, savoy, sorrel, spinach
Apples, apricots, cherries, grapes, greengages, peaches, pears, plums,
quince, sour cherries, wine grapes
Food grains
Miled food grains
Vegetables
Fruit
Lettuce
Mushrooms, other vegetables
Other products
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CommoditiesCountry or
rcgion

Residue limit
(mg/kg)

Israel

Italy

Japan

Kenya

Nethcrlands

New Zealand

Peru

Romania

5.0
2.0

1.0
0.5

0.1

0.05
0.02

2.0
0.5
0.1

O.3c
0.1

O.ic

5.0
2.0

1.0
0.5
0.1
0.05
0.02

5
2
0.5
0.1
0.05
0.02d
o (0.02)e

2.0

5.0
2.0
1.0
0.5
0.3
0.1
0.05
0.02

0.05
0.02

Cocoa beans

Coffee beans, raw cereals (e.g., barlcy, ma ize, oats, nec, sorghum,
wheat), lentils, pcanuts, soya bcans
Lettuce
Miled prOOucts from raw grain, mushrooms, vegetables (except lettuce),
tomatocs
Fruit (e.g., applcs, peachcs, pcars, strawbcrrics), miscellancous food
items not otherwise specificd that were trcated with dichlorvos in ware-
hou ses, shops, ctc. (e.g., bread, cakes, chcese, cooked meat)
Eggs (without shell), meat of catte, goats, sheep, pigs and poultry
Milk

Cereals in bulk
Milled products (from treated cereals)
Fruits, garden vcgetables, sugar bcets
Strawberries
Asparagus, celery, eggplants, garden radishes, gardcn radish leavcs,
grapes, Japanese pcars, Spanish paprika, spinach, stone lceks
Fruit (except strawberries); ricc, oats and other minor cercals; potatoes,
tea, vegctables

Cocoa beans
Coffee beans, lentils, peanuts, raw grain (e.g., barley, maize, oats, rice,
rye, sorghum, wheat), soya beans
Lettuce
Fresh vegetables (exeept lcttuce), milled prOOucts from raw grain, mush-
rooms, tomatoes
Fresh fruit (e.g., apples, pcaches, pears, strawberries), miscellaneous
food items not otherwise specified
Eggs (without shell), meat of catte, goats, pigs, poultry and shecp
Milk (whole)

Cocoa beans
Buckwheat cereal, coffee bcans, peanuts, poo vegetables, pulscs
Whole meal flom
Fruit, other vegetables
Eggs, meat, poultry meat
Milk
Other crops and foodstuffs

Cereals, fruit, vegetables
Cocoa beans
Coffee beans, grain cereals, grain lentils, grain soya, peanuts
Lettuce
Edible mushrooms, tomatoes, vegetables (except lettuce)
Cereal products (ground, for human consumption)
Bread, cakes, cheese, cooked meat, fruits (except citrus)
Eggs (without shell), meat of cattle, goats, hogs, poultry, sheep
Whole milk
Eggs (without shell), meat
Whole milk
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CommoditiesCountry or

region

Singapore
South Africa

Spain

Sweden

Switzerland

Taiwan

United
Kingdom

USAg

Residue limit
(mg/kg)

0.5

0.1
0.05

0.02

2.0
0.1

2.0
Oost
O.l!

0.1
0.05
0.02

2.0
0.3
0.1
0.01

0.5

0.1

2
1

0.5

0.1

0.05

0.02

2.0

1.0
0.5

0.1
0.1 (negligible)
0.05 (negligible)
0.02 (negligible)

Fruit, grains, vegetables
Bananas, beans, cherres, cruciferae, grapes, lettuce, tomatoes, wheat
Carcass meat (on the rendered or extracted carcass fat), eggs (without
shen)
Milk (on a fat basis)
Cereal grains
Other plant products
Cereals
Flakes and flour made from cereals, hulled grain
Fruit (fresh and dried, fresh and deep-frozen berres), vegetables (green
and root)
Butter, cheese
Raw meat, eggs
Milk

Cereals, cocoa beans
Cereal products, vegetables (canned, fresh, frozen)
Citrus fruit, fruit, other foodstuffs
Milk

Fruit, vegetables, leafy vegetables with large wrapper leaves, leafy vege-
tables with small leaves, melon, mushrooms, peas, snap beans
Root vegetables
Barley, maize, oats, other cereals, paddy rice, rye, wheat
Lettuce
Beans, Brussels' sprouts, cabbage, carrots, caulifower, celery, cucum-
bers, leeks, lettuce, mushrooms, onions, peas, potatoes, swedes, toma-
toes, turnips
Apples, bananas, blackcurrants, citrus, grapes, nectarines, peaches,
pears, plums, raspberres, strawberries
Eggs (birds' eggs in shen (other than eggs for hatching) and whole egg
products and egg yolk products (whether fresh, dried or otherwise
prepared)), meat, fat and preparations of meat, milk
Milk (fresh raw cows' milk and fresh whole-cream cows' milk expressed
as whole milk)

Raw agricutural commodities (nonperishable, packaged or bagged, con-
taining more than 6% fat (post-harvest))
Lettuceh
Cucumbersh, dried figs, mushroomsh and tomatoes (pre- and post-
harvest)h; radishes, raw agricultural commodities (nonperishable, bulk
stored regardless of fat content (post-harvest)); raw agricultural commo-
dities (nonperishable, packaged or bagged, containing 6% fat or less
(post-harvest))
Figs
Edible tissue of swine
Eggs and poultry (fat, meat, and meat by-products)
Cattle, goats, horses, sheep (fat, meat and meat by-products), milk
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Table 3 (contd)

Country or
reglOn

Residue limit
(mg/kg)

0.3
0.05
Not permitted
2.0
0.3
0.1

Commodities

USSR Bran, grain

Apples, grapes
Flour, grouts
Cereals
Processed cereals, vegetables
Other foostuffs

Yugoslavia

Ilrom Health and Welfare Canada (199)
bResidues should not be present; the value in parentheses indicates the lower limit for residue determina-
tion according to the standard method of analysis, this limit having been used to reach the no-residue con-
clusion.
CStandard for withholding registration of agricultural chemicals
dA pesticide may be used on an eating or drinking ware or raw mate rial without a demonstrable residu,e
remaining; the value listed is considered the highest concentration at which this requirement is deemed to
have been met.
eResidues shaH be absent; the value in parentheses is the highest concentration at which this requirement
is still deemed to have been met.
Jif analysis shows that two or more of certain substances are present in the same sample, in addition to the
limit which applies for each substance, a maximum level of 1.0 mg/kg applies to the sum of the residues of
these substances.

8From US Environmental Protection Agency (1989a,b)
hResidues expressed as naled

Occupational exposure limits and guidelines for dichlorvos in sorne countries and
regions are given in Table 4.

Table 4. Occupational exposure lImIts and guidelines for
dichlorvosa

Country or region Year Concentrationb Interpretation C

(mg/m3)

Austria 1987 1 1WA
Belgium 1987 1 1WA
China 1987 0.3 1WA
Denmark 1987 1 1WA
Finland 1987 1 1WA

3 STEL
Germany 1989 1 1WA
Hungary 1987 0.2 1WA

0.2 STEL
India 1987 1 1WA

3 STEL
Indonesia 1987 1 1WA
Mexico 1987 1.5 1WA
Netherlands 1987 1 1WA
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Table 4 (contd)

Country or region Year InterpretationCConcentrationb
(mg/m3)

Romania 1987

Switzerland
Thiwan
United Kingdom

1987

1987
1987

URSS
USA

ACGIH
OSHA

1987

Venezuela 1987

Yugoslavia 1987

0.5
1.5

1

1

1

3
0.2

TWA
STEL
TWA
TWA
TWA
STEL
TWA

0.9
1

1

3

0.1

Guideline
TWA

TWA
Ceiling
TWA

OFrom Izmerov (1984); Cook (1987); American Conference of Govern-

mental Industrial Hygienists (ACGIH) (1989); Deutsche Forschungs-
gemeinschaft (1989); US Occupational Safetyand Health Administration
(OSHA) (1989)
b AlI values given are with skin notation

CT A, time-weighted average; STEL, short-term exposure limit

2. Studies of eancer in Humans

2.1 Case reports

ln a case series, four children with aplastic anaemia and one with acute lymphoblastic
leukaemia were reported by their parents to have been exposed at home to dichlorvos and
propoxur (Reeves et al., 1981).

2.2 Case-control studies

ln a case-control study of leukaemia in the USA (Brown et aL., 1990), described in detail
in the monograph on occupational exposure in spraying and application of insecticides
(p. 68), significant excesses of leukaemia were noted among farmers who reported use of
dichlorvos on animaIs (odds ratio, 2.0; 95% confidence interval (Ci), 1.2-3.5). Risks were
greater among those who had first used dichlorvos 20 or more years before diagnosis of
leukaemia (odds ratio, 2.4; 95% Ci, 1.1-5.4). The risks were greatest among farmers who
used dichlorvos on animaIs on 10 or more days per year (odds ratio, 3.8; 95 % Ci, 1.0-14.8).
The risk for leukaemia in this study was also associated with use of other agricultural
pesticides, including crotoxyhos, famphur, pyrethrins, methoxychlor, nicotine and DDi:
and It was not possible to evaluate exposure to dichlorvos in the absence of these other
pesticides.
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3. Studies of eancer in Experimental Animais

The Working Group was aware of a study by Horn et aL. (1987), which was of short
duration and not considered informative for an evaluation.

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3Fi hybrid mice, five to seven weeks of age, were
fed technical-grade dichlorvos (minimum purity, 94%) in the diet at initial doses of 1000 and
2000 mg/kg. After two weeks, the doses were reduced to 300 and 600 mg/kg of diet,
respectively, due to severe toxicity, and treated animaIs were maintained at these dietary
levels for 78 weeks followed by 12- 14 weeks on dichlorvos-free diets, after which time (92-94
weeks) the animais were kiled and necropsied. The measured time-weighted average doses
were 318 and 635 mg/kg of diet, respectively. Groups of 10 male and 10 female mice that
served as matched controls were maintained on dichlorvos-free diets for 92 weeks; further
control data were obtained from pooled control animaIs (100 males and 80 females). ln
females, 13/50 low-dose animaIs died before week 90; survival to 90 weeks was greater th an
84% in aIl other groups. Average weights of high-dose males and females were generally
lower th an those of the low-dose and control groups, but the differences did not exceed 10%.
The only findings of note were two squamous-cell carcinomas of the oesophagus (in one
low-dose male and one high-dose female), one papilloma of the oesophagus (in a high-dose
female) and three cases of focal hyperplasia of the oesophageal epithelium (in three
low-dose males) (US National Cancer Institute, 1977). (The Working Group noted the short
duration of treatment.j

Groups of 50 male and 50 female B6C3Fi mice, eight weeks of age, were administered 0,
10 or 20 (males) and 0, 20 or 40 mg/kg bw (females) dichlorvos (99% pure) in corn oil by
gavage per day on five days per week for 103 weeks. Survival was not affected by treatment.

The incidence of squamous-cell papillomas of the forestomach was increased in males and
females. A significant dose-response trend for the incidence of squamous-cell papilomas
was seen in males (1/50 control, 1/50 low-dose, 5/50 high-dose; p = 0.032) and in females
(5/49 control, 6/49 low-dose, 18/50 high-dose; p = 0.002). ln females, the incidence in the
high-dose group was significantly greater than that in controls (p = 0.004). Two of 50
high-dose females also had squamous-cell carcinomas (US National Toxicology Pro gram,
1989).

3.1.2 Rat
Groups of 50 male and 50 female Osborne-Mendel rats, five to seven weeks of age, were

fed diets containing 150 or 1000 mg/kg of di et technical-grade dichlorvos (minimum purity,
94%); due to severe toxicity, the high-dose was reduced to 300 mg/kg of di et after three
weeks. Both groups were treated for 80 weeks and were maintained for a further 30 weeks on
a dichlorvos-free diet. Time-weighted average doses were 150 and 326 mg/kg of diet,
respectively. Groups of 10 males and 10 females served as matched controls and groups of 60
animaIs of each sex as pooled con troIs. Weight gain was consistently lower in high-dose
groups than in low-dose and control groups. No significant difference in survval was
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observed between treated and control groups at 105 weeks. The incidence of malignant
fibrous histiocyomas in male rats showed a statistically significant trend (pooled control,
2/58; low-dose, 4/48; high-dose, 8/50;p = 0.018); a histiocyoma occurred in 1/10 matched
male controls (US National Cancer Institute, 1977). (The Working Group noted the short
duration of treatment).

Technical-grade dichlorvos (97% purity) was administered by gavage in water to 70 male
and 70 female rats (inbred strain BD IX/Bln), six to eight weeks of age, at a dose of 0.1 mg per
animal twce a week; or to 99 male and 99 female rats at a dose of 0.1 mg per animal three
times a week for 60 weeks. Groups of 59 male and 60 female rats served as vehicle controls.
AnimaIs were kiled 111 weeks after the beginning of treatment. There was no difference in
median survval times between treated and control animaIs. Forestomach papillomas were
observed in two males and in one female that received 0.3 mg dichlorvos. One male and one
female rat receiving 0.3 mg had two and five papillomas of the urinary bladder, respectively
(Horn et aL., 1988). (The Working Group noted the short duration of exposure.)

Groups of 50 male and 50 female Fischer 344/N rats, seven weeks of age, were
administered 0, 4 or 8 mg/kg bw dichlorvos (99% pure) per day in corn oil by gavage on five
days per week for 103 weeks. Survival was 31/50 control, 25/50 low-dose and 24/50 high-dose
males and 31/50 control, 26/50 low-dose and 24/50 high-dose females; body weight gain was
not affected by administration of dichlorvos. The incidence of acinar-cell adenomas of the
pancreas was increased in treated males (16/50 control, 25/49 low-dose and 30/50 high-dose;
p -: 0.001 for trend). Further examination of horizontal sections of aIl pancreases revealed
increases of reduced statistical significance (25/50,30/50 and 33/50; (p for trend = -: 0.05)).
There were also more male rats with multiple adenomas in the treated groups th an among
con troIs (2/50, 7/49 and 13/50). Mononuclear-cell leukaemia occurred with a significant
dose-response trend in male rats (p = 0.0 Il), and the incidence in each of the treated groups
was significantly greater than that in controls (11/50 control, 20/50 low-dose and 21/50
high-dose males). ln females, fibroadenomas and adenomas of the mammary gland occurred
with a significant dose-response trend (p = 0.028), and the incidence in both treated groups
was significantly greater than that in controls (9/50 control, 19/50 low-dose and 17/50
high-dose females). Two female rats in the control group and two in the low-dose group had
carcinomas of the mammary gland (US National Toxicology Program, 1989).

3.2 Inhalation and/or intratracheal administration

Rat: Groups of 50 male and 50 female Carworth Farm E strain rats, five weeks of age,
were exposed continuously to atmospheres containing 0 (control), 0.05, 0.5 or 5 mg/m3
technical-grade dichlorvos (purity, :; 97%) for 104 weeks. The mean values for the entire
test period were 0.05, 0.48 and 4.7 mg/m3 (range :i 20%). AlI treated groups showed
decreased weight gain compared with controls, especially in the high-dose group. The
numbers of males survving at 99-102 weeks were 11/50 control, 21/50 low-dose, 15/50
mid-dose and 32/50 high-dose; survval in females at 104 weeks was 22/47 control, 27/47
low-dose, 26/47 mid-dose and 34/47 high-dose. Complete necropsy and histopathologywere
performed on 20-32% of males and 22-38% of females, reducing the effective numbers of
animaIs per group to between 10 and 18. No significant Increase in tumour incidence could
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be attributed to treatment (Blair et al., 1976). (The Working Group noted the small numbers
of animaIs submitted for complete necropsy.l

Studies of cancer in ex¡erimental animaIs are summarized in Table 5.

4. Other Relevant Data

The toxicity of dichlorvos has been reviewed (FAO/WHO, 1965, 1967, 1968, 1971;
Anon., 1974; FAO/WHO, 1978; WHO, 1989).

4.1 Absorption, distribution, metabolism and excretion
4.1.1 Humans

Dichlorvos is rapidly hydrolysed in human blood (half-time, 7-11 min), and no
unchanged dichlorvos was found (detection limit, 0.1 j.g/g) in blood samples taken 1 min
after cessation of inhalation by two male volunteers exposed to 0.25 mg/m3 for 10 h or to
0.7 mg/m3 for 20 h (Blair et al., 1975).

A human volunteer who ingested 5 mg p4C-vinyll-dichlorvos excreted radiolabel at a
rate similar to that seen after comparable oral dosing of rats, mice and hamsters, except that
the output of l4COZ was somewhat greater. The urinary metabolites were tentatively
identified as demethyldichlorvos, urea and hippuric acid (Hutson & Hoadley, 1972a).

More recently, it was established that dimethylphosphate is a metabolite in the urine of
workers occupationally exposed to dichlorvos (Das et al., 1983).

4.1.2 Experimental systems

The metabolism and disposition of dichlorvos have been reviewed (Wright et al., 1979).
Metabolic disposition studies using radiolabelled dichlorvos have been reported in rats,

mice, hamsters, pigs and humans. Labelling at different sites (e.g., 14C-methyl, 14C-vinyl,
36CI-chlorovinyl, 3zp-phosphate) has enabled specifie pathways to be traced (Hutson et al.,

1971; Hutson & Hoadley, 1972a,b; Page et al., 1972; Potter et al" 1973; Blair et al., 1975).
Furthermore, metabolic disposition has been determined after both inhalation exposure and
oral administration (including slow-release polyvnyl chloride-pelleted dose forms).

There are two main metabolic pathways for dichlorvos: (1) ester hydrolysis of the
PO-vinyl group to yield dimethylphosphate and dichloroacetaldehyde and (2) oxidative
O-demethylation to demethyldichlorvos and formaldehyde. An alternative pathway for
O-demethylation involves conjugation with glutathione (Dicowsky & Morello, 1971; Hutson
et al., 1971; Hutson & Hoadley, 1972a,b; Page et al., 1972; Potter et al" 1973; Blair et al.,
1975). Hydrolysis of the O-demethylated metabolite yields methylphosphate and, eventually,
phosphoric acid and methanol (WHO, 1989). Radiolabel from p4C-methyl)- and
(14C-vinyl)-dichlorvos is ultimately incorporated into COz (e.g., 39% of an oral dose of
p4C-vinyl)-dichlorvos over four days in rats) and enters the 1 and 2-carbon metabolic pools,

resulting in the labelling of amino acids, proteins and purines. This labelling may confound
the interpretation of studies of tissue disposition and urinary excretion if the chemical
specificity and source of the radiolabel are not determined.

Patterns of urinary metabolites indicate that metabolic clearance varies very little by
species or route. The hydrolysis pathway generally predominates over the O-demethylation
pathway, although the latter is more prominent in mice.
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Table 5. Studies of cancer in experimental animaIs

Reference Species/strain Sex Dose Exprimental parameter/ Graup Statistical Commentschedule observation conclusion

0 1 2 3

US National Cancer Mouse M 1 n diet for 80 Dose (mglg of diet)a 0 0 318 635Institute (1977) B63F¡ weeks Oesophageal carcinoma 1/50
F ln diet for 80 Dose (mglg of diet) 0 0 318 635 No significantweeks Oesophageal carcinoma 1/50 increase in

Oesophageal papilloma 1/50 tumours -
~US National Mouse M Gavage, 5 Dose (mg/g bw) 0 10 20 -
fiToxicology Program B6C3F¡ days/week for Forestomach papilloma 1/50 1/50 5/50 p = 0.032 trend(1989) 103 weeks
~F Gavage, 5 Dose (mglg bw) 0 20 4D 0days/week for Forestomach papilloma 5/49 6/49 18/50 p = 0.002 trend Z103 weeks Forestomach carcinoma 0/49 0/49 2/50 00US National Cancer Rat Osborne- M ln diet for 80 Dose (rnglg of diet)" 0 0 150 326

~
Institute (1977) Mendel wecks Malignant fibraus histiocytomas 1/10 2/58 4/48 8/50 p = 0.018 trend

F ln diet for 80 Dose (mglg of diet) 0 0 150 326 No significant ::weeks
increase in C/tumours ~Horn et al. (1988) Rat M Gavage, 2 or Dose (mg/animal) per week 0 0.1 X 2 0.1 X 3 0BDIX/Bln 3 per week for Forestomach papillomas 0110 0/1 2/26 NS Number of

B
60 weeks Urinary bladder papillornas 0/55 0/65 1/95 NS animaIs with

papilIomas ~F Gavage 2 or 3 Dose (mg/animal) per week 0 0.1 X 2 0.1 X 3 trper week for 60 Forestomach papillomas 0/22 0/20 1/38 NS Number of VIv.weeks Urinary bladder papillomas 0/6 0/7 1/10 NS animais with

papillomas
US National Rat Fischer M Gavage, 5 Dose (mglg bw) 0 4 8Toxicology Program 344/N days/weeks for Pancreatic acinar-cell adenomas 25/50 30/50 33/50 p -c 0.05 trend(1989) 103 weeks Mononuclear-cll leukaemia ll50 20/50 21/50 p = 0.011 trend

F Gavage, 5 Dose (mglg bw) 0 4 8
days/weeks for Pancreatic acinar-cell adenomas 2/50 3/50 6/50 NS
103 weeks Mammary fibraadenomas/adenomas 9/50 19/50 17/50 P = 0.028 trend

"araups: 0, matched contraIs; 1, poled contraIs
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Hydrolytic metabolism of dichlorvos to dimethylphosphate and dichloroacetaldehyde,
which in turn is rapidly reduced to dichloroethanol and conjugated with glucuronic acid, is so
rapid that the half-time for the reaction in vivo has not been determined with any accuracy. ln
vitro, the half-time for blood-catalysed hydrolysis ranges from 2 min in rabbits to 30 min in
rats. ln human blood, the half-time is approximately 10 min, and the Km for the reaction has
been estimated to be approximately 3 llM. For this reason, unchanged dichlorvos is detected
in blood only at relatively high dose rates (Blair et al., 1975).

4.2 lloxic effects

4.2.1 Humans

The adverse effects of dichlorvos in humans have been reviewed (Cavagna & Vigliani,
1970; Gilett et al., 1972a,b; Hayes, 1982). Depression of plasma cholinesterase is the most
sensitive indicator of exposure to dichlorvos but is not necessarily an indicator of toxicity. At
higher dose levels, red blood cell cholinesterase may also be affected.

Dichlorvos was administered in the form of slow-release polyvnyl resin formulation
pellets as single doses (1-32 mg/kg bw) to 107 men and as repeated dosesO-32 mg/kg bwper
day for 2-7 days; 1-16 mg/kg bw per day for up to three weeks) to 38 men. Maximal plasma
cholinesterase depression occurred at approximately 6 mg/kg bw (single dose) and 1 mg/kg
bw per day (repeated dose over three weeks). The single-dose threshold for plasma
cholinesterase depression was approximately 1-3 mg/kg bw. Redblood cell cholinesterase
activity was depressed at doses approximately four-.fold higher. While the incidence of
transient gastrointestinal and central nervous system-related subjective effects which
accompanied the cholinesterase depression was relatively low at the lowest dose rates, they
were sufficiently adverse to cause subjects given repeated doses of 8-32 mg/kg bw per day to
withdraw from the study (Slomka & Hine, 1981).

Airborne levels of dichlorvos which cause slight to moderate cholinesterase depression
have been reported to be 0.7 mg/m3 average over one year in factory workers producing
dichlorvos vaporizers (Menz et al., 1974) and 0.1 mg/m3 for 24 h per day in children and
adults hospitalized for various periods in wards provided with dichlorvos-impregnated
plastic strips. Plasma (but not red blood cell) cholinesterase levels were slightly depressed in
Il hospitalized babies exposed to air levels of over 0.1 mg/m3 for 24 h per day, but children of
2-7 years were not affected at the same exposure level for 16 h per day (Cavagna et aL., 1969).
As reported in an abstract, neither plasma nor red blood cell cholinesterase depression was
found in 22 newborn babies when the average air levels of dichlorvos were reported to be up
to 0.159 mg/m3 (Vigliani, 1971).

Lethal exposures to dichlorvos have been reported in connection with accidental

splashing of a concentrated formulation, coupled with failure to wash the material off

(Hayes, 1982). A case of systemic poisoning resulted from an accident in which dichlorvos
spray leaked down a man's back (Bisby & Simpson, 1975). Another accidental incident of
skin contact resulted in symptomatic effects followed by the development of a persistent
contact dermatitis (Mathias, 1983).
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4.2.2 Experimental systems

The toxicology of dichlorvos in experimental animaIs has been reviewed (Attfield &
Webster, 1966; Gilett et al., 1972a,b; Anon., 1974; Wright et al., 1979).

Dichlorvos is acutely neurotoxic by virtue of its ability to inhibit brain cholinesterase.
The acute oral LDso in rats was cited as 56-80 (Durham et al., 1957) and 25-30 mg/kg bw
(Ben-Dyke et al., 1970) and that in mice as 140-275 mg/kg bw(Anon., 1974; Holmstedt et al.,
1978). The oral LDso of dichlorvos in young pigs was 157 mg/kg bw; no death occurred in
animais administered up to 100 mg/kg of a polyvnyl chloride formulation of dichlorvos
(Stanton et al., 1979). The large range cited for the dermal LDso (75-900 mg/kg bw) in rats
suggests that skin absorption is vehicle-dependent (Jones et al., 1968).

Exposures after which cholinesterase depression was the only discernible toxic effect
include two-year inhalation exposure of rats to 0.5-5 mg/m3 (Blair et al., 1976), 90-day
feeding of 0.4-70 mg/kg bw per day to rats (effects observed at 3.5 mg/kg per day and above;
Durham et al., 1957), administration for 30 days of 1- 16 mg/kg bw per day in polyvnyl
chloride pellets to pigs (Stanton et al., 1979) and administration for 10-21 days of
10-80 mg/kg bw per day in polyvnyl chloride pellets to rhesus monkeys (Hass et al., 1972).

Dichlorvos has been ascribed only a slight risk of causing delayed neuropathy, because
doses that inhibit neuropathy target esterase and result in ataxia in hens exceed the LDso by
several fold; protection with atropine is required if the test is to be completed (Johnson,
1978; Caroldi & Lotti, 1981; Johnson, 1981).

Both humoral immune response and cell-mediated immunity were inhibited in rabbits
treated orally with dichlorvos for five days a week for up to five to six weeks at high dose rates
(0.31-2.5 mg/kg bw: 2.5-20% of the LDso; Dési et al., 1978, 1980). Immunosuppression was
also observed in mice given 120 mg/kg bw orally, but the authors commented that this
phenomenon, seen with other organophosphonates and the cholinomimetic compound,
arecoline, may be secondary to a profound cholinergic stimulation (Casale et al., 1983).

The diurnal rhythm of the pituitary/adrenal axis was altered in rats given 2 ppm (mg/l)
dichlorvos in the drinking-water for two weeks (approximate intake, 0.3 mg/kg bw per day),
causing changes in plasma adrenocorticotrophic hormone levels and adrenal cholesterol
ester concentrations. While adrenocorticotrophic hormone secretion is believed to be
acetylcholine-sensitive, there was no detectable change in cholinesterase activity (Civen et
al., 1980).

Reactions with macromolecules: Dichlorvos is a phosphorylating and alkylating agent

(Wright et al., 1979). 4-Nitrobenzylpyridine is alkylated by dichlorvos (half-time, 28 min)
more slowly th an methyl methanesulfonate (half-time, 9.6 min). Metabolites of dichlorvos
did not react with 4-nitrobenzylpyridine in this system (Bedford & Robinson, 1972). The
relative reactivity of dichlorvos toward 4-nitrobenzyIpyridine and acetylcholinesterase was
greatly in favour of esterase phosphorylation (WHO, 1989), indicating that dichlorvos-
associated methylatión' of DNA purines may not be as important in vivo as the esterase
phosphorylation reaction (Wright et aL., 1979; Wooder et aL., 1977).

There may appear to be some conflict between this conclusion and the detection of
radiolabelled N-7-methylated guanine in mouse urine following administration of
(14C-methyl)- or (3H-methyl)-dichlorvos (24-90 ¡.Ci intraperitoneally or an estimated
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8.5-11 J.Ci by inhalation) (Wennerberg & Löfroth, 1974). Since, however, methylated
purines occur naturally in urine and p4C-methyl)-dichlorvos metabolites enter the 1- and
2-carbon metabolic pool, it has been suggested that the mechanism of methylation may be
indirect (Wooder & Wright, 1981). No N-7-guanine methylation was found in the DNA of
lung, liver, heart, brain, testes or spleen of 20 rats exposed to p4C-methyI)-dichlorvos by
inhalation at 0.064 J.g/l for 12 h (estimated total dose, 6 J.g; specifie activity, 113 J.Ci/mmol;
resulting in. a DNA detection limit of 0.000001 % of the dose) (Wooder et al., 1977).

Segerbäck and Ehrenberg (1981) also concluded that the likelihood of DNA
methylation after dosing with dichlorvos in vivo is extremely smalL. Their estimate of the
amount of DNA methylation in mice after intraperitoneal dosing with 1.9 J.mol/kg bw
(0.42 mg/kg) is of the order of 8 x 10-13 mol methyl per gram of DNA.

4.3 Reproductive and developmental efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Female Sherman rats were treated intraperitoneally with dichlorvos at 15 mg/kg bw in
peanut oil on day 11 of gestation. No difference was noted in weight gain, number offetuses
per litter, number of resorptions per pregnant rat or weight of the fetuses or placentae on day
20 of gestation. Three omphalocoeles occurred among 41 offspring in the treated group, but
no malformation was noted among controls (Kimbrough & Gaines, 1968).

No adverse developmental effect was observed in CF-1 mice administered the maximal
tolerated dose by gavage on days 6-15 of gestation or in New Zealand rabbits administered
60 and 5 mg/kg bw per day on days 6-18 of gestation or by inhalation at 4 mg/m3 for 7 h per
day (Schwetz et al., 1979).

Pregnant rabbits were treated (route not given) with dichlorvos at a dose of 6 mg/kg bw
per day for the last 10 days of gestation. Light-microscopic examination of the brains of six
pups from treated and six from untreated dams sacrificed at birth revealed no alteration in
brain morphology; electron microscopie examination suggested 'immaturity' or delay in
brain development in the treated animaIs. Synaptic junctions quantified in the motor cortex
using electron microscopy were considered to be immature (Dambska et aL., 1979). (The
Working Group noted the lack of adequate con troIs and the poor description of the study. i

Carworth E rats and Dutch rabbits were exposed to dichlorvos in air at concentrations of
up to 6.25 mg/m3 and 4 mg/m3, respectively, for 23 h per day on seven days per week from the
day of mating until the end of gestation. These treatments produced a dose-dependent
decrease in plasma, red cell and brain cholinesterase activity in both species but had no effect
on the number of pregnancies, the number of resorptions, the number of fetal deaths, litter
size or fetal weight in rats or rabbits (Thorpe et al., 1972).

ln pregnant sows fed a polyvnyl chloride formulation of dichlorvos at doses of 5 or
25 mg/kg bw per day for the last 30 days of gestation, no alteration in reproductive
performance was observed. Plasma and red cell cholinesterase activities and, at the high
dose, myometrial acetylcholinesterase activity were decreased in the sows; the rhomb-
encephalic acetylcholinesterase level was increased in fetuses (Stan ton et aL., i 979).
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A series of early studies reported in abstracts also examined reproductive and

developmental effects. No effect on reproduction or development was seen in more than
6000 offspring of male and female rats treated for three generations with dichlorvos in feed
at doses of up to 500 ppm (mg/kg) (Witherup et al., 1971). ln rabbits treated orally with a
polyvnyl chloride formulation of dichlorvos, maternaI toxicity was seen at 34 mg/kg; no
alteration was observed in reproductive or developmental parameters at doses not
associated with maternaI toxicity (Vogin et aL., 1971). No effect on reproduction or
development was seen over two generations in male and female swine treated for 37 months
at doses in the feed of up to 500 ppm (mg/kg) (Collins et al., 1971).

4.4 Genetic and related effects (see also Table 6 and Appendices 1 and 2)

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems

The genetic activity of dichlorvos has been reviewed (Ramel et al., 1980).
ln bacteria, dichlorvos bound covalently to DNA, RNA and protein and caused DNA

damage and point mutations. Bacterial mutagenicity was reduced in the presence of liver
preparations. Dichlorvos induced gene conversion, mutation and aneuploidy in yeast and
fungi, and mutation, chromosomal aberrations and micronucleus formation in plants. ln
Drosophila melanogaster, chromosomal aberrations but not sex-linked recessive lethal
mutation were induced. Autosomal lethal and polygenic viability mutations were induced in
D. melanogaster by treatment over multiple generations. (The Working Group considered
that these tests are not weIl validated.) ln mammalian cells in vitro, dichlorvos caused DN A
strand breaks, mutation, sister chromatid exchange, chromosomal aberrations and cell
transformation. ln human cells in vitro, it induced unscheduled DNA synthesis but neither
chromosomal aberrations nor sister chromatid exchange.

No significant response was observed in vivo in any of the mammalian tests used for the
induction of unscheduled DNA synthesis, sister chromatid exchange, micronucleus
formation, chromosomal aberrations or dominant lethal mutation.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Dichlorvos has been used widely as an insecticide since 1961 to control internaI and
external parasites in livestock and domestic animaIs, to control insects in houses, and in crop
protection.

Dichlorvos has been formulated for use as dusts, granules, pellets/tablets, impregnated
resin strips and concentra tes.

Household and public health uses represent the main sources of human exposure to
dichlorvos. Exposure may also occur during its production and application.



Table 6. Genetic and related etTects of dichlorvos

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
sytem system

PRB, Prophage induction + + 60.0000 Houk & DeMarini (1987)
ECB, Escherichia coli WP2, DNA strand breaks + 0 2000.0000 Green et al. (1974)
ECB, Escherichia coli WP67, DNA strand breaks + 0 500.0000 Green et al. (1974)
ECB, Escherichia coli ColE1 plasmid, DNA strand breaks + 0 1000.0000 Griffin & Hil (1978)

ECO, Escherichia coli pol A, differential toxicity (spot test) + 0 13.~~ Rosenkranz (1973)
ECO, Escherichia coli pol A, differential toxicity (liquid) + 0 1400.~~ Rosenkranz (1973)
BSD, Bacillus subtils fec, differential toxicity + 0 200.~~ Shirasu et al. (1976) 0..BSD, Bacillus subtils fec, differential toxicity + 0 0.000 Kawachi et al. (1980) ()
BRD, Bacteria (other), differential toxicity (+ ) 0 5~~.000 Adler et al. (1976) ~

t"BRD, Bacteria (other), differential toxicity + 0 2.~~ Braun et al. (1982) 0
SAO, Salmonella typhimurium TA100, reverse mutation + + 300.0000 Byeon et al. (1976) ~
SAO, Salmonella typhimurium TA1oo, reverse mutation + + 275.~~ Löfroth (1978) 0

C/
SAO, Salmonella typhimurium TA1oo, reverse mutation + + 0.~~ Kawachi et al. (1980)
SAO, Salmonella typhimurium TA1oo, reverse mutation + 0 0.~~ Ishidate et al. (1981)
SAO, Salmonella typhimurium TA1oo, reverse mutation + (+ ) 1.0000 Braun et al. (1982)
SAO, Salmonella typhimurium TA1oo, reverse mutation + + 375.~~ Moriya et al. (1983)
SAO, Salmonella typhimurium TA1oo, reverse mutation (+ ) + 250.~~ Breau et al. (1985)
SAO, Salmonella typhimurium TA1oo, reverse mutation + - 250.~~ Choi et al. (1985)
SAO, Salmonella typhimurium TA1oo, reverse mutation + + 167.~~ Zeiger et al. (1988)
SAO, Salmonella typhimurium TA1oo, reverse mutation + + 500.~~ US National Toxicology

Program (1989)
SA2, Salmonella typhimurium TA102, reverse mutation - - 0.000 Choi et al. (1985)
SA3, Salmonella typhimurium TA1530, reverse mutation + 0 0.~~ Hanna & Dyer (1975)
SAS, Salmonella typhimurium TA1535, reverse mutation + 0 0.~~ Hanna & Dyer (1975)
SAS, Salmonella typhimurium TA1535, reverse mutation (+ ) (+ ) 1500.~~ Byeon et al. (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation + 0 2500.000 Shirasu et al. (1976)
SAS, Salmonella typhimurium TA1535, reverse mutation + 0 1500.0000 Carere et al. (1978) N
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500.0000 Moriya et al. (1978) 00v:



Table 6 (contd) N
8

Test system Resulta Dosé Reference
LED/HID

Withou t With
exogenous exogenous
metabolic metabolic
sytem system

SAS, Salmonella typhimurium TAlS3S, reverse mutation + 0 0.~~ Choi et al. (198S)
SA7, Salmonella typhimurium TAlS37, reverse mutation - 0 0.~~ Hanna & Dyer (197S) -SA7, Salmonella typhimurium TAlS37, reverse mutation - 0 2S00.oo Shirasu et al. (1976) ~
SA7, Salmonella typhimurium TA1537, reverse mutation - 0 2800.~~ Carere et al. (1978) f3SA7, Salmonella typhimurium TAlS37, reverse mutation - - 2500.~~ Moriya et al. (1983) ~SA8, Salmonella typhimurium TAlS38, reverse mutation - 0 0.~~ Hanna & Dyer (197S) 0
SA8, Salmonella typhimurium TA1538, reverse mutation - 0 2500.~~ Shirasu et al. (1976) Z0SA8, Salmonella typhimurium TA1538, reverse mutation - - ISOO.OO Byeon et al. (1976) 0
SA8, Salmonella typhimurium TAlS38, reverse mutation - 0 2800.~~ Carere et al. (1978)

~SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500.~~ Moriya et al. (1983)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 0.~~ Choi et al. (1985) ::

CISA9, Salmonella typhimurium TA98, reverse mutation - - 1500.~~ Byeon et al. (1976)
âSA9,Salmonella typhimurium TA98, reverse mutation - - 0.~~ Kawachi et al. (1980)

SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.~~ Moriya et al. (1983) 5
SA9, Salmonella typhimurium TA98, reverse mutation - - 0.~~ Breau et al. (1985) ~

tTSA9, Salmonella typhimurium TA98, reverse mutation - - 0.~~ Choi et al. (1985) \JSA9, Salmonella typhimurium TA98, reverse mutation - - 500.~~ Zeiger et al. (1988) w
SA9, Salmonella typhimurium TA98, reverse mutation - - SOO.OO US National Toxicology

Program (1989)
SAS, Salmonella typhimurium 64-320, reverse mutation + 0 SOO.OO Voogd et al. (1972)
SAS, Salmonella typhimurium C117, reverse mutation (+ ) 0 6630.~~ Dyer & Hanna (1973)
SAS, Salmonella typhimurium C1l7, reverse mutation - 0 0.~~ Hanna & Dyer (1975)
SAS, Salmonella typhimurium G46, reverse mutation - 0 0.~~ Hanna & Dyer (1975)
SAS, Salmonella typhimurium TA1536, reverse mutation - 0 2500.~~ Shirasu et al. (1976)
SAS, Salmonella typhimurium TAlS36, reverse mutation - 0 2800.~~ Carere et al. (1978)
ECF, Escherichia coli B, forward mutation + 0 1100.~~ Wild (1973)
ECK, Eschelichia coli K12, forward or reverse mutation + 0 14S.00 Mohn (1973)
ECW, Escherichia coli WP2 uvrAj reverse mutation + 0 200.~~ Bridges et al. (1973)
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Table 6 (contd) ~N
Test system Resulta Dosé Reference

LED/HID

Without With
exogenous exogenous
metabolic metabolic
sytem system

ANG, Aspergillus nidulans, genetic crossing-over + ,0 2800.~~ Morpurgo et al. (1977)
SZF, Schizosaccharomyces pombe, forward mutation + (+ ) 330.~~ Gilot-Delhalle et al.

(1983)
..
~ANR, Aspergillus nidulans, reverse mutation + 0 1400.0000 Morpurgo et al. (1977) ~ANN, Aspergillus nidulans, aneuploidy + 0 80.~~ Morpurgo et al. (1979)
~HSM, Hordeum species, mutation - 0 166.~~ Bhan & Kaul (1975) 0HSM, Hordeum species, mutation + 0 150.~~ Panda & Sharma (1979) Z

HSM, Hordeum species, mutation + 0 500.~~ Singh et al. (1980) 00HSM, Hordeum species, mutation + 0 0.~~ Sharma et al. (1983)

~TSM, Tradescantia paludosa, mutation - 0 0.~~ Schairer et al. (1978)
TSI, Tradescantia paludosa, micronuclei + 0 0.~~ Ma et al. (1984) ::

enACC, Allum cepa, chromosomal aberrations + 0 50.000 Rao et al. (1987)

dHSC, Hordeum species, chromosomal aberrations + 0 55.~~ Bhan & Kaul (1975)
HSC, Hordeum species, chromosomal aberrations + 0 100.~~ Panda & Sharma (1979) r

CHSC, Hordeum species, chromosomal aberrations + 0 0.~~ Sharma et al. (1983) ~VFC, Vicia taba, chromosomal aberrations + 0 125.~~ Amer & Ali (1986) t'
PLC, Capsicum annuum, chromosomal aberrations 0 500.0000 Devadas et al. (1986)

Vi+ w
DMG, Drosophila melanogaster, crossing-over/recombination - 0 350.~~ Jayasuriya & Ratnayake

(1973)
DMX, Drosophila melanogaster, sex-linked recessive lethal - 0 350.0000 Jayasuriya & Ratnayake

mutations
(1973)

DMX, Drosophila melanogaster, sex-lInked recessive lethal - 0 0.0900 Kramers & Knaap (1978)
mutations

DMX, Drosophila melanogaster, sex-linked recessive lethal - 0 0.0700 Sobels & Todd (1979)
mutations

*, Drosophila melanogaster, polygenic viability mutations + 0 4.0000 Marcos et al. (1989)
*, Drosophila melanogaster, autosomal recessive lethal + 0 0.7500 Hanna & Dyer (1975)

mutations



Table 6 (contd)

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
sytem system

DMC, Drosophila melanogaster, chromosomal aberrations + 0 1. ~~ Gupta & Singh (1974)
DIA, DNA strand breaks, Chinese hamster V-79-4 cells in vitro (+ ) 0 200.~~ Green et al. (1974)
G90, Gene mutation, Chine se hamster V79 lung cells - 0 1100.~~ Aquilina et al. (1984)

(ouabain)
G5l Gene mutation, mouse lymphoma L5178Y cells in vitro. + 0 25.~~ US National Toxicology

tk locus Program (1989)
sic, Sister chromatid exchange, Chinese hamster cens in vitro + 0 20.~~ Tezuka et al. (1980) 0
sic, Sister chromatid exchange, Chinese hamster cells in vitro + 0 7. () Nishio & Uyeki (1981)

""
()

sic, Sister chromatid exchange, Chinese hamster cells in vitro + 0 22.~~ Shirasu et al. (1984) ::
sic, Sister chromatid exchange, Chinese hamster cens in vitro + + 25.~~ US National Toxicology r0

Program (1989)
~SIR, Sister chromatid exchange, rat cens in vitro + 0 10.000 Lin et al. (1988) 0

CIC, Chromosomal aberrations, Chinese hamster cells in vitro - 0 1 (). ~~ Sasaki et al. (1980) C/

CIC, Chromosomal aberrations, Chinese hamster cells in vitro + 0 110.~~ Tezuka et al. (1980)
CIC, Chromosomal aberrations, Chinese hamster cens in vitro + 0 130.0000 Ishidate et al. (1981)

CIR, Chromosomal aberrations, rat cens in vitro + 0 80.~~ Lin et al. (1988)
TCS, Cell transformation, Syrian hamster embryo cells in vitro + 0 0.0000 Tu et al. (1986)
TCL, Cell transformation, rat tracheal epithelial cells in vitro + 0 40.0000 Lin et al. (1988)
UHL, Unscheduled DNA synthesis, human lymphocytes in vitro + 0 5.~~ Perocco & Fini (1980)
UIH, Unscheduled DNA synthesis, EUE human cells in vitro + 0 14365.0000 Aquilina et al. (1984)
SHF, Sister chromatid exchange, human fibroblasts in vitro - 0 10. () Nicholas et al. (1978)
SHL, Sister chromatid exchange, human lymphoctes in vitro - 0 10.000 Nicholas et al. (1978)
CHL, Chromosomal aberrations, human lymphoctes in vitro - 0 40.0000 Dean (1972b)
HMM, Host-mediated assay, Salmonella typhimurium in mice - 0 25.00 Buselmaier et al. (1972)
HMM, Host-mediated assay, Salmonella typhimurium in mice - 0 8.~~ Voogd et al. (1972)
HMM, Host-mediated assay, Saccharomyces cerevisiae in mice - 0 100.~~ Dean et al. (1972)
UPR, Unscheduled DNA synthe sis, rat hepatocytes in vivo - 0 35.~~ Mirsalis et al. (1989)
SV A, Sister chromatid exchange, mouse lymphocytes in vivo 0 25.~~ Kligerman t al. (1985) N- \0

V)



Table 6 (contd) N\0.t
Test system Resulta ReferenceDoseb

LED/HID

Without
exogenous
metabolic
sytem

With
exogenous
metabolic
system

MV, Micronucleus test, mouse bone-marrow cens in vivo
CBA, Chromosomal aberrations, mou se bone-marrow cens

in vivo

CBA Chromosomal aberrations, Chinese hamster bone marrow _
in vivo

CBA, Chromosomal aberrations, mouse bone-marrow cens
in vivo

CBA, Chromosomal aberrations, mouse bone-marrow cens
in vivo

CBA Chromosomal aberrations, mouse bone-marrow cens
in vivo

CBA, Chromosomal aberrations, Syrian hamster bone marrow ( + )

in vivo

CCC, Chromosomal aberrations, mouse spermatoctes in vivo
CCC, Chromosomal aberrations, mouse spermatoctes in vivo
CGC, Chromosomal aberrations, mouse spermatogonia in vivo
CGC, Chromosomal aberrations, mouse spermatogonia in vivo
DLM, Dominant lethal test, mice
DLM, Dominant lethal test, mice
DLM, Dominant lethal test, mice
DLM, Dominant lethal test, mice

DLM, Dominant lethal test, mice
BID, Binding to caif thymus DNA in vitro +
BIO, Binding to DNA, Escherichia coli WP2 uvrA in vitro +

BIO, Binding to DNA, HeLa cens in vitro +
BID, Binding to DNA, Escherichia coli B in vitro +

BID, Binding to caif thymus DNA in vitro +

0 0.0150 Paik & Lee (1977)

0 15.0000 (16-h inhaL.) Dean & Thorpe (1972a) -
~

0 15.0000 Dean & Thorpe (1972a) ~
0 100.0000 Kurinnyi (1975) a:0z
0 10.~~ Moutschen-Dahmen et 0

al. (1981) 0
0 0.3300c Degraeve et al. (1984a)

~
0 15.~~ Dzwonkowska & Hübner ::cr

(1986) ~
0 0.3300c l)egraeve et al. (1984a) 0
0 10.0000 Degraeve et al. (1984b) E
0 0.3300c Degraeve et al. (1984a) a:
0 10.~~ Degraeve et al. (1984b) tT

VI
0 53.0000 (16-h inhaL.) Dean & Thorpe (1972b) w
0 16.500 Epstein et al. (1972)
0 50.0000 Dean & Blair (1976)
0 10.0000 Moutschen-Dahmen et

al. (1981)
0 0.3300c Degraeve et al. (1984a)
0 2000.0000 Löfroth (1970)

0 300.0000 Lawley et al. (1974)
0 215.~~ Lawley et al. (1974)
0 155.~~ Wennerberg & Löfroth

(1974)
0 3.7500 Segerback (1981)



Table 6 (contd)

Test system Resulta ReferenceDoseb
LED/HID

Without
exogenous
metabolic
sytem

With
exogenous
metabolic
system

BIp, Binding to RNAIprotein, Escherichia coli WP2 uvrA in vitro +
Blp, Binding to RNAIprotein, HeLa cens in vitro +
BIp, Binding to RNA/protein, Escherichia coli B in vitro +

BVD, Binding to DNA rats in vivo
BVD, Binding 10 DNA, mIce in vivo
BVp, Binding to RNA/protein, rats in vivo
SPF, Sperm morphology, FI mice in vivo (+ )

a
a
o

a
a
o
o

215.0000
215.0000
155.0000

0.0150 (12-h inhaL.)
0.4000
0.0150 (12-h inhaL.)

12.0000

Lawley et al. (1974)
Lawley et al. (1974)
Wennerberg & Löfroth
(1974)
Wooder et al. (1977)
Segerback (1981)
Wooder et al. (1977)
Wyrobeck & Bruce
(1975)

*Not displayed on profile
a+, positive; (+), weakly positive; -, negative; 0, not tested, ?, inconclusive (variable response in several experiments within an adequate study)
bln~vitro tests, Ilg/m1; in~vivo tests, mg/kg bw

CIn drinking-water

u-
("
~
t'o
~o
C/

t5
Vl
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5.2 Carcinogenicity in humans

One case-control study of leukaemia in the USA found an association with use of
dichlorvos on animaIs; there were few exposed subjects, and they had potential exposure to
many pesticides.

5.3 Carcinogenicity in experimental animais

Dichlorvos was tested for carcinogenicity by oral administration in two experiments in
mice and in three experiments in rats. A few rare oesophageal squamous-cell tumours were
found in mice treated with dichlorvos in the diet. A dose-related increase in the incidence of
squamous-cell tumours (mainly papillomas) was noted in the forestomachs of mice that
received dichlorvos in corn oil by gavage. ln rats that received dichlorvos in water by gavage,
a few squamous-cell papilomas of the forestomach were seen. ln rats that received
dichlorvos in corn oil by gavage, a dose-related increase in the incidence of mononuclear-cell
leukaemia and an increased incidence of pancreatic acinar-cell adenomas were observed in
males.

5.4 Other relevant data

A variety of studies in several species did not demonstrate developmental toxicity due to
dichlorvos.

ln vitro, dichlorvos phosphorylates esterases to a greater extent than it methylates
nucleophiles; the likelihood of DNA methylation in vivo is extremely smalL.

Immunosuppression has been noted after short-term administration of high doses of
dichlorvos which are associated with profound cholinergie hyperstimulation.

No data were available on the genetic and related effects of dichlorvos in humans.
Dichlorvos was not shown to have genetic activity in various assays in mammals in vivo. It

induced gene mutation and chromosomal damage in cultured mammalian cells "and in
insects, plants, fungi, yeast and bacteria.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of dichlorvos.
There issuffcient evidence in experimental animais for the carcinogenicity of dichlorvos.

Overall evaluation
Dichlorvos is possibly carcinogenic to humans (Croup 2E).
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FENVALERATE

1. Exposure Data

1.1 Chemical and physical data

Fenvalerate is a mixture of four stereoisomers (RR, RS, SR, SS) due to the two
asymmetric carbon atoms in the molecule. It has an æ-cyanogroup on the 3-phenoxybenzyl
alcohol and is a tye II pyrethroid. The SS stereoisomer is the most biologically active and is
sold as esfenvalerate.

1.1.1 Synonyms, structural and molecular data

Fenvalerate

Chem. Abstr. Sem Reg. No.: 51630-58-1
Chem. Abstr. Name: 4-ChIoro-lY-(1-methylethyl)benzeneacetic acid, cyano(3-phenoxy-
phenyl)methyl ester
¡UPAC Systematic Name: (RS)-lY-Cyano-3-phenoxybenzyl (RS)-2-( 4-chlorophenyl)-3-
methylbutyate
Synonyms: lY-Cyano-3-phenoxybenzyl 2-( 4-chlorophenyl)isovalerate; æ-cyano-3-phen-
oxybenzyl lY-( 4-chlorophenyl)isovalerate; lY-cyano-3-phenoxybenzyI isopropyl-4-chlo-
rophenylacetate; cyano(3 -phenoxyhenyl )methyl 4-chloro-lY-( I-methylethyl)benzene-
acetate; OMS 2000

Fenvalerate ß

Chem. Abstr. Sem Reg. No.: 66267-77-4
Chem. Abstr. Name: (R-(R *,S*))-4-Chloro-lY-(1-methylethyI) benzeneacetic acid,
cyano(3-phenoxyhenyl)methyl ester
¡UPAC Systematic Name: (R)-lY-Cyano-3-phenoxybenzyl (S)-2-( 4-chlorophenyI)-3-
methylbutyate
Synonyms: Fenvalerate ß; Fenvalerate Aß; S 5602Aß

Esfenvalerate

Chem. Abstr. Sem Reg. No.: 66230-04-4
Replaced CAS Reg. No.: 72650-28-3
Chem. Abstr. Name: (S-(R *,R *))-4-Chloro-lY-(1-methylethyl) benzeneacetic acid,
cyano(3-phenoxyhenyl)methyl ester
IUPAC Systematic Name: (S)-lY-Cyano-3-phenoxybenzyl (S)-2-( 4-chlorophenyI)-
3-methyIbutyate

- 309 -
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Synonyms: (S)-æ-Cyano-3-phenoxybenzyl (S)-2-( 4-chlorophenyl)isovalerate; fenval-
erate æ; fenvalerate Aæ; OMS 3023

o C=N~ Il 1CI-\ yH-C-O-CHi§oi
CH- CH3
1

CH3

C25H22CIN03 MoL. wt: 419.91

1.1.2 Chemical and physical properties

Fenvalerate

(a) Description: Viscous yellow or brown liquid, sometimes partly crystalline at room
tempe rature (Worthing & Walker, 1987; WHO, 1990)

(b) Boiling-point: 300°C at 37 mm Hg (4.9 kPa) (WHO, 1990)
(c) Density: 1.175 (25/25°C) (Worthing & Walker, 1987)

(d) Solubilty: Slightly soluble in water (.: 1 mg/I at 20°C); readily soluble in most
organic solvents (acetone, chloroform, cyclohexanone, ethanol, xylene; aIl
:; 1 kg/kg at 23°C) (Worthing & Walker, 1987; Royal Society of Chemistry, 1989)

(e) Vólatility: Vapour pressure, 2.8 x 10-7 mm Hg (0.37 x 10-7 kPa) at 25°C (Royal
Society of Chemistry, 1989; WHO, 1990)

(j Stabilty: Stable to light, heat and moisture; relatively stable in acidic media, but

rapidly hydrolysed in alkaline media, with optimal stability at pH 4 (Worthing &
Walker, 1987; Royal Society of Chemistry, 1989; WHO, 1990)

(g) Octanollwater partition coeffcient (P): log P, 6.2 (WHO, 1990)
(h) Half-time: Four to 15 days (natural water); eight to 14 days (on plants); one to 18

days (on soil); 15 days to three months (in soil) (WHO, 1990)
(i) Conversion factor for airborne concentrationsl: mg/m3 = 17.17 x ppm

Esfenvalerate

(a) Description: White crystallne solid (Budavari, 1989)

(b) Melting-point: 59-60.2 ° C (Budavari, 1989)
(c) Solubilty: Practically insoluble in water; soluble in most organic solvents (acetone,

acetonitrile, chloroform, dimethyl formamide, dimethyl sulfoxide, ethyl acetate,
ethyl cellosolve, æ-methylnaphthalene, xylene); slightly soluble in n-hexane,

kerosene and methanol (Budavari, 1989; Royal Society of Chemistry, 1989)
(d) Vólatility: Vapour pressure, 5 x 10-7 mm Hg (0.67 x 10-7 kPa) at 25°C (Budavari,

1989)

1Calculated from: mg/m3 = (molecular weight/24.45) x ppm, assumiog standard temperature (25°C) and

pressure (760 mm Hg (101.3 kPa))
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(e) Stabilty: Stable at normal temperatures; incompatible with alkaline substances such
as soda ash and lye (Du Pont, 1988a)

(f Octanol/water partition coeffcient (P): log P, 4.42 (Verschueren, 1983)

1.1.3 Trade names, technical products and impurities

Sorne trade names include:

Fenvalerate: Aqmatrine; Belmark; Ectrin; Evercide 2362; Fenkil; Fenval; Phenvalerate;
PydrintI; S-5602; Sanmarton; SD 43775; Sumibac; Sumicidin; Sumifleece; Sumifly;
Sumipower; Sumitick; Sumitox; WL 43775

Esfenvalerate: Asana; Halmark; S-1844; S 5602ACY; Sumi-alfa; Sumi-alpha; Sumicidin
ACY

Fenvalerate is a synthetic pyrethroid with no cyclopropane ring in the molecule.
Technical-grade fenvalerate is 90-94% pure and consists of equal portions of the four
stereoisomers (RR, RS, SR, SS). It may be formulated as emulsifiable concentrates, ultra-low

volume concentrates, dusts or wettable powders (WHO, 1990).

Fenvalerate formulations currently registered in the USA, Europe and India are
emulsifiable concentrates (Royal Society of Chemistry, 1986; Du Pont, 1988b; E.I. duPont de
Nemours & Co., 1988a, 1989a; Roussel Bio Corp., 1989; AlI India Medical Corp., undated).
Xylene (see IARC, 1989) may be present in the concentrates (E.!. duPont de Nemours & Co.,
1988a).

Esfenvalerate is available in the USA as a technical-grade product with a purity of 75%.
It is formulated in the USA as an emulsifiable concentrate (Du Pont, 1988a; E.I. duPont de
Nemours & Co., Inc., 1988b,c, 1989b,c; Du Pont, 1990). The concentrate may contain xylene
(E.!. duPont de Nemours & 

Co., Inc., 1988b,c, 1989b,c) or ethylbenzene (DuPont, 1990).

Fenvalerate is also formulated in combination with oxydemeton-methyl (Royal Society
of Chemistry, 1986).

1.1.4 Analysis

Selected methods for the analysis of fenvalerate in various matrices are given in Table 1.
Residues and environmental samples of fenvalerate can be analysed by gas chromatography
with electron capture detection, with a minimum detection level of 0.005 mg/kg; products
can be analysed by gas chromatography with flame ionization detection (WHO, 1990).
Additional methods for formulation and residue analysis have been reviewed (Baker &
Bottomley, 1982; Papadopoulou-Mourkidou, 1983; Shell Development Co., 1984).

A method has been described that allows detection of the presence of fenvalerate (as its
separate diastereoisomers) in commercially available insecticidal preparations using high-
pressure liquid chromatography with a normal-phase system (Mourot et al., 1979). Agas
chromatographie method is available for determination of the chemical purity and
diastereoisomers of fenvalerate (Horiba et al., 1980), and a gas chromatographie method for
the determination of esfenvalerate in technical preparations has been described (Sakaue et
al., 1987).
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Table 1. Methods for the analysis of fenvalerate

Sample Sample preparation Assay Limit of Referencematri procedurea detection

Animal Extract with hexane:isopropanol (3:1); GC/ECD 0.01 ppm US Foo and Drug
tissues, remove isopropanol by water parti- (mg/kg) Administration
crops (oily) tioning; partition with acetonitrile;

(1989)exchange to hexane; dean-up on
Floósil column

Cream, milk, Extract with dichloromethane; GC/ECD Not reported US Foo and Drug
milk fat extract solids with acetone; exchange Administration

to hexane; combine hexane and
(1989)dichloromethane extracts; remove

solvent; solubilize fat with hexane and
partition with acetonitóle; wash with
hexane; backwash with aceto-
nitrile; combine acetonitrile extracts
and dilute with sodium chloride;
extract with hexane; concentrate;
dean-up on Florisil column

Crops (non- Extract with hexane:isopropanol (3: 1); GC/ECD 0.01 ppm US Food and Drug
oily) rem ove isopropanol by water parti- (mg/kg) Administration

tioning; exchange to hexane; dean-
(1989)up on Florisil column

Eggs Extract with hexane:acetonitrile; wash GC/ECD Not reported US Food and Drug
acetonitóle phase with hexane; back- Administration
wash with acetonitrile; combine aceto-

(1989)nitrile extracts and dilute with sodium
chloride; extract with hexane; concen-
trate; dean-up on Florisil column

Formulations Dissolve in hexane; filter; analyse HPLC/UV Not reported Papadopoulou-
directly Mourkidou (1985)

Gauze Extract with acetone:hexane (1:1); GC/ECD Not reported US Food and Drug
patches evaporate to dryness; dissolve residue Administration

in hexane; dean-up on Floósil
(1989)column

Hair Extract with 5% (v/v) ethyl acetate GC/ECD Not reported US Food and Drug
in hexane; inject directly Administration

(1989)
Soil Extract by high frequency vibration GC/ECD 0.01 ppm US Food and Drug

in acetone:hexane (1:1); exchange to (mg/kg) Administration
hexane; dean-up on Florisil column

(1989)
Water Extract by partitioning with hexane; GC/ECD 0.05 ppm US Foo and Drug

dean-up on Florisil column (mg/l) Administration
(1989)

aAbbreviations: GC/ECD, gas-liquid chromatography/electron capture detection; HPLC/UV; high pedor-
mance liquid chromatography/ultraviolet detection
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1.2 Production and use

1.2.1 Production
. Fenvalerate was first marketed in 1976. Approxímardy 1000 tonnes were produced

annuallyworldwide in 1979-83 (WHO, 1990); annual pïoduction is nowbelievec to be about
2000 tonnes. The history of the development. manufacture and commercialization of

fenvalerate has been reviewed in detail (Yoshioka, 1978; Rogosheske et al., 1982; Yoshioka,
1985). It is produced currently in India, Japan, the United Kingdom and the USA (Meister,
1990).

Fenvalerate can be prepared by esterification of 3-phenoxybenzaldehyde cyanohydrin
with 2-( 4-chlorophenyl)isovaleroyl chloride, or by condensation of 3-phenoxy-æ-halobenzyl
cyanide with the isovaleric acid in the presence of a base su 

ch as potassium carbonate. More
conveniently, fenvalerate can be provided by the Francis reaction using the isovaleroyl
chloride, the aldehyde and sodium cyanide.

The most active isomer, esfenvalerate, can be derived from (S)-2-( 4-chlorophenyl)-
isovaleroyl chloride and (S)-3-phenoxyandelic acid. It can be prepared most efficiently,
however, from the (R,S) alcohol ester of the (S) acid through preferential precipitation
(Yoshioka, 1978).

1.2.2 Use
Fenvalerate is a highly active contact insecticide that is effective against a wide range of

pests, including strains resistant to organochlorine, organophosphorus and carbamate
insecticides (Worthing & Walker, 1987). It is used mainly in agriculture, with about 90% used
on cotton. It is also used on other crops, such as vines, tomatoes, potatoes, pomes, other fruit
and a wide variety of other crops (WHO, 1990). It is also used in public health and animal
husbandry, e.g., for controlling flies in cattle sheds (Worthing & Walker, 1987).

It is used in homes and gardens for insect control and around the foundations of
buildings to control termites and carpenter ants (Roussel Bio Corp., 1989; WHO, 1990).

1.3 Occurrence

1.3.1 Food
Of a total of 946 samples analysed in the 1984-89 Canadian national surveilance

programme, seven were found to contain fenvalerate residues, at levels of 0.02-0.096 mg/kg.
Most were in pears (6/114 samples) and one in lettuce (1/11 samples) (Government of
Canada, 1990). ln Sweden, 163 of 165 samples of imported fruit and vegetables contained
residues up to 0.2 mg/kg; one had a residue of 0.54 mg/kg (FAO/WHO, 1985)

Of 19 851 food and feed samples analysed in the USA during 1982-86, only 25 had
fenvalerate residues; one sample had a level of 1 mg/kg, and the rest were lower (Luke et al.,
1988).

ln stored grain treated with 1 mg/kg, over 70% of an applied dose remained in wheat
after 10 months. White bread contained the same residue levels as the white flour from which
it was prepared (WHO, 1990).

When fenvalerate was applied to peanuts in the USA at rates up to 0.45 kg active
ingredient/ha, the residues in whole nuts were ~ 0.1 mg/kg; those in nut meat did not exceed
the detection limit of 0.01 mg/kg (FAO/WHO, 1982).
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Trials in the USA and Canada on lettuce, spinach, celery and Brassica vegetables showed
residue levels of less than 1 mg/kg seven days after treatment at rates of 0.05-0.45 kg/ha. ln
cabbage, the maximum residue seven days or more after application was 4.3 mg/kg for an
application rate of 0.45 kg/ha. Treatments with 0.45 and 0.22 kg/ha fenvalerate gave residue
levels of 4.3 and 1.7 mg/kg, respectively, in lettuce (FAO/WHO, 1982).

ln apples, following application at rates up to 1.12 kg/ha, residues at day 0 or after were
.c 2.0 mg/kg. ln another trial in the USA residues of 2.2 mg/kg were found after 42 days
following four treatments with 0.67 kg/ha. The residue found in pears in the USA was
4.3 mg/kg 20 days after a second treatment of 0.45 kg/ha. ln other countries, residues in pears
did not exceed 2 mg/kg 14 days after treatment (FAO/WHO, 1982).

Grapes treated in the USA, Canada and Japan at rates up to 0.22 kg/ha generally
contained residues of less than 1 mg/kg 14 days after application; the maximum residue
found was 3.8 mg/kg. Wine made from grapes containing up to 3.44 mg/kg fenvalerate
contained no detectable residue seven days after treatment (FAO/WHO, 1982).

Apples treated with fenvalerate were processed into apple sauce, juice, pomace and
peels plus cores. The sauce and juice contained essentially no residue; whole apples
contained about 0.4 ppm (mg/kg), pomace contained about 2 ppm (mg/kg) and peels plus
cores, 1.5 ppm (mg/kg) (Spittler et al., 1982).

Fenvalerate-treated tomatoes were processed into chopped fresh tomatoes, canned
quarters, juice, paste and by-product skins and seeds. The fresh produce contained 0.26 ppm
(mg/kg) and skins and seeds, 1.9 ppm (mg/kg). Residues averaged 0.12 ppm (mg/kg) in the
paste but were barely detectable in other products (Spittler et al., 1984).

1.3.2 Occupation al exposure
At a fenvalerate packing plant in China, workers were reported to be exposed to

12-55 l1g/m3 in the air, with resulting skin contact (He et al., 1988).

1.4 Regulations and guidelines

Maximum residue levels have been established by the Codex Alimentarius Commission
for fenvalerate (fat-soluble residue) in or on the following agricultural commodities (in
mg/kg): alfalfa fodder, 20; kale, 10; Brussels' sprouts, kiwifruit, peaches and wheat bran
(unprocessed), 5; cabbages (head), 3; broccoli, cauliflower, celery, cereal grains, cherries,
citrus fruit, lettuce (head), pome fruit and wheat wholemeal, 2; beans (except broad and soya
beans), berries and other small fruit, Chinese cabbage (pak-choi), meat (fat) and tomatoes, 1;
squash (summer, winter), sweet peppers and watermelon, 0.5; cotton seed, cucumbers,
melons (except watermelon), tree nuts and wheat flour, 0.2; beans (shelled), cotton-seed oil
(crude, edible), milks, peanuts (whole), peas (shelled), soya beans (dried), sunflower seeds
and sweet maize (on-the-cob), 0.1; vegetables (root, tuber), 0.05; edible offal (mammalian),
0.02 (Codex Committee on Pesticide Residues, 1990).

Fenvalerate was evaluated by the Joint Meeting of the FAO/WHO Expert Committee
on Pesticide Residues in 1979, 1981, 1982, 1984, 1985, 1986, 1987 and 1988 (FAO/WHO,
1980, 1982, 1983, 1985, 1986a,b, 1988a,b). ln 1986, the Committee established an
acceptable daily intake for hum ans of 0.02 mg/kg bw (Codex Committee on Pesticide
Residues, 1990; WHO, 1990).
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The US Environmental Protection Agency (1987) caIculated an acceptable daily intake
of 0.025 mg/kg per day for fenvalerate and a maximum permissible intake of 1.5 mg/kg per
day for a 60-kg human.

National and regional pesticide residue limits for fenvalerate in foods are presented in
Table 2. Additionally, the US Environmental Protection Agency (1989c) established a food
additive tolerance of 0.05 ppm (mg/kg) for residues of fenvalerate in or on aIl food items
(other than those already covered bya higher tolerance as a result of use on growing crops) in
food handling establishments where food and food products are held, processed or prepared.

Table 2. National and regional pesticide residue limits for fenvalerate in foosa

Country or
region

Argentina

Australia

Austria

Belgium

B razil

Canada
Chile

Residue
limit
(mg/kg)

2
1

0.5
0.25
0.2
0.1
0.05
0.02

5
2
1

0.5
0.2
0.05

2
0.5
0.05

1

0.5
0.05
o (O.05)h

1.0
0.2
0.1
0.04
0.01

Negligible

10
2
1.5
1.0
0.25
0.05
0.02

Commodities

Citrus fruit, peaches, sunflower seeds without husks
Apples, flax, peas (fresh), soya beans, sunflowers
Pears
Peas (dried)
Cotton, sorghum
Sweet maize, tomatoes
Soya seeds without husks

Maize

Wheat bran
Celery, cereal grains
Cole crops, pome fruit, stone fruit, strawberries
Fat of meat of goats and sheep, oilseeds, pod vegetables, seed vegetables
Fat of meat of catte, milk (fat basis), milk products (fat basis), tomatoes
Sweet maize

Fruit, vegetables
Other foodstuffs of vegetable origin
Meat
Cabbage and related plants, pome fruit
Other fruit
Potatoes
Other foodstuffs of vegetable origin
Kale, rice
Lard, meat (in fat), meats
Coffee beans, cottonseed, soya beans, tomatoes
Wheat
Maize, field beans
Apples, Brussels' sprouts, cabbages, catte, caulifower, pears, peanuts, potatoes

Cabbages, lettuce, peaches
Apples, pears

Sheep carcasses
Beef carcasses, milk, tomatoes
Dried beans

Hog carcasses
Goat carcasses, potatoes
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Table 2 (contd)

Country or Residue Commocities
region limit

(mg/kg)

Denmark 2 Fruit (citrus, pome, stone), leaf vegetables
1 Bernes and small fruit, other vegetables
0.05 Carrots, other mot vegetables and onions, potatoes

Finland 2 Citrus fruit
1.0 Grapes
0.5 Other foostuffs (excluding cereal grains)

France 0.5 Fruit (prne, stone), grapes

Germany 2 Bernes, stone fruit (except plums)
1.0 Cabbages, grapes, pome fruit
0.5 Plums
0.05 Maize, meat, meat procucts, potatoes, rape, sugar beets
0.02 Other foostuffs of plant origin
0.01 Dairy products, milk

Hungary 1.0 Not specified
Italy 1.5c Apples, grapes, oranges, peaches, pears
J apan 20 Exocrp of sumrner oranges

1 Fruit (except exocarp of surnrner oranges)
0.5 Sugar beets, vegetabIes
0.1 Pulses
0.05 Potatoes, etc.

Netherlandsc 1 Cabbage species, leafy vegetabIes, pome fruit
O.05d CereaIs, rneat, miIk, potatoes
o (O.05Y Other foodstuffs

New Zealandc 5 Brassica vegetables
3 Kiwifruit
1.0 Legume vegetables, pome fruit
0.2 Tornatoes

South Africa 0.5 Apples, cottonseed, mealies (green), pears
0.3 Beans
0.2 Sorghum, sunflower seeds
0.1 Peas, potatoes, tomatoes
0.05 Grapes, rnangoes

Spainc 10 Alfalfa
5 Beetroot tops, rnaize, sorghurn
2 Citrus fruit, drupes, pomes
1.00 Grapes
0.50 Straw of cereals
0.20 Cucumbers
0.05 Other plant products

Sweden C 1.0 Fruit, vegetables
O.ost Potatoes
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CommoditiesCountry or

region
Residue
limit
(mg/kg)

Switzerland

Thiwan

USAg

Yugoslavia

0.5
0.4
0.01

2
1.0
0.5
0.1

50
20

15
10
8
7
3
2

1.5
1.0

0.5
0.3
0.25
0.2

0.1
0.05
0.02

1.0
0.5
0.1

AIl foostuffs (except fruit and milk)

Fruit
Milk

Leafy vegetables with small leaves
Nut fruit
Leafy vegetables with large wrapper leaves
Rice, mot vegetables
Maize (fodder, forage)
Dned apple pomace (animal feed), sugar-cane bagasse (animal feed), turnip
tops
AImond hulls
Cabbage, collards, dned tomato pomace (animal feed), stone fruit
Radish tops
Milk (fat)
Blueberries, caneberries, currants, elderberres, gooseberries, huckleberres
Apples, beans (snap), brocoli, pears, sugar-cane, sunflower huHs (animal
feed)
Cattle, goats, hogs, horses, sheep (fat, meat, meat by-products)
Cantaloupes, eggplants, honeydew melons, muskmelons, peas, peppers,
pumpkins, soya bean huHs (animal feed), sunflower seeds, tomatoes, water-
melons, winter squash
CaITots, caulifower, cucumbers, summer squash, turnip roots
Milk, radish roots
Beans (dried), peas (dried)
AImonds, artichokes, cottonseed, English walnuts, fiberts,
pecans
Maize (sweet, kernels, cob), okra (Florida only), peanut huHs
Soya beans
Maize (grain), peanuts, potatoes

Fruit, grapes
Other foodstuffs
Rape

Ilrom Health and Welfare Canada (199)
Úfe figure in parentheses is the lower limit for determining residues in the corresponding product according
to the standard method of analysis.
cSum of steroisomers
dA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue
remaining; the value listed is considered to be the highest concentration at which this requirement is deemed
to have been met.
~esidues shaH be absent; the value in parentheses is the highest concentration at which this requirement is
stil deemed to have been met.
JLimit of determination with CUITent analytical methodology
gprom US Environmental Protection Agency (1989a,b)
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2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental AnimaIs

Oral administration

Mouse: Groups of 50 male and 50 female B6C3Fi mice, 7-9 weeks oId, were fed 10, 50,
250 or 1250 mg/kg of diet fenvalerate (95.8% pure) for two years. Two control groups of 50
males and 50 females were fed basal diet. The experiment was terminated after 104-105
weeks. There was a significant increase in mortality in male mice that received 10 and 1250
mg/kg and increased mortality in females that received the highest dose of fenvalerate. There
was no significant increase in the incidence of tumours at any site in treated animaIs (Parker
et al., 1983).

Groups of 50 male and 50 female C57Bli6 mice six weeks old were administered 40 or
80 mg/kg bw fenvalerate (99% pure) in arachis oil daily by gavage on five days a week for
104 weeks. Two groups of 50 males and 50 females were given arachis oil alone or were
untreated. The experiment was terminated when the mice were 120 weeks of age, when the
number of survving high-dose females was slightly less (34%) than that among con troIs
(40-44%). There was no significant Increase in the incidence of tumours at any site in treated
animaIs (Cabral & Galendo, 1990).

ln a study designed to evaluate the effect of fenvalerate treatment on the onset of
malignant lymphomas in female SJL/ola mice, groups of 24-26 females eight weeks of age,
were given 0 or 80 mg/kg bw fenvalerate (92 % pure) or 80 mg/kg bw fenvalerate (99% pure)
in arachis oil by gavage once a week for 12 weeks and were observed for an additional
40 weeks, at which time the experiment was terminated. A slight increase in mortality was
noted in the group that received 92% fenvalerate. Malignant Iymphomas developed in aIl
groups, and there was a shortening of the latent period in mice treated with 92 % fenvalerate
(Cabral & Galendo, 1990). (The Working Group noted that the statistical significance of the
finding could not be determined.)

Rat: Groups of 93 male and 93 female Sprague- Dawley rats, 7-8 weeks of age, were fed
1, 5, 25 or 250 mg/kg of di et fenvalerate (95.8% pure) dissolved in hexane for up to
104 weeks. Control rats (183 males and 183 females) were maintained on a basal diet. Ten
rats from each experimental group and 20 rats from each control group were kiled at three,
six, 12 and 18 months; the remaining rats were kiled at 104 weeks. ln a second study, groups
of 50 males and 50 females were fed 0 or 1000 mg/kg of di et fenvalerate for 104 weeks. No
significant difference in mortality was observed between eXperimental and control groups. ln
the first experiment, a significant (trend test: p = 0.002) increase in the incidence of benign
mammary tumours was observed in females: 25/102 controls, 16/49 at 1 mg/kg, 18/51 at
5 mg/kg, 21/51 at 25 mg/kg and 20/48 at 250 mg/kg. No such increase was observed in the
second experiment (20/49 and 16/50 in treated and control animaIs, respectively).
Subcutaneous spindle-cell sarcomas developed in 5/51 males that received 1000 mg/kg
fenvalerate; one intrathoracic spindle-cell sarcoma developed in 50 control males (p :; 0.05)
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(Parker et al., 1984). (The Working Group noted the variable historical incidence of benign
mammary tumours in this strain of rats.)

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

For a general introduction to the toxicokinetics of pyrethroids, see the monograph on
permethrin. The metabolic pathways of fenvalerate in mammals are depicted in Figure 1
(WHO, 1990). These have mainly been studied using racemic fenvalerate.

Following its oral administration to rats and mice, fenvalerate is apparently rapidly
absorbed. Mter a single oral administration of labelled fenvalerate to rats, excretion of
radiolabel from the acid or benzoyl moieties was fairly rapid; the total recovery of radioIabeI
in the urine, faeces and expired air was 93-99% in six days. Excretion of radiolabel from the
cyanogroup was relatively slower and the label was retained as thiocyanate, particularly in
the hair, skin and stomach contents (Kaneko et al., 1981).

A lipophilic metabolite, cholesteryl(2R )-2-( 4-chlorophenyl)isovalerate (ePIA-choles-
terol ester), has been detected in several tissues, notably the adrenal glands, liver and
mesenteric lymph nodes, of rats and mice (Kaneko et al., 1986). This metabolite has been
indicated as the causative agent for microgranulomatous changes (see below) following
administration of fenvalerate (Okuno et al., 1986a). ln vitro in homogenates from various
tissues of mice, rats, dogs and monkeys, only the (2R, æS) isomer gave CPIA-cholesterol ester
as a major metabolite. Mouse tissues were more efficient in producing the metabolite than
those of other species (Miyamoto et al., 1986), and microsomes from mouse liver produced
less CPIA-cholesterol ester than did those from brain, kidney and spleen (Takamatsu et al.,
1987).

4.2 Toxic etTects

The toxicity of fenvalerate has been reviewed (FAO/WHO, 1980, 1982, 1985; WHO,
1990).

4.2.1 Humans

Thirty-six adult volunteers received topical applications of fenvalerate on each ear lobe
(0.081 mg/cm2, approximately the field concentration of fenvalerate, in 0.05 ml of vehicle).
Numbness, itching, burning, stinging, pricking and warmth were the most frequently
reported sensations, and these occurred intermittently or continuously (Knox et aL., 1984).
Similar results were obtained in another study (Flannigan et al., 1985) and after occupational
exposures (Tucker & Flannigan, 1983). Electrophysiological studies were performed on the
arms and legs of subjects who had experienced paraesthesia after exposure to fenvalerate and
other pyrethroids; there was no abnormal finding (Le Quesne et aL., 1980).
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He et al. (1989) reviewed 196 cases of fenvalerate intoxication from the Chinese medical
literature. Common findings incIuded paraesthesia, particularly involving the face, dizziness,
headache, nausea, anorexia and fatigue. Less common findings included chest tightness,
palpitations, blurred vision, increased sweating and low-grade fever. Muscular fascicula-
tions, convulsions and coma were reported among some of the more severely poisoned cases.
Five deaths (two from combined exposures) were reported.

4.2.2 Experimental systems

The oral LDso of technical-grade fenvalerate was reported to be 451 mg/kg bw in rats
and 100-300 mg/kg bw in mice, when given in dimethyl sulfoxide; when polyethylene
glycol/water was used as the vehicIe, the LDsos were much higher. Signs of intoxication
reported in rats were restlessness, tremors, piloerection, occasional diarrhoea and an
ab normal gait following oral administration; survving rats recovered rapidly and were
asymptomatic after three to four days. It has been reported that comparative studies of the
acute toxicity of several metabolites of fenvalerate in mice following intraperitoneal
administration indicated a lower toxicity of the metabolites than that of the parent compound
(WHO, 1990).

Absolute and relative increases in Iiver weight were noted in a 13-week study in Fischer
344 rats fed decarboxyenvalerate (one major photodegradation product of fenvalerate) in
the diet at 300, 3000 or 10000 mg/kg diet. Hepatocellular hypertrophy and focal necrosis
were found in animaIs fed 3000 or 10000 mg/kg diet (Parker et al., 1986). The incidence and
severity of hepatic multifocal microgranulomas were increased in a dose-dependent way in
male and female beagle dogs fed 250, 500 or 1000 mg/kg diet technical-grade fenvalerate for
six months (Parker et al., 1984). Multifocal microgranulomas were also observed in liver and
spleen of mice fed technical-grade fenvalerate in the diet for two years at concentrations of
250-1250 mg/kg and in lymph nodes of mice fed 50-1250 mg/kg (Parker et al., 1983).
Microgranulomas were also observed in liver, spleen and lymph nodes of mice given 20-160
mg/kg bw fenvalerate for 10 weeks. Under similar conditions, hamsters showed slight
hepatocye hypertrophy at 80 and 160 mg/kg but no microgranulomas at any dose Ievel
(Cabral & Galendo, 1990). The causative agent of these changes has been reported to be the
metabolite CPIA-cholesterol ester (Okuno et al., 1986a).

The pathological changes were caused only by feeding the 2R,æS isomer of fenvalerate,
i.e., the only isomer that can be metabolized to CPIA-cholesterol (Okuno et al., 1986a). ln
another study, Wistar rats and ddY mice were fed diets containing 10-3000 ppm (mg/kg)
technical-grade fenvalerate for 24-28 and 17-20 months, respectively. The no-observed-
effect level for the development of microgranulomas was found to be 150 and 30 ppm
(mg/kg) for rats and mice, respectively. A study in which ddY mice were exposed for sixweeks
to a diet containing 1000 or 3000 ppm (mg/kg) technical-grade fenvalerate and then to a
control diet up to 12 months indicated that the microgranulomatous changes are reversible
with time (Okuno et al., 1986b).

It has been reported that, at very high doses of fenvalerate, survving rats may show
neuropathology of the scia tic nerve that might be reversible (WHO, 1990). ln mice and rats
given single oral doses of technical-grade fenvalerate, reversible ataxia and incoordination
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were observed at 56-320 mg/kg bw and sparse axonal damage in peripheral nerves at
180-1000 mg/kg bw (Parker et al., 1985).

Technical-grade fenvaierate (in arachis oil) given by gavage (75 mg/kg bw per day, on
five days a week for 10 weeks) induced significantly more )'-glutamyl transpeptidase-positive
enzye-altered foci per cubic centimetre and a Iarger percentage of liver tissue occupied by
focus tissue in partially hepatectomized, N-nitrosodiethylamine-initiated male

Sprague-Dawley rats than in a vehicle control group. Analysis of the size distribution of foci
in fenvalerate- and vehicle-treated rats showed elevated incidences of foci in fenvalerate-
treated rats at aIl focus sizes. Fenvaierate did not increase serum transaminase activities or
cause other histopathological changes (Flodström et al., 1988).

ln contrast, fenvaierate given in the diet (at up to 1500 ppm (mg/kg)) for six weeks, two
weeks after a single intraperitoneal dose of N-nitrosodiethylamine (200 mg/kg bw), to male
Fischer rats that were also subjected to a two-thirds partial hepatectomy three weeks after
the start of the study, did not increase the number or area of glutathione S-transferase
(placental form)-positive liver-cell foci at eight weeks; positive controis treated with
2-acetylaminofluorene or sodium phenobarbital after N-nitrosodiethylamine initiation
showed these changes. Neurological signs, including altered response to sensory stimuli,
staggering gate and tremors, were observed in rats given 1500 mg/kg fenvalerate in the diet,
and relative liver weights were increased in animaIs administered 500 mg/kg or more in the
diet (Hagiwara et al., 1990).

4.3 Reproductive and prenatal efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems
ln a review of reproductive and developmental toxicology studies in mice, rats and

rabbits, no adverse effect was reported (WHO, 1990).

4.4 Genetic and related efTects (see aiso Table 3 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Several unpublished reports are cited in a recent review (WHO, 1990).
Fenvalerate did not cause mutation in bacteria or in Drosophila melanogaster, but weak

induction of aneuploidy was observed in D. melanogaster. A weak induction of sister
chromatid exchange and induction of chromosomal aberrations were observed in cultured
human lymphocyes.

ln vivo, there was evidence of clastogenic effects of fenvalerate in mouse bone marrow;
significant effects were reported following a single oral or intraperitoneal administration, yet
a single subcutaneous administration had no significant effect. ln mice, fenvalerate increased
the frequency of micronucleated polychromatic eryhrocyes in bone marrow and the
frequency of sperm with abnormal morphology.
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Fenvalerate and a major metabolite, 2-( 4-chIorophenyI)isovaleric acid, inhibited
gap-junctional intercellular communication in Chinese hamster V79 cells (Flodström et al.,
1988).

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Fenvalerate is a highly active contact insecticide. It has been used since 1976, mostly in
agriculture but also in public health programmes, in homes and gardens and on cattle, alone
or in combination with other insecticides. It has been formulated as concentrates, dusts and
wettable powders.

Exposure to fenvalerate can occur during its production and application and, at much
lower levels, from consumption of foods containing residues.

5.2 Carcinogenicity data in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animais

Fenvalerate was tested for carcinogenicity in two experiments in mice and in two
experiments in rats by oral administration. There was no increase in the incidence oftumours
in mice. ln rats, there was an increased incidence of benign mammary tumours in females in
one study. ln another study at a higher dose, no increase in tumour incidence was seen in
animaIs of either sex.

5.4 Other relevant data
ln one study, fenvalerate increased the frequency of enzye-positive foci in rat liver.
Administration of fenvalerate to mice in vivo induced chromosomal aberrations and

micronuclei in bone marrow and morphological abnormalities in sperm. Induction of
chromosomal aberrations and sister chromatid exchange was observed in cultured human
cells, and aneuploidy was seen in insects. Fenvalerate inhibited gap-junctional intercellular
communication in cultured mammalian cells. It did not induce mutation in insects or
bacteria.

5.5 Evaluation 1

No data were available from studies in humans.
There is inadequate evidence for the carcinogenicity of fenvalerate in experimental

animaIs.

Overall evaluation
Fenvalerate is not classifiable as to its carcinogenicity to humans (Group 3).

1 For definition of the italicized terms, see Preample, pp. 26-28.
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1. Exposure Data

1.1 Chemical and physical data

Permethrin is tyically a mixture of ( + ) cis and ( + ) trans esters of the general structure
shown below, in either a 40:60 or 25:75 ratio.

1.1.1 Synonyms, structural and molecular data

Table 1. Chemical Abstract Services Registry numbers, names and synonyms of
permethrin

Name Chem. Abstr. namesb and synonymsCAS Reg.
Nosa

Permethrin

trans- Permethrin

cis- Permethrin

(- )-trans- Permethrin

(- )-cis- Permethrin

( + )-cis-Permethrin

(::)-cis-Permethrin

5265-53- 1

(57608-04- 5;
6018-94-2;
63364-00- 1;
75497-64-2;
93388-66-0)

61949-77-7

61949-76-6

54774-47-9

54774-46-8

54774-45-7

52341-33-0

3. (2,2- D iehloroethe nyl). 2,2. dimethylcyclopropa neearboxylie
acid, (3.phenoxyphenyl)methyl ester; meta-phenoxybenzyl
3-(2, 2-d ichloroviny 1)- 2,2-dim ethy lcyclopropanecarboxyla te;
3-phenoxybenzy 1 (1 RS)-cis ,trans- 3-(2, 2-dichloroviny 1)- 2,2-
dimethylcyclopropanecarboxylate (IUPAC); 3-phenoxybenzyl
(1 RS,3 RS; 1 RS,3SR)- 3-(2, 2-dich 10 rovinyl)- 2, 2-d im ethylcyclo-
propanecarboxylate (IUPAC); 3-phenoxybenzyl-2,2-dimethyl-

3-(2,2-dichlorovinyl)cclopropanecarboxylate; FMC 33297; FMC
41655; ICI-PP 557; NRDC 143; OMS 1821; WL 43479

Irans. 3- (2,2. D ieh loroethe nyl). 2,2- d imethylcyclop ropaneearbox.
ylie acid, (3-phenoxyphenyl)methyl ester; trans-meta-phenoxyben-
zyl 3-(2, 2-dichlorovinyl)- 2, 2-dim ethylcyclopropan eca rboxyla te
cis. 3. (2,2- Dich loroethenyl). 2,2. d i methyleyelopropaneearboxyl ie
acid, (3-phenoxyphenyl)methyl ester; cis-meta-phenoxybenzyl
3-(2,2-d ichlorovinyl)- 2,2-d im ethy lcycl opropa n ecarboxyla te; cis-
permethrin

(1 S.lrans ).3.(2,2. Diehloroethenyl)- 2,2.dimethylcyclopropane-
carboxylie aeid, (3-phenoxyphenyl)methyl ester; lS-trans-per-
methrin

(1 S-cis ).3. (2,2. Dichloroethenyl)- 2,2- dimethylcyclopropanecar-
boxylie acid, (3.phenoxyphenyl)methyl ester; 1S-cis-permethrin

(1 R.cis )-3. (2,2. Diehloroethenyl)- 2,2-dimethylcyclopropaneear-
boxylie acid, (3.phenoxyphenyl)methyl ester; 1R-cis-permethrin;
NRDC 167

cis. (::). 3. (2,2. D ichloroethenyl). 2,2-d imethylcyclopropanecar-
boxylie acid, (3-phenoxyphenyl)methyl ester; (::)-cis-FMC
33297; FMC 35171; NRDC 148; 1RS-cis-permethrin

- 329 -
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Table i (contd)

Name CAS Reg.
Nasa

Chem. Abstr. namesb and synonyms

(:f)-trans- Permethrin 52341-32-9 trans. (:f)-3. (2,2. Dichloroethenyl). 2,2.dimethylcyclopropane-
carboxylic acid, (3.phenoxyphenyl)methyl ester; NRDC 146;
1RS-trans-permethrin

( + )-trans-Permethrin 51877-74-8 Biopermethrin; (1R.trans).3.(2,2-dichloroethenyl).2,2.dimethyl.
cydopropanecarboxylic acid, (3.phenoxyphenyl)methyl ester;
NRDC 147; 1R-trans-permethrin; RU 2209

~eplaced CAS Registry number(s) in parentheses
aln bold

CH3 CH3\ /
CI2C = CH- C~ \CH- COO- CH2 -- oJ9

C21H20Cli03 MoL. wt: 391.3

1.1.2 Chemical and physical properties

(a) Description: Colourless to white, odourless crystalline solid (pure); viscous brown
Iiquid or crystalline solid with a sweet odour (technical) (Swaine & Tandy, 1984;
Roussel Bio Corp., undated)

(b) Boilng-point: 220°C at 0.05 mm Hg (6.7 x 10-3 kPa) (Roussel Bio Corp., undated);
(c) Melting-point: 34-39°C (technical), 63-65°C (cis-isomers), 44-47°C (trans-isomers)

(Worthing & Walker, 1987; WHO, 1990)
(d) Solubility: Insoluble in water (0.2 mg/l at 30°C); soluble in or miscible with most

organic solvents (acetone (450 g/l), chloroform, cyclohexanone, ethanol, ether,
hexane (:: 1 kg/kg at 25°C), methanol (258 g/kg at 25°C), dichloromethane, xylene

(:: 1 kg/kg at 25°C) (Swaine & Tandy, 1984; Worthing & Walker, 1987; The Royal
Society of Chemistry, 1989; WHO, 1990; Roussel Bio Corp., undated)

(e) Volatilty: Vapour pressure, 3.4 x 10-7 mm Hg (0.45 x 10-7 kPa) at 25°C (technical)
(FMC Corp., 1984); 15 x 10-9 mm Hg (2.0 x 10-9 kPa) at 20°C (cis-isomer), 7.5 x
10-9 mm Hg (1.0 x 10-9 kPa) at 20°C (trans-isomer) (Swaine & Tandy, 1984)

if Stability: Stable in neutral and weak acidic media, but hydrolysis can occur under

alkaline or strongly acidic conditions (Swaine & Tandy, 1984).
(g) Half-time: 10-25 days at 25°C in soil, depending on soil tye (Roussel Bio Corp.,

undated)
(h) Octanol/water partition coeffcient (P): log P, 6.5 (WHO, 1990)
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(i) Conversion factor for airborne concentrationsl: mg/m3 = 16.0 x ppm

1.1.3 Trade names, technical products and impurities

Sorne examples of trade names are: Adion; Ambush; Ambushfog; Anomethrin N;
Antiborer 3768; Atroban; BW-21-Z; Cellutec; Chinetrin; Coopex; Corsair; DiffusiI H;
Dragon; Ecsumin; Ectiban; Efmethrin; Eksmin; Exmin; Imperator; Indothrin; Ipitox; Kafil;
Kavil; Kestrel; LE 79-519; MP 79; NIA 33297; Outflank; Perigen; Permanone; Permasect;
Permit; Perthrine; Picket; Pounce; PP 557; Pramex; Pynosect; Qamlin; S 3151; SBP 1513;
SBP 15131 TEC; Spartan; Stockade; Stomoxin; Talcord; Torpedo

Technical-grade permethrin contains from a minimum of 35% to a maximum of 55%
(:l)-cis isomer and from a minimum of 45% to a maximum of 65% (:l)-trans isomer (Roussel
Bio Corp., 1987; Anon., 1989). ln the common technical-grade products, the cis:trans ratio is
either 2:3 (WHO, 1990) or 1:3 (Worthing & Walker, 1987).

Permethrin is available in the USA as a technical-grade product containing 91.0-95.0%
w/w of the pure chemical and 5.0-9.0% impurities (Fairfield American Corp., 1989; Roussel
Bio Corp., 1989; ICi Americas, 1990).

Several of the minor components have been identified in technical permethrin. These
were principally: ethyl (:l)-cis,trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-l-car-
boxylate, 3-phenoxyoluene, 4-phenoxybenzyl (:l)-cis ,trans- 3-(2,2-dich lorovinyl)- 2,2-di-
methylcyclopropane-1-carboxylate, and 6-bromo- 3-phenoxybenzyl (:l)-cis ,trans-3-(2,2-di-
chlorovinyl)-2,2-dimethylcyclopropane-1-carboxylate. Other minor components were found
to be xylene (see IARC, 1989), 3-phenoxybenzyl alcohol, N,N-diethyl-3-phenoxybenzyl-

amine, 3-phenoxybenzaIdehyde and 4-(2,2-dichlorovinyl)-5,5-dimethyloxacyclopentane-2-
one (Horiba et al., 1977).

Permethriri is formulated as granules, emulsifiable concentra tes, wettable powders,
dusts, smokes, ultra-Iow-volume sprays, fumigants, aerosols, fogging solutions and

water-dispersible granules. ln one European country, registered permethrin products also
include capsule suspensions and lacquer formulations (Papadopoulou-Mourkidou, 1983;
Swaine & Tandy, 1984; The Royal Society of Chemistry, 1986, 1989; Meister, 1990). ln
Europe, permethrin is also registered in combination with piperonyl butoxide (see IARC,
1983, 1987), tetramethrin, plifenate and other pyrethrins (Royal Society of Chemistry, 1986).

1.1.4 Analysis

Selected methods for the analysis of permethrin in various matrices are given in Table 2.
Permethrin can be determined in pesticide formulations using gas chromatography with
flame ionization detection (Association of OfficiaI Analytical Chemists, 1986; WHO, 1990).

Several other methods for the determination ofpermethrin (and its individual isomers)
in various matrices, including high-performance liquid chromatography and gas chromato-
graphy, have been reviewed (Horiba et al., 1977; Miyamoto et aL., 1981; Baker & Bottomley,
1982; Papadopoulou-Mourkidou, 1983; Nehmer & Dimov, 1984; Swaine & Tandy, 1984).

lCalculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg r101.3 kPaD
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Table 2. Methods for the analysis of permethrin

Sample Sam pIe preparation Assay Limit of Reference
matri procedurea detection

Water Extract with dichloromethane; isolate GC/ECD 0.5 jlg/l US Environmental
extract; dry; concentrate with methyl (for isomers) Protection Agency
tert-butyl ether (1989a)

Waste- Extract with dichloromethane; dry; GC/ECO 0.2 jlg/l US Environmental
water exchange into hexane (for isomers) Protection Agency

(undated)
Soil Extract with methanol:water (9:1); GC/CCDb 0.05 ppm US Food and Drug

partition into dichloromethane; dean- ( mg/kg) Administration
up on activated Florisil column

(1989)
Crops Extract with hexane; remove oil by gel GC/CCOb 0.05 ppm US Food and Orug

permeation chromatography; dean-up GC/ECOb (mg/kg) Administration
on activated Florisil column

(1989)
Milk, Extract with acetone:hexane (1:1); GC/ECOb 0.01 ppm US Food and Drug
animal partition into dimethylformamide (in (mg/l or mg/ Administration
tissue 1 % aqueous sodium sulfate solution); kg) (1989)back-extract into hexane; dean-up on

activated Florisil column
Eggs Extract with acetone/hexane (1:1); GC/ECOb 0.02 ppm US Food and Drug

wash with 10% sodium chloride solu- (mg/kg) Administration
tion; partition into dimethylformamide (0.01 ppm (1989)
(in 1 % aqueous sodium sulfate solu- for isomers)
tion); back-extract into hexane; dean-
up on activated Florisil column plus
Merckogel or Fractosil

aAbbreviations: GC/CCD, gas chromatography/Coulson conductivity detection; GC/ECO, gas chromato-

graphy/electron capture detection
bMethod is suitable for determining total permethrin or the individual cis- and trans-permethrin isomers

1.2 Production and use

1.2.1 Production

Permethrin was first synthesized in 1973 (Swaine & Tandy, 1984) and first marketed in
1977 (WHO, 1990).

The starting acid is prepared by a variation of the conventional chrysanthemic acid
synthesis using ethyldiazoacetate in which 1,1-dichloro-4-methyl-1,3-pentadiene is reacted
with ethyldiazoacetate in the presence of a copper catalyst and the resulting ethyl
(:: )-cis ,trans- 2,2-dimethyl - 3-(2,2-di chI orovinyl )cycl opropanecarboxyla te hydro Iysed to the
free acid. The cis- and trans-isomers can be separated from one another by selective
crystallization from n-hexane in which the cis-isomer is more soluble. The starting acid is
then reacted with 3-phenoxybenzyl alcohol to give permethrin (Sittig, 1980).

Permethrin is produced currently in Japan, the United Kingdom and the USA (Meister,
1990).
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1.2.2 Use

Permethrin is a synthetic contact pyrethroid insecticide with a high level of activity
against a wide range of insects, incl uding Lepidoptera, H emiptera, Diptera and Coleoptera. It is
used mainly in agriculture, where it is fast acting and effective against aIl growth stages,
particularly larvae. About 60% of the permethrin produced is used on cotton plants. Other
crops to which permethrin is applied are maize, soya beans, coffee, tobacco, rape seed oil,
wheat, barley, alfalfa, vegetables and fruit (WHO, 1990).

Permethrin is also used for control of insects in household and animal facilities and in
forest pest control, as a fog in mushroom houses, and as a wood preservative. Other
applications are in public health, particularly for insect control in buildings and in aircraft,
treatment of mosquito nets and control of human lice (WHO, 1990). It is also used for
termite control as a barrier treatment on building foundations (Anon., 1989).

Approximately 600 tonnes of permethrin are used annually worldwide. The major
countries or regions that were using permethrin in 1980 were (tonnes): the USA (263), Brazil
(38), Mexico (36) and Central America (27) (WHO, 1990). ln Finland, about 3.5 tonnes
(active ingredient) permethrin were used in 1988 (Agrochemical Producers' Association of
Finland, 1989)

1.3 Occurrence

1.3.1 Food

Samples (1954) of fruits, vegetables, grains, meats, dairy products and wine were
analysed as part of the Canadian national surveillance programme in 1984-89. A total of29
samples contained permethrin residues; of these 25 of 118 were in lettuce, 2 of 100 in pears
and 2 of 97 in tomatoes. The residue levels ranged from 0.01 to 1.67 mg/kg (Government of
Canada, 1990).

Cows were fed cis:trans (40:60)-permethrin at rates of 0.2-150 mg/kg diet for 28-31 days.
Residues plateaued in milk, with means of .( 0.01 ¡.g/g and 0.3 ¡.g/g at dietary levels of 0.2
and 150 mg/kg, respectively. Milk Ievels declined to .( 0.01 ¡.g/g within five days after
permethrin administration ceased. Residue levels of .( 0.01-0.04 and 2.8-6.2 ¡.g/g fat were
found in perirenal fat of cows given dietary levels of 0.2 and 150 mg/kg, respectively (as
reported by WHO, 1990). Levels of radioactivity retained in tissues and secreted in milk were
appreciably higher in goats treated with cis-permethrin than with trans-permethrin (Hunt &
Gilbert, 1977). ln goats dosed orally with 40:60 cis:trans permethrin equivalent to 10 mg/kg
in the di et for seven days, residues in milk also plateaud at 0.02-0.03 ¡.g permethrin

equivalents/g after five days (FAO/WHO, 1982).
ln supervsed trials in Spain and the USA with cItrus fruits, permethrin residues in the

edible parts did not exceed 0.01 mg/kg and 0.05 mg/kg, respectively, when applied at the
recommended rates. The residues were found almost exclusively in the peel (FAO/WHO,
1982).
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1.3.2 Occupational exposure

Four of fIve workers in Sweden who packed conifer seedlings for 6 h in a tunnel that had
been sprayed 1 h earlier with a 2% aqueous solution of permethrin, resulting in atmospheric
concentrations of permethrin of 0.011-0.085 mg/m3 in the breathing zone, did not excrete
detectable amounts of acid pyrethrin metabolites in the urine. One very short person whose
face was close to the plants and who had the highest concentration of permethrin in the
breathing zone excreted 0.26 i.g/ml permethrin acid metabolites in the urine the following
morning; in the afternoon, excretion was below the detection limit of the method. A group of
five workers who planted the treated conifer seedlings were exposed to non-detectable to low
permethrin levels in the breathing zone (mean, 0.002 mg/m3; range, not detected-0.006
mg/m3) and excreted no detectable amount of permethrin metabolites in the urine
(Kolmodin-Hedman et aL., 1982).

1.4 Regulations and guidelines

The FAO/WHO Joint Meeting on Pesticide Residues evaluated permethrin at its
meetings in 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1987, 1988 and 1989 (FAO/WHO,
1980,1981, 1982, 1983, 1985a,b, 1986, 1987, 1988,1990). ln 1987, an acceptable dailyintake

of 0.05 mg/kg bw was established (40% cis:60% trans and 25% cis:75% trans material)
(FAO/WHO, 1987).

Maximum residue levels have been established by the Codex Alimentarius Commission
for permethrin in or on the following agricultural commodities (in mg/kg): coffee beans,
pistachio nuts, potatoes, rape seeds, soya beans and sugar beets, 0.05; almonds, carrots,
crude soya bean oil, dried beans, edible cottonseed oil, eggs, Japanese radishes, kohlrabi,
melons (except watermelon), milks (fat), mushrooms, peanuts, shelled peas and sweet corn,
0.1; cauliflower, citrus fruits, cottonseed, cucumbers, gherkins, horseradish, leeks, spring
onions, summer squash, wheat flour (post-harvest treatment) and winter squash, 0.5;
asparagus, blackberries, Brussels' sprouts, common beans, dewberries (boysenberries and
loganberries), eggplants, olives, peppers, raspberries (red and black), strawberries,

sunflower seeds, sunflower seed oil (crude and edible) and tomatoes, 1; broccoli, celery,
cereal grains (post-harvest treatment), currants (black, red and white), gooseberries, grapes,
head lettuce, kiwifruit, pome fruit, spinach, stone fruit and wholemeal wheat (post-harvest
treatment), 2; cabbage (Chinese, head and savoy) and kale, 5; unprocessed wheat bran
(post-harvest treatment), 10; dry sorghum straw and fodder and tea (green and black), 20;
dried apple pomace, dried hops and soya bean fodder, 50; alfalfa and maize fodder, 100
(Codex Committee on Pesticide Residues, 1990).

Maximum residue levels have been established by the Codex Alimentarius Commission
for permethrin in or on the following animal commodities (in mg/kg): edible offal

(mammalian; accommodates veterinary uses) and poultry meat, 0.1; meat (fat;
accommodates veterinary uses), 1 (Codex Committee on Pesticide Residues, 1990).

National and regional pesticide residue limits for permethrin in foods are presented in
Table 3.
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Table 3. National and regional pesticide residue lImits for permethrin in foosa

Country
or region

Residue limit
(mg/kg)

Commodities

Australia

Austriab

Belgiumb

B razil

Canada

Chile
Denmarkb

Finlandb

Franceb

10
5
2
1

0.5
004
0.2
0.1

0.05

50
1.0
0.1

2
1

0.05

o (O.05)C

o (O.01)C

0.5
0.3
0.1
0.02
0.01

2.0
1.0
0.5

N egligible

0.05

5
2
0.5
0.1

2.0
0.5

2.0
1.0
0.5
0.1

Bran
Celery, lettuce

Brussels' sprouts, cereal grains, kiwifruit, mushrooms
Cole crops (except Brussels' sprouts)
Edible offal of goat, green beans
Tomatoes
Cottonseed, rapeseed, sunfower seeds
Beans (mung, navy), cattle, goats, pigs, poultry, and sheep (fat of meat),
eggs, linseed, lupins, soya beans, sugar-cane
Cattle and goat milk (in the fat), milk products (fat basis), potatoes,
sweet corn
Hops
Meat, cereals, fruits, vegetables
Eggs (without shell), milk

Grains, kiwi fruit
Other fruit, other vegetables
Animal fats, meat (poultry, hares, fowl, game), meat products, milk,
milk products, mushrooms, potatoes
Othcr foostuffs of vegetable origin

Other foodstuffs of animal origin
Cottonseed, rice
Tomatoes
Cabbage, caulifower, corn, kale
Wheat
Coffee (shelled), soya beans

Grapes
Apples, lettuce, peaches, pears
Beans, broccoli, Brussels sprouts, cabbage, celery, cucumbcrs, peppers,
plums, tomatoes
Asparagus, cattle (meat and milk), beetroot, blueberries, cauli-
flower, corn, flax, horseradish, kiwi fruits, onion, potatoes, poultry
(meat and eggs), radishes, rapeseed (canola oil), sugar beets (sugar),
sunflowers, turnips, wheat

Carcasses, eggs, milk, poultry
Leafy vegetables

Berries, fruit (pome, small, stone, other), other vegetables
Citrus fruit
Carrots

Citrus fruit
Other foodstuffs (except cereal grains)

Kiwifruit
Cabbage, fruit, vegetable greens (salad)
Other vegetables

Maize
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CommoditiesCountry
or reglOn

Germany

Italy

Japand

Netherlandsb

New Zealand

South Africab

Spainb

Swedenb

Switzerland

Residue limit
(mg/kg)

50
10
2

1.0
0.5
0.2
0.1
0.05

1.0

20
15
5
3
0.5
0.2

2
1

O.ose
o (0.051
2.0
1.0
0.5

0.5
0.1
0.05

20
10

1.0
0.5
0.05
0.01

2.0
0.05

2.0g
0.8
0.5
0.4

O.lg
0.05
0.01

Hops
Bran
Cereals (except maize), cereal products (except bran), currants, kiwi-
fruit, lettuce
Other fruit, other leafy and sprout vegetables
Fruit used as vegetables
Maize, oilseed
Root vegetables
Citrus juices, kiwIfruit (without peel), raw coffee, spices, tea, tea-like
products, other foodstuffs of plant origin

Apples, cabbage, carrots, cereals, citrus fruit, cucurbitaceae, drupes,
grapes, leeks, lettuce, mushrooms (cultivated), olives, pears, potatoes,
solanaceae, spinach, sugar beets, tobacco, turnips
Tea
Exocarp of summer oranges
Fruit (except exocarp of summer oranges)
Vegetables
Sugar beets
Potatoes, etc.

KiwIfruit, leafy vegetables
Other fruit, other vegetables
Mushrooms, potatoes, animal products
Other foodstuffs
KiwIfruit
Brassica vegetables, fruit (berry, pome)
Fruiting vegetables, grapes, legumes
Apples, grapes, lucerne, mealies (green), pears, sorghum
Beans, peas, tomatoes
Cottonseed, groundnuts, potatoes

Hops (dried)
Alfalfa (dried)

Fruit, fruit vegetables
Cottonseed, sunflower seeds

Beetroot, maize, potatoes, rapeseed, sorghum grains, soya beans
Other plant products

Fruit, vegetables
Potatoes

KiwIfruit (whole)
Cabbage
Other foodstuffs
Fruit (except grapes and kiwIf ruit), vegetables (except cabbage and
potatoes)
KiwIfruit (pulp)

Milk
Potatoes
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CommoditiesCountry
or region

Residue limit
(mg/kg)

2.0Taiwan

USAh

1.0
0.5

60
55
25
20

15
10
6.25
6
5
3

2
1.0

0.5
0.25
0.15
0.1

0.05

Leafy vegetables with large wrapper leaves, leafy vegetables with smaU
leaves
Fruit vegetables
Rice

Maize (fodder, forage)
Alfalfa (hay)
Alfalfa (fresh)

Almond huUs, head lettuce, leafy vegetables (except Brassica), spinach,
coUards, turnip greens

Range grasses
Arichokes
Milk fat (reflecting 0.25 ppm in whole milk)
Cabbage, mushrooms
Celery, peaches, watercress
Cherries, pears, cucurbit vegetables, fat (catte, goats, hogs, horses,

sheep), meat by-products (hogs)
Kiwifruit, tomatoes, meat by-products (catte, goats, horses, sheep)
Asparagus, avocdos, beU peppers, brocoli, Brussels' sprouts, cauli-
flower, eggplant, eggs, horseradish, papayas (limited to Florida),
turnip roots (regional registration)

Cottonseed
Meat (cattle, goats, hogs, horses, poultry, sheep)
Fat (poultry)

Garlic, on ions (dry bulb), pistachios, sweet maize (kernel plus cob with
husks removed)
Almonds, apples, maize grain (field, pop), filberts, potatoes, soya
beans, walnuts, meat (poultry)

Ilrom Health and Welfare Canada
bSum of isomers

'Te figure in parentheses is the lower limit for determining residues in the corresponding
product according to the standard method of analysis.
dStandard for withholding registration of agricultural chemicals
eA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue
remaining; the value listed is considered the highest concentration at which this requirement is deemed
to have been met.
fResidues shaU be absent; the value in parentheses is the highest concentration at which this requirement
is stil deemed to have been met.
q'ese upper 'limit values' are maximum concentrations which, if exceeded, mean that the food is judged

unfit for human consumption.
hFrom US Environmental Protection Agency (1989b); includes its metabolites, 3-(2,2-dichloro-
ethenyl)-2,2-dimethylcyclopropane carbxylic acid and (3-phenoxybenzyl)methanol

2. Studies of eancer In Humans

No data were available to the Working Group.
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3. Studies of eancer in Experimental Animais

Oral administration

Mouse: Four groups of 70 male and 70 female Swiss-derived mice, four to five weeks old,
were fed 0, 250, 1000 or 2500 mg/kg of diet permethrin (cis:trans isomer, 40:60; ? 93.9%
pure) for 98 weeks. Survval in control and experimental groups was comparable; more than
75 % of animaIs survved beyond 52 weeks and 20% or more survived until the termination of
experiment. ln male mice, there was a slight increase in the incidence of pulmonaiy
adenomas: 11/70 control, 6/69 low dose, 13/70 mid dose and 17/70 high dose (p = 0.04 test
for trend) (Ishmael & Li tchfield, 1988).

Rat: Four groups of 60 male and 60 female pathogen-free Alpk:AP (Wistar-derived)
rats, aged four to five weeks, were fed 0, 500, 1000 or 2500 mg/kg of diet permethrin (cis:trans
isomer,40:60; ? 93.9% pure) for 104 weeks, at which time the experiment was terminated.
Survval in control and experimental groups was similar; more than 92% survived beyond 52
weeks and 42% or more survived until termination of the experiment. There was no
difference in the incidence of tumours between the control and experimental groups
(Ishmael & Litchfield, 1988).

4. Other relevant data

The toxicity of permethrin has been reviewed (FAO/WHO, 1980, 1982, 1988; WHO,
1990).

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans

Ten scabies patients (five men and five women) had about 25 g (range, 21-32 g) of a 5%
permethrin cream applied to the skin of the whole body, with the exception of the head and
neck. Dermal absorption of permethrin was calculated from the quantity of conjugated and
nonconjugated cis- and trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic
acid (CVA) metabolites ofpermethrin determined in the urine. ln samples ofurine collected
by seven patients one and two days after application of the permethrin cream, 414 and 439 l1g
mean total CV A were found, respectively. The mean total CV A in the urine of three patients
who collected their urine in the same container for two days was 1435 Ilg. The urinaiy
concentration of trans-CV A varied during the first 48 h from 0.11 to 1.07 Ilg/ml and that of
the cis-isomer from 0.02 to 0.21 l1g/mL. CV A was still detectable in the urine of three patients

after a week and in the urine of one patient, reported to be an alcoholic, after two weeks. The
absorption of permethrin over the first 48 h after application was estimated from the urinaiy
CVA excretion levels to be 6 mg (range, 3-11 mg), i.e., 0.5% of the dose applied (van der
Rhee et al., 1989).

Among approximately 350 people who were individuallydusted against body lice with
30-50 g ofpowders containing 2.5 or 5.0 g/kg permethrin (cis:trans, 25:75), the mean amount
of permethrin absorbed during the first 24 h after treatment was estimated to be 14 Ilg/kg bw
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among 19 of the subjects using the powder containing 2.5 g/kg permethrin and 39 J,g/kg bw
among 15 of the subjects using the 5 g/kg powder. No residue was found in samples of urine
taken 30 and 60 days after treatment (N assif et aL., 1980).

4.1.2 Experimental systems

Pyrethroids are absorbed through the skin and the respira tory and digestive tracts,
although absorption from the gastrointestinal tract appears to be incomplete. Pyrethroids
undergo metabolic degradation at numerous sites (Miyamoto, 1976). ln mammals, they are
generally metabolized through ester hydrolysis, oxidation and conjugation (WHO, 1990).

The metabolism of permethrin has been studied in great detail in various species of
mammals using isomers labelled in the aIcohol or acid moiety. The metabolic pathways of
permethrin in mammals are given in Figure 1 (WHO, 1990). It is metabolized and almost
completely eliminated from the body within approximately 12 days in rats, goats and cows
following oral administration; trans-permethrin is eliminated more rapidly than is cis-
permethrin, and trace tissue residue levels of the cis isomer were higher than those of the
t'ans isomer in these species (Elliot et al., 1976, Gaughan et al., i 977, i 978; lvie & Hunt,
1980). Absorption through the skin has been demonstrated in mice (Shah et al., 1981), rats
(Shah et aL., 1987; Sidon et al., 1988) and monkeys (Sidon et aL., 1988). Dermal absorption was
greater in rats than in monkeys (Sidon et aL., 1988). After an intramuscular injection of
14C-labelled permethrin, the urinary half-time values were similar for the cis and trans

isomers in rats and monkeys. Radiocarbon from trans-permethrin was excreted mostly in the
urine, whereas that from the cis-permethrin was eliminated in both urine and faeces (Sidon et
aL., 1988).

4.2 Toxic effects

4.2.1 Humans
Volunteers received applications to an area of 4 cm2 on an ear lobe of 0.05 ml of a

field-strength preparation of technical (94-96% active ingredients) or formulated (32-36%)
permethrin (0.13 mg/cm2) or of the inert ingredients; 0.05 ml of the vehicle (ethanol as the
control for technical permethrin and water as the control for formulated permethrin) was
applied to the other lobe. The intensity of paraesthesia induced by permethrin was four-fold
stronger than that induced bya similar application of fenvalerate, permethrin being the least
active compound for both the technical and formulated preparations. No cutaneous
sensation was elicited by the inert ingredients. Paraesthesia appeared after a latent period of
about 30 min, peaked between 8 and 12 h and disappeared after about 24 h. Further studies
using a range of doses demonstrated that the response was dose-related (Flannigan et al.,
1985).

Workers who handled seedlings treated wÍth permethrin (cis:trans, 25:75 wettable
powder or cis:trans, 40:60) reported irritation on the skin (63% of subjects) and in the upper
respiratory tract (33 %) (Kolmodin- Hedman et aL., 1982).

A group of 435 patients, most of them children, were treated for pediculosis capitis;
approximately half of the group were treated with a single, lü-min application of 25-50 ml of
a permethrin (1 %) and isopropanol (20%) cream rinse after towel dryng ofwashed hair, and
the remainder were treated with a liquid product containing pyrethrins (0.3 %), piperonyl



Fig. 1. Metabolic pathways of permethrin in mammalsa
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butoxide (3%), petroleum distillate (1.2%) and benzyl alcohol (2.4%). Cutaneous
side-effects (pruritus, mild transient skin burning, stinging sensations, skin tingling, eryhema
and scalp rash) were reported by 7% of the patients in the first group and by 16% of those in
the second (DiN apoli et aL., 1988). Similar resul ts and side-effects were reported by
Brandenburg et al. (1986).

One of 28 subjects with pediculosis pubis treated with a 1 % permethrin rinse developed
mi Id scrotal eryhema and irritation 12 h after application (Kalter et al., 1987).

Of 10 scabies patients treated with one application of 25 g (range, 21-32 g) of a 5%
permethrin cream, followed by a thorough washing approximately 8-20 h after treatment, six
had limited, mild-to-moderate not pre-existing eczema on the scabies-affected skin at one or
more examinations (van der Rhee et al., 1989).

4.2.2 Experimental systems

Synthetic pyrethroids act on axons in the peripheral and central nervous system by
interacting with sodium channels in mammals and/or insects. The mechanism of toxicity of
synthetic pyrethroids and their classification into two tyes were reviewed by WHO (1990).
Permethrin does not contain an a:-cyano-group and is a tye 1 pyrethroid.

Oral LDsos in aqueous suspension generally ranged from approximately 3000 to
:; 4000 mg/kg bw, while the use of corn oil as the vehicle generally gave LDso values of about
500 mg/kg bw (WHO, 1990). cis-Permethrin is considerably more toxic th an trans-
permethrin when given oraIly to rats (in WHO, 1990) or intraperitoneally or intravenously to
mice (Glickman et al., 1982). After oral administration of 40:60 cis:trans permethrin to rats,
signs of poisoning became apparent after 2 h and persisted for up to three days; these
included whole-body tremors, sometimes accompanied by salivation. Other signs were
hyperactivity, hyperexcitability, urination, defaecation and ataxia (WHO, 1990).

ln several subacute and subchronic studies by oral administration of permethrin to mice,
rats and dogs, repeated findings were increases in absolute and relative liver weights,
proliferation of smooth endoplasmic reticulum and increased activity of microsomal
oxidative enzyes. ln 90-day studies in rats, increased absolute and relative liver weights
were reported to be evident with doses of 100 mg/kg of diet; in dogs, su ch effects were
reported to be apparent with doses of 50 mg/kg bw and upwards for 90 days. ln sorne but not
aIl studies, high doses of permethrin were reported to damage peripheral nerves in rats
(WHO, 1990). ln rats fed diets of 20, 100 or 500 ppm (mg/kg) permethrin (isomeric
composition unspecified) for two years or in rats from the third generation in a

three-generation study with dietary exposure to 20 or 100 ppm, however, there was no
evidence of morphological damage to nervous tissue when compared to control groups
(Dyck et al., 1984).

Long-term studies with rats and mice fed diets containing up to 2500 ppm (mg/kg)
permethrin (40:60 cis:trans) indicated effects on the central nervous system, such as tremors
and hypersensitivity to noise, in rats only and only during the first two weeks. Liver
hypertrophy, increased microsomal enzye activity and proliferation of smooth

endoplasmic reticulum occurred in both species but was less pronounced in mice (Ishmael &
Litchfield, 1988).
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Permethrin (80:20 cis:trans) (50 mg/kg bw per day orally to rats) increased the levels of
cyochrome P450 in liver after four, eight or 12 days of administration and NADPH
cyochrome c reductase after eight or 12 days. A mixture containing less of the cis form (40:60
cis:trans) increased the levels of the two enzyes only after eight or 12 days of administration
(Carlson & Schoenig, 1980). Treatment of rats with 190 mg/kg bw permethrin (25:75 cis:trans
permethrin) intraperitoneally for three days decreased antipyrine half-time, and )'-glutamyl-
transpeptidase activity in plasma was significantly increased within 21 and 14 days at doses of
95 and 190 mg/kg bw per day, respectively (Anadon et al., 1988).

4.3 Reproductive and developmental effects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Following immersion of fertile mallard eggs (30 per dose group) for 30 sec in an aqueous
solution of permethrin, the LCso for embryonic death was :? 40 lb/acre at 100 gal/acre (:? 45
kg/ha at 935 l/ha; more than 100 times the usual field application rate); no malformation was
observed in mallard chicks (Hoffman & Albers, 1984).

Sprague-Dawley rats, weighing 180-200 g, were treated with permethrin in water at
concentrations ranging from 500 to 4000 ppm (mg/l) or with drinking-water (control) on days
6-15 of gestation. At concentrations of 2500 ppm or more, the protein and glycogen content
of the placenta was reduced (actual weight not given). The resorption index was increased at
aIl doses, but there was no change in the number of live fetuses at day 20 of gestation in any
treatment group (Spencer & Berhane, 1982).

4.4 Genetic and related effects (see also Table 5 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Several unpublished studies were cited in a recent review (WHO, 1990).
Permethrin did not induce mutation in either bacteria or cultured Chinese hamster V79

cells. It did not induce mutation or aneuploidy in Drosophila melanogaster, nor did it inhibit
gap-junctional intercellular communication in V79 cells.

(The Working Group noted that the studies by Páldy (1981) and by Hoellnger et al.
(1987) on rodent bone marrow in vivo could not be evaluated because of inadequacies in the
experimental design and reporting of the studies.)

5. Summary of Data Reported and Evaluation

5.1 Exposure

Permethrin is a highly active contact insecticide, which was first marketed in 1977. It is
used mainly on cotton and food crops. Other uses are in forestry and for public health
purposes, in public buildings, residences and aircraft.



Table 5. Genetic and related efTects of permethrin

ReferenceTest system Resulta Doseb

Without
exogenous
metabolie
system

With
exogenous
metabolie
system

SAO, Salmonella typhimurium TAloo, reverse mutation

SAO, Salmonella typhimurium TAloo, reverse mutation

SAO, Salmonella typhimurium TAloo, reverse mutation

SAO, Salmonella typhimurium TAloo, reverse mutation (fluet. test)
SAO, Salmonella typhimurium TAloo, reverse mutation

SAO, Salmonella typhimurium TAloo, reverse mutation

SA4, Salmonella typhimurium TAI04, reverse mutation (spot test)
SAS, Salmonella typhimurium TA1535, reverse mutation

SAS, Salmonella typhimurium TA1535, reverse mutation (spot test)
SA7, Salmonella typhimurium TA1537, reverse mutation
SA7, Salmonella typhimurium TA1537, reverse mutation (spot test)
SA8, Salmonella typhimurium TA1538, reverse mutation
SA8, Salmonella typhimurium TA1538, reverse mutation (spot test)
SA9~' Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation (fluet. test)
SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation

SAS, Salmonella typhimurium TA97a, reverse mutation

SAS, Salmonella typhimurium TA97, reverse mutation

EC2, Escherichia coli WP2 ha, reverse mutation

490.~~
2500.~~
150.~~
10.~~

2730.~~
300. ~~
300. ~~
250.~~
50.~~

2500.~~
50.~~

2500.~~
50.~~
490.~~
2500.~~
150.~~
10.~~

2730.~~
300. ~~
2730.~~
300. ~~
250.~~

Bartseh et al. (1980)
Moriya et al. (1983)
Pluijmen et al. (1984)
Pluijmen et al. (1984)
Pednekar et al. (1987)
Herrera & Laborda (1988)

Herrera & Laborda (1988)

Moriya et al. (1983)
Herrera & Laborda (1988)

Moriya et al. (1983)
Herrera & Laborda (1988)

Moriya et al. (1983)
Herrera & Laborda (1988)

Bartseh et al. (1980)
Moriya et al. (1983)
Pluijmen et al. (1984),
Pluijmen et al. (1984)
Pednekar et al. (1987)
Herrera & Laborda (1988)

Pednekar et al. (1987)
Herrera & Laborda (1988)

Moriya et al. (1983)
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Table 5 (contd);
Test system Resulta ReferenceDoseb

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

DMN, Drosophila melanogaster, chromosome loss
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation
G90, Gene mutation, Chinese hamster V79 cells, ouabain resistance -
G9H, Gene mutation, Chinese hamster V79 cells, hpn locus
ICR, Inhibition of interceUular communication, V79 ceUs in vitro

o

o

oe

oe

o

5.~~ (feeding solution)
1.~~ (feeding solution)

40.~~
40.~~
8.~~

Wooruff et al. (1983)
Gupta et al (199)
Pluijmen et al. (1984)
Pluijmen et al. (1984)
Flodström et al. (1988)

a_, negative; 0, not tested
bln-vitro tests, iig/ml; in-vivo tests, mg/kg bw

'Data obtained in the presence of an exogenous metabolic system were inadequate for an evaluation
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Permethrin has been formulated as granules, powders, emulsifiable concentrates,
aerosols and other forms.

Exposure can occur during its production and application and, at much lower levels,
from consumption of food containing residues.

5.2 Carcinogenicity data in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animaIs

One preparation of permethrin (cis:trans, 40:60) was tested for carcinogenicity in one
study in mice and in one study in rats by oral administration in the diet. ln mice, a marginal
increase in the incidence of pulmonary adenomas was observed in males. No increased
tumour incidence was observed in treated rats.

5.4 Other relevant data

Permethrin ha~ caused dermal irritation after topical exposure. It induced microsomal
enzyes in rats and mice.

No data were available on the genetic and related effects of permethrin in humans. No
effect was observed in the limited number of short-term tests available.

5.5 Evaluation 1

No data were available from studies in humans.
There is inadequate evidence for the carcinogenicity of permethrin in experimental

animaIs.

Overall evaluation

Permethrin is not classifiable as to its carcinogenicity to humans (Group 3).
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1. Exposure Data

1.1 Chemical and physical data
1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 2425-06-1
Chem. Abstr. Name: 3~,4,7,7~-Tetrahydro-2-((1, 1,2,2-tetrachloroethyl)thiol)-lH-isoin-
dole-1,3-(2H)dione
IUPAC Systematic Name: N-((l, 1,2,2-Tetrachloroethyl)thio lcyclohex-4-ene-l,2-dicar-
boximide
Synonyms: N-( (1, 1,2,2-Tetrachloroethyl)thio l-4-cyclohexene-l ,2-dicarboximide; tetra-
chio roe thyl thi 0 te trahydrop h thal imi de; N-( te trachl oroethyl thi 0 )tetrahydrophthal imi de;
N-(1, 1 ,2,2-tetrachloroethylthio )-delta4-tetrahydrophthalimide; 3~,4, 7,7 æ-tetrahydro-
N-( 1,1,2,2- tetrachloroethanesulfenyl)phthalimide

0)0 ri ri1 N-S-C-C-H
1 1

° Ci Ci
C lOH9Cl4N 02S MoL. wt: 349.06

1.1.2 Chemical and physical properties

(a) Description: Colourless to pale-yellow crystals (Royal Society of Chemistry, 1989).
The technical material is light-tan with a slight pungent odour (Pack, 1967).

(b) Melting-point: 162°C (pure compound) (US Environmental Protection Agency,
1984a)

(c) Spectroscopy data: Infrared spectroscopy data have been reported (US Environ-
mental Protection Agency, 1975).

(d) Solubility: Practically insoluble in water (1.4 mg/l at 20°C); slightly soluble in most
organic solvents (g/kg): isopropanol, 13; benzene, 25; toluene, 17; xylene, 100;

acetone, 43; methyl ethyl ketone, 44; dimethyl sulfoxide, 170 (Royal Society of
Chemistry, 1989)

(e) Stability: Slowly hydrolysed in aqueous emulsion or suspension; rapidly hydrolysed
in acidic and alkaline media; decomposes slowly at the melting-point; corrosive to
metals (Royal Society of Chemistry, 1989)

(j Vapour pressure: Negligible at room temperature (Royal Society of Chemistry, 1989)

(g) Conversion factor for airbome concentrations!: mg/m3 = 14.28 x ppm

lCalculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg £101.3 kPaD

- 353 -
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1.1.3 Trade names, technical products and impurities

Sorne examples of common trade names are: Alfloc; Arborseal; CS 5623; Difolatan;
Folcid; Foltaf; Haipen 50; Merpafol; Nalco 7046; Ortho 5865; Proxel EF; Santar SM;
Terrazol (Worthing & Walker, 1987; Meister, 1990).

ln the USA, the technical-grade product must contain at least 97% captafol as the sole
active ingredient (US Environmental Protection Agency, 1984a). It has been formulated as
dusts, emulsifiable concentra tes, flowable suspensions, wettable powders and water-
dispersible granules. The usual carriers are clay, talc (see IARC, 1987a), silica (see IARC,
1987b) and water (US Environmental Protection Agency, 1984b).

Formulated captafol products registered in European countries include coating agents,
liquid formulations, pastes, suspension concentrates and wettable powders (Royal Society of
Chemistry, 1986).

Captafol may be combined with most commonly used insecticides and fungicides, with
the exception of strongly aikaline materials and oil sprays (Meister, 1990). It has been
formulated in the USA in combination with triadimefon, carbendazim, folpet, ofurace,
flutriafol, ethirimol, diclobutrazol, propiconazole, copper oxychloride, cyoxanil and
halacrinate (Worthing & Walker, 1987). Formulations have also contained oxadiyl
fenpropimorph, pyrazophos, captan (see IARC, 1983, 1987c), triadimenol and thiaben-
dazole (Royal Society of Chemistry, 1986).

1.1.4 Analysis

Selected methods for the analysis of captafol in various matrices are given in Table 1.

Table 1. Methods for the analysis of captafol

Sample
matrIx

ReferenceSample preparation Assay
procedurea

Limit of

detection

Extract with benzene; dean-up with thin-
layer chromatography on silica gel or
silicic acid column chromatography with
or without preliminary hexane-aceto-
nitrile partitioning
Extract with ethyl acetate; dean-up by
acetonitrile-hexane partitioning, aceto-
nitrile-water-hexane partitioning and
Florisil column chromatography
Extract with dichloromethane; centri-
fuge; fiter

Extract with ethyl acetate; dean-up with
either acetate-water, acetonitrile-hexane,
or acetonitrile-water-hexane partitioning
and Florisil column chromatography

aAbbreviations: GC/ECD, gas chromatography/electron capture detection; GC/FID, gas chromatography/
flame ioniztion detection; HPLC/UV, high-pedormance liquid chromatography/ultraviolet detection

Specified
fruits and
vegetables

Maize,
peanuts,
tomatoes

Formulations

Fruits,
vegetables
and oils

GC/ECD 0.1 ppm
( mg/kg)

GC/ECD 0.1 ppm

HPLC/UV Not
reported
Not
reported

GC/ECO
or FID

us Food and
Orug Adminis-
tration (1989a)

us Food and
Orug Adminis-
tration (1989b)

Zweig &
Sharma (1978)

US Foo and
Drug Adminis-
tration (1989c)
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1.2 Production and use

1.2.1 Production

Captafol is prepared by the reaction of tetrahydrophthalimide and 1,1,2,2-tetra-
chloroethylsulfenyl chloride in the presence of aqueous sodium hydroxide (Pack, 1967). It
was first produced commercially and registered for use in the USA in 1961 (County NatWest
Wood Mac, 1990). It is produced currently by two companies in India (Meister, 1990).

Production of captafol in the USA was estimated to be 3600-4500 tonnes (active
ingredient) per year in 1979-81, of which half was exported (US Environmental Protection
Agency, 1982). The sole US producer had a production of 6600 tonnes in 1985 (County
NatWest WoodMac, 1990); that manufacturer ceased production in 1987 (Agriculture
Canada, 1990).

1.2.2 Use

Captafol is a fungicide which has been used for the control of fungal diseases of fruits,
vegetables, ornamental plants and turf grasses. It is also used to control certain seed- and
soil-borne organisms (Pack, 1967). Captafol and/or its metabolites and degradrates are
absorbed by roots and shoots of plants and translocated in plant tissue as a result of seed
treatment, soil treatment and foliar application (US Environmental Protection Agency,
1984b).

Captafol is used to control scab of pome fruit, shot-hole of stone fruit, peach leaf curL,
downy mildew and black rot of vines, early and late blights of potatoes,Alternaria and mildew
of carrots, celery leaf spot, Septoria of wheat, Rhynchosporium of barley and various diseases
of tomatoes, coffee, groundnuts, citrus fruit, pineapples, macadamia nuts, onions, cucurbits,
maize, sorghum, etc. Captafol is also used as a seed treatment for control of Pythium and
Phoma species and other emergence diseases of beetroot, cotton, groundnuts and rice. ln
addition, it is used as a protector for grafting and pruning wounds and cankers on trees and in
the timber industry as a wood preservative (Royal Society of Chemistry, 1989).

Types and methods of application include dusting, spraying, misting and dipping under
pressure for wood treatment (US Environmental Protection Agency, 1984b).

ln the USA, annual use of captafol (active ingredient) as a pesticide in 1979-81 was about
500 tonnes for apples, 500 tonnes for cherries, 410 tonnes for citrus fruits, 240 tonnes for
potatoes, 200 tonnes for tomatoes, 110 tonnes for sweet maize, 60 tonnes for plums,
10 tonnes for watermelon and 110 tonnes for other crops (US Environmental Protection
Agency, 1982).

1.3 Occurrence

Sorne 1520 samples were analysed for captafol residues as part of the Canadian national
surveilance programme between 1984 and 1989. Residues were found in nine samples: one
of eight peaches, five of 200 pears and three of 97 tomatoes, at levels of 0.01-0.8 mg/kg
(Government of Canada, 1990). Apples grown in Ontario (305 samples) were monitored for
terminal residues of pest control chemicals on raw fruit offered for sale during the period
1978-86. On the 0.4% of crops treated with captafol, no residue was detected (detection
limit, 0.02 mg/kg) (Frank et al., 1989).
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When fruit and vegetables were monitored in the United Kingdom at the point of sale, in
1981-82, residues of captafol at 0.02-0.7 mg/kg were found in six of 33 domestic potato
samples and at 0.02-0.2 mg/kg in three of 16 imported potato samples (FAO/WHO, 1986a).

1.4 Regulations and guidelines

National and regional pesticide residue limits for captafol in foods are presented in
Table 2.

Table 2. National and regional pesticide residue limits for captafol in fooda

Country or region Residue
limit
(mg/kg)

Commodities

Argentina

Austria

Belgium

Brazil

10
5
2
0.5
0.25

0.1

Ob (0.05)

15
5
2
1.0
0.5
0.2
0.1
0.05
0.04

15
10
5
2
0.5
0.2
O.ic

15
10
5.0
2.0

O.ose

Chile

Czechoslovakiae

Denmark

European
Community

Finland

0.05

France
Germany

2
0.5

0.05

0.05

Sour cherries
Cucumber, tomato, melon, peach, watermelon
Plum, sweet cherry
Grapefruit, mandarin, orange
Apple, pear

Vegetables
Ali foodstuffs of vegetable origin
Peaches
Apples, pears, eggplants, tomatoes
Squash, haneydew melons, cucumbers, nectarines, watermelons
Grapes, pineapples (treatment of seedlings)
Carrots, citrus fruit, coffee, on ions, peanuts (shelled), potatoes
Wheat, rice
Cottonseed, green beans, strawberries (treatment of seedlings)
Peanuts
Field beans
Peaches
Plums
Apples, pears, tomatoes
Cherries
Carrots, anions, potatoes
Wheat
Carcassesd (sheep, hogs, goats and catte), milk

Peaches
Sour cherries
Tomatoes
Cherries, cucumbers, melons
AlI other foods, bernes and small fruits, carrots, cereals, citrus fruits, leafy
vegetables, other fruits, other root vegetables and onions, pome and stone
fruits, potatoes
AIl products

Other (except cereal grains)
Carrots, onions, potatoes
Cereal grains, fruits and vegetables
AlI foos of plant origin
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CommoditiesCountry or region Residue

limit
(mg/kg)

Hungary 15e
10e

5

2.0
0.5

Ireland
Israel

0.05

5
2
0.5
0.1

8
5
2
0.2
0.05

5
1.0

Italy

Japan

Kenya 15
10

5
2
1.0
0.5
0.2

8
5
2
O.osg
o (0.05)h

15
5.0

10
5
3
0.5

O.05i

O.OSC

Netherlands

Singapore

South Africa

Spain

Sweden

Switzerland 0.1

Peaches
Grapefruits, lem ons, mandarins, oranges
Apples, Brussels' sprouts, cabbage caulifower, celery leaf, cherres,

grapes, green beans, greenhouse tomatoes, green paprikas, kohlrabi,
lettuce, pears, savoy, strawberries, tomatoes
Cantaloupe, cucumbers, pumpkin, watermelons, wine grapes
Beetroot, carrots, celery, horseradish, onion (green, red), parsley root,
radish

AlI products
Apples, eggplant, pears
Pumpkin
Carrots, on ions, potatoes
Almonds
Leafy garden vegetables, tobacco
Hops, other fruit and garden vegetables
Potatoes, root vegetables
Cereals, sugar beets
Fruit and garden vegetables
Apples, Japanese pear, fruit!
Cabbage, garden radish, garden radish leaves, potatoes! tea~ vegetablest
etc.

Peaches
Sour cherries
Tomatoes
Melons (whole), sweet cherries
Cucumbers (whole)
Apricots
Plums

Leaf vegetables

Fruit, other vegetables
Root, tuber vegetables

Cereals
Other
Apricots, nectarines, peaches
Other fruits and vegetables
Pineapples
Avocdos
Coffee, tomatoes
Potatoes
AlI plant products
Cereals and hulled grains, flakes and flour made from cereals, fruits and
vegetables, potatoes

Cereals, potatoes
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CommoditiesCountry or region Residue
limit
(mg/kg)

Taiwan 1.0
0.5

0.1
0.01

United Kingdom 0.09

USA 50
35
30
15

8
5
2

0.5
0.25
0.1
0.05
0.02

Yugoslavia 3.0
0.1

Berries, melons
Citrus fruits, fruit vegetables, nut fruits, pome and stone fruits, tropical
fruits
Root vegetables
Rice

Apples, bananas, barley, beans, black currants, Brussels' sprouts, cabbage,
carrots, caulifower, celery, cucumber, grapes, leeks, lettuce, maize,

mushrooms, nectarines, oats, on ions, oranges, other cereals, other CÎtrus,

paddy rice, pears, peaches, peas, plums, potatoes, raspberries, rye, straw-
berries, swedes, tomato, turnips, wheat

Sour cherries
Blueberries
Apricots, peaches
Tomatoes
Cranberries
Melons
Cucumbers, nectarines, peanuts (hulls), plums (fresh prunes), sweet
cherries
Citrus fruits, potatoes
Apples
Fresh corn, macadamia nuts, onions, pineapples
Peanuts (meats hulls removed)
Taro (corn)

Fruit, vegetables
Other food commodities

I1rom Health and Welfare Canada (199)
ÓTe figure in parentheses is the lower limit for determining residues in the corresponding product according
to the standard method of analysis.
COose at detectable limit or close to same
liuscle tissue including attached adipose tissue

eln imported produce

./tandards for witholding established registration

gA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue

remaining behind. The value listed is considered the highest concentration at which this requirement is
deemed to have been met.
hResidues shaH be absent; value in parentheses indicates highest concentration at which requirement is met.

Í£xtraneous residue limit
jAt the limit of detection except for peaches, nectarines and plums

International temporary maximum residue Iimits for captafol residues in raw
agricultural commodities, ranging from 0.05 to 50 ppm (mg/kg), established by the Codex
Committee on Pesticide Residues (US Environmental Protection Agency, 1984b) and the
temporary acceptable daily intake values established by the Joint Meeting on Pesticide
Residues in 1982 (FAO/WHO, 1983) were deleted in 1985 (FAO/WHO, 1986a).
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The occupational exposure limit for captafol is 0.1 mg/m3 (time-weighted average) in
Denmark, Mexico, the Netherlands, Switzerland, the United Kingdom, the USA and
Venezuela, with a skin notation in Mexico, the Netherlands, Switzerland, the United

Kingdom and the USA (Cook, 1987; Arbejdstilsynet, 1988; American Conference of
Governmental Industrial Hygienists, 1989; US Occupational Safety and Health Adminis-
tration, 1989).

The FAO/WHO Joint Meeting on Pesticide Residues evaluated permethrin at its
meetings in 1969, 1973, 1974, 1976, 1977, 1982 and 1985 (FAO/WHO, 1970, 1974, 1977,
1978, 1983, 1986a,b). The technical product captafol was classified by the WHO (1990) as
'extremely hazardous'. Several countries have banned the use of this pesticide, including
Canada (1987) and Germany (1988) (Agriculture Canada, 1990; County NatWest WoodMac,
1990).

2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental Animais

Oral administration

Mouse: Groups of 50-51 male and 50-51 female B6C3Fi mice, sixweeks old, were fed a
diet containing captafol (94.9% pure; (impurities unspecified)) at 0, 0.075, 0.15 or 0.3%
(maximum tolerated dose) for 96 weeks and the basal di et for a further eight weeks. Survvors
were killed at 104 weeks. Dose-related retardation of body weight gain and increased
mortality (particularly in the high-dose group) were observed. Mice survving at week 104
were: males-33/50 control, 34/51 low-dose, 34/51 mid-dose and 0/51 high-dose;

femaIes-35/50 controIs, 39/51 Iow-dose, 23/51 mid-dose and 0/51 high-dose. A dose-
related increase in the incidence of heart haemangioendothelioma was observed in animais
of each sex. Significant increases in the incidences of tumours were also seen at sorne other
sites: forestomach papillomas in high-dose females and small intestinal adenoma, hepato-
cellular carcInoma and splenic angioma in males and females (Table 3). The increase in the
incidence of small intestinal adenocarcinomas in males and females was possibly
dose-related, although the incidence in the mid-dose group was higher than that in the
high-dose group, probably due to earlier death in the latter, in which significant mortalitywas
seen at approximately 80 weeks (Ho et al., 1984).

Rat: Four groups of 49-50 male and 49-50 female Fischer 344 rats, four weeks of age,
received a diet containing 0,500,2000 or 5000 mg/kg captafol (Merpafol; 97% pure) for 104
weeks, after which time they were killed. The high-dose group was sacrificed after 98 weeks
of treatment, due to excess mortality (78% in males and 60% in females at week 96). A
dose-related increase in the incidence of nonneoplastic renal lesions was found in males and
females (tubular cystic dilatation, glomerulonephropathy, cystic tubules lined by cells with
giant nuclei).Renal tumours were found only in treated males: one, three and 12 carcinomas
In the low-, mid- and high-dose groups, respectively (positive trend,p , 0.001) (Nyska et al.,
1989).
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Table 3. Occurrence of tumours in B6C3F 1 mice fed captafol in the dieta

Site and tye of tumour Control Concentration (%) of captafol

0.075 0.15 0.3

Males

Effective number of mice 47 51 46 47

Heart haemangioendothelioma 0 1 4* 20***b

Forestomach papiUoma 0 2 3 2
Forestomach squamous cell carcinoma 0 0 1 2

Small intestinal adenoma 0 3 0 4*

Small intestinal adenocrcinoma 0 7** 32*** 22***

Hepatocellular carcinoma 8 23** 15 1

Splenic haemangioma 0 0 5* 0

Females

Effective number of mice 48 50 49 51

Heart haemangioendothelioma 0 2 2 11* **b

Forestomach papiUoma 0 1 1 4*

Forestomach squamous cell carcinoma 0 0 0 1

Small intestinal adenoma 0 3 3 5*

SmaU intestinal adenocarcinoma 0 3 13*** 7**

HepatoceUular carcinoma 2 13** 12** 0

Splenic haemangioma 0 2 4* 0

llrom Ho et al. (1984)
b(Positive trend test (p -: 0.01))

*p -: 0.05

**p .: 0.01

***p -: 0.001

Groups of 50 male and 50 female Fischer 344/DuCrj rats, six weeks of age, were fed diets
containing 0, 750 or 1500 mg/kg captafol (97.5% pure) for 104 weeks and then the normal
di et for a further eight weeks, after which time the experiment was terminated. Mean body
weights in males and females of the high-dose group and in females of the low-dose group
were reduced. There was no difference in survval times between control and treated rats;
about 60% of rats survved to week 112. Statistically significant increased incidences of
tumours of the kidney and liver were observed in treated rats, as shown in Table 4 (Tamano et
al., 1990).

4. Other Relevant Data

The toxicokinetics and toxicity of captafol have been reviewed (FAO/WHO, 1970, 1974,
1978, 1983, 1986a,b).

4.1 Absorption, distribution, metabolIsm and excretion

No published data were available to the Working Group.
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Table 4. Occurrence of tumours in Fischer 344/DuCrj rats
fed captafol in the dieta

Site and type of tumour Control Concentration (%)
of captafol

750 1500

Males

Effective number of rats 50 49 50
Renal-cell adenoma 0 26*** 38***
Renal-cell carcinoma 0 1 8**
Hyperplastic (neoplastic) nodule (liver) 2 8* 21***
Hepatocellular carcinoma 2 0 1

Forestomach papilloma 0 0 3

Females

Effective number of rats 50 50 50
Renal-cell adenoma 0 8** 6*
Renal-cell carcinoma 0 0 0
Hyperplastic (neoplastic) nodule (liver) 3 14** 34***
Hepatocellular carcinoma 0 0 4

Forestomach papilloma 0 1 0

Ilrom Tamano et al. (199)
*p .. 0.05

**p .. 0.01

***p .. 0.001

4.2 Toxic efTects

4.2. i Humans

Contact dermatitis has been reported after exposure to captafol (Takamatsu et al., 1968;
Groundwater, 1977; Stoke, 1979; Matsushita et al., 1980; Brown, 1984).

4.2.2 Experimental systems

The oral LDso for captafol in rats is 2500-6200 mg/kg bw, and the dermal LDso in rabbits
is 15 400 mg/kg bw (Ben-Dyke et al., 1970).

ln rats, single intraperitoneal doses of captafol at 5 mg/kg bw decreased liver monoxy-
genase content and activity and increased plasma transaminase levels (Dalvi & Mutinga,
1990).

Captafol was given in the di et at 3000 mg/kg for six weeks, two weeks after a single
intraperitoneal dose of N-nitrosodiethylamine (200 mg/kg bw) to male Fischer rats that were
also subjected to a two-thirds hepatectomy three weeks after the start of the study. Significant
increases were seen in the number and area of glutathione S-transferase-positive liver foci at
eight weeks compared to rats treated with N-nitrosodiethylamine and partial hepatectomy
alone (Ito et al., 1988).
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4.3 Reproductive and developmental elTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Captafol has an N-substituted phthalimide-like structure similar to hydrolysis products
of thalidomide. It was shown to have no teratogenic effect in two thalidomide-sensitive
strains of rabbits (New Zealand white and Dutch belted) (Kennedy et al., 1968) or in
thalidomide-sensitive rhesus monkeys (Vondruska et al., 1971). The rabbits received oral
doses on days 6-16 of gestation of up to 75 mg/kg bw daily (Dutch belted) and on days 6-18 of
up to 150 mg/kg bw daily (New Zealand). The monkeys received up to 25 mg/kg bw per day
on days 22-32 of gestation. (The Working Group noted that the low doses used were reported
to cause no systemic maternaI toxicity in the monkeys, and no mention was made of the doses
at which metabolites similar to those of thalidomide would occur in relevant concentrations. J

ln Syrian hamsters, increased maternaI and fetal lethality and teratogenic effects (fused
ribs, short or curved tail, Iimb defects) were observed at oral doses of 200 mg/kg bw and
above on days 7 or 8 of gestation (Robens, 1970).

4.4 Genetic and related elTects (see also Table 5 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Captafol caused DNA da mage and gene mutation in bacteria; exogenous metabolic
systems reduced or aboli shed the activity, as did rat blood or cysteine when captafol was
tested in an Escherichia coli reverse mutation assay. (Only a few experiments have been
performed with an exogenous metabolic system; their effect is supported by more extensive
data on captan, a structural analogue. J ln a single study with Aspergillus nidulans, captafol
induced mitotic recombination and gene mutation, but not aneuploidy. Captafol induced
sister chromatid exchange, micronucleus formation and chromosomal aberrations in
cultured mammalian and human cell lines.

ln dominant lethal tests in rats, captafol induced a small, but significant, trend towards
increased numbers of early deaths per pregnancy (males treated intraperitoneally or orally).
No such effect was observed in a single study in mice given one intraperitoneal injection of
captafol. (The apparent species difference may be attributable to the doses and route of

administration used. J

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Captafol is a fungicide that has been widely used since 1961 for the control of fungal
diseases in fruits, vegetables and sorne other plants.



Table 5. Genetic and related effects of captafol

Test system Resulta . Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

BSD, Baeillus subtilis rec straIn (H17 vs M45), differential toxicity + 0 0.100 Shirasu et al. (1976)
SAO, Salmonella typhimurium TAl00, reverse mutation - - 2500.~~ Moriya et al. (1983)
SAP, Salmonella typhimurium SV3, arabinose resistance - - 0.300 Ruiz-Vásquez et al. (1978)
SA2, Salmonella typhimurium TA102, reverse mutation + + 0.0800 Barreco & de la Peña (1988)
SA3, Salmonella typhimurium TA1530, reverse mutation (spot test) + 0 0.~~ Seiler (1973)

SA4, Salmonella typhimurium TA102, reverse mutation - - 0.300 Barreco & de la Peña (1988)
SA5, Salmonella typhimurium TA1535, reverse mutation - 0 0.~~ Kada et al. (1974)
SAS, Salmonella typhimurium TA1535, reverse mutatin 0 2S.00 Shirasu et aL. (1976) n- ~
SAS, Salmonella typhimurium TAlS3S, reverse mutation (spot test) - - 200.~~ Carere et al. (1978) 'i
SAS, Salmonella typhimurium TA1535, reverse mutation - - 250.~~ Moriya et al. (1983) ~
SA7, Salmonella typhimurium TA1537, reverse mutation - 0 O. () Kada et aL. (1974) 'T0SA7, Salmonella typhimurium TA1537, reverse mutation (spot test) - - 200. () Carere et al. (1978) t"
SA7, Salmonella typhimurium TAlS37, reverse mutation - - 250. () Moriya et aL. (1983)
SA8, Salmonella typhimurium TAlS38, reverse mutation - 0 O. () Kada et aL. (1974)
SA8, Salmonella typhimurium TAlS38, reverse mutation (spot test) - - 200. () Carere et aL. (1978)
SA8, Salmonella typhimurium TA1538, reverse mutation - - 2500. () Moriya et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500.~~ Moriya et al. (1983)
SAS, Salmonella typhimurium his G46, reverse mutation (spot test) + 0 0.~~ SeIler (1973)

SAS, Salmonella typhimurium TAlS31, reverse mutation (spot test) - 0 0.~~ Seiler (1973)

SAS, Salmonella typhimurium TA1532, reverse mutation (spot test) - 0 0.~~ SeIler (1973)

SAS, Salmonella typhimurium TA1534, reverse mutation (spot test) - 0 O. () SeIler (1973)

SAS, Salmonella typhimurium TA1536, reverse mutation - 0 0.~~ Kada et al. (1974)

SAS, Salmonella typhimurium TAlS36, reverse mutation (spot test) - - 200.~~ Carere et al. (1978)
EC2, Escherichia coli Bir WP2, reverse mutation + 0 50.~~ Kada et aL. (1974)
EC2, Escherichia coli WP2, reverse mutation + 0 25.~~ Shirasu et al. (1976)
EC2, Escherichia coli WP2 hcr, reverse mutation + 0 25.~~ Shirasu et al. (1976)
EC2, Escherichia coli WP2 ha, reverse mutation + - 26.~~ Moriya et aL. (1978)
EC2, Escherichia coli WP2 ha + cysteine, reverse mutation - 0 26.~~ Moriya et al. (1978)

w0\W



Table 5 (contd)

W0\.¡

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous ,.metabolic metabolic ?
system system ;:

('
+ + 2.500 Moriya et aL. (1983) ~
+ 0 0.2000 Bignami et al. (1977) 0

Z
0 200.~~ Bignami et al. (1977) 0

+ 0 20.~~ Bignami et al. (1977) a
+ 0 0.700 Tezuka et al. (1980) s:
+ 0 3.500 Sasaki et al. (1980) '"
+ 0 3.500 Sasaki et al. (1980) :i

C/
+ 0 3.500 Tezuka et al. (1980) ~
+ - 4.~~ lshidate (1988) 0
+ 0 3.500 Sasaki et al. (1980)

l'
C

+ 0 3.5000 Sasaki et al. (1980) ~
+ 0 3.500 Sasaki et al. (1980) t'

0 250.~~ x 1 i.p. Kennedy et aL. (1975) Vit.
0 3.0000 X i.p. Kennedy et al. (1975)

(+ ) 0 10.000 X 5 i.p. Collins (1972)

(+ ) 0 200.~~ X 5 p.o. Collins (1972)

EC2, Eschenchia coli WP2 ha, reverse mutation
ANG, Aspergllus nidulans, genetic crossing-over
*Aspergillus nidulans, non-disjunction
ANF, Aspergillus nidulans, forward mutation
SiC, Sister chromatid exchange, Chinese hamster V79 cells in vitro
SiC, Sister chromatid exchange, Chinese hamster Don cells in vitro
MIA, Micronucleus test, Chinese hamster Don cells in vitro
CIC, Chromosomal aberrations, Chinese hamster V79 ce lis in vitro
CIC, Chromosomal aberrations, Chinese hamster CHL cells in vitro
SIH, Sister chromatid exchange, human HE 2144 cells in vitro
MIH, Micronucleus test, human HE 2144 cells in vitro
CIH, Chromosomal aberrations, human HE 2144 cells in vitro
HM M, Host-mediated assay, Salmonella typhimurium 046, CR mouse
DLM, Dominant lethal test, CD mouse
DLR, Dominant lethal test, Osborne-Mende! rat
DLR, Dominant lethal test, Osborne-Mendel rat

*Not displayed on profile
a +, positive; (+ ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in se veral experiments within an adequate study)
bIn-vitro tests, ~g/ml; in-vivo tests, mg/kg bw
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It has been formulated for use as dusts, emulsifiable concentra tes, flowable suspensions
and water-dispersible granules, and also in combination with other pesticides.

Exposure can occur during its production and application and, at much lower levels,
from consumption of foods containing residues.

5.2 Carcinogenicity in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animais

Captafol was tested for carcinogenicity in one study in mice and in two studies in rats by
oral administration. ln mice, it produced a high incidence of adenocarcinomas of the sm aIl
intestine and of vascular tumours of the heart and spleen; the increase in tumours of the heart
was dose-related for animaIs of each sex. Increases in the incidence of hepatocellular
carcinomas were also observed in animaIs of each sex. ln two studies in rats, captafol
produced a dose-related increase in the incidence of renal carcinomas in males; in one of
these, it also induced dose-related increases in the incidence of benign renal tumours in
females and of liver tumours in males and females.

5.4 Other relevant data

ln one study, captafol increased the frequency of enzye-positive foci in rat liver.
Captafol did not affect embryonic development in rabbits or monkeys but was

embryolethal and teratogenic at high doses in hamsters.
No data were available on the genetic and related effects of captafol in humans.
Administration of captafol induced dominant lethal effects in rats. Captafol induced

positive results in various short-term tests in human and mammalian cells In vitro, including
gene mutation and chromosomal aberrations. It induced DNAdamage and gene mutation in
fungi and bacteria.

5.5 Evaluation 1

No data were available from studies in humans.
There is suffczent evidence in experimental animaIs for the carcinogenicity of captafoI.
ln making the overall evaluation, the Working Group took into consideration the

following supporting evidence: Captafol is active in a wide range of tests for genetic and
related effects, including the generally insensitive in-vivo assay for dominant lethal mutation.

Overall evaluation

Captafol is probably carcinogenic ta humans (Croup 2A).

lFor definition of the italicized terms. see Preamble, pp. 26-28.
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This substance was considered by previous Working Groups, in 1978 (IARC, 1979), 1986
(IARC, 1986) and 1987 (IARC, 1987a). Since that time, new data have become available, and
these have been incorporated into the monograph and taken into consideration in the
present evaluation.

1. Exposure Data

1.1 ChemIcal and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 87-86-5
Chem. Abstr. Name: Pentachlorophenol
IUPAC Systematic Name: Pentachlorophenol
Synonyms: Chlorophen; I-hydroxyentachlorobenzene; PCP; penchlorol; penta;
2,3,4,5,6-pentachlorophenol

OH

CI-iCI
CI~CI

Ci
C6HCIsO MoL. wt: 266.34

1.1.2 Chemical and physical properties

(a) Description: Colourless to light-brown flakes or crystals with characteristic phenolic
odour (Royal Society of Chemistry, 1989; WHO, 1989)

(b) Boiling-point: 309-310°C (decomposes) at 754 mm Hg (100.5 kPa) (Weast, 1989)
(c) Melting-point: 174°C (monohydrate); 191°C (anhydrous) (Weast, 1989)
(d) Spectroscopydata: Infrared (prism (279); grating (96)), ultraviolet (112) and nuclear

magnetic resonance (proton (39667); C-13 (26001)) spectral data have been
reported (Sadtler Research Laboratories, 1980, 1990).

(e) Solubility: Almost insoluble in water (8 mg/100 ml); soluble in acetone (215 g/l at
20°C), diethyl ether (150 g/l), benzene (150 g/l), ethanol (1200 g/l), methanol (1800
g/l), isopropanol (850 g/l), ethylene glycol (110 gll); slightly soluble in cold
petroleum ether, carbon tetrachloride and paraffins (WHO, 1987; Budavari, 1989; .
Royal Society of Chemistry, 1989)

- 371 -
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if Vapour pressure: 1.5 x 10-5 mm Hg (0.2 x 10-5 kPa) at 20°C (WHO, 1989)
(g) Stabilty: Relatively stable and non-hygroscopic (Royal Society of Chemistry, 1989);

decomposes on heating in the presence of water, forming corrosive fumes (hydro-
chloric acid); thermal degradation (at 600°C) products of technical pentachloro-
phenol include pentachlorobenzene, hexachlorobenzene, octachlorostyene,

octachloronaphthalene, decachlorobiphenyl, hexachlorodibenzofuran, octachloro-
dibenzofuran and octachlorodibenzodioxin (WHO, 1987). Sodium pentachloro-
phenate is degraded in water photolytically (Hiatt et al., 1960). At pH 7.3,
pentachlorophenol disappeared completely within 20 h (half-time, 3.5 h) but was
more persistent at pH 3.3 (half-time, '" 100 h) (Wong & Crosby, 1981).

(h) Octanol/water partition coeffcient (P): log P = 3.32 at pH 7.2 (WHO, 1987)
(i) Conversion factor for airbome concentrationsl: mg/m3 = 10.89 x ppm

1.1.3 Trade names, technical products and impurities

Sorne examples of trade names are: Dowicide 7; Dowicide EC-7; Durotox; EP 30;
Fungifen; Grundier Arbezol; Lauxtol; Liroprem; Permasan; Santophen 20; Witophen P;
Weedone

Pentachlorophenol in aqueous solution can exist in ionized (phenate) or nonionized
forms depending on pH. At pH 2.7, pentachlorophenol is only 1 % ionized; at pH 6.7, it is
99% ionized. Technical-grade pentachlorophenol consists of brownish flakes, in sorne cases
coated with a mixture of benzoin polyisopropyl and pi ne oil to suppress dust. Technical-grade
sodium pentachlorophenate consists of cream-coloured beads (WHO, 1987). The formu-
lated product is available as granules, wettable powder and oil-miscible liquid (Royal Society
of Chemistry, 1989). Pentachlorophenol is also formulated as blocks, pellets, prils and
concentrates (Meister, 1990). It is available as a liquid formulation in Finland and as granules
in the Netherlands (Royal Society of Chemistry, 1986). ln the USSR, it is manufactured as a
20% mineraI oil concentrate (Izmerov, 1984).

Technical-grade pentachlorophenol has been shown to contain a large number of

impurities, depending on the manufacturing method. Reported levels of impurities in
commercial pentachlorophenol preparations are as follows: tetrachlorophenol (see IARC,
1987a), 4.4-10.2%; trichlorophenol (see IARC, 1987a), -: 1 %; chlorinated phenoxyhenols,
5-6.2%; octachlorodibenzodioxin (see IARC, 1987b), 5.5-3600 mg/kg; heptachlorodibenzo-
dioxin (see IARC, 1987b), 0.6-520 mg/kg; hexachlorodibenzodioxin (see IARC, 1987b),
.c 0.03-100 mg/kg; octachlorodibenzofuran, .c 0.1-260 mg/kg; heptachlorodibenzofuran,
.c 0.1-400 mg/kg; hexachlorodibenzofuran, .c 0.03-90 mg/kg; pentachlorodibenzofuran,
.c 0.03-40 mg/kg; and tetrachlorodibenzofuran .c 0.02-0.45 mg/kg (Scow et al., 1980; WHO,
1987). ln addition, chlorinated cyclohexenones and cyclohexadienones, hexachlorobenzene
(see IARC, 1987c) and polychlorinated biphenyls (see IARC, 1987d) are found (WHO,
1987).

The presence of the highly toxic 2,3,7,8-tetrachlorodibenzo-para-dioxin (see IARC,
1987e) has been confirmed only once in commercial pentachlorophenol samples.ln the

'Calculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg p01.3 kPal)



PENTACHLOROPHENOL 373

course of a collaborative survey, one of five laboratories detected this dioxin in technical
pentachlorophenol and sodium pentachlorophenate samples at concentrations of 0.25-0.26
and 0.89-1.10 i.g/kg, respectively. Detectable amounts of tetrachlorodibenzo-para-dioxin
(0.05-0.23 mg/kg) were reported in sorne samples of different technical pentachlorophenol
products, but the identity of the compound could not be confirmed on re-analysis. ln other
cases, tetrachlorodibenzo-para-dioxin has not been identified, at detection limits of

0.001-0.2 mg/kg (WHO, 1987).
The higher polychlorinated dibenzodioxins and dibenzofurans are more characteristic

of pentachlorophenol formulations. The 1,2,3,6,7,9-, 1,2,3,6,8,9-, 1,2,3,6,7,8- and
1,2,3,7,8,9-isomers ofhexachlorodibenzo-para-dioxin have been detected in technical-grade
pentachIorophenoL. The 1,2,3,6,7,8- and 1,2,3,7,8,9-hexachlorodibenzo-para-dioxins predo-
minated in commercial samples of technical-grade pentachlorophenol (Dowicide 7) and
sodium pentachlorophenate. Octachlorodibenzo-para-dioxin is present in relatively high
amounts in unpurified technical-grade products (WHO, 1987).

Suppliers of pentachlorophenol in the USA and Canada are now required to limit the
hexachlorodibenzo-para-dioxin and 2,3,7,8-tetrachlorodibenzo-para-dioxin content to less
than 4 ppm (mg/kg) and none detectable ( .c 0.001 ppm (mg/kg)), respectively (Agricultural
Canadian Plant Research Centre, 1990).

The presence of 2-bromo-3,4,5,6-tetrachlorophenol as a major contaminant in three
commercial pentachlorophenol samples (r- 0.1 %) has been reported. This manufacturing
by-product has probably not been detected in other analyses because it is not resolved from
the pentachlorophenol peak by traditional chromatographie methods (WHO, 1987).

For the treatment of wood in the USA, pentachlorophenol is usually administered as a
5% solution in a mineraI spirit solvent, such as No. 2 fuel oil (see IARC, 1989) or kerosene
(see IARC, 1989), or in dichloromethane (see IARC, 1987f), isopropyl alcohol (see IARC,
1987g) or methanoL. Since pentachlorophenol is not very soluble in hydrocarbon solvents
and tends to migrate to, and crystallize on, treated wood surfaces (a phenomenon known as
'blooming'), formulations may also contain co-solvents and anti-blooming agents. An
aqueous solution of sodium pentachlorophenate is used commercially to control sapstain
(WHO, 1987).

Chlorophenols may be combined with other active components, su ch as methylene bis-
thiocyanate and copper naphthenate, in the formulation of pentachlorophenol pesticides.
Conversely, pentachlorophenol is added to biocides, the primary active ingredient ofwhich is
another compound; for example, sodium fluoride formulations for wooden pales and posts
may contain up to 10% technical pentachlorophenol (WHO, 1987).

1.1.4 Analysis

Most of the analytical methods used today involve acidification of the sample to convert
pentachlorophenol to its nonionized form, extraction into an organic solvent, possible
cleaning by back-extraction into a basic solution, and determination by gas chromatography
with electron-capture detector or other chromatographie methods as ester or ether
derivatives (e.g., acetyl-pentachlorophenol). Depending on sampling procedures and
matrices, detection limits as low as 0.05 i.g/m3 in air and 0.01 i.g/l in water can be achieved

(WHO, 1987).
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Selected methods for the analysis of pentachlorophenol in various matrices are given in
Table 1.

Table 1. Methods for the analysis of pentachlorophenol

Sample
matri

Sample preparation Assay Limit of Reference
procedurea detectionb

Collect sample in bubble containing HPLC/UV 8 ¡.g per ElIer (1984a)
ethyleneglycol; add methanol sample
Extract by passing sample through GC/MS 0.3 ¡.g/l (1) US Environmental
liquid-solid extractor; elute with 3.0 ¡ig/l (M) Protection Agency
dichloromethane; concentrate by (1988)
evaporation
Adjust to pH 12; wash with dichlo- GC/ECD 0.076 ¡.g/l US Environmental
romethane; acidify; extract with Protection Agency
ethyl ether; derivatize with diazo- (1989a)
methane
Dissolve sample in dioxane; inject HPLC/UV Not reported Lawrence (1982)
aliquot
Add concentrated hydrochloric GC/ECD 1 ¡ig/l ElIer (1984b)
acid and sodium bisulfite; boil;
extract with benzene; concentrate;
derivatize with diazomethane; add
hexane and evaporate; clean up on
alumina column

Adjust pH to ? Il; extract sample GC/MS 3.6 ¡ig/l US Environmental
with dichloromethane to remove Protection Agency
base/neutral fraction; acidify to pH (1989b)
-: 2; extract with dichloromethane
to obtain acid fraction; dry; concen-
trate; analyse
Acidify; extract with dichloro- GC/HD 0.59 ¡ig/l US Environmental
methane; dry extract; exchange Protection Agency
solvent to 2-propanol during (1989c)
concentration of volume
Add 6 M sulfuric acid; add hexane Ge/ECO 1 ¡ig/l ElIer (1984b)
and boil; extract with hexane; con-
centrate; derivatize with diazo-

methane; add hexane; evaporate;
dean-up on alumina column

Ai

Oriking-water

Formulation

Urine

Water

Industrial
municipal
sludge

Blood

aAbbreviations: GC/ECD, gas chromatography/electron capture detection; GC/HO, gas chromatography/
flame ioniztion detection; GC/MS, gas chromatography/mass spectrometry; HPLC/UV; high-performance
liquid chromatography/ultraviolet detection
b Abbreviations: (1), ion trap mass spectrometer; (M), magnetic sector mass spectrometer

1.2 Production and use

1.2.1 Production

Pentachlorophenol is prepared either by catalytic chlorination of phenol or byalkaline
hydrolysis of hexachlorobenzene (see lARe, 1987g) (WHO, 1987).
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World production of pentachlorophenol is estimated to be of the order of 30000 tonnes
per year (WHO, 1987). Four manufacturers in the USA produced a total of 18 000-23 000
tonnes of pentachlorophenol annually from 1945 to 1978. Less than 14 000 tonnes were
produced in 1980 by two manufacturers. ln 1987, about 12 000 tonnes were produced by the
sole US producer; and in 1988, about 6000 tonnes were produced by the sole European
producer. ln 1985, about 3000 tonnes of sodium pentachlorophenate were produced by two
European producers (Gjøs & Haegh, 1990).

1.2.2 Use

The main commercial use ofpentachlorophenol is as a wood preservative; this use began
in the late 1930s (WHO, 1987). It is used as a fungicide to protect wood from fungal decay
and wood-boring insects. It is also used as a pre-harvest defoliant in cotton and as a general
pre-emergence, non-selective contact herbicide (Worthing & Walker, 1987). It has been used
as a bactericide in driling fluids, as a fungicide in adhesives and textiles and for slime control
in pulp and paper manufacture (WHO, 1987). Pentachlorophenol has also been used to
control the snails that are the hosts of schistosomiasis (Meister, 1990).

Other reported applications of pentachlorophenol are in bactericidal soaps, laundry
products, dental care products, leather tanning, mushroom culture, and as disinfectants for
use in houses, farms and hospitals (WHO, 1987).

ln the USA, it was estimated that 97% of the pentachlorophenol usage was as a wood
preservative, 1 % as a general herbicide and the remainder for miscellaneous smaller
applications (Eckerman, 1986).

1.3 Occu rrence

PentachIorophenoI is a ubiquitous environmental contaminant. Its widespread

occurrence has been reviewed (WHO, 1987).

1.3.1 Uáter

Evaporation is commonly used for disposing of pentachlorophenol in wastewater at
wood-preservng plants (WHO, 1987). Both temperature and pH influence the loss, since the
phenate is non-volatile. At pH 5, the half-time is328 h (30°C), whereas at pH 6 it increases to
3120 h (Klöpffer et al., 1982). Wood-treatment factories contribute significantly to the
pentachlorophenol load in surface water, which ranges from non-detectable to 10 500 J.g/l.
The majority of water samples analysed contained less than 10 J.g/I, and most contained less
than 1 J.g/l. Extreme levels of up to 10500 J.g/I were reported in a polluted stream near an
industrial area in the vicinity of Philadelphia (USA) (Fountaine et al., 1976) .

Levels of pentachlorophenol in a man-made lake in Mississipi, USA, increased from-a
background of 0.3 J.g/l to 16-81 J.g/l immediately after an accidental overflow from a
pole-treatment plant and to 29-147 a month after the accident. After four months, levels had
returned to 5-16 J.g/I (Pierce & Victor, 1978). Pignatello et al. (1983) showed that aquatic
microflora can adapt to pentachlorophenol and become the most important factor for
clearing pentachlorophenol from contaminated surface water.

Municipal sewage contains only low concentrations of pentachlorophenol, as opposed
toindustrial wastewater from wood-treatment factories (see Table 2). Levels of penta-
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chlorophenol in industrial and municipal discharges in different countries ranged from 0.1 to
75 000 l1g/1 (\VHO, 1987).

The pentachlorophenol input into the German Bight near the River Weser was
calculated to be about 1000 kg per year, assuming an average level of pentachlorophenol of
0.1 l1g/l per year and a water flow of300 m3/sec. The total load in aIl surface water in western
Germany was estimated to be 60 tonnes per year, with 30-40 tonnes transported by the Rhine
(as reported by WHO, 1987).

ln general, sediments contain mu ch higher levels of pentachlorophenol th an the
overlying waters. At several freshwater and marine sites in British Columbia, Canada,
receiving effuents from the wood-treatment industry, average pentachlorophenol levels in
the sediments ranged from not detectable to 590 ¡.g/kg, while the corresponding range for
the overlying waters was from not detectable to 7.3 ¡.g/l (as reported by WHO, 1987).

Pentachlorophenol levels in surface water in various countries are given in Table 2.

Table 2. Concentrations ofpentachlorophenol (PCP) in surface waters
of difTerent countriesa

Country Surface water and loction PCP (¡.g/l)

MeanRange

Germany

Japan

Netherlands

South Africa

Sweden

USA

Weser River and estuary
German Bight
Ruhr River
River Rhine, Cologne
Tama River, Tokyo

Sumida River, Tokyo
River water, Tokyo area
River Rhine 1976

River Rhine 1977

River Meuse 1976

River Meuse 1977

124 sampling points

River water downstream from a
pulp mil
Lake receiving discharges
Wilamette River
Estuary in Galveston Bay, Texas

Pond in Mississippi contaminated by
waste from pole-treatment plant

0.05-0.5
-c 0.002-0.026
-c 0.1-0.2
0.1

0.1-0.9
0.01-0.09
1-9
O.18:l 0.14

Max 2.4
Max 11.0
Max 1.4
Max 10.0

ND-0.85

9

3

0.1-0.7
ND-O.01
-c 1-82

0.1

0.7
1.1
0.3
0.8

aprom WHO (1987)
ND, not detectable

1.3.2 Soil

Soil samples from four sites near a Swiss pentachlorophenol-producing facility

contained 25-140 l1g/kg (dry weight) at depths of 0-10 cm and 33-184 ¡.g/kg at 20-30 cm.
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These levels were greater than those at a reference site (.c 35 J.g/kg for both depths) (as
reported by WHO, 1987).

Soil surrounding Finnish sawmills was heavily contaminated, with up to 45.6 mg/kg at
0-5 cm depth near the treatment basin and up to 0.14 mg/kg in the area for storing treated
wood. The background level was 0.012 mg/kg (Valo et al., 1984). Average pentachlorophenol
levels in soil samples at 2.5, 30.5 and 152.5 cm from pol es treated with pentachlorophenol
were 658, 3.4 and 0.26 mg/kg, respectively (Arsenault, 1976). The background level (0.26
mg/kg) was considered to be high and could have resulted from contamination of the soil or
of analytical samples (WHO, 1987).

Both pentachlorophenoi and sodium pentachlorophenate are readily leached from soils.
Substantial quantities of pentachlorophenol were found in waters Ieaching from conta-
minated soil, and residues ranging from 3.0 to 23 j.g/l were detected in groundwater within
saw-mil areas. A level as high as 3.35 mg/l was found in groundwater near a wood-preservng
plant (WHO, 1987), and levels of pentachlorophenol of .c 1 llg/1 were detected in water
seeping from a landfill site (Kotzias et al., 1975).

1.3.3 Food

ln Canada, a total of 881 pork liver tissue samples revealed a graduaI decline of

pentachlorophenol levels in 1988-89 from those in previous years. Sorne 6.6% of the samples
contained levels in excess of 0.1 mg/kg, the highest level being 0.72 mg/kg. Of 51 beef liver
samples, 2.0 % had levels in excess of 0.1 mg/kg, the maximal level being 0.35 mg/kg.
Examination of214 chicken and 68 turkey liver samples showed only one with a level above
0.1 mg/kg; this incident was traced to the use of wood shavings as bedding (Agriculture
Canada, 1989).

The amount of pentachlorophenol that enters the food chain and the long-term average
daily intake of pentachlorophenol by the general population in the USA was estimated using
six-compartment environmental partitioning models. Pentachlorophenol partitions mainly
into soil (96.5%), and food chains, especially fruits, vegetables and grains, account for 99.9%
of human exposure to pentachlorophenol. The long-term, average daily intake of penta-
chlorophenol is estimated to be 16 j.g/day (Hattemer-Frey & Travis, 1989).

1.3.4 Humans
The mean levels ofpentachlorophenol in samples collected from the general population

in Barcelona, Spain, in 1982-83 were 25 ng/ml (50 samples) in urine and 21.9 ng/ml (100
samples) in serum (Gómez-Catalán et al., 1987).

A family living in a wooden house in Germany was subjected to continuaI minor illnesses
following the application of wood protection agents. These included nearly 12 kg penta-
chlorophenol and 3 kg lindane. While the air concentrations were low, the textiles in the
house, comprising mostly clothing and bed linen, were highly contaminated, and extensive
contact with these materials resulted in high dermal absorption (Gebefügi, 1989).

1.3.5 Occupational exposure

Aerial spraying of farm crops gave rise to levels of pentachlorophenol of 0.9 mg/m3 in
the cockpit of the spray plane, 38 mg/m3 in the vicinity of the signal man and 1-4 mg/m3
outside the treated field (Demidenko, 1969).
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ln general, studies of pentachlorophenol in human tissues and body fluids are discussed
in section 4.1.1 of this monograph. Table 6 shows the concentrations of pentachlorophenol
found in workers involved in the production of pentachlorophenol and treatment of wood
with pentachlorophenoL. ln pressure treatment of wood, workers are exposed to penta-
chlorophenol when opening the door of pressure vessels. ln non-pressure treatment, there is
continuous evaporation of pentachlorophenol into the air, and consequently the residues in
the urine of these workers are higher. People using the treated timber, su ch as carpenters and
boat builders, have lower exposures.

1.4 Regulations and guidelines

ln the USSR, the maximum allowable single concentration of pentachlorophenol in the
air of communities is 0.005 mg/m3, and the median daily concentration is 0.001 mg/m3
(Izmerov, 1984).

The maximum allowable concentration of pentachlorophenol in drinking-water is 0.06
mg/l in Canada (Ritter & Wood, 1989) and 0.3 mg/l in the USSR (Izmerov, 1984). WHO
(1984) recommended a drinking-water quality guideline value of 10 Jlg/l for penta-
chlorophenol based on 10% of the acceptable daily intake of 3 Jlg/kg bw.

ln the USA, the acceptable daily intake of pentachIorophenoI from food is 3 Jlg/kg bw
per day (WHO, 1987).

National pesticide residue limits for pentachlorophenol in foods are presented in
Table 3.

Table 3. National pesticide residue limits for pentachlorophenol ¡n
foodsa

Country CommoditiesResidue limit
(mg/kg)

Australia
Austria
Belgium

Germany
Israel
N etherlands

Switzerland
USSR
Yugoslavia

O.Olb

0.05
O.05c

o (0.01)d

0.01
0.05
0.05
o (0.01)d

O.ose

Not permitted

0.01

Citrus, grapes, mushrooms, pineapples, potatoes
Foods of vegetable origin
Mushrooms
Other foodstuffs of vegetable origin
AlI foods of plant origin
Mushrooms, other foods
Mushrooms
Other crops and foods

Milk

Crops and food

tlrom Health and We!fare Canada (199)
blncluding the sodium salt

cincluding salts
liesidues shaH be absent while value in parentheses indicates highest concentration

at which requirement has been met.
e:ncludes 'TCP' as an impurity; upper limit value beyond which food is unfit for human
consumption
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Occupational exposure limits for pentachlorophenol in sorne countries and regions are
given in Thble 4. Each Iimit has a notation indicating a hazard for absorption through skin.

Table 4. Occupational exposure IImits to pentachlorophenoia

Country Year Concentration Interpretationb

Au st ria 1987 0.5 ìWA
Belgium 1987 0.5 ìWA
Denmark 1987 0.5 ìWA
Finland 1987 0.5 ìWA

1987 1.5 STEL (15 min)
Germany 1989 0.05 ìWA
Hungary 1987 0.2 ìWA

1987 0.4 STEL
Indonesia 1987 0.5 ìWA
Italy 1987 0.5 ìWA
Mexico 1987 0.5 ìWA
Netherlands 1987 0.5 ìWA
Poland 1987 0.5 ìWA
Romania 1987 0.5 ìWA

1987 1 STEL
Sweden 1987 0.5 ìWA

1987 1.5 STEL
Switzerland 1987 0.5 ìWA
Thiwan 1987 0.5 ìWA
United Kingdom 1987 0.5 ìWA

1987 1.5 STEL (10 min)
USA

ACGIH 1989 0.5 ìWA
OSHA 1989 0.5 ìWA

USSR 1987 0.1 ìWA
Venezuela 1987 0.5 ìWA

1987 1.5 Ceiling
Yugoslavia 1987 0.5 ìWA

llrom Cook (1987); American Conference of Governmental Industrial
Hygicnists (ACGIH) (1989); Deutsche Forschungsgemeinschaft (1989);
US Occupational Safcty and Heath Administration (OSHA) (1989)
lr A, time weighted average; STEL, short-term exposure limit

Sorne countries have restricted the use of pentachlorophenol. Sweden banned ail use of
pentachlorophenol in 1977, and Germany banned aIl uses in 1987. The USA cancelled its
registration for herbicidal and anti-microbial use and for the preservation of wood in contact
with food, feed, domestic animais and livestock; the sale and use of pentachlorophenol is
restricted to certified applicators. The agricultural use of pentachlorophenol has also been
suspended or restricted in other countries, including Canada and Japan. Canada and the
Netherlands have suspended its use for indoor wood treatment (WHO, 1987).
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2. Studies of Cancer in Humans

Exposure to pentachlorophenol usually occurs concomitantly with exposure to other
chlorophenols. The effects of exposure to chlorophenols as a group were evaluated in
Volume 41 of the Monographs (IARC, 1986). ln this monograph, only those studies in which
exposure to pentachlorophenol was reported specifically are reviewed.

2.1 Case reports

Bishop and Jones (1981) reported two cases ofnon-Hodgkin's lymphoma of the scalp in
a cohort of 158 workers handling pentachlorophenoL.

Greene et al. (1978) reported the occurrence ofHodgkin's disease in three siblings and a
first cousin. Two of the brothers had been employed bya fence installation company for 12
and 15 years, respectively, and had worked primarily with wood products immersed in
pentachlorophenoL. They had prepared the preservative by hand without protective clothing,
and the one sibling stil employed at the time of the study had high levels of
pentachlorophenol in his serum and urine. There were no similar exposures in the remaining
two familial cases.

2.2 Case-control studies

Risk from exposure to chlorophenols in farming was estimated in three population-
based case-control studies based on data from the New Zealand Cancer Registry (Smith et
al., 1984; Pearce et aL., 1986a, 1987). The authors reported that sodium pentachlorophenate
is used for treating sawn timber and, ta a lesser extent, fencing materials against sap stain.
Vacuum-pressure impregnation with copper chrome arsenate is the principal method for
preserving fencing timber in New Zealand, but, in the past, pentachlorophenol was also used
(on less than 1 % of posts) (Pearce et aL., 1986b). Thus, sawmill workers who reported
handling treated timber were considered potentially to have been exposed to sodium penta-
chlorophenate, whereas fencing workers were considered to be exposed predominantly to
copper chrome arsenate rather than chlorophenols.

ln the case-control study on soft-tissue sarcomas, 82 male patients registered during
1976-80 (or their next of kin) were intervewed regarding their occupational history, and the
findings were compared with those for 92 age-matched male controls with other tyes of

cancer selected from the National Cancer Registry. The response rate was 84% for cases and
83% for controls. Work in a sawmil or timber company was reported for 12 cases and Il
controls (odds ratio, 1.3;90% confidence interval (Ci), 0.6-2.9). Ofthese, three cases and five
con troIs were considered patentially ta have been exposed to chlorophenols (presumably
sodium pentachlorophenate (see above)) (odds ratio, 0.7; 90% Ci, 0.1-2.7). Work as a
fencing contractor was reported for five cases and three controls (1.9; 0.5-8.6), whereas 20
cases and 26 con troIs were farmers who had carried out fencing work (0.8; 0.4- 1.5). These
results were not affected by stratification on year of birth, year of registration or whether the
patient or next-of-kin was interviewed (Smith et al., 1984).

The second study included 183 cases of non-Hodgkin's lymphoma registered in 1977-81
and 338 cancer registry controls (other than soft-tissue sarcoma, Hodgkin's disease and
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multiple myeloma) (Pearce et aL., 1985), with response rates of85 and 81 %, respectively. AlI
analyses were adjusted for age and whether the patient or next-of-kin had been intervewed.
The odds ratio for work in a sawmill or timber company was 0.9 (24 exposed cases, 45

exposed cancer con troIs; 90% CI, 0.6-1.5), and that for potential exposure to chlorophenols
(presumably sodium pentachlorophenate (see above)) in these occupations was 1.0 (11
exposed cases, 18 exposed controls; 90% CI, 0.5-2.0). The odds ratio for fencingwork was 1.4
(68 exposed cases, 93 exposed controls; 90% CI, 1.0-2.0) (Pearce et al., 1987).

The third study involved interviews with 76 patients with multiple myeloma registered in
1977-81 (or their next-of-kin) and 315 controls with cancers other than soft-tissue sarcoma,
Hodgkin's disease and non-Hodgkin's Iymphoma, who were also included in the control
group for the study on non-Hodgkin's lymphoma ofPearce et al. (1987). Response rates were
82 and 81 %, respectively, for cases and controls. AlI analyses were adjusted for age and
whether the patient or next-of-kin had been interviewed. Work in a sawmill or timber
company was reported for 11 cases and 42 controls (odds ratio, 1.1; 95% CI, 0.5-2.3), and
potential exposure to chlorophenols (presumably sodium pentachlorophenate (see above))
was reported for five of the cases and 16 of the controls (odds ratio, 1.4; 95% CI, 0.5-3.9).
Fencing work was reported for 29 cases and 87 con troIs (1.6; 0.9-2.7) (Pearce et al., 1986a).

A population-based case-control study in central Sweden comprised 237 cases of
soft-tissue sarcoma and 237 contraIs matched for age, gender and county of residence. The
design is described in detail in the monograph on occupational exposure in spraying and
application of insecticides (p. 70). Exposure to pentachlorophenol more than five years
before the date of diagnosis for one week or more continuously or at least one month in total
was reported from interviews with patients or next-of-kin for Il cases and three con trois
(odds ratio, 3.9; 95% CI, 1.2-12.9). This analysis excluded cases and controls for whom
exposure to phenoxyacetic herbicides was reported (Eriksson et aL., 1990).

2.3 Cohort studies

A cohort study of workers in the sawmill industry in the province of Kymi in Finland
(Jappinen et aL., 1989) comprised 721 men and 502 women who had been employed for at
least one year during 1945-61. Cancer incidence during the period 1953-80 was identified
through the cancer registries of Finland, Sweden and Norway, but the incidence figures for
Kymi were used as reference. There were 90 cases of cancer in men (standardized incidence
ratio (SIR), 1.1; 95% CI, 0.87-1.3) and 55 cases in women (SIR, 1.2; 95% CI, 0.93-1.6).
Several cancer tyes occurred in excess in both men and women, including skin cancer (ICD,
173) (8 cases (SIR, 2.7; 95% CI, 1.2-5.3)), cancer of the lip, mouth and pharyx (7 cases (1.6;
0.7-3.4)) and leukaemia (7 cases (2.3; 0.9-4.8)). One case of soft-tissue sarcoma was observed
(0.6 expected). The chlorophenols used for wood treatment in this industry, however,
contained predominantly 2,3,4,6-tetrachlorophenol and only 5-9% pentachlorophenol by
weight.
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3. Studies of eancer in Experimental Animais

The Working Group was aware of a study in mice by the US National Technical
Information Servce (1968) and Innes et al. (1969) and a study in rats by Schwetz et al. (1978),
which were considered in the previous monograph (IARC, 1979). Because of deficiencies in
design, performance and/or reporting, the present Working Group did not consider these
studies informative for an evaluation.

Oral administration

Mouse: Groups of 50 male and 50 female B6C3Fi mice, nine weeks old, were fed
technical-grade pentachlorophenol (90.4% pure; t~trachlorophenol, 3.8%; nonachloro-
hydroxydiphenyl ether, 3.56%; octachlorohydroxydiphenyl ether, 1.91%; heptachloro-

hydroxydibenzofuran, 0.47%; trichlorophenol, 0.01 %) at 100 or 200 mg/kg of diet or

Dowicide EC-7 (a technical-grade formulation: 91 % pure; tetrachlorophenol, 9.4%) at 100,
200 or 600 mg/kg of diet for two years. Two groups of 35 male and 35 female mice were fed
control diets. AnimaIs were kiled at the age of 112 weeks. Survval was similar in treated and
control groups, except that the survval of low-dose females was significantly reduced after
628 days with the EC-7 formulation. A significant, dose-related increase in the incidence of
hepatocellular adenomas and carcinomas was observed in male mice treated with either
formulation of pentachlorophenol; and a significant, dose-related increase in the incidence
of hepatocellular adenomas was seen in females treated with EC-7 (Table 5). There was also
a dose-related increase in the incidence of adrenal phaeochromocyomas in male mice
exposed to either formulation and in females exposed to the high dose ofEC-7. Female mice
exposed to high doses of either formulation had a significantly higher incidence of
haemangiosarcomas of the spleen and/or liver (US National Toxicology Program, 1989).

Table 5. Study of the carcinogenicity of two grades of pentachlorophenol fed in the
diet for 103 weeks in B6C3F1 micea

Material Sex Experimental parameter/ Group
observation o 1 2 3

Statistical
conclusion
(trend testl

Technical - M
grade

F

Dose (mg/kg of diet) 0 100 200
Liver adenomas 5/32 20/47 33/48*** p 0: 0.001

Liver carcinomas 2/32 10/47 12/48
Phaeochromocomas 0/31 10/45* 23/45*** p 0: 0.001

Dose (mg/kg of diet) 0 100 200
Liver adenomas 3/33 8/49 8/50 NS
Liver carcinomas 0/33 1/49 1/50 NS
Haemangiosarcomas 0/35 3/50 6/50* p 0: 0.05

Dose (mg/kg of diet) 0 100 200 60
Liver adenomas 5/35 13/48 17/48** 32/49*** p 0: 0.001
Liver carcinomas 1/35 7/48* 7/48* 9/49*
Phaeochromocomas 0/34 4/48 21/48*** 44/49*** p 0: 0.001

EC-7 M
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Table 5 (contd)

Material Sex Experimental parameter/
observation

Group

o 1 2 3

Statistical
conclusion
(trend test)b

EC-7
(contd)

F Dose (mg/kg of diet)
Liver adenomas
Liver carcinomas
Haemangiosarcomas

o 100
1/34 3/50
0/34 1/50
0/35 1/50

200
6/49
0/49
3/50

60
30/48***
2/48
8/49*

p -: 0.001

ND
p -: 0.01

tlrom US National Toxicology Program (1989)
blncidental tumour test (adjusted for survival)

*p -: 0.05

**p -: 0.01

***p -: 0.001

NS, not signifiicant

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

The pharmacokinetics of pentachlorophenol has been reviewed (Ahlborg & Thunberg,
1980; Exon, 1984; WHO, 1987) and shows great variation between studies and across
species. Data are available for humans, monkeys, rats and, to a lesser extent, mice.

4.1.1 Humans
Dermal and pulmonary absorption of pentachlorophenol may occur during occupa-

tional exposure (Truhaut et aL., 1952; Menon, 1958; Robson et aL., 1969; Kauppinen &
Lindroos, 1985).

The half-time for absorption of orally administered sodium pentachlorophenate (0.1
mg/kg bw) to healthy volunteers was found to be 1.3 :f 0.4 h. The decrease in the plasma
concentration (maximum plasma concentration occurring 4 h after ingestion) fitted a
first-order, one-compartment model with a half-time of 30.2 :f 4.0 h. Maximal urinary
excretion occurred 40 h after ingestion, with a half-time of excretion of33.1 :f 5.4 h (Braun et
aL., 1979). These results were challenged in another study in which the blood half-tìme of
orally administered pentachlorophenol (0.98 mg 13C-Iabelled compound) to a presumably
healthy volunteer was found to be 16 :f 2.5 days. ln the same subject, the urine half-time was
18 :f 2.4 days, whereas in another subject given 18.8 mg/kg bw pentachlorophenol orally it
was 20 :f 3.4 days (Uhl et al., 1986). These authors caIculated similar figures for comparable
data obtained from the literature: a urinary half-time of 16 days could be calculated from the
urinary concentrations measured after accidental skin exposure (Bevenue et al., 1967), and
half-times for both plasma and urine of 12 days were calculated from measurements before
and after holidays in workers occupationally exposed to pentachlorophenol (Begley et al.,
1977). Finally, in a case of intentional ingestion (Haley, 1977), an elimination half-time of
about 10 days could be calculated (WHO, 1987). Uhl et al. (1986) concluded that elimination
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behaviour does not depend on the extent of the exposure. The long elimination half-time of
pentachlorophenol cannot be explained by enterohepatic circulation (biliary levels of
pentachlorophenol were in the same range as those in plasma and urine in patients with
biliary drainage) but rather by the extensive plasma protein binding of the compound
(~ 96%) and by its very effective tubular reabsorption, as shown in vivo by changing urinary
pH. From these results, it can be calculated that urinary levels in humans will reach a steady
state within approximately three months.

Data on tissue distribution in humans have been derived from examination of autopsy
samples from unexposed and poisoned subjects (WHO, 1987). Decreasing tissue concen-
trations of pentachlorophenol have been found in Iiver, kidney and brain of people with no
known exposure. Data from cases of poisoning resulting in death show large variations
among different organs.

Pentachlorophenol is metabolized in vitro by human Iiver microsomes to tetra-
chlorohydroquinone (Juhl et al., 1985), which has been found in the urine of workers exposed
to pentachlorophenol (Ahlborg et al., 1974). Pentachlorophenol glucuronide is also formed
in vitro by human liver microsomes (Lilienblum, 1985), but its concentration in urine as
compared with that of the parent compound may vary and is probably underestimated owing
to the instability of the conjugate at urinary pH.

Many data are available on blood and urinary levels of pentachlorophenol in occupa-
tionally exposed workers, nonoccupationally exposed subjects, including residents of log
homes treated with pentachlorophenol, and subjects with no known exposure; these were
summarized (WHO, 1987). Studies in which levels of pentachlorophenol were measured
both in air and in the serum, plasma or urine of exposed people are summarized in Tables 6
and 7. Studies in which levels were measured in the serum or plasma of people with no known
exposure are summarized in Table 8.

4.1.2 Experimental systems

The absorption rate constants of 14C-labelled pentachlorophenol after oral adminis-
tration to male and female rats (10 mg/kg bw) were found to be 1.95 and L52/h, respectively.
Maximal plasma concentrations were reached 4-6 h after administration (Braun et al., 1977).
The average half-times of absorption in male and female rhesus monkeys were 3.6 and 1.8 h,
respectively, with a plasma peak concentration within 12-24 h after administration (Braun &
Sauerhoff, 1976). Rapid absorption of pentachlorophenol also occurred in rats after
inhalation (Hoben et al., 1976).

Conflicting results have been reported on elimination kinetics (via urine or urine and
faeces) in mammals after administration of single oral doses of pentachlorophenol (WHO,
1987). Besides interspecies variation, there also appeared to be sex differences. Monophasic
elimination was reported in male rats after inhalation of 5.7 mg/kg bw (Hoben et al., 1976)
and in female rats after an oral dose of 100 mg/kg bw (Braun et al., 1977). Biphasic
elimination was reported in female rats after oral doses of37-41 mg/kg bw and 10 mg/kg bw
(Larsen et al., 1972; Braun et al., 1977) and in male rats after oral doses of 10 or 100 mg/kg bw
pentachlorophenol (Braun et al., 1977). The half-times for the single and the rapid phase
were between 10 and 27 h, whereas for the slow phase they were between 33 h and 102 days.



Table 6. Levels ofpentachlorophenol in the air and in the serum or plasma and urine ofindividuals exposed occupationaiiya

Exposure No. of Length of Air (¡.g/m3) Serum (mg/l) Urine (mg/l)
subjects exposure

(years) Mean Range Mean Range Mean Range

Lumber, dipping NS NS 19 3-63 NA 2.83 0.12-9.68
Lumber dipping, spraying or brushing 18 NS NA 5.14 0.43-14 1.31 0.09-3.3

6th day of vacation
20th day of vacation 18 NS NA 4.92 0.50-13 1.36 0.18-3.5
51st day of renewed work 18 NS NA 2.19 0.32-5.3 0.59 0.05-1.4

13 NS NA 2.61 0.19-8.1 0.95 0.03-3.6
Lumber, general 3 5 (2-11) 1b .c 1-15 i.1b 0.35-3 0.15b 0.044-0.47
Lumber, office 1 10 2b .c 1-3 0.65b 0.42-0.75 O.06b 0.04-0.11 ""
Lumber, pressure treatment 1 5 6b .c 1-15 2.29b 1.51-3.55 0.3üb 0.09-0.76 tT

~NS NS 14C 4-1000 NA 1.24 0.17-5.57
Aiborne and dermal 10 5-10 55.6 :l 89 0.71 :l 0.38 0.11 :l 0.02 ('Airborne 8 5-10 66.7 :l 100 0.24 :l 0.23 0.05 :l 0.02 t:

t"Lumber, spraying NS NS 6c 3-69 NA 0.98 0.13-2.58 0
Pentachlorophenol application 23 3d (0.5-12) 2.4 0.3-8 id,e 0.2-2..4 NS ::0
Pentachlorophenol processingt 18 lOd (0.2-31) 17.5 2-50 0.25d,e 0.02- 1.5 NS ""

t:Pentachlorophenol processing factoryf 18 12 (0.3-31) NS 2.2-55.5 0.25d 0.02-1.5 0.112d 0.013-1.224 tT
ZPentachlorophenol production 8 NS .c 100- ? 5() 4.73 :l 3.41 2.38:l 1.91 0

18 NS 270-4000 NA 0.72 :l 0.55 t"
Sodium pentachlorophenol production 14 NS .c 100-? 500h 2.23:l 1.51 0.84 :l 0.65

50 NS 0-50 NA 0.35 :l 0.30

aSelected from WHO (1987)
bCalculated from sampling data collected over 5 months
cAir at 'maxmum exposure' sites, next to sources, contained 26 ¡.g/m3 (lumber spraying site) and 297 ¡.g/m3 (pressure treatment site).

'Median
ePlasma

fOverlapping studies
gOf 67 samples, 18 were .c 100 and 10 ? 500 ¡.g/m3
hOf 55 samples, 7 were .c 100 and 8 ? 500 ¡.g/m 3

NA, not analysed
wNS, not specified 00
V\



w
Table 7. Levels of pentachlorophenol in the air and in the serum or plasma and urine of individu aIs exposed non-

~
occupationaiiya

Exposure No. of Length of Air (¡.g/m3) Serum (mg/l) Urine (mg/l)
subjects exposure

(years) Mean Range Mean Range Mean Range

Indoor application of pentachlorophenol 16 NS NS 1-10 NA NS 0.030-0.150
solutions

Residence in log homes treated with 5 NS 0.29b 0.20-0.38 1.126 0.580-1.750 0.084 0.047-0.216
pentachlorophenol solutions -

Indoor application of an average of 989 NS 6.1' ND-25 NA 0.044 ~
40 litres pentachlorophenol solution (~ 9 years) 4.9d 2.5-0.5 0.029d 0.013-0.071 ~

Men ~ 18 years 16 NS -: 5 NA 0.047d 0.017-0.107 ~Men ~ 18 years 39 NS -: 5 NA 0.023d 0.011-0.052 0
Women ~ 18 years 22 NS -: 5 NA 0.033d 0.016-0.06 Z
Women ~ 18 years 39 NS -: 5 NA 0.026d 0.015-0.059 00Men ~ 18 years 23 NS ? 5 NA 0.079d 0.014-0.125

~Men ~ 18 years 31 NS ? 5 NA 0.043d 0.011-0.146
Women ~ 18 years 25 NS ? 5 NA 0.059d 0.011-0.103 'i

::Women ~ 18 years 43 NS ? 5 NA 0.039d 0.021-0.125 C/
Indoor application of about 70 litres -i0pentachlorophenol solution

8Before ventilatiOn 6 6 0.60 0.14-1.20 NA 0.032 0.0007 -0.0078
After ventilation 6 - 0.08 ND-0.24 0.08oe 0.025-0.190 0.0033 0.0018-0.0080 ~

tTIndoor application of about 75 litres 2 0.5 0.15 ND-0.40 0.033e 0.031-0.034 NA Vl
pen tachlorophenol solution w

Indoor application of about 100 litres 2 1 0.67 0.44-0.95 0.565e 0.47-0.66 NA
pentachlorophenol solution-

aSelected from WHO (1987)
bSamples taken on 1st and 2nd floors of a two-storey log hou se; a sample of interior surface wood contained 1132 mg/kg pentachlorophenol
(0.11%)
C104 indoor air samples taken

iiedian (2/3 range)
ePlasma

NA, not analysed; ND, not detectable; NS, not specified
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Table 8. Levels of pentachlorophenol (PCP) in the serum or urine of individuals with no
known exposurea

Exposure No. of Serum (mg/l) Urine (mg/l)
subjects

Mean Range Mean Range

US National Human Monitoring 418 NA 0.003 ND-O. 193 Program for Pesticides
Control group for non-ocupational expo- 12 NA 0.0135 0.00-0.023
sure (indoor application of PCP solutions)
Control group for non-ocupational expo-
sure (residents of log homes treated with
PCP solutions)

January 1980 'conventional' homes 42 NS 0.00-0.068 NS 0.007-0.0 Il
March 1980 untreated log homes 2 0.051 0.034-0.075 0.0014 0.001-0.002
March 1980 'conventional' homes 11 0.048 0.015-0.055 0.025 0.001-0.007

Control group for non-occupational indoor 207 NA 0.0127 0.0038-0.0214
air levels below detection limit of 0.1 ¡ig/m 3 0.0102c
(indoor application of 40 litres PCP solution)
Control group for non-occupational expo- 99 0.129 .. 0.05- 1.10 NA
sure (indoor application of PCP solution, 0.088b
70-100 litres)
Non-specifically exposed persons 12 0.025 0.019-0.036 0.014 0.007-0.034c

30

aSelected from WHO (1987)
bMedian (2/3 range)
cAssuming a daily urine volume of 1.4 litres

NA, not analysed; ND, not detectable; NS, not specified

The half-time value for clearance of pentachlorophenol from plasma was 83.5 h for
female and 72 h for male rhesus monkeys given 10 mg/kg bw of a 14C-labelled compound
orally. The half-times for urinary excretion were 92.4 h for females and 40.8 h for males.
Slow, steady elimination of the compound in the faeces of monkeys suggests a role of
enterohepatic circulation (Braun & Sauerhoff, 1976).

Pentachlorophenol was shown to be 99% bound to plasma protein in rats (Braun et al.,
1977).

Concentrations of pentachlorophenol in tissues account for only a small fraction of the
administered dose, because it is usually rapidly excreted in urine. Total-body recovery of
radiolabel from rats nine days after a single oral dose of 10 mg/kg bw of l4C-labelled
compound was less than 0.5%, most of which was concentrated in the liver (Braun et al.,
1977). Similar results were obtained in mi ce after subcutaneous and intraperitoneal injection
of 14C-labelled compound (15-37 mg/kg bw) (Jakobson & Yllner, 1971) and in lactating dairy
cows after oral administration (Kinzell et al., 1985). The total tissue concentration of
radiolabel recovered from monkeys 360 h after administration was about Il % of a dose of
10 mg/kg bw 14C-pentachlorophenol (Braun & Sauerhoff, 1976).
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Very little pentachlorophenol crosses the placenta in rats. When 14C-pentachloro-
phenol was administered orally on day 15 of pregnancy (60 mg/kg bw), the maximal amount
of specifie radiolabel in maternaI blood was 1.1 % of the dose, while it never exceeded 0.3 %
in the placenta and 0.1 % in the fetuses (Larsen et al., 1975).

Biotransformation of pentachiorophenol in rats involves its urinary excretion as the
glucuronic acid conjugate and its hydrolytic dechlorination to tetrachlorohydroquinone,
which is excreted free or conjugated with glucuronic acid in the urine (Ahlborg et al., 1978).
Trichlorohydroquinone is also formed in rats by reductive dechlorination of tetrachloro-
hydroquinone and excreted as the glucuronate in urine (Ahlborg & Thunberg, 1978, 1980).
Pree and conjugated pentachlorophenol and free tetrachlorohydroquinone have been

identified in the urine of mice administered pentachlorophenol (Jakobson & Yllner, 1971).
ln contrast to rodents, rhesus monkeys eliminate pentachlorophenol in urine unchanged
(Braun & Sauerhoff, 1976). A number of drugs that affect liver microsomal enzyes have
also been shown to influence the biotransformation of pentachlorophenol selectively
(Ahlborg & Thunberg, 1978; Ahlborg et al., 1978; Van Ommen et al., 1986).

4.2 Toxic effects

The toxicology of pentachlorophenol has been reviewed (Ahlborg & Thunberg, 1980;
Wiliams, 1982; Exon, 1984; WHO, 1987).

4.2.1 Humans
Several cases of acute accidental, suicidaI and occupational poisoning have been

reported and reviewed (WHO, 1987). Symptoms of acute poisoning include central nervous
system disorders, dyspnoea and hyperpyrexia; the cause of death is cardiac arrest, and poison
victims usually show marked rigor mortis. Examination post mortem shows nonspecific
organ damage. One case of fatal poisoning was associated with higher pentachlorophenol
concentrations in bile and kidney (Wood et aL., 1983). The minimal Iethal dose of
pentachlorophenol in man has been estimated to be 29 mg/kg bw. Occupational exposures to
technical-grade pentachlorophenol resulted in various disorders of the skin and mucous
membranes (WHO, 1987). The incidence of chloracne was highest in people who had had
confirmed direct skin contact (O'Malley et al., 1990). Several health and biomonitoring
surveys of workers with plasma pentachlorophenol concentrations ranging from nanograms
to millgrams per litre showed sorne minor and often transitory changes in various
biochemical, haematological and electrophysiological parameters, but no clinical effect was
seen (Klemmer et al., 1980; Triebig et al., 1981; Zober et al., 1981). Anecdotal exposure to
pentachlorophenol has been associated with aplastic anaemia and/or red-cell aplasia
(Roberts, 1983).

4.2.2 Experimental systems

Data on the acute toxicity in experimental animais of pentachlorophenol given by

various routes have been summarized (WHO, 1987).
The oral LDso was 36-177 mg/kg bw in mice (Ahlborg & Larsson, 1978; Borzelleca et al.,

1985),27-175 mg/kg bw in rats (Deichmann et al., 1942; Gaines, 1969) and 168 mg/kg bw in
hamsters (Cabral et al., 1979, abstract). Cutaneous minimal lethal doses ranged from
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39-170 mg/kg bw in rabbits (Kehoe et al., i 939; Deichmann et al., 1942) to 300 mg/kg bw in
rats (Gaines, 1969). The acute toxicities of sorne known and possible metabolites of penta-
chlorophenol have also been reported (Borzelleca et al., 1985; Renner et al., 1986).

Symptoms of acute toxicity are similar to those in humans, including hyperpyrexia and
neurological and respiratory dysfunction (WHO, 1987). Furthermore, palmitoylpenta-
chlorophenol, which has been isolated from human fat (Ansari et al., 1985), causes selective
pancreatic toxicity in rats after single oral doses of 100 mg/kg bw (Ansari et al., 1987).

A number of toxic effects described in acute and short-term toxicity studies have been
attributed to impurities present in technical-grade pentachlorophenol preparations. The
toxicity of impurities became clear when comparative studies with pure and technical-grade
pentachlorophenol products were reported (Johnson et al., 1973; Goldstein et al., 1977;
Kimbrough & Linder, 1978). Rats receiving 500 ppm (mg/kg) technical-grade pentachloro-
phenol in the diet for eight months had slow growth rates, liver enlargement, porphyria and
increased activities of sorne liver microsomal enzyes (Goldstein et al., i 977); rats fed
purified pentachlorophenol at the same dose and f0r the same period of time showed only a
reduction of growth rate and increased liver glucuronyl transferase activity. Analogous
results were reported in a similar study (Kimbrough & Linder, i 978). Technical-grade

pentachlorophenol, but not the pure compound, caused a porphyria similar to that due to
hexachlorobenzene when given orally to rats for several months at increasing doses
(Wainstok de Calmanovici & San Martin de Viale, 1980).

Several toxic effects of pentachlorophenol have been explained by the uncoupling effect
of pentachlorophenol on oxidative phosphorylation (Ahlborg & Thunberg, i 980). Studies of
structure-activity relationships among a series of chlorinated phenols showed that the effect
increases with increasing chlorination of the phenol ring (Farquharson et al., i 958).
Pentachlorophenol and other chlorophenols inhibited sorne Iiver microsomal enzyes
(Arrhenius et al., 1977a,b), and pentachlorophenol strongly inhibited sulfotransferase
activity in rat and mouse liver cyosol (Boberg et al., 1983).

Reduced humoral immunity was observed in mice exposed to technical-grade
pentachlorophenol, as weIl as impairment of T-cell cytolytic activity in vitro (Kerkvliet et al.,
1982a,b). ln rats exposed to technical-grade pentachlorophenol, decreased cell-mediated
and humoral immunity was demonstrated, while phagocyosis by macrophages and numbers
ofinduced peritoneal macrophages were increased (Exon & Koller, 1983). Dioxin and furan
contaminants are thought to be the chemical species responsible for the immunotoxicity of
technical-grade pentachlorophenol (Kerkvliet et al., 1985).

43 Reproductive and developmental efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Purified and commercial grades of pentachlorophenol were administered orally to rats
at doses ranging from 5 to 50 mg/kg bw per day at various intervals during days 6-15 of
pregnancy. A dose-related increase in the incidence of resorptions, subcutaneous oedema,
dilated ureters and anomalies of the skull, ribs, vertebrae and sternebrae was observed. Early



390 !AC MONOGRAPHS VOLUME 53

organogenesis was the most sensitive period. The no-effect dose level of the commercial
grade was 5 mg/kg bw per day; purified pentachlorophenol given at the same dose level
caused a statistically significant increase in the incidence of delayed ossification of the skull
bones but had no other effect on embryonal or fetal development (Schwetz et al., 1974).
Ingestion of 3 mg/kg bw per day of a commercially available purified grade of penta-
chlorophenol had no effect on reproduction, neonatal growth, survval or development
(Schwetz et al., 1978).

ln Charles River CD rats given a single oral dose of 60 mg/kg bw pentachlorophenol
(purity, :; 99%) at various times on one of days 8-13 of gestation, the incidence of
resorptions was not significantly greater than that in con troIs. Malformations were observed
(5.8% of 51 fetuses examined after exposure on day 9 versus 0% in controls), including, for
example, exencephaly and lack of tail, but the number was considered minimal, and the
authors suggested that the effect could have been due to indirect toxic effects of the
compound on the dams. No maternaI mortality was reported (Larsen et al., 1975).

Two later studies (Exon & Koller, 1982; Welsh et al., 1987) in Sprague-Dawley rats
administered pentachlorophenol in the feed throughout mating and pregnancy confirmed
findings of embryo- and fetotoxicity and lethality, as judged by decreasedIitter size, and, at
13 mg/kg bw per day for 181 days (Welsh et al., 1987), decreased body weight and
crown-rump Iength and an increase in skeletal variations.

Pentachlorophenol was reported not to be embryolethal or teratogenic in CD rats given
75 mg/kg bw per day on days 7-18 of gestation (Courtney et al., 1976).

As reported in an abstract, fetal deaths and/or resorptions were observed in three of six
test groups of Syrian golden hamsters after oral administration of doses varyng from 1.25 to
20.0 mg/kg bw per day on days 5-10 of gestation (Hinkle, 1973). Sea urchin eggs exposed to
pentachlorophenol (0.2 mg/l medium or above) had delayed development and were
malformed (Ozretic' & Krajnovic-Ozretic, 1985).

4.4 Genetic and related efTects (see also Table 9 and Appendices 1 and 2)

The genotoxicity of pentachlorophenol has been reviewed (Seiler, 1991).

4.4.1 Humans
Sister chromatid exchange and chromosomal aberrations were analysed in peripheral

lymphocyes from 22 exposed male workers with 1-30 years of exposure at a pentachloro-
phenol plant. Exposure to pentachlorophenol and sodium pentachlorophenate was

estimated by measurements of concentrations in blood and urine. A matched control group
of 22 unexposed workers was used, although matching was not quite complete since aIl
exposed workers but only nine of the 22 controls were smokers. (The Working Group noted
that pentachlorophenol was not measured in controls.) A total of 300 first-division meta-
phases were evaluated from each exposed and 500 from each unexposed person. Significant
increases in the frequencies of dicentric chromosomes and of acentric fragments were
observed in exposed versus control men, and the increases were not influenced by smoking
habits. When smoking was controlled for, there was no effect of exposure to pentachloro-
phenol or its sodium salt upon the frequency of sister chromatid exchange (Bauchinger et al.,
1982).
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ln a study of 20 workers, with exposures to pentachlorophenol ranging from three to 34
years, divided into two groups according to their main occupation, exposure was estimated by
measurement of the serum concentration of pentachlorophenoL. No difference in the
frequency of chromosomal aberration or of sister chromatid exchange was detected in
peripheral lymphocyes from the two groups (Ziemsen et al., 1987). (The Working Group
noted that no unexposed control was used and that the time of culturing for metaphase
analysis was not given). Biological monitoring data showed exposure to be much lower than
in the study of Bauchinger et al. (1982).

4.4.2 Experimental systems

ln bacteria, pentachlorophenol gave equivocal results in tests for DNA damage and
mostly negative results for induction of gene mutation. It was inactive in a host-mediated
assay In mice with bacteria as the indicator organism. ln yeast, pentachlorophenol induced
gene mutation and mitotic gene conversion, but not mitotic recombination. It did not induce
aneuploidy or, in the form of the sodium salt, recessive lethal mutation in Drosophila
melanogaster. Pentachlorophenol did not induce gene mutation at the hprt locus in Chinese
hamster V79 cells. It marginally increased the frequency of sister chromatid exchange in
Chinese hamster CHO cells in vitro but not in human peripheral lymphocyes in vitro.
Pentachlorophenol induced chromosomal aberrations in cultured Chinese hamster CHû
cells but not in cultured human peripheral lymphocyes.

Pentachlorophenol exhibited a weak, but apparently dose-dependent effect in the
mouse coat col our spot test for somatic gene mutation. It was reported in one study that high
doses of pentachlorophenol did not induce sperm abnormality in mice. (The Working Group
noted that no positive control was used.)

s. Summary of Data Reported and Evaluation

5.1 Exposure data

Since its introduction in the 1930s, pentachlorophenol has been used in large quantities,
mainly as a wood preservative. It has also found minor use as a herbicide, defoliant,
bactericide and molluscicide. ln recent years, its use in agriculture has been restricted in
many countries.

Pentachlorophenol is usually formulated and applied to wood with a hydrocarbon
diluant. Technical-grade pentachlorophenol has been shown to contain a large number of
impurities, including tetrachlorophenols and, to a much lesser extent, polychloro-
dibenzodioxins, polychlorodibenzofurans, polychlorodiphenyl ethers, polychlorophenoxy
phenols and chlorinated hydrocarbons.

Pentachlorophenol has been detected in fruits, vegetables, meats, water and soils. It has
been detected in the urine of the general population in several countries and at higher levels
in the urine of workers in wood treatment plants.

Exposure to pentachlorophenol can occur during its production and use; from contact
with pentachlorophenol-treated wood; at lower levels, from consumptÎon of foods and water
containing residues; and as a result of its ubiquitous presence as an environmental
contaminant.



Table 9. Genetic and related effects of pentachlorophenol

W\0N

Test system Resulta Doseb Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

PRB, prophage induction (+ ) (+ ) 12.~~ DeMarini et al. (199)
PRB, PM2 phage, DNA strand breaks - 0 266.~~ Witte et al. (1985)
BSD, Bacillus subtilis rec strain, differential toxicity (spot test) + 0 5.~~ Shirasu et al. (1976) -
BSD, Bacillus subtilis rec strain, differential toxicity - - 2.200 Matsui et al. (1989)

~SAO, Salmonella typhimurium TA100, reverse mutation - - 5.~~ Nishimura et al. (1982)
SAO, Salmonella typhimurium TA100, reverse mutation - - 5.~~ Nishimura & Oshima (1983) ~
SAO, Salmonella typhimurium TA100, reverse mutation - 15.~~ US National Toxicology Program 0-

Z
(1989) 0

SAS, Salmonella typhimurium TA1535, reverse mutation - - 15.~~ US National Toxicology Program 0
(1989)

~SA7, Salmonella typhimurium TA1537, reverse mutation - - 15.~~ US National Toxicology Program
(1989) ::

SA9, Salmonella typhimurium TA98, reverse mutation + 5.~~ Nishimura et al. (1982) cr-
SA9, Salmonella typhimurium TA98, reverse mutation - + 5.~~ Nishimura & Oshima (1983) ~0SA9, Salmonella typhimurium TA98, reverse mutation - - 15.~~ US National Toxicology Program ~

(1989) C
SCG, Saccharomyces cerevisiae, mitotic gene conversion + 0 50.~~ Fahrig (1974) ~

tISCG, Saccharomyces cerevisiae MP1, mitotic gene conversion + 0 400.~~ Fahrig et al. (1978) VISCH, Saccharomyces cerevisiae MP1, mitotic crossing-over 0 400.~~ Fahrig et al. (1978) w-
SCF, Saccharomyces cerevisiae MP1, gene mutation + 0 40.~~ Fahrig et al. (1978)
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation - 0 186. ~~ Vogel & Chandler (1974)
DMN, Drosophila melanogaster, chromosomal loss - 0 400.~~ Ramel & Magnusson (1979)
DIA, DNA damage, Chinese hamster ovary cells in vitro - 0 10.~~ Ehrlich (199)
G9H, Gene mutation, Chinese hamster lung V79 cells in vitro, hprt locus - 0 15.~~ Hattula & Knuutinen (1985)
G9H, Gene mutation, Chinese hamster lung V79 ceUs in vitro, hprt locus - 0 50.~~ Jansson & Jansson (1986)
SiC, Sister chromatid exchange, Chinese hamster CHO ceUs in vitro (+ ) - 3.~~ Gallowayet al. (1987)
CIC, Chromosomal aberrations, Chinese hamster CHO cells in vitro - (+ ) 100.~~ GaUowayet al. (1987)
CIC, Chromosomal aberrations, Chinese hamster CHO cells in vitro + + 240.~~ Ishidate (1988)
SHL, Sister chromatid exchange, human lymphocytes in vitro - 0 90.~~ Ziemsen et al. (1987)



Table 9 (contd)

Test system Resulta ReferenceDoseb

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

CHL, Chromosomal aberrations, human lymphoctes in vitro
HMM, Host-mediated assay, Salmonella typhimurium G46, NMRI mouse -
HMM, Host-mediated assay, Serratia marcescens 21a, NMRI mouse
MST, Spot test, C57Bl/6JHanxT mouse (+)
SPM, Sperm morphology, (C57Bl/6XC3H)F1 mouse
SLH, Sister chromatid exchange, human lymphoctes in vivo
CLH, Chromosomal aberrations, human lymphoctes in vivo +

o

o

o

o

o

o

o

90.~~
75.~~
75.~~
50.~~
50.~~ x 5 i.p.
4.7300
4.7300

Ziemsen et al. (1987)
Buselmaier et al. (1972)
Buselmaier et al. (1972)
Fahrig et al. (1978)
Osterloh et al. (1983)
Bauchinger et al. (1982)
Bauchinger et al. (1982)

a +, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconc1usive (variable response in several experiments within an adequate study)
bln-vitro tests, ¡ig/ml; in-vivo tests, mg/kg bw
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5.2 Carcinogenicity in humans

Two population-based case-control studies of soft-tissue sarcoma and non-Hodgkin's
lymphoma in New Zealand found no increased risk associated with potential exposure to
sodium pentachlorophenate through work in a sawmil or timber company. A similar study of
multiple myeloma showed a slightly increased risk. A Swedish population-based case-control
study found an increased rIsk for soft-tissue sarcoma associated with self-reported exposure
to pentachlorophenol.

Excess incidences of cancers of the skin and of the lip, mouth and pharyx and of
leukaemia were found in a cohort study of sawmill workers in Finland. Pentachlorophenoi
constituted only a minor proportion of the chlorophenols to which the workers were exposed.

5.3 Carcinogenicity in experimental animaIs

Two different pentachlorophenol formulations were tested for carcinogenicity by oral
administration in two separa te experiments in mice. A dose-related increase in the incidence
of hepatocellular adenomas and carcinomas was observed in males exposed to either
formulation and of hepatocellular adenomas in females exposed to one of the formulations.
A dose-related increasein the incidence of adrenal phaeochromocyomas was observed in
male mIce exposed to either formulation, and an increase was also seen in females exposed to
one of the formulations at the highest dose. A dose-related increase in the incidence of
malignant vascular tumours of the liver and spleen was seen in female mice exposed to either
formulation.

5.4 Other relevant data
Pentachlorophenol was embryotoxic and embryolethal and caused a slight increase in

the number of malformations in rats.
Significant increases in the incidence of dicentric chromosomes and acentric fragments

were detected in the peripheral lymphocyes of workers exposed occupationally to penta-
chlorophenol in one study, but no increase in the frequency of sister chromatid exchange was
observed.

Pentachlorophenol gave negative results in most tests for genetic and related effects. It
gave weakly positive results for somatic gene mutation in a mouse spot test. It induced
chromosomal aberrationsin cultured rodent cells but not in human cells and caused gene
conversion in yeast.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of pentachlorophenol.
There is suffdent evidence in experimental animaIs for the carcinogenicity of penta-

chlorophenoL.

Overall evaluation
Pentachlorophenol is possibly cardnogenic to humans (Group 2B).

1For definition of the italicized terms, see Preamble, pp. 26-28.
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This substance was considered by a previous Working Group, in 1976 (IARC, 1976a).
Since that time, new data have become available, and these have been incorporated into the
monograph and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 137-26-8
Replaced CAS Reg. Nos: 12680-07-8; 12680-62-5; 39456-80-9; 66173-72-6; 93196-73-7
Chem. Abstr. Name: Tetramethylthioperoxydicarbonic diamide
IUPAC Systematic Name: Tetramethylthiuram disulphide
Synonyms: Bis( dimethyl thiocarbamoyl )disulfide; bise dimethyl thiocarbamyl)disulfide;
tetramethylthioperoxydicarbonic diamide; tetramethylthiuram bisulfide; N,N,N',N'-
tetramethylthiuram disulfide; thiuram disulfide, tetramethyl-; thiuram TMTD;
thiuramyl; TMT; TMTD; TMTDSS sIl Il

(CH3)2N-C- S - s- C- N(CH3)2
C6Hi2N2S4 MoL. wt: 240.4

1.1.2 Chemical and physical properties

(a) Description: White or yellow monoclinic crystals (Weast, 1989)

(b) Boiling-point: 129°C at 20 mm Hg (2.7 kPa) (Weast, 1989)
(c) Melting-point: 155.6°C (Weast, 1989)

(d) Spectroscopy data: Infrared (prism (10588); grating (21299)), nucIear magnetic
resonance (proton (6403)), ultraviolet and mass spectral data have been reported
(Benson & Damico, 1968; Brinkhoff & Grotens, 1971; Gore et al., 1971; US
Environmental Protection Agency, 1975; Sadtler Research Laboratories, 1980).

(e) Solubility: Insoluble in water; soluble in chloroform (230 g/l), ethanol and diethyl
ether ( .c 2 %), acetone (80 g/I), benzene (2.5 %); slightly soluble in carbon disulfide
(Meister, 1990; Budavari, 1989; Royal Society of Chemistry, 1989)

(j Vapour pressure: Negligible at room temperature (Royal Society of Chemistry, 1989)

(g) Stability: Decomposes in acidic media (Royal Society of Chemistry, 1989); some
deterioration on prolonged exposure to heat, air or moisture (Worthing & Walker,
1987)

- 403 -
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(h) Conversion factor for airbome concentrations1: mg/m3 = 9.83 x ppm

1.1.3 Trade names, technical products and impurities

Sorne common trade names are: Aapirol; Aatiram; Accel TMT; Accelerant T;
Accelerator Thiuram; Accelerator T; Aceto TETD; Aules; Apirol; Arasan; Atiram; Basultra;
Betoxin; Delsan; Ekagom TB; Falitiram; Ferna-Col; Fernasan; Fernide; Formalsol; Hermal;
Hermat TMT; Heryl; Hexathir; Kregasan; Mercuram; Methyl Thiram; Methyl Tuads;
Metiurac; Nobecutan; Nocceler TT; Normersan; Panoram 75; Pol-Thiuram; Polyram ultra;
Pomarsol; Pomasol; Puralin; Radothiram; Radotiram; Rezifilm; Rhenogran TMTD;
Rhodiauram; Robac TMT; Royal TMTD; Sadoplon; Sadoplon 75; Soxinol TI; Spotrete; SQ
1489; Tersan; Tetrasipton; Thillate; Thiosan; Thioscabin; Thiotox; Thirasan; Thiride; Thiulin;
Thiurad; Thiuram; Thylate; Tigam; Tiradin; Tiuramyl; Trametan; Tridipam; Tripomol; Tuads;
TUEX; Tulisan; Tutan; Tyradin; VUAgT-I-4; Vucafor; VulCacit thiuram; Vulkacit Th;
Zaprawa Nasienna T; Zupa S 80

ln the USA, thiram is formulated as dusts, wettable powder and flowable suspensions.
The usual carriers are marl, talc (see lARe, 1987a), clays, petroleum oils, graphite,
vermiculite, mineraI oil (see IARC, 1987b), charcoal and water (US Environmental
Protection Agency, 1984). Formulated thiram products registered in European countries
include dustable powders, dry seed treatments, flowable concentra tes for seed treatment,
liquids, liquid seed treatments, pastes, powders, suspension concentrates, water-dispersible
granules, wettable powders and slurries for seed treatment (Royal Society of Chemistry,
1986).

Thiram can be combined in formulations with most fungicides and insecticides. ln the
USA, su ch products include thiram with phenyImercury-dimethyldithiocarbamate,

malachite green, thiophanate, zineb (see IARC, 1976b, 1987c), molybdenum, vinclozolin
and carboxin (Anon., 1989; Meister, 1990). Formulated thiram products registered in
European countries include in addition, combinations with trichloronat, ziram (see
monograph, p. 423), cycloheximide, benomyl, permethrin, fonofos, carbendazim, rotenone,
thiophanate methyl, bendiocarb, thiabendazole, lindane (see lARe, 1987d), 4-indol-3-yl
butyic acid, methyl 2-(1-naphthyl)acetate, 2-(1-naphthyl)acetamide and dicloran (Royal

Society of Chemistry, 1986; Worthing & Walker, 1987).
ln the USSR, technical-grade thiram contains 95-98% thiram. Thiram is formulated as a

dust and as an aqueous suspension (Izmerov, 1982).

1.1.4 Analysis

Selected methods for the analysis of thiram in various matrices are given in Table 1.

'Calculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPa))
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Table 1. Methods for the analysis of thiram

405

Sample matri Sam pIe preparation Assay Limit of Reference
procedurea detection

HPLC/UV O.0ü5 mg ElIer
per sample (1984)

Speetrophoto- 0.5 mg/m3 Taylor
met rie (1977)
Speetrophoto- Not Williams
met rie report cd (1984a)
Spectrophoto- Not Sastry et
met rie reported aL. (1988)

Air Collect on filter; extraet with acetonitrile

Fruits and
vcgctables
Specified crop
samples and
water

Formulations
(technical,
dusts, dispers-
ible powders)

Coll cet on filter; extraet with chloroform;
measure absorbance at 440 nm

Extract with chloroform; treat with copper
iodide; measurc absorbance at 440 nm
Extract with chloroform; evaporate,
dissolve in methanol; add to a mixture of
mcthanolic 0.2% haematoxylin, aqucous
0.4% chloramine-T and phosphate buffer
solution at pH 7.0; heat; dilute with water;
read absorbance at 555 nm

Decompose by boiling with acetic aeid and
zinc acetate; pass through cadmium sulfate
scrubber into absorption system containing
methanol/potassium hydroxide; titrate with
aqueous iodine

Colorimetrie Not
reported

Willams
(1984b)

aAbbreviation: HPLC/UV, high-pcrformance liquid chromatography/ultraviolet deteetion

1.2 Production and use

1.2.1 Production

Thiram was first produced commercially in the USA in 1925 (US Tariff Commission,
1926). It is produced by passing chlorine gas through a solution of sodium dimethyldithio-
carbamate (Wenyon, 1972), by the oxidation of sodium dimethyldithiocarbamate with
hydrogen peroxide (see IARC, 1985, 1987e) or iodine (Spencer, 1973), from iron oxide (see
IARC, 1987f), hydrogen peroxide, sodium hydroxide, dimethylamine and carbon disulfide
(Japanese Ministry of Agriculture and Forestry, 1975) or by continuous mixing of
cyanochloride and aqueous solution of sodium dimethyldithiocarbamate at pH 7.9 (Izmerov,
1982).

US production was 2000 tonnes in 1960 (US Tariff Commission, 1961) and 7900 tonnes
in 1973 (US International Trade Commission, 1975a). ln 1974, four US companies reported
total production of 5800 tonnes (US International Trade Commission, 1975b). ln 1981, an
estimated 1360 tonnes of thiram were produced in the USA (Vlier, 1982). Thiram is
produced currentJy in Belgium, the Netherlands, Spain and the USA (Meister, 1990). One
company in India produced 300 tonnes of thiram for pesticide use in 1989 (Indian Ministiy of
Petroleum and Chemicals, 1990). ln Japan, commercial production of thiram began in 1953;
in 1970, four companies reported production of 140 tonnes and in 1974, 240 tonnes
(Japanese Ministry of Agriculture and Forestry, 1975).

1.2.2 Use

The major use of thiram is in rubber processing as an accelerator and vulcanizing agent
(see lARe, 1982). It is also used as a seed treatment to protect against fungal diseases and by
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foliar application for control of diseases on fruit and vegetable crops and on lawns and turf
(Izmerov, 1982; Vlier, 1982). ln the USA, it was estimated that the following amounts of
thiram (active ingredient) were used in 1981 for seed treatment: sm aIl grains (wheat, oats,
barley and rye), 220 tonnes; soya beans, 60 tonnes; maize, 23 tonnes; cotton, 23 tonnes; sweet
maize, 7 tonnes; beans, 5 tonnes; sorghum, 5 tonnes; and peanuts, 2 tonnes. About 55 tonnes
were estimated to have been used for foliar treatment of apples, 170 tonnes for treatment of
golf courses and 55 tonnes for treatment of sod (Vlier, 1982). Thiram has also been used for
mould control in textiles and polyurethane (US Environmental Protection Agency, 1984), for
slime control in the manufacture of paper and as a bacteriostat in soap (IARC, 1976).

1.3 Occurrence

Thiram can be round in the environment as a degradation product of ferbam (Lowen,
1961) and ziram (see monograph, p. 423).

The dermal and respira tory exposure of personnel operating commercial seed treating
equipment was examined in eight industrial plants in the USA, where a Ijquid formulation of
thiram and carboxin was applied to small grain cereals. It was estimated that there was no
dermal exposure via the chest or arms, but hands were exposed to levels ranging from not
detectable (.. 0.5 mg/h) at four plants to a maximum of 3.7 mg/h at the remaining plants.
One case of respiratory exposure at 0.75 mg/h was reported (Grey et aL., 1983).

Thiram has been found as a dust in the work room air of formulating plants in Italy.
Levels of thiram in the air were 0.06 mg/m3 in the packing room and 0.04 mg/m3 in the mixing
room (Maini & Boni, 1986).

1.4 Regulations and guidelines

The FAO/WHO Joint Meeting on Pesticide Residues evaluated thiram at its meetings in
1965, 1967, 1970, 1974, 1977, 1980, 1983, 1984, 1985, 1987, 1988 and 1989 (FAO/WHO,
1965, 1968, 1971, 1975, 1978, 1981, 1984, 1985, 1986, 1988a,b, 1989). A temporary
acceptable daily intake for man of 0.005 mg/kg bw was valid until 1985, when it was
withdrawn (FAO/WHO, 1986).

ln the USSR, the maximum allowable concentration in drinking-water is 1 mg/mL.
Thiram is permitted for use only for seed disinfection (Izmerov, 1982).

National and regional pesticide residue limits for thiram in foods are presented in
Table 2.

Occupational exposurè limits for thiram in air are given in Table 3. The limit in the USA
is proposed to be revised to 1 mg/m3 (American Conference of Governmental Industrial
Hygienists, 1989; US Occupational Safety and Health Administration, 1989).

2. Studies of Cancer in Humans

ln a group of 223 workers (42 men and 181 women) in the USSR, mostly aged between
20-50 years, who had been engaged in the manufacture of thiram for more than three years,
one case of a malignant lesion of the thyroid was reported among 105 workers examined
(Cherpak et al., 1971; Kaskevich & Bezugly, 1973).
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Table 2. National and regional pesticide residue limits for thiram in foodsa

Country or Residue limit
region (mg/kg)

Argentina Sb

3b

2b

LOb

O.Sb

O.lb

Australia 7

Austria 2Sb,c

2c

O.OSb,c

Belgium 2c
O.sc
O.ic
o (O.02y,d

B razil 7

1.0

O.S

Canada 7
1.0

N egligible

Chile Sb,c

3b,c

1.0b,c

O.Sb,c

O.2b,c

O.lb,c

European 3.Se
Community 3.0e

Finland LOb

O.Sb

O.lb

Commodities

Grapes
Brocoli, Brussels' sprouts, cabbage, caulifower, celery, Damson plums,
eggplants, escarole, lettuce, peaches, peppers, spinach, sweet maize,
tomatoes
Apples, pears
Cherries, cucumbers, marrows, melons, plums, watermelons
Beans (with pods), chick peas, !entils, on ions, peas, sugarbeets (root), table
beets (root)
Carrots, potatoes, sweet potatoes, turnips
Fruits, vegetables
Hops
Fruit, vegetables
Other
Fruit, other vegetables
Bulb vegetables, grains
Potatoes
Other foodstuffs of vegetable origin
Peas, string beans
Bananas (peeied)
Garlic, onions, tobacco
Apples, ce!ery, peaches, strawberries, tomatoes
Bananas (edible pulp)
Barley, maize, flax, oats, plums, saffower (oil), wheat
Grapes
Apples, peaches, pears, tomatoes
Cherries, lettuce, plums
Carrots
Wheat
Potatoes
Lettuce, strawberries

Other products

Other (except cereal grains)
Carrots
Bananas, potatoes
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Country or
region

CommoditiesResidue limit
(mg/kg)

Germany

Greece

Ireland

Israel

Italy

Japan

Kenya

Mexico

Netherlands

New Zealand

Singapore

South Africa
Spain

2Sb

2b

LOb

O.2b

3.4
3.0

4

3

Sb,c

3b,c
LOb,c

O.Sb,c

0.2b,c
O.lb,c

3.8
3.0
2.0
1.0

O.S

7
1.0

O.S

7
O.S

4C

3c
2c

LOC

O.sc
O.2c

o (O.2ý

7C

3

3b

4g

3g
O.2g

Hops
Fruit, oilseed, raw coffee, spices, tea, tea-like products, vegetables
(except cucumbers and tomatoes)
Cucumbers, tomatoes
Other vegetable foostuffs

Grapes, strawberries
Other fruit and vegetables
Grapes, strawberres
Other food products

Celery, currants (black, red), grapes
. Apples, peaches, pears, strawberres, tomatoes
Bananas (whole), cherries, plums
Endive, lettuce, melons
Beans (in pods), carrots, cucumber
Wheat, banana pulp, potatoes
Grapes, strawberries
Other fruits, vegetables
Potatoes, tobacco
Apples
Peaches, pears, persimmons
Apples, celery, peaches, strawberries, tomatoes
Bananas (edible pulp)
Onions (dry bulb)
Apples, celery, peaches, strawberries, tomatoes
Onions
Lettuce
Berries, small fruit
Other fruit, other vegetables
Cucumber, melon
Bulb vegetables, cereals
Potatoes, pulses
Other
Fruit, vegetables
Fruit, grain, vegetables
Apples, apricots, peachcs, pears, plums
Grapes, hops, strawbcrries
Other fruits and vegetables (except potatoes)
Potatoes and other plant products
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CommoditiesCountry or

region
Residue limit
(mg/kg)

Sweden

Switzerland

USA

USSR
Yugoslavia

i.oh
O.Sh

0.1 h,i

s(),c
2b,c

O.Sb,c

O.lb,c
O.OSb,c

7j

0.9
Not permitted
2c
O.Osc

Fruit and vegetables
Carrots
Potatoes
Tobacc
Fruit, lettuce, vegetables (except potatoes)
Bananas (pulp)
Cereals
Potatoes
Apples, bananas (not more than 1 ppm in pulp after peel is removed),
celery, peaches, strawberries, tomatoes
Onions (dry bulb)

Fruit, tobacco, vegetables
Other food commodities

llrom Health and Welfare Canada (1990)
bCalculatcd as carbon disulfidc
cAs dithiocarbama tes

dJlie figure in parentheses is the lower limit for determining residues in the corresponding product according
to the standard method of analysis.
ETese values should be reviewed (Commission of the European Communities, 1990)
fResidues shaH be absent; the value in parentheses is the highest concentration at which this requirement is

stil deemed to have been met.
~um of dithiocarbamates expressed as carbon disulfide
hSum of dimethyl-, ethylenebis-, and propylenebis-dithiocarbamates expressed as carbon disulfide

¡At the limit of detection
.irom US Environmental Protection Agency (1989)

Table 3. Occupational exposure limits for thirama

Country Year Concentration Interpretationb
(mg/m3)

Austria 1987 S 1WA
Belgium 1987 S 1WA
Dcnmark 1987 2 1WA
Finland 1987 S, skin notation 1WA

10, skin notatin STEL
Germany 1989 Sc 1WA
Indonesia 1987 S 1WA
Italy 1987 S 1WA
Mexico 1987 S 1WA
Netherlands 1987 S 1WA
Poland 1987 O.S 1WA
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Table 3 (contd)

Country Year Concentration Interpretationb
(mg/m3)

Romania 1987 2 1WA
5 MAC

Switzerland 1987 5 1WA
United Kingdom 1987 5 1WA

10 STEL (10 min)
USSR 1982 0.5 MAC
Venezuela 1987 5 1WA

10 Ceiling
Yugoslavia 1987 5 1WA

aprom Izmerov (1982); Cook (1987); Deutsche Forschungsgemeinschaft (1989)
tr A time-weighted average; STEL, short-term exposure limit; MAC, maxi-

mum allowable concentration
cCalculated as total dust

3. Studies of eancer in Experimental Animais

Several studies on the carcinogenicity of thiram were summarized in a previous
monograph (IARC, 1976), but, because of deficiencies in various aspects of study design,
performance and/or reporting, the present Working Group did not consider them further.
The studies in question are those of the US National Technical Information Servce (1968),
Innes et al. (1969) and Chernov et al. (1972).

3.1 Oral administration

Rat: Groups of 50 male and 50 female SPF Fischer 344 rats, eight weeks old, were fed
thiram (purity, 99.8%) at 0, 0.05 or 0.1 % (the maximum tolerated dose was estimated to be
:: 0.06%) in the diet for 104 weeks and basal di et for an additional eight weeks, at which time
ail survvors were kiled. There was no significant difference in survval between treated and
control animaIs. The incidences of leukaemia were decreased: males-10/50 control, 4/49
low-dose and 2/50 high-dose (p -( 0.05); females-14/49 control, 6/50 low-dose (p .: 0.05)

and 2/50 high-dose (p -( 0.01). The incidence of pituitary chromophobe adenomas in
females was significantly lower in both treated groups: control, 22/49; low-dose, 11/50
(p -( 0.05) and high-dose, 10/50 (p -( 0.01); and that of C-cell adenomas of the thyroid was
significantly lower (p -( 0.01) in high-dose females (0/50 versus 7/49 controls). There was no
statistically significant difference in the incidence of tumours at other sites (Takahashi et al.,
1983; Hasegawa et al., 1988).

Groups of 24 male and 24 female Fischer 344 rats, 7-8 weeks old, were fed 0 or
500 mg/kg (750 mg/kg for the first three weeks) of diet thiram (purity unspecified) for 104
weeks. The experiment was terminated at week 130. Average time to death was 122-127

weeks in the treated animaIs and 107-122 weeks in the controls. There was a significant
decrease in the incidence of monocyic leukaemia -in treated rats (treated females, 1/24;
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control females, 11/24 (p .: 0.001); treated males, 4/24; control males, 12/24 (p .: 0.02)).
The concentration used was considered by the author to be a maximum tolerated dose, since,
in a prelimary experiment, 1000 mg/kg of diet were not acceptable to the animais and
750 mg/kg of diet were poorly consumed in this experiment (Lijinsky, 1984). (The Working
Group noted the small number of animais used.)

3.2 Combination with nitrite

Rat: Groups of 24 male and 24 female Fischer 344 rats, 7-8 weeks of age, were fed 0 or
500 mg/kg (750 mg/kg for the first three weeks) of diet thiram alone or in combination with
2000 mg/kg of diet sodium nitrite for 104 weeks in order to assess the possibility offormation
of carcinogenic N-nitroso compounds (N-nitrosodimethylamine) in vivo. Of the rats

receiving the combined treatment, 18/24 males and 15/24 females developed tumours of the
nasal cavity (adenocarcinoma, adenoma, olfactory carcinoma, squamous-cell carcinoma).
No nasal cavity tumour was found in untreated rats or in rats receiving thiram or sodium
nitrite alone. Five male and five female rats receiving combined treatment developed
squamous-cell papillomas of the forestomach; 2/24 males and 1/24 females receiving sodium
nitrite alone, but none of the untreated or thiram-treated rats, developed forestomach
papillomas (Lijinsky, 1984). (The Working Group noted that this study was not directly
relevant to an evaluation of the carcinogenicity of thiram.)

4. Other Relevant Data

The toxicology of dithiocarbamates has been reviewed (WHO, 1988).

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

Administration of thiram with nitrite to guinea-pigs by gavage resulted in the formation
of N-nitrosodimethylamine (Sen et al., 1974). Similarly, thiram reacted with nitrite in vitro at
acid pH to form N-nitrosodimethylamine (Elespuru & Lijinsky, 1973; Sen et al., 1974).

ln rats administered thiram intraperitoneally, carbon disulfide was found in expired air
in a dose-dependent fashion (Dalvi & Deoras, 1986).

4.2 Toxic etTects

4.2.1 Humans
ln a group of 223 workers (42 men and 181 women) in the USSR, mostly aged between

20 and 50 years, engaged in the manufacture of thiram generally for more than three years,
various clinical and pathological manifestations, including ocular irritation, coughing,
thoracic pain, tachycardia, epistaxis, dermal lesions, myocardiodystrophia, clinical and
subclinical liver dysfunction and asthaenia, were reported, often in excess of those seen in a
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group of 193 persons not in contact with thiram. Thyroid gland disorders were more common
in the exposed group (7.6% versus 1.04%); one case of a malignant lesion of the thyroid and
seven of enlarged thyroid gland were reported among 105 workers examined (Cherpak et al.,
1971; Kaskevich & BezugIy, 1973).

Contact dermatitis has been reported after exposure to thiram (Penneys et al., 1976;
Rudzki & N apiórkowska, 1980; Kruis-de Vries et al., 1987).

4.2.2 Experimental systems

Oral LDso values for thiram in mice of 1500-2000 mg/kg bw (Kirchheim, 1951), 2300
mg/kg bw (Matthiaschk, 1973) and 3300-4500 mg/kg bw (Lee et al., 1978), in rats of 865
mg/kg bw (Lehman, 1951), 375-1000 mg/kg bw (Ben-Dyke et al., 1970) and 1400-5400
mg/kg bw (Lee et al., 1978) and in rabbits of210 mg/kg bw (Worthing & Walker, 1987) have
been reported. The dermal LDso in rats is more than 2000 mg/kg bw (Ben-Dyke et al., 1970).

Intraperitoneal administration of 120 mg/kg bw thiram to rats caused an increase in
plasma transaminase activity 24 h after treatment, which was associated with a reduction in
hepatic microsomal benzphetamine N-demethylase and cyochrome P450 activities (Dalvi
et al., 1984). Different results were reported in another study, which showed impairment of
microsomal aniline hydroxylase and carboxylesterase activities 24 h after oral administration
of thiram (1 g/kg) to rats, whereas cyochrome P450 and ethylmorphine iV-demethylase
activities were unchanged (Zemaitis & Greene, 1979). Epoxide hydrolase activity was
enhanced in rat liver after exposure to thiram (1 mmol/kg bw (240 mg/kg bw)) by gavage;
glutathione S-transferase activity was slightly enhanced by doses of up to 4 mmol/kg
(960 mg/kg bw) (Schreiner & Freundt, 1985).

Like most dithiocarbamates, thiram induced the accumulation of acetaldehyde in the
b.lood of rats administered ethanol (see WHO, 1988).

Chronic feeding of rats with thiram (about 60 mg/kg bw per day) caused neurotoxicity,
with onset of ataxia in sorne animais, 5-19 months from the beginning of exposure.
Morphological examination showed chromatolysis of motor neurones. Some behavioural
changes, not related to morphological changes, were also observed (Lee & Peters, 1976).

Thiram was given in the diet at 1000 mg/kg for six weeks, two weeks after a single
intraperitoneal dose of N-nitrosodiethylamine (200 mg/kg bw) to male Fischer rats that were
also subjected to a two-thirds hepatectomy three weeks after the start of the study. A
marginal increase in the number and area of glutathione S-transferase-positive liver foci was
seen at eight weeks compared to rats treated with the nitrosamine and partial hepatectomy
alone (Ho et al., 1988).

4.3 Reproductive and developmental efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Pregnant NMRI mice given daily oral doses of thiram at 10-30 mg/animal on days 5-15
or 6-17 of gestation had increased resorptions during the intermediate and late stages of
organogenesis. Fetal malformations were characterized by cleft palate, micrognathia, wavy
ribs and distorted bones (Roll, 1971; Matthiaschk, 1973).
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DaiIy administration of 132 mg/kg bw thiram in the feed for 13 weeks decreased fertility
in male Charles River CD rats; daily administration of 96 mg/kg bw to female rats for 14 days
prolonged the dioestrous phase of the oestrus cycle. These effects were accompanied by loss
of body weight. Daily administration of 136-200 mg/kg bw thiram to rats by gavage during
the organogenetic period (gestation days 6-15) increased the mortality rate of conceptuses;
the weight of survving embryos was decreased at doses as low as 40 mg/kg bw per day. ln
Swiss-Webster mice, no significant developmental effect was observed with doses of up to
300 mg/kg bw per day given by gavage on days 6-14 of gestation. A number of female rats
died during the experiment. Administration to dams of 0.1 % in feed during pre- and
postnatal periods reduced the growth and survval of pups (Short et al., 1976).

ln Syrian hamsters, administration of thiram at doses of 250 mg/kg bw and higher on day
7 or 8 of gestation resulted in an increased rate of resorptions, decreased fetal weight and an
increased number of terata (Robens, 1969).

Administration of250 ppm (mg/kg) and above of thiram in the diet to laying hens for one
week decreased the weight of ovaries (Serio et al., 1984). As reported in an abstract,
administration of 8.8 mg/kg bw per day to quail reduced egg laying by 50% (Wedig et al.,
1968). The EDso value for embryolethality was 1.9 J.g/egg when thiram was injected into the
air cham ber of hens' eggs prior to incubation (Gebhardt & van Logten, 1968). Injection of
20 J.g/egg and above on day 3 of incubation increased early embryonic death and caused
malformations (small eye cup, lid and corneal defects and open coelom) in chick embryos
(Korhonen et al., 1982).

4.4 Genetic and related efTects (see also Table 4 and Appendices 1 and 2)

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems

Thiram induced point mutation in bacteria, but data on the induction of DNA damage
were conflicting. ln Aspergillus nidulans, thiram induced gene mutation and aneuploidy; both
mutation and chromosomal aberrations were induced in plants. Recessive lethal mutation
was induced in Drosophila melanogaster, but the response was not dose-related.

Testing for mutation at the hprt locus of Chinese hamster V79 cells gave a negative result
in one study and a positive result in another, in which a six-fold higher concentration was used
and survval was less than 3%. ln other studies with cultured mammalian cells, a negative
response was obtained in an assay for sister chromatid exchange and there was a weak
response in a test for chromosomal aberration. ln single studies with hum an lymphocyes,
thiram induced unscheduled DNA synthesis and sister chromatid exchange, but only in the
presence of an exogenous metabolic activation system.

Thiram induced micronucleus formation in mouse bone marrow, chromosomal
aberrations in mouse spermatocyes and morphologically abnormal sperm in mice in vivo. A
negative response was obtained in one of three studies of micronucleus formation. (This
difference may be attributable to the use of Chinese hamsters rath~r than mice.)
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Table 4 (contd)

Test system Resulta ReferenceDoseb
LED/HID

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

SA9, Salmonella typhimurium TA98, reverse mutation

EC2, Escherichia coli WP2 hcr, reverse mutation
ANF, Aspergillus nidulans, forward mutation +
ANN, Aspergllus nidulans, chromosomal nondisjunction (aneuploidy) +

PLM, Triticum (sprig wheat), chlorophyU mutations +
HSC, Hordeum vulgare, chromosomal aberrations +
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation +
G9H, Gene mutation, Chinese hamster lung V79 cells in vitro, hprt locus -
G9H, Gene mutation, Chinese hamster lung V79 cells in vitro, hprt locus +

SIC, Sister chromatid exchange, Chinese hamster CHO ceUs in vitro
CIC, Chromosomal aberrations, Chinese hamster CHL ceUs in vitro ( + )

UHL, Unscheduled DNA synthesis, human lymphoctes in vitro
SHL, Sister chromatid exchange, human lymphocytes in vitro
MVM, Micronucleus test, BALB/c mou se in vivo +
MVM, Micronucleus test, (CBAxC57Bl/6J)F, mou se in vivo +
MVC, Micronucleus test, Chinese hamsters in vivo
CGC, Chromosomal aberrations, primary spermatoctes, Swiss mouse +
SPM, Spenn morphology, (CFWxC57Bl)F, mouse +
SPM, Spenn morphology, (CFWxC57BI)F, mouse +
SPM, Sperm morphology, (CFWxC57Bl)F, mouse +
SPM, Sperm morphology, Swiss mouse +

+

a
a
a
a

a

+
+
a
a

a
a
o

a
o

o

20.~~
2500.~~

0.500
20.~~
0.~~

250.~~
100.~~

1.60
5.~~

2.400
0.400
5.~~

15.~~
500.~~ x 2 i.p.
100.~~ x 1 i.p.

0.500 x 1 i.p.
80.~~ x 3 p.o.
50.~~ X 1 i.p.
50.~~ x 1 i.p.
30.~~ x 5 i.p.
80.~~ x 3 p.o.

CrebeUi et al. (1985)
Moriya et al. (1983)
Zdzienicka et al. (1981)
UpshaU & Johnson (1981)
Mamalyga et al. (1974)
George et al. (1970)
Donner et al. (1983)
Donner et al. (1983)
Paschin & Bakhitova
(1985)
Donner et al. (1983)
Ishidate (1988)

Perocco et al. (1989)
Peroco et al. (1989)
Dulout et al. (1982)
Paschin & Bakhitova
(1985)
Donner et al. (1983)
Prasad et al. (1987)
Zdzienicka et al. (1981)
Zdzienicka et al. (1982)
Zdzienicka et al. (1982)
Prasad et al. (1987)

a+, positive; (+), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, Ilg/ml; in-vivo tests, mg/kg bw

~

~

.i
ti
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5. Summary of Data Reported and Evaluation

5.1 Exposure data

The major use of thiram is as an accelerator and vulcanization agent In the rubber
industry. It is also used as a fungicide on seeds and as a foliar fungicide on turf, fruit and
vegetables. It has been in commercial use since 1925.

Thiram has been formulated for use as dusts, wettable powders and flowable
suspensions and also in combination with other pesticides.

Exposure may occur during its production, its use in the rubber industry and its
application as a fungicide, and, at much lower levels, from consumption of foods containing
residues. Thiram is also an environmental degradation product of the two fungicides, ferbam
and ziram.

5.2 Carcinogenicity in humans

No adequate data were available to the Working Group.

5.3 Carcinogenicity in experimental animaIs

Thiram was tested adequately for carcinogenicity by oral administration in one study in
rats. No increase in incidence was seen for tumours at any site.

When thiram was administered orally to rats in combination with nitrite, a high
incidence of tumours of the nasal cavity was observed in males and females.

5.4 Other relevant data

Thyroid abnormalities were observed in a group of subjects exposed occupationally to
thiram.

Thiram marginally Increased the frequency of enzye-positive foci in rat liver. It
decreased fertility in rats and caused embryolethality and embryotoxicity in rats and hamsters
and malformations in mice and hamsters.

No data were available on the genetic and related effects of thiram in humans.
Thiram induced various kinds of chromosomal damage and altered sperm morphology

in rodents in vivo. It induced unscheduled DNA synthesis and sister chromatid exchange in
cultured human cells. It was genotoxic to insects, plants, fungi and bacteria.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of thiram.
There is inadequate evidence in experimental animaIs for the carcinogenicity of thiram.

Overall evaluation
Thiram is not classifiable as to ils carcinogenicity to humans (Group 3).

1For definition of the italicized terms, see Preamble, pp. 26-28.
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This substance was considered bya previous Working Group, in 1976 (IARC, 1976).
Since that time, new data have become available, and these have been incorporated into the
monograph and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. SelV. Reg. No.: 137-30-4
Replaced CAS Reg. Nos: 111922-61-3; 12768-61-5; 98391-07-2; 12773-04-5; 55870-88-7;
31300-71-7; 8059-74-3; 8070-07-3; 14459-91-7; i 7125-91-6; 19488-81-4
Chem. Abstr. Name: (T-4)-Bis(dimethylcarbamodithioato-S,S')-zinc
IUPAC Systematic Name: Zinc bis(dimethyldithiocarbamate)
Synonyms: Bis( dimethyldithiocarbamato )zinc; dimethylcarbamodithioic acid, zinc

complex; dimethylcarbamodithioic acid, zinc salt; zinc, bis(dimethyldithiocarbamate);
zinc dimethyldithiocarbamate

H3C.. ./ CH3N-C-S-Zn-S-C-N./ ..H3C 1/ 1/ CH3S S
C6H12N2S4Zn

1. 1.2 Chemical and physical properties

(a) Description: Crystalline white solid (Meister, 1990)

(b) Melting-point: 250°C (Budavari, 1989)
(c) Density: 1.66 at 25°C (Royal Society of Chemistry, 1989)
(d) Spectroscopy data: Infrared (prism (1296, 11231); grating (15318) and nucIear

magne tic resonance (proton (35587)) spectral data have been reported (US
Environmental Protection Agency, 1975; Sadtler Research Laboratories, 1980,
1990).

(e) Solubility: Practically insoluble In water (65 mg/l); soluble at 25°C in ethanol
(.c 2 g/100 ml), acetone (-( 0.5 g/100 ml), benzene (.c 0.5 g/100 ml), carbon
tetrachloride ( .c 0.2 g/100 ml) and dilute caustic solutions (Zweig, 1972; Budavari,
1989; Royal Society of Chemistry, 1989)

MoL. wt: 305.83

- 423 -
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if Vapour pressure: Negligible at room temperature (Royal Society of Chemistry, 1989)

(g) Stability: Decomposed by acids and by ultraviolet irradiation; corrosive to iron and
copper (Royal Society of Chemistry, 1989); hydrolysed slowly in water and stable in
acidic media (Izmerov, 1982)

(h) Conversion factor for airbome concentrationsl: mg/m3 = 12.51 x ppm
1. 1.3 Trade names, technical products and impurities

Sorne common trade names are: Aaprotect; Aavolex; Aazira; Accelerator L; Aceto
ZDED; Aceto ZDMD; Alcobam ZM; Carbazinc; Corozate; Crittam; Cuman; Cymate; Eptac
1; Fuclasin; Fuklasin; Hermat ZDM; Hexazir; Karbam White; Methasan; Methazate; Methyl
zimate; Methyl zineb; Methyl Ziram; Mezene; Milbam; Molurame; Mycronil; Nocceler PZ;
Orchard brand Ziram; Pomarzol Z-forte; Rhodiacid; Rodisan; Soxinal PZ; Soxinol PZ;
Trikagol; Vancide; Vulcacure ZM; Vulkacite L; Z 75; Zarlate; Z-C Spray; Zerlate; Zirberk;
Ziride; Zirthane.

Ziram is formulated in the USA as a wettable powder, a paste and as water-dispersible
granules (Anon., 1989). ln Europe, it is also formulated as a dustable powder, in liquid
formulations and as suspension concentra tes (Royal Society of Chemistry, 1986).

Ziram is combined in formulations with many fungicides and insecticides (Royal Society
of Chemistry, 1989). A wettable powder is available in Europe that is a combination of ziram
and copper(II) oxychloride. ln the pas t, a product was available that contained ziram, methyl-
arsinediyl bis(dimethyldithiocarbamate) and thiram (see monograph, p. 403) (Worthing &
Walker, 1987).

1.1.4 Analysis

Selected methods for the analysis of ziram in various matrices are presented In Table 1.

1.2 Production and use

1.2.1 Production

Ziram was introduced around 1931 as a fungicide (WHO, 1988). It is prepared from zinc
oxide, dimethylamine and carbon disulfide (Budavari, 1989).

Ziram is produced currently in Belgium, India, Italy, Spain and the USA (Meister, 1990).
One company in the USA produced approximately 320 tonnes in 1989, 230 tonnes in 1985,
450 tonnes in 1980 and approximately 135 tonnes in 1975. ln 1981, an estimated 350-400
tonnes of ziram were produced in the USA (Luttner, 1981). Ziram is produced in Spain for
use in the rubber industry.

1.2.2 Use

Ziram has principal uses as an acceleratorin the process of rubber vulcanization (Wolfe,
1971; see IARC, 1982) and as a protective foliar fungicide on fruit, nuts, vines, vegetables and
ornamental plants. It is used extensively on almond and peaches to control shot hole, brown
rot and peach leaf curl (Luttner, 1981). It is also used on pecans, apples and pears to control

lCalculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPaJ)
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Table 1. Methods for the analysis of ziram

Sample matri Sample preparation Assay Limit of Reference
procedure detection

Industrial Digest with acid to hydrolyse; trap Colorimetrie 1.9 l1g/1 Pressley &
and municipal evolved carbon disulfide in colour Longbottom
wastewaters reagent; measure absorbance at 380 (1982)

and 435 nm

Specified crop Decompose with the evolution of Colorimetrie Not US Foo and
samples carbn disulfide, which is swept reported Drug Adminis-

through a trap containing a solution of tration (1989)

copper acetate and an amine to remove
hydrogen sulfide; read absorbance of
the coloured dithiocarbamate complex
formed

Specified crop Extract with chloroform; evaporate; Spectro- Not Sastry et aL.
samples and water dissolve in methanol; add to mixture photometrie reported (1988)

of methanolic 0.2% haematoxylin,
aqueous 0.4% chloramine-T, and
phosphate buffer solution at pH 7.0;
heat; dilute withwater; read absor-
bance at 555 nm

Formulations Digest with acid; evolved carbon di- Titrimetric Not Williams (1984)
sulfide is trapped in methanolic potas- reported
sium hydroxide; add phenolphthalein
and starch indicator; titrate

scab and bulls-eye rot (Meister, 1990). The following amounts of ziram (active ingredient)
were used in the USA in 1980 (tonnes): almonds, 320; peaches, 25-50; pears, 4-15; apricots,
5-10; and apples, 4-5. ln the USA, ziram is registered for use as a fungicide in the following
industrial applications: cooling-water slime control, paper-mil slime control, provision of
mould resistance to paper and paperboard, and preservation of adhesives, textiles, paper
coatings and industrial yarn and fabrics (Luttner, 1981). It is used as a wildlife repellant, when
smeared as a paste onto tree tfUnks or sprayed onto ornamental plants, dormant fruit trees
and other crops (Royal Society of Chemistry, 1989). ln the USSR, ziram is used on potatoes
for combatting phytophthora infection; other agricultural uses are prohibited. It is also used
as a curing agent in the rubber industry (Izmerov, 1982).

1.3 Occurrence

1.3.1 Jlter

When precipitated to the bottom of bodies ofwater, thiram persisted for months. During
cooking, ziram decomposed to thiram, tetramethylthiourea and dimethylamine dimethyl-
dithiocarbamate (Izmerov, 1982).

1.3.2 Food

ln the USSR, within two to five weeks after spraying with a 0.8-2.0% suspension of
ziram, residual amounts in grapes and tomatoes were 0.1-0.8 mg/kg. Peelings of unwashed
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apples contained 1.0 mg/kg, and pulp of washed apples contained 0.04 mg/kg of ziram. The
degradation products of ziram (thiram, dimethylamine dimethyldithiocarbamate and sulfur)
were detected in fruit in the USSR two to three months after treatment (Izmerov, 1982).

1.4 Regulations and guidelines

The USSR has established a MAC in industriaI air of 0.05 mg/m3 and a recommended
maximum concentration of 0.01 mg/l in water reservoirs used as sources for drinking-water
(Izmerov, 1982).

National pesticide residue limits for ziram in foods are presented in Table 2 and Codex
maximum residue limits in Thble 3.

Table 2. National pesticide residue limits for ziram in foodsa

Country CommoditiesResidue
limit
(mg/kg)

Australia
Austria

Belgium

7

2Sb
2b
O.OSb

2c
O.Sc
0.2c,d
OC,e (0.02)

7/
st
3f
Lor
O.st
0.2/
0.1/
7g

B razil

Canada

Chile Sb
3b
LOb
O.Sb
O.2b
0.1b

LOb
O.Sb
0.1b

Finland

Fruit, vegetables
Hops
Fruit, vegetables
Other
Fruit, other vegetables
Bulb vegetables, grains
Potatoes
Other
Citrus fruit, broccoli, kale, cabbage, squash, watermelons, peanuts
Grapes
Apples, peaches, pears, strawberres, tomatoes, figs, guava, papaya, coffee
Honeydew melon
Cucumbers
Wheat, rice, cashew nuts, kaki
Potatoes

Apples, apricots, beans, beetroot, blackberries, black-eyed peas, blueberres
(huckleberries), broccli, Brussels' sprouts, cabbage, carrots, caulifower,
celery, cherres, coUards, cranberres, cucumbers, eggplants, gooseberres,
grapes, kale, kohlrabi, lettuce, loganberres, melons, onions, peaches,
peanuts, pears, peas, peppers, pumpkins, quinces, radishes, raspberres,
rutabagas, spinach, squash, strawberries, summer squash, tomatoes, tumips
Grapes
Apples, peaches, pears, tomatoes
Lettuce,cherries, plums -
Ca rrot s
Wheat
Potatoes
Others (except cereai grains)
Carrots
Bananas, potatoes
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Country CommoditiesResidue
limit
(mg/kg)

Germany

Israel

Italy

Japan
Kenya

Netherlands

Singapore

Spain

Sweden

Switzerland

2Sb
2b

ut
0.2b

Sb
3b
LOb
O.Sb
0.2b
O.lb

2h
O.2h

1.0

7

0.1

4c
)C
2c
LOc
O.Sc
O.2c,i
OC,e (0.2)

S

4b
3b
0.2b

LOb
O.Sb
O.lb,d

SOb

2b
O.Sb

O.lb
O.OSb

Hops
Vegetables (except cucumbers, tomatoes), fruit, spices, raw coffee, tea, tea-
like products, oilseed
Cucumbers, tomatoes
Other vegetable foostuffs

Celery, currants (black, red), grapes
Apples, peaches, pears, strawberres, tomatoes
Bananas (whole), cherres, plums
Endives, lettuce, melons
Beans (in pods), carrots, cucumber
Wheat, banana pulp, potatoes
Fruit, garden vegetables, cereals
Other products intended for food use
Persimmon, pear, peach, apple
Apples, apricots, beans, beetroot, blackberres, blueberries, boysenberres,
brocoli, Brussels' sprouts, cabbage, carrots, caulifower, celery, cherres,

coUards, cranberries, cucumbers, dewberries, eggplants, gooseberres, grapes,
kale, kohlrabi, lettuce, loganberries, melons, nectarines, onions, peaches,
peanuts, pears, peas, peppers, pumpkins, quinces, radishes, raspberres,
rutabagas, spinach, squash, strawberres, summer squash, tomatoes, turnips,
youngberries
Almonds
Lettuce
Berries, smaU fruit
Other fruit, other vegetables
Cucumbers, melons
Bulb vegetables, cereals
Pulses, potatoes
Other
Fruit, grains, vegetables
Grapes, hops, strawberries
Other fruit and vegetables (except potatoes)
Potatoes and other plant products
Fruit and vegetables
Carrots
Potatoes, cereals and huUed grain, flakes and flour made from cereal
Tobacco
Fruit, vegetables (except potatoes), lettuce
Bananas (pulp)
Cereals
Potatoes
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CommoditiesCountry Residue
limit
(mg/kg)

USA 7g

USSRI

Yugoslavia

O.lg

0.03

2c
0.05c

Apples, apricots, beans, beetroot (with or without tops) or beetroot greens
alone, blackberres, blueberries (huckleberres), boysenberres, brocli,

Brussels sprouts, cabbage, carrots, caulifower, celéry, cherres, coUards,

cranberres, cucumbers, dewberres, eggplants, gooseberries, grapes, kale,
kohlrabi, lettuce, loganberres, melons;,nectarines, onions, peaches, peanuts,
pears, peas, peppers, pumpkins, quinces, radishes (with or without tops) or
radish tops, raspberres, rutabagas (with or without tops) or rutabaga tops,
spinach, squash, strawberres, summer squash, tomatoes, turnips (with or
without tops) or turnip greens, youngberries
Almonds, pecans
Food st uffs
Fruit, vegetables, tobacco
Other food commodities

Ofrom Health and Welfare Canada (199)
bDithiocrbamates determined and expressed as carbon disulfide
CAs dithiocrbamates

tte figure in parentheses is the lower limit for determining residues in the corresponding product according

to the standard method of analysis.
eResidues shaH be absent; the value in parentheses is the highest concentration at which this requirement is

stil deemed to have been met.
JProvisional tolerance
KCalculated as zineb
hResidues expressed as carbon sulfide; alone or combined with dithiocarbamates
iA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue remain-

ing behind. The value listed is considered the highest concentration at which this requirement is deemed to
have been met.
ÍFrom Izmerov (1982)

Table 3. Codex maximum residue limits for zirama

Commodity Maximum residue limitb
(mg/kg)

3
1

0.5
5
1

0.5
0.5
5
1

5
5

Apples
Bananas
Carrots
Celery
Cherries
Common beans
Cucumbers
Currants (black, red, white)
Endives
Grapes
Lettuce, head
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Table 3 (contd)

Commodity Maximum residue limitb
(mg/kg)

Melons, except watermelon
Peaches
Pears
Plums (including prunes)
Potatoes
Strawberries
Tomatoes
Wheat

1

3
3
1

0.1
3

3
0.2

aFrom Codex Committee on Pesticide Residues (199); as dimethyl
dithiocarbamates resulting from use of ferbam or ziram
bDetermined and expressed as mg/kg carbon disulfide. The Joint
Meeting on Pesticide Residues of 1980 (FAO/WHO, 1981) required
further information on use patterns and data from residue trials
before its estimates could be confirmed; as these requirements have
not been met, the proposed limits, except that for lettuce (head),
should be regarded as temporary. The proposaI for lettuce (head) was
made in 1985 without a requirement for further work or information.

Ziram was evaluated at the joint meetings of the FAO/WHO Expert Committee on
Pesticide Residues in 1965, 1967, 1974, 1977 and 1980 (FAO/WHO, 1965,1968,1975,1978,
1981). ln 1977, the Committee established an acceptable daily intake for humans of
0.02 mg/kg bw (FAO/WHO, 1978), which was confirmed in 1980 for ziram and for the sum of
ferbam and ziram (FAO/WHO, 1981; Codex CommIttee on Pesticide Residues, 1990).

2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental Animais

Several studies on the carcinogenicity of ziram were summarized in a previous
monograph (IARC, 1976), but, because of deficiencies in various aspects of study design,
performance and/or reporting, the present Working Group did not consider them further.
The studies in question are those of Hodge et al. (1956), the US National Technical

Information Servce (1968), Chernov and Khitsenko (1969) and Andrianova and Alekseev
(1970).

Oral administration

Mouse: Groups of 49-50 male and 50 female B6C3F1 mice, six weeks of age, were fed
diets containing 600 or 1200 mg/kg ziram (89% pure, with 6.5% thiram, 2% other zinc salts
and 2% unidentified impurity) for 103 weeks; survvors were kiled one to three weeks later.

~
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A group of 50 males and 50 females served as untreated controls. Survval was comparable in
the treated and control groups. The incidence of lesions described by the authors as

alveolar/bronchiolar adenomas was significantly (p .( 0.05, trend) increased in female mice:
control, 2/50; low-dose, 5/49; and high-dose, 10/50 (p .( 0.05). The incidence of
alveolar/bronchiolar carcinomas in female mice was: control, 2/50; low-dose, 1/49; and
high-dose, 1/50. No increase in the incidence of tumours at any site was observed in males
(US National Toxicology Pro gram, 1983).

Rat: Groups of 50 male and 50 female Fischer 344/N rats, five weeks old, were fed diets
containing 300 or 600 mg/kg commercial-grade ziram (89% pure, with 6.5% thiram, 2%
other zinc salts and 2% unidentified impurity) for 103 weeks; survvors were kiled one to
four weeks later. A group of 50 males and 50 females served as untreated controls. Survval at

the end of the experiment was: males-control, 33/50; low-dose, 34/50; and high-dose,

40/50; females-control, 37/50; low-dose, 44/50; and high-dose, 46/50. The incidence of

C-cell carcinomas of the thyroid was significantly higher in high-dose males (p .( 0.05) th an
in controls, with a significant positive trend (controls, 0/50; low-dose, 2/49; and high-dose,
7/49;p .( 0.01). The combined incidence of C-cell adenomas and carcinomas in male rats
also showed a significant positive trend (control, 4/50; low-dose, 9/49; and high-dose, 12/49;
p .( 0.05). No increase was observed in the incidence of tumours at any other site in males or
in females (US National Toxicology Pro gram, 1983).

4. Other Relevant Data

The toxicology of dithiocarbamates has been reviewed (WHO, 1988).

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

Water-soluble metabolites were found in the blood, kidneys, liver, ovaries, spleen and
thyroid of female rats 24 h after oral administration of radiolabelled ziram; unchanged ziram
was excreted in the faeces (Izmirova, 1972; Izmirova & Marinov, 1972).

Administration of ziram with nitrite in aqueous solution by stomach tube to rats led to
the formation of detectable amounts of N-nitrosodimethylamine in the stomach contents
after 15 min (Eisenbrand et al., 1974).

4.2 Toxic efTects

4.2.1 Humans
Ingestion of 0.5 litre of a solution of ziram of unknown concentration was fatal within a

few hours; nonspecific pathology was observed (Buklan, 1974). A case of contact dermatitis
has also been reported (Manuzzi et al., 1988).

4.2.2 Experimental systems

The oral LDso of ziram in rats was 1400 mg/kg bw, and lethal oral doses in guinea-pigs
and rabbits were in the range 100-150 and 100-1020 mg/kg bw, respectively. The
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intraperitoneal LDso in rats was 23-33 mg/kg bw, and lethal intraperitoneal doses in
guinea-pigs and rab bits were in the range 20-30 and 5-50 mg/kg bw, respectiveIy. A dog
tolerated doses of 25 mg/kg bw per day for one month (Hodge et al., 1952); convulsions
occurred in animais given this dose daily for one year (Hodge et al., 1956).

A glycogenolytic response was elicited in rats after an intraperitoneal injection of
10 mg/kg bw ziram (Dailey et al., 1969). Like most dithiocarbamates, ziram induces the
accumulation of acetaldehyde in the blood of rats administered ethanol concurrently (van
Logten, 1972).

ln a 24-month chronic feeding study in rats, epiphyseal abnormalities in the long bones
of the hind legs were observed in males and females at the highest dose tested (2000 ppm
(mg/kg) in the diet; Enomoto et al., 1989).

Ziram was reported to inhibit epoxide hydrolase and glutathione S-transferase in rat
liver both in vivo and in vitro (Schreiner & Freundt, 1986).

4.3 Reproductive and developmental efTects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Administration of ziram at 50 or 100 mg/kg bw per day by gastric intubation to CD rats
during the first five days of pregnancy reduced fetal weight by day 21 of gestation. Treatment
at 25 mg/kg bw per day and above on days 6-15 resulted in embryotoxicity in the presence of
maternai toxicity; at 100 mg/kg bw, a slight increase in the incidence of visceral
malformations was observed (Giavini et al., 1983).

Injection of ziram into the air chamber of eggs prior to incubation was embryolethal to
chicks (LDso; 2.1 J.g/egg) (Gebhardt & van Logten, 1968).

4.4 Genetic and related efTects (see also Table 4 and Appendices 1 and 2)
4.4.1 Humans

Peripheral blood lymphocyes from four male and five female workers who handled and
packaged ziram were analysed for chromosomal aberrations. Average concentrations of
ziram dust in the air of the work place were estimated to be 1.95 mg/m3 in the store and
3.7 mg/m3 in the packing area, but sorne were up to 71.3 mg/m3. Despite protective measures

(respirators and rubber gloves), ziram was detected on the skin of the workers' hands ai
concentrations of approximately 0.02 mg/m2. Four con troIs (three women and one man)
were matched with respect to age and residence. A marked increase in chromatid- and
chromosome-tye aberrations was observed in the exposed people as compared to the
controls. The increase was about six-fold, and the exposed person in each pair had a
significantly increased aberration frequency over the mean control level (Pilinskaya, 1970).
(The Working Group noted the small number of individuals investigated in this study.)

4.4.2 Experimental systems

Ziram caused DNA damage and point mutation in.bacteria, and these effects were
increased by the presence of exogenous metabolic systems. It induced neither gene



Table 4. Genetic and related efTects of ziram

~
VJN

Test system Resulta Doseb
LED/HID

Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

BSD, Baeillus subtilis Tee strain, differential toxicity + 0 0.60 Shirasu et al. (1976)
SAO, Salmonella typhimurium TAloo, reverse mutation + + 2.50 Hedenstedt et al. (1979)

~
SAO, Salmonella typhimurium TAl00, reverse mutation - +c 30.~~ Wildeman & Nazar (1982)
SAO, Salmonella typhimurium TAloo, reverse mutation + + 17.~~ Haworth et al. (1983)
SAO, Salmonella typhimurium TAloo, reverse mutation + + 15.~~ Moriya et al. (1983) s:
SAO, Salmonella typhimurium TAloo, reverse mutation (+ ) (+ ) 20.~~ Brooks et al. (1983) 0
SA5, Salmonella typhimurium TA1535, reverse mutation + + 5.~~ Hedenstedt et al. (1979) Z0SAS, Salmonella typhimurium TAlS35, reverse mutation + + 10.~~ Brooks et al. (1983) 0
SAS, Salmonella typhimurium TAlS35, reverse mutation - (+ ) 50.~~ Haworth et al. (1983) ~SAS, Salmonella typhimurium TA1535, reverse mutation - - 250.~~ Moriya et al. (1983) "'
SA7, Salmonella typhimurium TA1537, reverse mutation - 0 50.~~ Hedenstedt et aL. (1979) :r

C/SA7, Salmonella typhimurium TA1537, reverse mutation + + 4C .~~ Brooks et al. (1983)

dSA7, Salmonella typhimurium TAlS37, reverse mutation (+ ) (+ ) 50.~~ Haworth et aL. (1983)
SA7, Salmonella typhimurium TAlS37, reverse mutation - - 2500.~~ Moriya et al. (1983) 8SA8, Salmonella typhimurium TA1538, reverse mutation - 0 50.~~ Hedenstedt et al. (1979) s:SA8, Salmonella typhimurium TA1538, reverse mutation - - 80.~~ Brooks et al. (1983) tr
SA8, Salmonella typhimurium TAlS38, reverse mutation - - 250.~~ Moriya et al. (1983) Ui(.
SA9, Salmonella typhimurium TA98, reverse mutation + + 50.~~ Hedenstedt et al. (1979)
SA9, Salmonella typhimurium TA98, reverse mutation - (+ ) 30.~~ Wilde man & Nazar (1982)
SA9, Salmonella typhimurium TA98, reverse mutation + - 10.~~ Brooks et aL. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation - (+ ) 50.~~ Haworth et al. (1983)
SA9, Salmonella typhimurium TA98, reverse mutation - - 250.~~ Moriya et al. (1983)
EC2, Eseherichia coli WP2 ha, reverse mutation - - 250.~~ Moriya et al. (1983)
SCG, Saccharomyces eeTevisiae, mitotic gene conversion - 0 100.~~ Siebert et al. (1970)
HSC, Hordeum vulgare(barley), chromosomalaberrations - 0 50;~~ George et al. (1970)
DMM, Drosophila melanogaster, somatic mutation + 0 130.~~ larval feeding Tripathy et aL. (1989)
DMX, Drosophila melanogaser, sex-linked recessive lethal mutation - 0 50.~~ adult injection Benes & Sram (1969)
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Table 4 (contd)

Test system Resulta ReferenceDoseb
LED/HID

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

DMX, Drosophila melanogaster, sex-linked recessive lethal mutation +
DMX, Drosophila melanogaster, sex-linked recessive lethal mutation +

DMX, Drosophila melanogaster, sex-linked recessive lethal mutation +
DMH, Drosophila melanogaster, transloction

* Drosophila melanogaster, germ-cell mutation +
G9H, Gene mutation, Chinese hamster lung V79 cells in vitro,

hprt locus
GSl Gene mutation, mouse lymphoma L5178Y cells in vitro, +

tk locus
SIC, Sister chromatid exchange, Chinese hamster CHO cells in vitro -
CIC, Chromosomal aberrations, Chinese hamster CHO cells in vitro +
TCL, Cell transformation, BHK hamster cells 0
CHL, Chromosomal aberrations, human lymphocytes in vitro +

MVM, Micronucleus test, Swiss mouse bone marrow in vivo +

CGC, Chromosomal aberrations, germ cells, Swiss mouse +

DLM, Dominant lethal test, C3H mouse ( + )
DLM, Dominant lethal test, AK mouse ( + )
CVH, Chromosomal aberrations, human lymphocytes in vivo +

0 500.~~ adult feeding Donner et al. (1983)
0 54.~~ larval feedingd Hemavathy & Krishnamurthy

(1989)
0 130.~~ larval feeding Tripathy et al. (1989)
0 162.~~ larval feedingd Hemavathy & Krishnamurthy

(1989)
0 130.~~ larval feeding Tripathy et al. (1989)

0.0800 Donner et al. (1983) N-
0 0.100 McGregor et al. (1988)

~
1. 500 Gulati et al. (1989)

+ 0.0250 Gulati et al. (1989)
0.0500 Brooks et al. (1983)

0 0.0030 Pilinskaya (1971)

0 95.~~ x 2 pOd Hemavathy & Krishnamurthy
(1988)

0 95.~~ x 5 pod Hemavathy & Krishnamurthy
(1988)

0 2.~~ x 21 po Cilievîci et al. (1983)
0 2.~~ x 21 po Cilievici et al. (1983)
0 0.~~ Pilinskaya (1970)

*Not displayed on profile
a +, positive; (+ ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

CPositive wIth plant activation system also

dCuman L (27% ziram) was tested; dose represents ziram concentration

.;ww
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conversion in yeast nor chromosomal aberrations in Hordeum vulgare. ln Drosophila
melanogaster, ziram induced gene mutation in feeding studies but not when given by .

injection; it did not induce chromosomal translocation. Gene mutation was induced in mouse
lymphoma L5178Y cells at the tk locus but not in Chinese hamster V79 cells at the hprt locus.
(The Working Group noted that this discrepancy may be due to the different concentrations
used and the difference in sensitivity of these two tests. i Chromosomal aberrations were
induced in cultured rodent and human cells, whereas there was no induction of either sister
chromatid exchange or anchorage-independent growth in rodent cells (Brooks et al., 1983).

ln vivo, ziram induced mIcronuclei in mouse bone marrow and chromosomal
aberrations in mouse spermatogonia. Weak activity was reported in tests for dominant lethal
mutation in male mice. (The Working Group noted the very low doses given in the latter
tests. i

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Ziram is used primarily as a rubber vulcanization accelerator but is also used as a foliar
fungicide, mainly on fruit and nuts. It has been in commercial use since the 1930s.

Ziram has been formulated for use as a wettable powder, a paste and water-dispersible
granules and also in combination with other pesticides.

Exposure can occur during its production, its use in the rubber industry and its
application as a fungicide, and, at mu ch lower levels, from consumption of foods containing
residues.

5.2 Carcinogenicity in humans

No data were available in the Working Group.

5.3 Carcinogenicity in experimental animaIs

Ziram was tested adequately for carcinogenicity by oral administration in one study in
mice and one study in rats. ln mice, the incidence of benign lung tumours was increased in
females. ln rats, a dose-related increase in the incidence of C-cell thyroid carcinomas was
observed in males.

5.4 Other relevant data

ln single studies, ziram caused embryotoxicity and minor malformations in rats and
embryolethality in chicks hatched from injected ova.

An increased frequency of chromatid and chromosomal aberrations was seen in
peripheral blood lymphocyes of workers who handled and packaged ziram.

Ziram was clt:stogenic in mammalian cells in vivo and in vitro and induced mutations in
cultured rodent cells and in insects and bacteria.
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5.5 Evaluation 1

No data were available from studies in humans.
There is limIted evidence in experimental animais for the carcinogenicity of ziram.

Overall evaluation
Ziram is not classifiable as to its carcinogenicity ta humans (Group 3).
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ATRAINE

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 1912-24-9
Replaced CAS Reg. Nos: 11121-31-6, 12040-45-8, 12797-72-7,39400-72-1,69771-31-9,
93616-39-8
Cliem. Abstr. Name: 6-Chloro-N-ethyl-N'-(1-methylethyl)-1,3,5-triazine-2,4-diamine
IUPAC Systematic Name: 6-Chloro-Nl-ethyl-N4-isopropyl-1,3,5-triazine-Z,4-diamine
Synonyms: 2-Chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine; 2-chloro-4-( ethyl-
amino )-6-(isopropylamino )triazine; 2-chloro-4-( ethylamino )-6-(isopropylamino )-s-
triazine

NH- CH2- CH3

N==
CI-\\ /, N

N-! /" CH3
NH- CH ..

CH3

CSH14CINs MoL. wt: 215.69

1.1.2 Chemical and physical properties

(a) Description: Colourless crystals (Royal Society of Chemistry, 1989)
(b) Melting-point: 175-177°C (Worthing & Walker, 1987)
(c) Spectroscopydata: Infrared (prism (35712); grating (13706)) and ultraviolet (16141)

spectral data have been reported (Sadtler Research Laboratories, 1980).
(d) Solubility: Very slightly soluble in water (30 mg/l at 20 ° C) andhydrocarbon soivents;

moderately soluble in ether (1.2%), chloroform (5.2%), methanol (1.8%), ethyl
acetate (2.8%), dimethyl sulfoxide (18.3 %) and octanol (1 %) (Worthing & Walker,
1987; Royal Society of Chemistry, 1989)

(e) Vapour pressure: 3 x 10-7 mm Hg (0.4 x 10-7 kPa) at 20°C (Royal Society of
Chemistry, 1989)

if Stability: Forms salts with acids; stable in slightly acidic or basic media; slowly
hydrolysed to inactive hydroxy derivative at 70°C under neutral conditions, more
rapidlyin al kali or mineraI acids (Worthing & Walker, 1987; Royal Society of
Chemistry, 1989)
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(g) Conversion factor for airborne concentrations1: mg/m3 = 8.82 x ppm

1.1.3 Trade names, technical products and impurities

Sorne common trade names include: A 361; Aatrex; Akticon; Aktikon; Aktinit A;
Argezin; Atrataf; Atrazin; ATZ; CET; Chromozin; Cyazin; G 30027; Gesaprim; Herbatoxol;
Hungazin; Oleogesaprim; Primatol A; Radazin; Triazine A 1294; Wonuk; Zeapos; Zeazin;
Zeazine; Zeopos

ln the USA, technical-grade products contain at least 94% atrazine as the sole active
ingredient; the percentage of related compounds must also be stated (US Environmental
Protection Agency, 1983).

Atrazine is available in the USA as a wettable powder, as water-dispersible granules and
in liquid formulations (Anon., 1989a). Formulated atrazine products registered in European
countries include, in addition, emulsifiable concentrates, emulsions, suspension

concentra tes and other granular formulations (Royal Society of Chemistry, 1986).

ln the USA, atrazine is also formulated in combination with pendimethalin,

metolachlor, cyanazine, S-ethyl diisobutylthiocarbamate, N,N-diallyl-2,2-dichloroace-
tamide, alachlor, propachlor, bromoxyil octanoate, sodium chlorate, sodium metaborate
and the potassium salt of dicamba. Several products contain some ethylene glycol and
formaldehyde (see IARC, 1987a) (Anon., 1989a,b).

Combination atrazine products registered in European countries include atrazine with
bentazone, bromofenoxim, bromoxyil, butylate, cyanazine, 2,4-D (see IARC, 1987b),
dalapon sodium, dicamba, dichlobenil, dichlormid, dichlormidcyanazine, dichlorprop,
diuron, S-ethyl dipropylthiocarbamate, ethaIfluralin, fenteracol, fenuron, linuron, MCPA
(see IARC, 1987b), methabenzthiazuron, metolachlor, paraquat dichloride, pendimethalin,
petroleum oils, picloram (see monograph, p. 481), prometrye, propachlor, pyridate,
simazine (see monograph, p. 495), sodium chlorate, tallow amine ethoxylate, sodium
trichloroacetate, terbumeton, terbuthylazine, terbutry and thiazafluron (Royal Society of
Chemistry, 1986).

ln the USSR, atrazine is available as a wettable powder, as a paste and in combination
with prometrye (Izmerov, 1982).

1.1.4 Analysis

Selected methods for the analysis of atrazine in various matrices are given in Table i.

1.2 Production and use

1.2.1 Production

Atrazine was introduced in 1957 (Funari et aL., 1988). It is produced through consecutive
substitution of ethylamine and isopropylamine on cyanuric chloride in the presence of al kali
(Izmerov, 1982).

lCalculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPaD
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Table 1. Methods for the analysis of atrazine

Sample matri Sample preparation Assay Limit of Reference
procedurea detectionb

Formulation (80% Dissolve in chloroform; centri- GC/HD Not Wiliams (1984)
wettable powder) fuge reported
Drinking-water Extract in liquid-solid extractor; GC/MS 0.1 ~g/l (1) US Environmental

elute with dichloromethane; 0.3 ~g/l (M) Protection Agency
concentrate by evaporation (1988)
Extract with dichloromethane; GC/NPD 0.13 ~g/l US Environmental
isola te extract; dry; concentrate ( estimated Protection Agency
with methyl tert-butyl ether detection (1989a)

limit)
Extract with hexane; inject GC/ECD 2.4 ~g/l US Environmental
extract Protection Agency

(1989b)
Forage (aU crops) Extract with chloroform (green GC/MCD 0.05-0.1 ppm US Food and Drug

forage) or acetonitriIe:water Administration
(9:1) (dry forage); partition with (1989)dichloromethane (dry forage);
evaporate to dryness; partition
with hexane and acetonitrile;
dean-up on alumina column (for
aU forages)

aAbbreviations: GC/ECD, gas chromatography/electron capture detection; GC/HD, gas chromatography/
flame ionization detection; GC/MCD, gas chromatography/microculometric detection; GC/MS, gas
chromatography/mass spectrometry; GC/NPD, gas chromatography/nitrogen-phosphorous detection
b Abbreviations: (1), ion trap mass spectrometer; (M), magnetic sector mass spectrometer

It is produced currently in Argentina, Israel, Mexico, Switzerland and the USA (Meister,
1990). Production in the USA in 1980 was estimated to be 50 000 tonnes, 10000 tonnes of
which were exported (US Environmental Protection Agency, 1980). The major US producer
reported production of 40000-50000 tonnes per annum between 1981 and 1989.

1.2.2 Use

WorIdwide, atrazine has been one of the most heavily used herbicides over the past 30
years. It is a selective pre- and early post-emergent herbicide (Worthing & Walker, 1987),
which acts mainly through root absorption to control many annual broadleaf and grass
weeds. The most important use is as a selective herbicide on maize; other crops incIude
sorghum, sugar-cane and pineapple. It is used in heavier doses for non-selective residual
control of most annual and many perennial broadleaf and grass weeds in non-crop areas
(Royal Society of Chemistry, 1986, 1989). Atrazine is also used on turf for fairways, lawns,
sod production and similar areas and on established conifers prior to or after transplanting
(Anon., 1989b).

ln the USA in 1980, use of atrazine (active ingredient) was as follows (tonnes): maize,
32 000-36 000; sorghum, 4100-5500; sugar-cane, 340-570; sweet maize, 270-360; soya
beans, 180-270; wheat, 180-270; cotton, 50-70; and other crops, 90-180 (US Environmental
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Protection Agency, 1980). Approximately 34-45 thousand tonnes of atrazine (active
ingredient) were used in the USA in 1987 (US Environmental Protection Agency, 1990).

1.3 Occurrence

1.3.1 Water

Atrazine has been found in surface water and in groundwater due to its mobility in soiL. It
is relatively stable in aquatic environments (half-time measured in months) but is degraded
by photolysis (US Environmental Protection Agency, 1988).

A monitoring study of Mississippi River water (USA) indicated the presence of atrazine
residues at a maximum level of 17 J.g/l. Residues were detected throughout the year, with the
highest concentrations in June and July (US Environmental Protection Agency, 1988).

Triazine herbicide residues were monitored in central European streams by methods
with a limit of detection usually of 0.4 mg/m3. Residues were found in 80% of samples at
below 0.4 mg/m3, in 14% at 0.4-1 mg/m3, in 6% at 1-10 mg/m3 and in 0.3% at levels higher
than 10 mg/m3. Detectable residues consisted mainly of atrazine from downstream sampling
sites and mainly peaked during June (Hörmann et al., 1979).

Atrazine was found in 4123 of 10 942 surface water samples in the USA and in 343 of
3208 groundwater samples. The 85th percentile of the residues in the positive samples was
2.3 J.g/l in surface water and 1.9 J.g/l in groundwater, with maximum concentrations of
2.3 rng/l and 0.7 mg/l, respectiveIy. Atrazine was found in the surface water of 31 states and in
groundwater in 13 states in the USA (US Environmental Protection Agency, 1988).

Sorne 600 000 kg of atrazine are used annually on maize, which is grown extensively in
the Lombardy area of Italy. Groundwater from almost 3000 wells was analysed for atrazine
residues in 1986: of2005 public wells, 29 had levels greater than 1.0 J.gll, 281 wells had levels
? 0.1-1.0 J.g/l, the remaining wells having ~ 0.1 J.g/l. Of the private wells, 61 had levels
? 1.0 J.g/I, 536 in the range 0.1-1.0 J.g/I and the remainder, ~ 0.1 J.g/l. The soil tye is
thought to play an important role in the contamination of groundwater by atrazine (Funari et
al., 1988).

Atrazine residues have also been reported in groundwater in Pennsylvania, Iowa,

Nebraska, Wisconsin and Maryland (USA); tyical levels ranged from 0.3 to 3 J.g/l (Cohen et
al., 1986).

1.3.2 Soif

Atrazine is degraded in soil by photolysis and microbial processes; the products are
dealkylated metabolites, hydroxyatrazine and nonextractable residues. Atrazine and its
dealkylated metabolites are relatively mobile, whereas hydroxyatrazine is not.

A study of aerobic soit metabolism in Lakeland sandy loam, Hagerstown silty clay loam
and Wehadkee silt loam soils showed conversion of atrazine to hydroxyatrazine after eight
weeks to be 38%,40% and 47%, respectively (Harris, 1967).

The half-time of atrazine in soil ranged from 20 to 101 days. ln California, Minnesota
and Tennessee (USA) soils, no leaching of atrazine or of metabolites was observed below
15-30.5 cm of soiL. The water-holding capacity of a soil is one factor that affects the rate of
degradation of atrazine (US Environmental Protection Agency, 1988). For a sandy sail with
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4%, 35% and 70% water-holding capacity, the half-times were 151, 37 and 36 days,
respectively (Hurle & Kibler, 1976).

ln a Mississippi (USA) field study, atrazine in silt loam soil had a half-time ofless than 30
days. ln loam-to-silt loam soil in Minnesota, phytotoxic atrazine residues persisted for more
than one year and were detected in maximum-depth samples (76-107 cm). Phytotoxic
residues persisted in Nebraska silty clay and Ioam soils for 16 months and were found at
depths of 30.5-61 cm (US Environmental Protection Agency, 1988).

Atrazine was also found to persist for up to three years on the si des and bottom ofirrigation ditches at the maximal depths sampled (67.5-90 cm; Smith et al., 1975).

1.3.3 Food

No residue of atrazine was detected in a Canadian national surveilance study in 1984-89
of 1075 sampIes, which included fruit, vegetabIes, grain, dairy products and wine
(Government of Canada, 1990).

No atrazine residue ( .: 0.05 ppm f mg/kg)) was reported in a survey of various foods and
feeds over the period 1981-86 in 19 851 samples in the USA (Luke et al., 1988).

1.3.4 Occupational exposure

A study was carried out in the USA to determine the exposure of four men when applying
4 litres of atrazine at 4.5 kg active ingredient/ha by boom sprayer towed by an alI-terrain
vehicle. Dermal exposure was higher during mixing-Ioading operations th 

an boomoperations, with levels of 272 and 3 j.g/kg active ingredient, respectively. Respiratory
exposure was similar in both operations at 12 Mg/kg active ingredient. The specifie area of
greatest exposure was the forearm during mixing-Ioading, which had significantly greater
concentrations (686 Mg/kg active ingredient) th an aIl other sampling areas (Reed et al., 1990).

Exposure to atrazine during its industrial production was assessed by air monitoring and
by measuring free atrazine in the urine of four workers. Ambient air concentrations of
atrazine during production and bagging varied from 0.07 ta 0.53 mg/m3 (8-h time-weighted
average), and skin deposition (whole body) from 4.11 to 10.66 mg/ho Urinary excretion in
exposed workers showed a pattern consistent with exposure, with maximal excretion rates of
0.1-0.3 Mg/h during the work shift, which decreased to 0.01-0.04 j.g/h 12 h after the workshift

(Catenacci et al., 1990).

1.4 Regulations and guidelines

WHO (1987) recommended a drinking-water guideline of 2 Mg/l for atrazine. The
maximum allowable concentration of atrazine in Canadian drinking-water is 2 Mg/I (Health
and Welfare Canada, 1990).

An acceptable daily intake of 0.7 j.g/kg bw was established by the WHO (1987).
National and regional limits for residues of atrazine in foods are given in Table 2.

Occupational exposure limits for atrazine are given in Table 3.
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Table 2. National and regional pesticide residue lImits for atrazine in foosa

Country or
region

Residue
limit
(mg/kg)

Commodities

Argentina

Australia

Austria

Belgium

Brazil

Canada

European
Corn munit y

Finland

France

Germany

Greece

Hungary

Ireland

Israel

Italy

Japan

Kenya

0.25

0.1b

0.02b
0.01b

1.0
0.5
0.1

0.1
Oc (0.05)

1.0
0.2

0.1

Negligible

0.1

0.2

0.1
0.05

10
1.0
0.5
0.1

1.0

0.1

0.1

15
10
0.25
0.02

0.5
0.1

0.02

0.25
0.02

Maize, sorghum, sweet maize

Citrus, grapes, maize, pineapples, sorghum, sugar-cane, sweet
maize
Lupins
Meat, milk, milk products, potatoes

Asparagus
Maize
Other foods of vegetable origin

Fruit, vegetables, maize
Other

Conifers, rubber plants, sisal
Maize, sorghum, pineapple, sugar-cane, avocdos, bananas,

mangos, peaches, apples, citrus fruit, nuts, tea, cocoa, coffee
Black pepper

Blueberries, maize

AlI products

General

Fruit, vegetables
Maize

Wild mushrooms
Sweet maize
Maize
Other foods of plant origin

Fruit and vegetables

AlI crops

AlI products

Maize fodder, sorghum fodder
Wheat fodder and straw
Fresh maize, maize grain, sorghum grain
Eggs, rrilk, meat, fat and meat by-products

Maize, sorghum
Fruit, garden vegetables

Oats, etc. and minor cereals; fruit, vegetables, sugar-cane

Maize grain, sorghum grain, sugar-cane, wheat grain
Eggs, milk, meat, fat and meat products of cattle, goats, hogs,
horses, poultry and sheep
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CommoditiesCountry or

region
Residue
limit
(mg/kg)

Mexico

N etherlands

Spain

Switzerland

Taiwan

USAe

Yugoslavia

15
10
5
0.25

0.1
Od (0.05)

1.0
0.25
0.1

0.5
0.1

0.5

15

10
5
0.25

0.05
0.02

19
5.0C
4.0C
0.29
0.5
0.1
0.03
0.02

Maize (forage), sorghum (forage)
Pineapple (forage)
Wheat (straw)
Maize (fresh and grain), pineapple, sorghum (grain), sugar-cane,
wheat (grain)

Maize, fruit, vegetables
Other

Maize and sorghum forage
Maize and sorghum grain
Other plant products

Asparagus, grapes
AlI crops except asparagus and grapes

Field crops, tropical fruits

Maize forage or fodder (including field maize, sweet maize,
popcorn), sorghum fodder and forage, perennial rye grass
Pineapple fodder and forage

Wheat fodder and straw, millet forage, fodder and straw
Fresh maize including sweet maize (kernels plus cobs with husks
removed), maize grain, macadamia nuts, pineapples, sorghum

grain, sugar-cane, sugar-cane fodder and forage, wheat grain
Guava
Eggs, milk, meat, fat and meat by-products of cattle, goats, hogs,
horses, poultry and sheep (negligible residues)
Orchard grass (hay)
Proso millet (fodder, forage, straw)
Grass (range)
Proso millet, grain

Maize
Fruit, vegetables
Milk and other dairy products (fat basis)
Meat and meat products (fat basis), eggs (shell-free basis)

aprom Health and Welfare Canada (199)
bMaximum residue limit set at or about the limit of analytical determination

CTe figure in parentheses is the lower limit for determining residues in the corresponding product
accrding to the standard method of analysis.
liesidues shall be absaIt; the value in parentheses is the highest concentration at which this require-

ment is stil deemed to have been met.
eFrom US Environmental Protection Agency (1989c)

f Atrazine and its metabolites
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Table 3. Occupational exposure Iimits for atrazinea

Country Year InterpretationbConcentration
( mg/m3)

Belgium
Denmark
Finland

1987
1987

1987

Germany
Mexico
Netherlands
Switzerland
United Kingdom
USA

OSHA
ACGIH

USSR

1989

1987
1987
1987
1987
1989

1987

10

5

10

20
2
10

10

2

10

TWA
TWA
TWA
STEL
TWA
TWA
TWA
TWA
TWA

5

5
2

TWA
Guideline
MAC

aFrom Cook (1987); American Conference of Governmental Industrial

Hygienists (ACGIH) (1989); US Occupational Safety and Health
Administration (OSHA) (1989)
ÚT A, time-weighted average; STE L, short-term exposure limit;
MAC, maximum allowable concentration

2. Studies of Cancer in Humans

2.1 Case-control studies of cancer of the ovary

According to local agricultural experts, triazines are used as herbicides in aIl maize
cultIvation in Alessandria province in northern Italy. About 10 times more atrazine than
simazine was sold in the province in 1970, according to the National Institute of Statistics
(Donna et aL., 1989). ln a study of herbicide exposure, aIl 66 incident cases of histologically
confirmed primary ovarian tumours diagnosed between 1 January 1974 and 30 June 1980 in
the city hospital of Alessandria were considered. Fifty patients still alive in 1981 were
intervewed, and information was obtained from next-of-kin for 10 dead cases; the
remaining six cases were untraced. Controls were incident cases of cancer at sites other than
the ovary from the same hospital, matched by year of diagnosis, age and district of residence:
135 controls were obtained, of whom 127 were intervewed in 1982. Definite herbicide
exposure (i.e., self-reported personal herbicide use) was found for eight cases and no control,
and probable exposure (i.e., employment as farmer after 1960 and residence in areas of
herbicide use) for 10 cases and 14 controls. The relative risk (RR) for ovarian tumours
associated with any herbicide exposure was 4.4 (95% confidence interval (CI), 1.9-16.1). The
risk was mostly confined to younger subjects; the RR was 9.1 (95% Ci, 3.0-28.3) for women
under 55 years of age (Donna et al., 1984).

A second study of a different time period in the same area covered womenwho were at
risk of ovarian cancer, aged 20-69 years, and residents in 143 municipalities in the province.
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Cases were histologically confirmed primary malignant epitheliai tumours of the ovary
diagnosed from 1 July 1980 to 30 June 1985. Two controls per case of the same age were
selected randomIy from the electoral rolls of the study area. Of the 69 eligible cases, 42 were
alive and intervewed; relatives were intervewed for 23 of the 27 dead cases. Of the 150
controls selected, 13 could not be intervewed and Il were excluded because they had
undergone a bilateral oaphorectomy. ln the calculation of odds ratios, adjustment was made
for age, number of Iive births and use of oral contraceptives. Seven cases and seven con trois
were defined as having been definitely exposed to triazine (preparation or use of triazine
herbicides or worked in maize cultivation with reported use of herbicides), giving an odds
ratio of 2.7 (90% Ci, 1.0-6.9); the numbers of wamen who had possibly been exposed
(acknowledged personal exposure to herbicides or who had worked in sorne job possibly
involving herbicide exposure or who denied personal use of herbicides but worked in maize
cultivation after 1964) were 14 cases and 20 controls, giving an odds ratio of 1.8 (0.9-3.5).
These odds ratios were slightly higher for women definitely exposed for:; 10 years (2.9;
0.9-8.7) than for women exposed for.. 10 years (2.3; 0.4-12.3). The same pattern was seen
for women who had possibly been exposed. Among subjects definitely exposed to triazine,
4/7 had used triazines and 3/7 had worked in herbicide-treated fields; the equivalent
numbers for the controls were 6/7 and 117; 5/7 cases and 5/7 controls were also exposed ta
other herbicides (Donna et al., 1989). (Although risk estima tes were not given for exposure ta
individual triazines, the Working Group noted that the predominant triazine exposure was
probably to atrazine; there may also have been exposure ta simazine.)

The interpretation of this study was discussed through correspondence (Crosignani et al.,
1990; Minder, 1990). ln particular, Minder questioned the exposure classification, because
'definitely exposed' included both use of and exposure in the fields to triazines. The authors
said that, since triazines are stable chemicals, they had no reason to suppose that preparation
and distribution of these herbicides would have led to cumulative exposure greater than that
occurring during work carried out in the fields where herbicides were used.

2.2 Case-control studies of Iymphatic and haematopoietic malignancies

Parallel population-based case-control intervew studies of leukaemia and non-
Hodgkin's Iymphoma were conducted in Iowa and Minnesota, USA, during 1981-84. ln the
study of leukaemia (for detailed description, see the monograph on occupational exposures
in spraying and application of insecticides, p. 68), 38 cases and 108 controls reported use of
atrazine (odds ratio, 1.0; 95% CI, 0.6-1.5) (Brown et al., 1990). ln the study ofnon-Hodgkin's
lymphoma, reported in an abstract, small-cell lymphocyic lymphoma was associated with
reported use ofatrazine (oddsratio, 1.6), as wasfarming in general (oddsratio, 1.4) (numbers
of exposed persons and confidence intervals not given) (Cantor et al., 1985).

ln the case-control study undertaken in Kansas, USA, of soft-tissue sarcoma, Hodgkin's
disease and non-Hodgkin's Iymphoma, described in detail in the monograph on occupational
exposures in spraying and application of insecticides (p. 66), 14 cases of non-Hodgkin's
lymphoma and 43 controls reported use of triazines (atrazine was one of six triazines
mentioned) (odds ratio, 2.5; 95% CI, 1.2-5.4). The odds ratio for non-Hodgkin's lymphoma
associated with exposure to triazines was slightly lower in the absence of exposure to
phenoxyacetic acid herbicides and uracils (2.2; 95% CI, 0.4-9.1, based on three cases and
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11 controls) (Hoar et al., 1986). (The Working Group noted that no information was given
about the proportion of triazines represented by atrazine.)

A population-based case-control study was conducted in eastern Nebraska, USA, to
evaluate agricultural risk factors for non-Hodgkin's lymphoma (Hoar Zahm et al., 1990). A
detailed description of the study design is given in the monograph on occupational exposures
in spraying and application of insecticides (p. 66). ln an abstract of this study (Hoar Zahm et
aL., 1988), self-reported use of atrazine was associated with a slightly increased risk (odds
ratio, 1.4; 95% CI, 0.8-2.2). Odds ratios byyears of atrazine use were 0.9 for 1-5 years, 0.8 for
6-15 years, 2.0 for 16-20 years and 2.0 for 21 or more years. (Although the description is
incomplete, the Working Group assumed that these odds ratio were not adjusted for
exposures to other chemicals.)

2.3 Case-control study of cancer of the colon

A case-control study from Kansas, USA (reported as a letter to the Editor of The Lancet)
covered 57 pathologically confirmed cases of colon cancer diagnosed in 1976-82 and 948
population con troIs selected by random digit dialling, who were interviewed about farming
history. Employment on a farm was associated with a slight increase in the incidence of colon
cancer (odds ratio, 1.6; 95% CI, 0.8-3.5). The same was true for reported use of triazine (odds
ratio, 1.4; 95% CI, 0.2-7.9, based on two exposed cases and 43 exposed controls) (Hoar et al.,
1985). (The Working Group noted that apparently the same controls were used as in the
study of Hoar et al. (1986) and that no information was given about the proportion of
triazines represented by atrazine.)

3. Studies of eancer in Experimental AnimaIs

3.1 Oral administration

Rat: Groups of 53-56 male and 50-55 female Fischer 344/LATI rats, weighing 150-180 g,
were fed pelleted diets containing 0 (control), 500 (low dose) or 1000 mg/kg (high dose)
atrazine (purity, 98.9%) during the first eight weeks of the study. Because of toxici ty, the highdose was reduced to 750 mg/kg of diet and the low dose to 375 mg/kg of diet for life. The
experiment was terminated at week 126, when the four survving males were kiled. Six
survving females were killed at week 123. There was no difference in the survval rates in
females of aIl groups; males in the treated groups lived longer than controls. ln males of the
high-dose group, there was a significantly increased incidence of mammary gland tumours,
aIl but one ofwhich were benign: males-control, 1/48; low-dose, 1/51; and high-dose, 9/53
(p .: 0.05) (test for trend;p .: 0.01). ln females, a significantly increased incidence of uterine
adenocarcinomas was noted: control, 6/45; low-dose, 8/52; and high-dose, 13/45 (p .: 0.05
trend test). ln addition, a few malignant mesenchymal tumours of the uterus were found only
in the treated groups: 2/52 low-dose and 1/45 high-dose group. An increased incidence of
tumours of the lymphatic and haematopoietic system was noted in females; the numbers of
leukaemias and lymphomas combined were 12/44 control, 16/52 löw-dose and 22/51
high-dose (p .: 0.05, trend test) (Pintér et al., 1990).
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3.2 Intraperitoneal administration

Mouse: A group of 30 male Swiss mice, four weeks old, received intraperitoneal
injections of 'pure' atrazine every third day for 13 injections (total dose, 0.26 mg/kg bw). Two
control groups of 50 mice each were treated with saline or were untreated. The experiment
was terminated after 375 days, when aIl survving animaIs were kiled. The incidence of
lymphomas was 6/30 (p .. 0.001) in the atrazine-treated group and 1/50 in the untreated
controls; no tumour was observed in the saline control group (Donna et aL., 1986). (The
Working Group noted the incomplete reporting of information on survvaL.)

A group of 25 female Swiss albino mice, seven weeks old, received up to 13 injections of
Fogard S (a formulation containing 25 % atrazine and 37.5 % simazine) at three-day intervals
for a total dose of 0.0065 mg of active principle per mouse. One group of 50 saline controls
was available. The animaIs were kept under observation for seven months from the
beginning of the treatment. SeriaI kilings took place from one month after the end of
treatment to the end of experiment at 15-day intervals. Lymphomas occurred in 2/20
(p = 0.02) treated animaIs; none occurred in the controls (Donna et al., 1981). (The Working
Group noted the short duration of treatment and observation, the incomplete reporting of
the study and the report of animal losses due to intercurrent disease.)

3.3 Subcutaneous administration
Mouse: A group of 25 female Swiss albino mice, seven weeks old, received 13 sub-

cutaneous injections of Fogard S (a formulation containing 25% atrazine and 37.5%
simazine) at three-day intervals for a total dose of 0.0065 mg active principle per mouse. One
group of 50 saline con troIs was also available. AlI animaIs were kept under observation for a
period of seven months from the beginning of treatment. One animal from each group was
sacrificed every 15 days from one mon th after the end of treatment to the end of the
experiment. Lymphomas occurred in 3/24 treated animaIs compared with none in the
controls (p .. 0.01). Another mouse had a mesothelioma of the peritoneum (Donna et al.,
1981). (The Working Group noted the short duration of treatment and observation, the
incomplete reporting of the study and the report of animal losses due to intercurrent disease.)

4. Other Relevant Data
4.1 Absorption, distribution, metabolism and excretion
4.1.1 Humans

Workers occupationally exposed to atrazine excreted sorne unchanged atrazine in their
urine (Catenacci et al., 1990). The majority of an absorbed dose was recoverable in urine as
the fully dealkylated metabolite, 2-chloro-4,6-diamino-s-triazine, and the monodealkylated
metabolite, 2-chloro-4-amino 6-( ethylamino )-s-triazine; practically none of the other
monodealkylated metabolite, 2-chloro-4-amino-6-(isopropylamino )-s-triazine, was found
(Ikonen et al., 1988). Neither study identified any of the mercapturate metabolites found in
the urine of rats exposed to atrazine.

4.1.2 Experimental systems

Atrazine was weIl absorbed after oral dosing in rats; 72-h urinary recoveries were similar
(66%) after administration of either 30 mg/kg bw uniformly labelled 14C-atrazine in corn oil
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(Timchalk et al., 1990) or approximately 1.5 mg/kg bw l4C_( ring)-atrazine in ethanol (Bakke
et al., 1972). Moderate, inverse dose-dependent absorption (3-8% adults; 3-10% juveniles)
through the skin was demonstrated in Fischer F344 rats (Shah et al., 1987).

ln rats, less than 0.1 % of an oral radioactive dose was detected in expired air. At 72 h
after dosing, the retenti on of radioactivity in the carcass ranged from 4% (Timchalk et al.,
1990) to 16% (Bakke et al., 1972). Relative tissue retenti ons were: liver, kidney, lung )-
heart, brain )- )- muscle, fat (Bakke et aL., 1972).

A one-compartment model adequately describes the kinetics of atrazine in the plasma of
rats. The plasma concentration peaked 8-10 h after dosing, with an apparent absorption
half-time of 2.6 h, and there was mono-exponential elimination with a half-time of 10.8 h.
Neither the kinetic characteristIcs nor dose recoveries were affected by concurrent
administration of 60 mg/kg bw tridiphane, a herbicidal synergist in plants which blocks
glutathione transferase-mediated conjugation (Timchalk et al., 1990).

N-Dealkylation and conjugation with glutathione are the main metabolic pathways in
various species in vivo and in vitro (Böhme & Bär, 1967; Adams et al., 1990; Timchalk et aL.,
1990). 2-Chloro-4,6-diamino-1,3,5-triazine is the major urinary metabolite (64-67%) in rats,
and mercapturates of the mono- and di-dealkylated products are the other major urinary
metabolites (13-14% and 9%, respectively) (Timchalk et aL., 1990). Minor metabolic
pathways in rats may include alkyl side-chain oxidation (Böhme & Bär, 1967). Oxidative
dechlorination to 2-hydroxyatrazine, a metabolite formed in plants, did not occur in rat liver
homogenates (Dauterman & Muecke, 1974), despite the fact that Bakke et al. (1972) claimed
to have found sorne 2-hydroxyatrazine in rat urine and showed that it was metabolized along
similar pathways to atrazine.

N-Nitrosoatrazine is formed from atrazine in acidic aqueous nitrite solutions and by the
action of nitrogen oxides at an air:solid interface (Wolfe et al., 1976; Janzowski et al., 1980).
N-Nitrosoatrazine was hydrolytically stable in aqueous solutions at pH )- 4, although it was
relatively susceptible to photolysis (Wolfe et al., 1976). While there was virtually no
formation of N-nitrosoatrazine in acid nitrated soils treated with 2 ppm (mg/kg) atrazine,
exogenously added N-nitrosoatrazine was found to be relatively immobile in such soil
systems and to degrade over a period of several weeks (Kearney et al., 1977).

4.2 Toxic efTects

4.2.1 Humans
No data were available to the Working Group.

4.2.2 Experimental systems

The oral LDso of atrazine was reported to be 2000 mg/kg bw in rats (Ben-Dyke et al.,
1970) and 672, 737 and 2310 mg/kg bw in adult female, male and weanling male rats,
respectively. The dermal LDso was )- 2500 mg/kg bw in rats of each sex (Gaines & Linder,
1986).

Administration of atrazine by oral gavage at 100-600 mg/kg bw per day to Wistar rats for
seven or 14 days induced both nephrotoxicity and hepatotoxicity (Santa Maria et al., 1986,
1987). Hepatotoxic effects incIuded a dose-related reduction in blood sugar levels and

increases in the activity of serum alanine aminotransferase and alkaline phosphatase and in
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the level of total serum lipids. Electron micrographs showed degeneration of the smooth
endoplasmic reticulum, lipid droplet accumulation and swollen mitochondria (Santa Maria
et aL., 1987). There was no liver toxicity at the lowest dose tested. Renal toxicity, in the form of
a dose-related proteinurea, reduced creatinine clearance and increased urinary electrolyte
output, was evident at aIl dose levels (Santa Maria et aL., 1986).

Hormonal imbalances induced by atrazine may be of significance to the interpretation
of possible carcinogenic effects in hormonally sensitive tissues. Most work has been directed
towards the effects of atrazine on the pituitaiy-gonadal axis. Steroid hormone metabolism
was found to be impaired by atrazine, which inhibits 5-æ-steroid reductase in the anterior
pítuitary of rats (Kniewald et al., 1979). Subsequently, it was shown in male rats that atrazine

(at 120 mg/kg bw per day orally for seven days) increased (r- 60-70% L the wet weight of the
anterior pituitary and caused hyperaemia and hypertrophy of the chromophobic cells and
reductions of 37%, 39% and 46%, respectively, in 5æ-steroid reductase, 3æ- and
17ß-hydroxysteroid dehydrogenase activities in vivo. The de-ethylated metabolite was
approximately equipotent in reducing 5æ-steroid reductase activity after administration
in vivo. Only 5æ-steroid reductase and 17ß-hydroxysteroid dehydrogenase were inhíbited by
either compound in the hypothalamus in vivo; deethylatrazine was the more potent inhibitor
of these enzyes in the hypothalamus in vitro (Babic-Gojmerac et al., 1989). Treatment
prenatally with atrazine or de-ethylatrazine (16.6 mg/kg bw subcutaneousIy) did not alter
pituitary metabolism in male rat pups, but atrazine increased 5æ-steroid reductase activity ín
female pups. Treatment pre- and postnatally with atrazine and its metabolite decreased
3æ-hydroxysteroid dehydrogenase activity, and atrazine decreased 5æ-steroid reductase
activity in male pups; bath compounds decreased the number of androgen-specific binding
sites in the prostate. Neither atrazine nor its metabolite had any effect on female pituitary
androgen metabolism (Kniewald et aL., 1987). Other studies conducted in vitro have
demonstrated inhibition of androgen metabolism by atrazine when incubated with rat
pituitary homogenates (Kniewald et al., 1979; Babic-Gojmerac et al., 1989).

4.3 Reproductive and developmental efTects

4.3.1 Humans

No data were available to the Working Group.

4.3.2 Experimental systems

ln a teratology study, 10, 70 or 700 mg/kg bw technical atrazine were administered by
gavage to Charles River rats once a day on gestation days 6- 15, and 1,5 or 75 mg/kg bw was
administered by gavage to New Zealand white rabbits on gestation days 7-19. Incomplete
ossification of the skeleton increased with the intermediate dose (70 mg/kg bw) and above;
other effects on the rat fetus were observed only at maternally toxic doses, in the form of
decreased fetal weight (700 mg/kg bw). ln rabbits, increased resorption rate, decreased Iitter
size, lowered fetal weight and a higher rate of non-ossification were observed at the high dose

(75 mg/kg bw), which was maternally toxic. It was concluded that on a miligram per kilogram
basis, pregnant rabbits are more sensitive than pregnant rats and that atrazine is not
teratogenic (Infurna et aL., 1988).

~'"
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Embryotoxicity was reported in rats after subcutaneous injection of 1000 or 2000 mg/kg
bw atrazine per day on days 3, 6 and 9 of gestation, but not after administration at
concentrations of up to 1000 ppm (mg/kg) in the feed from day 1 throughout gestation.
MaternaI toxicity was not reported (Peters & Cook, 1973).

Application of atrazine to fertile mallard eggs, by immersing them for 30 sec in an
aqueous solution, resulted in embryonic death at exposure levels calculated to be more than
67 times that expected after usual application in the field, i.e., more than 400 Ib/acre (448
kg/ha) (Hoffan & Albers, 1984).

Perinatal effects on sex steroid metabolism are discussed in section 4.2.2.

4.4 Genetic and related etTects (see also Table 4 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Atrazine did not induce mutation in bacteriophage, bacteria, Saccharomyces cerevisiae

or Nicotiana tabacum, whereas mutations were induced in Schizosaccharomyces pombe,

Aspergillus nidulans and Zea mays; conflicting results were obtained in Hordeum vulgare. ln
Drosophila melanogaster, sex-linked recessive lethal mutations were induced in one study but
not in another. 6-Thioguanine-resistant mutants were induced in cultured Chinese hamster
lung V79 cells, only in the presence of microsomes from potato, and not in the presence of an
exogenous metabolic activation system from rat liver.

Gene conversion was not induced in S. cerevisiae or A. nidulans. Mitotic recombination
was not increased by atrazine in S. cerevisiae, while conflicting results were obtained in A.
nidulans. Aneuploidy was induced in Neurospora crassa, A. nidulans and D. melanogaster.

Dominant lethal effects were induced in D. melanogaster. Chromosomal aberrations
were induced in the majority of plants studied. ln cultured rodent or human cells, atrazine did
not induce chromosomal aberrations, sister chromatid exchange or unscheduled DNA
synthesis.

Atrazine induced ampicillin-resistant mutations in Escherichia coli in a mouse
host-mediated assay. ln mammals in vivo, atrazine induced DNA strand breakage in rat
stomach, liver and kidney cells, but not in lung cells, following oral dosing. It induced
dominant lethal effects in mouse spermatids but did not induce morphological abnormalities
in mouse sperm heads.

s. Summary of Data Reported and Evaluation

5.1 Exposure data

Atrazine was introduced in 1957. It is now one of the most extensively used herbicides
worldwide, with US production of at least 50 000 tonnes per annum since 1980. It is widely
used on maize and to a lesser extent on a variety of other crops.

Atrazine has been formulated as wettable powders, granules and liquid formulations.
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Table 4 (contd)

Test system Result a Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

ANG, Aspergillus nidulans, gene conversion - 0 800.~~ de Bertoldi et al. (1980)
ANG, Aspergillus nidulans, mitotic recombination - + 0.~~ Adler (1980)
ANG, Aspergillus nidulans, mitotic recombination - - 100.0000 Kappas (1988)
SCF, Saccharomyces cerevisiae, forward mutation - 0 50.~~ Emnova et al. (1987)
SZR, Schizosaccharomyces pombe, reverse mutation + 0 17.500 Mathias (1987)
SZR, Schizosaccharomyces pombe, reverse mutation + + c 70.~~ Mathias et al. (1989)
ANF, Aspergillus nidulans, forward mutation - + 2500.~~ Benigni et al. (1979)
A.~N, Aspergillus nidulans, aneuploidy - + 200.~~ Benigni et al. (1979)

~
NCN, Neurospora crassa, aneuploidy + 0 0.~~ Grifiths (1979)
HSM, Hordeum vulgare, mutation + 0 100.~~ Wuu & Grant (1966) NHSM, Hoi'deum vulgare" mutation 0 200.~~ Stroyev (1968)

..-
ZPLM, Zea mays, mutation + 0 200.~~ Morgun et al. (1982) ti

PLM, Zea mays, mutation + 0 0.0000 Plewa et al. (1984)
PLM, Nicotiana tabacum, mutation - 0 O.ooOd Bríza (1989)
TSI, Tradescantia paludosa, micronuclei - 0 200.~~ Ma et al. (1984)
HSC, Hordeum vulgare, chromosomal aberrations + 0 500.~~ spray Wuu & Grant (1967a)
HSC, Hordeum vulgare, chromosomal aberrations - 0 200.~~ Müller et al. (1972)
* Hordeum vulgare, decrease in chiasma frequency + 0 1000.~~ Sharma et al. (1982)
VFC, Vicia ¡aba, chromosomal aberrations + 0 400.000 Wuu & Grant (1967b)
VFC, Vicia faba, chromosomal aberrations - 0 200.~~ Müller et al. (1972)
PLC, Sorghum sp, chromosomal aberrations + 0 O.Oood Liang & Liang (1972)

PLC, Sorghum sp, chromosomal aberrations - 0 0.0000 Müller et al. (1972)
PLC, Sorghum sp, chromosomal aberrations + 0 0.~~ Lee et al. (1974)
PLC, Nigella damascena, chromosomal aberrations - 0 320.~~ Mathias (1987)

PLC, Nigella damascena, chromosomal aberrations + 0 40.00d Mathias (1987)
PLC, Zea mays, chromosomal aberrations - 0 200.~~ Morgun et al. (1982)
DMX, Drosophila melanogaster, sex-linked recessive lethal + 0 100.~~ Murnik & Nash (1977) .pmutation Vi-.



Table 4 (contd) .t
VI
00

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system-

0 200.~~ Adler (1980)

+ 0 100.~~ Murnik & Nash (1977)
+ 0 100.~~ Murnik & Nash (1977)

_e 200.~~ Adler (1980)

200.~~ Adler (1980)

200.~~ Adler (1980)

DMX, Drosophila melanogaster, sex-linked recessive lethal
mutation

DML, Drosophila melanogaster, dominant lethal mutation
DMN, Drosophila melanogaster, aneuploidy
G9H, Gene mutation, Chinese hamster lung V79 cells Ùi vitro,

hprt locus

sic, Sister chromatid exchange, Chinese hamster CHO cells
in vitro

CIC, Chromosomal aberrations, Chinese hamster CHO cells
in vitro

CIC, Chromosomal aberrations, Chinese hamster cells in vitro
UHF, Unscheduled DNA synthesis, human EUE cells in vitro
SHL, Sister chromatid exchanges, human lymphoctes in vitro
HMM, Host-mediated assay, Escherichia coli ampr in mouse
DVA, DNA strand breaks, rat stomach, liver and kidney in vivo
DVA, DNA strand breaks, rat stomach, liver and kidney in vivo
DV A DNA strand breaks, rat lung in vivo
DVA, DNA strand breaks, rat lung in vivo
DLM, Dominant lethal mutation, mouse spermatids
SPM, Sperm morphology, mouse

o 250.~~
650.~~

0.~~
100.~~ x 1 p.o.
875.~~ x 1 p.o.
350.~~ x 15 p.o.
875.~~ x 1 p.o.
350.~~ X 15 p.o.

1500.~~ x 1 p.o.
600.~~

Ishidate (1988)

Adler (1980)

Ghiazza et al. (1984)
Adler (1980)

Pino et al. (1988)
Pio et al. (1988)
Pino et al. (1988)
Pino et al. (1988)
Adler (1980)

Osterloh et al. (1983)

_e

+
+
+

o
o
o

o

o

o
o
o

*Not displayed on profie

a+, positive; (+ ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experients within an adequate study)
bIn-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

CYested with extracts of atrazine-treated Zea mays
dCommercial pesticide

epositive with potato mIcrosomes at doses up to 3 mM
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Exposure can occur during production and application of atrazine and via contaminated
ground- and surface water. Exposure could also occur from consumption of foods containing
residues. Atrazine residues were not detected in large-scale surveys of foods products in
Canada and the USA.

5.2 Carcinogenicity in humans

One population-based case-control study in northern Italy found an elevated risk for
ovarian cancer in women considered to have been exposed to triazine herbicides. A
hospital-based case-control study in the same area found an elevated risk for ovarian
tumours among women exposed to herbicides, including triazine herbicides.

A case-control study from Kansas, USA, indicat~d an association between self-reported
use of triazine herbicides and risk for non-Hodgkin's lymphoma. A nonsignificant doubling
of the risk was found in the absence of exposure to phenoxyacetic acid herbicides and uracils.
ln another study in Kansas, USA, in which apparently the same con trois were used,
self-reported use of triazine herbicides was associated with a slight excess risk of colon
cancer, as was employment on a farm in general.

ln two case-control studies from Iowa and Minnesota, USA, there was no association
between self-reported use of atrazine and leukaemia, whereas a slightly increased risk was
suggested for a subgroup of lymphomas.

ln a case-control study in Nebraska, USA, a nonsignificant elevation in risk for
non-Hodgkin's lymphoma was associated with self-reported use of atrazine. Risks were
greater among men with 16 or more years of use than among those with a shorter duration.

These seven studies were considered to provide sorne evidence for the carcinogenicity of
exposure to triazine herbicides. Complex exposures and insufficient reporting made it
difficult to evaluate the carcinogenicity of individual triazine herbicides, including atrazine.

5.3 Carcinogenicity in experimental animais

Atrazine was tested for carcinogenicity in one experiment by oral administration to rats,
producing increased incidences of mammary tumours (mainly benign) in males and of
uterine adenocarcinomas and tumours of the haematopoietic system in females. It was also
tested by intraperitoneal administration to mice; it was stated in a preliminary report to have
produced an increase in the incidence of lymphomas.

5.4 Other relevant data
Atrazine was embryotoxic and embryolethal but not teratogenic in rats and rabbits when

administered at maternally toxic doses.
Atrazine and its de-ethylated metabolite have been shown to alter the activity of some

testosterone-metabolizing enzyes in the rat pituitary and hypothalamus, and to decrease
hormone-receptor binding in the prostate.

No data were available on the genetic and related effects of atrazine in humans.
Atrazine induced DNA strand breaks in stomach, liver and kidney cells but not lung cells

of rats treated oraIly. Chromosomal aberrations were induced in plants and insects, but not in
cultured rodent cells. Aneuploidy was induced in Drosophila melanogaster and fungi.
Atrazine induced gene mutation in plants, but not in bacteria or cultured rodent cells.
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5.5 Evaluation i

There is inadequate evidence in humans for the carcinogenicity of atrazine.
There is limIted evidence in experimental animaIs for the carcinogenicity of atrazine.
ln ma king the overall evaluation, the Working Group took into consideration the

following supporting evidence. The increased risks for tumours that are known to be
associated with hormonal factors, which were observed in studies of both animaIs and human
beings, are consistent with the known effects of atrazine on the hypothalamic-pituitary-
gonadal axis.

Overall evaluation

Atrazine is possibly carcinogenic tò humans (Group 2B).
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MONURON

This substance was considered bya previous Working Group, in 1976 (IARC, 1976).
Since that time, new data have become available, and these have been incorporated into the
monograph and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Sem Reg. No.: 150-68-5
Chem. Abstr. Name: N' -( 4-Chlorophenyl)-N,N-dimethylurea
IUP AC Systematic Name: 3-( 4-Chlorophenyl)-1, 1-dimethylurea; 3-( 4-chlorophenyI)-
1,1-dimethyluronium trichloroacetate
Synonyms: Chlorfenidim; N-(para-chlorophenyl)-N' ,N' -dimethylurea; N-( 4-chloro-
phenyI)-N' ,N' -dimethylurea; 1-( 4-chlorophenyl)-3,3-dimethylurea; l-(para-chloro-
phenyl)-3,3-dimethylurea; 3-(para-chlorophenyl)-1, 1-dimethylurea; CMU; 1,1-dime-
thyl-3-(para-chlorophenyl)urea; 1, 1-dimethyl-3-( 4-chlorophenyI)urea; N,N-dimethyl-
N'-( 4-chlorophenyl)urea

o

-\ Il /' CH3Ci 0 NH-C- N
" CH3

C9HiiCIN20 MoL. wt: 198.65

1.1.2 Chemical and physical properties

(a) Description: Colourless crystals with a slight odour (Budavari, 1989; Royal Society
of Chemistry, 1989)

(b) Me/ting-point: 174-175°C (Royal Society of Chemistry, 1989)
(c) Spectroscopydata: Infrared (prism (10667); grating (28355)), ultraviolet (20884) and

nuclear magnetic resonance (proton (16056)) spectral data have been reported
(Sadtler Research Laboratories, 1980).

(d) Solubility: Slightly soluble in water (230 mg/I at 25°C) and benzene (3 g/kg at 27°C);
moderately soluble in methanol (177 g/kg at 25°C), ethanol, acetone (52 g/kg at
27°C); practically insoluble in hydrocarbon solvents (Budavari, 1989; Royal Society
of Chemistry, 1989)

(e) Vapour pressure: 5 x 10-7 mm Hg (0.7 x 10-7 kPa) at 25°C (Budavari, 1989)

- 467 -
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if Stability: Stable toward oxygen and moisture under ordinary conditions at neutral
pH; elevated temperatures and more acid or alkaline conditions increase the rate of
hydrolysis (Budavari, 1989; Royal Society of Chemistry, 1989)

(g) Conversion factor for airborne concentration 1: mg/m3 = 8.12 x ppm
1.1.3 Trade names, technical products and impurities

Sorne examples of trade names are: Karmex Monuron Herbicide; Karmex W. Monuron
Herbicide; Telvar; Telvar Monuron Weedkiller; Televar W Monuron Weedkiller

Monuron is available as a technical product at 97% active ingredient (US Environ-
mental Protection Agency, 1983). A technical-grade sample of monuron analysed by liquid
chromatography contained small amounts of 1,3-bis( 4-chlorophenyl)urea (0.78%) and
diuron (0.34%) as impurities (Sidwell & Ruzicka, 1976).

Monuron has been formulated as a wettable powder and as granules of monuron or
monuron trichloroacetate or as an oil/water miscible liquid concentrate containing monuron
trichloroacetate plus 2,4-D (see IARC, 1987). ln the USSR, the commercial product usually
contains 99% of the active ingredient (Izmerov, 1984; Royal Society of Chemistry, 1986;
Worthing & Walker, 1987). Isomerie compounds may be present as impurities when
monuron is produced by direct halogenation of aryldialkylureas (Izmerov, 1984).

1.1.4 Analysis

Selected methods for the analysis of monuron in various matrices are given in Table 1.

Table 1. Methods for the analysis of monuron

Sample matri Sample preparation Assay
procedurea

Reference

Specified fruit
and vegetables

Alkaline hydrolysis to release para-chloroaniline;
diazotize; couple with N-(I-naphthyl)ethylene-
diamine; dean-up and separate resulting dyes on
cellulose coluffn
Hydrolyse to para-chloroaniline using sodium
hydroxide; distil; acidify distila te; wash with
hexane or dichloromethane; neutralize; extract
with hexane

TLC US Food and Drug
Administration
(1989)

Residues GC/FID Zweig (1964)

aAbbreviations: GC/FID, gas chromatographylfame ionization detector; TLC, thin-Iayer chromatography

1.2 Production and use

1.2.1 Production

Monuron was introduced in 1952 (US National Toxicology Program, 1988) and is
prepared by reaction ofpara-chlorophenylisocyanate with dimethylamine (Izmerov, 1984).

'Calculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPaD
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ln 1973, production in the USA was 230-400 tonnes, but larger quantities were produced
earlier when its use was permitted on food crops (IARC, 1976). Production of monuron and
its trichloroacetate salt was discontinued in Israel in 1984 and in the USA in 1988 (Meister,
1990).

1.2.2 Use

Monuron is a non-selective systemic herbicide which inhibits photosynthesis and is
applied either pre- or post-emergence. It has been used for the control of many grasses
and weeds in non-cropland are as, such as rights-of-way, industrial sites and drainage ditch
banks (US Environmental Protection Agency, 1975; US National Technical Information
Servce, Environmental Protection Agency, 1983; Worthing & Walker, 1987; Royal Society

of Chemistry, 1989).
IZmerov (1984) reported that, in sorne countries, monuron was used on potatoes, soya

beans, peas and beans. ln the USSR, monuron has been used on non-crop areas at doses
ranging from 20-30 kg/ha, and at lower application rates on certain crops. Crops to which it
has been applied include cotton, sugar-cane, pip gardens, vineyards, tea plantations, apple
and pear trees and citrus plants at least three years old. Monuron has also been used in
combination with other herbicides, such as chlorpropham and simazine (see monograph,
p. 495), to control resistant weeds.

1.3 Occurrence

1.3.1 Air

ln the air of the working zone of a sower, the highest concentrations of monuron ranged
from 8.6 to Il mg/m3; monuron vapours were not detectable in the breathing zone of a
tractor driver (Izmerov, 1984).

1.3.2 Uáter

ln one investigation of the persistence of monuron in river water, acetone solutions of
monuron were injected into water samples, which were exposed to natural and artificial Iight
at room temperature. By the end of one week, 40% of the monuron remained; at two weeks,
30%; at four weeks, 20%; and at eight weeks none was detected (US Environmental

Protection Agency, 1975).

1.3.3 Soif

Phytotoxic concentrations of monuron disappeared from the soil within one year. When
applied at non-selective rates for total vegetation control, e.g., on rights-of-way, it retained
its phytotoxic activity for several seasons. Heavier applications (20-200 Ib/acre (23-230
kg/ha D required up to three years to dissipate (US Environmental Protection Agency, 1975).

Monuron moves fast in light (sandy loam) soils. At large doses and on soils with a high
moisture content (up to 75%), it may penetrate as deeply as 40 cm. Monuron applied at rates
of20-60 kg/ha persists in soil for 1. 7 years or longer. At an application rate of 1.8 kg/ha, aIl of
an applied dose of monuron is broken down within 1 year; at 3.6 kg/ha, only 85-90% of the
chemicaI decomposes within the same time. ln the hottest months, 36% of an applied dose
was degraded, compared to 14% in cool months (Izmerov, 1984).
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1.3.4 Plants

When citrus plants were treated with monuron at a rate of 10-16 kg/ha, it was found to
have accumulated to 0.21-0.41 mg/kg in leaves two months later, in May; in September,
accumulation ranged from 0.12 to 0.2 mg/kg. At application rates as high as 16 kg/ha, the
peel ofunripe fruits exhibited levels ofmonuron ranging from 0.01 to 0.02 mg/kg; no residue
was detected in ripe fruit (Izmerov, 1984).

1.4 Regulations and guidelines

ln the USSR, the maximum allowable concentration of monuron in workplace air is
2 mg/m3. ln the air of communities, the maximum allowable single concentration is
0.02 mg/m3. The maximum allowable concentration for drinking-water is 5 mg/l (Izmerov,
1984).

National pesticide residue limits for monuron in foods are presented in Table 2.

Table 2. National pesticide residue limits for monuron in foosa

Country CommoditiesResidue
limit
(mg/kg)

Austria

Belgiumb

1.0
0.2
0.1
0.05

0.5
0.2
0.1
0.05c
Od (0.05)

1.0
0.2
0.1
0.05

0.1

7
1.0

Germanye

Italy!

Kenya

Netherlandsb 0.5
0.2
0.1
0.05c
Od (0.05)

0.5
0.2
0.05
0.02

Spaing

Asparagus
Fruit, potatoes, other vegetables
Cereals
Other
Pome fruit, cabbages and related plants
Other vegetables

Grains
Other fruit
Other foodstuffs of vegetable origin

Asparagus
Vegetables (except asparagus), potatoes, fruit
Cereals
Other foods of plant origin
Fruit, vegetables
Asparagus
Avocdos, citrus fruits, grapes, grapefruit, cottonseed, kumquats,
lemons, limes, oranges, pineapple, spinach, sugar-cane, tangerines

Cabbage, pome fruits
Othcr vegetables

Cereals, potatoes
Other fruit
Other
Asparagus
Other vegetables

Potatoes
Other plant products
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Table 2 (contd)

Country Residue
limit
(mg/kg)

Commodities

USSRh 0.005
o

Vegetables, pears, apples, grapes, citruses, tea, cotton-seed oil
Potatoes

Ilrom Health and Welfare Canada (199)
bCalculated as 4-chloroaniline

cris figure is also the lower limit for determining residues in the corresponding product according to the
standard method of analysis; traces of residues below the lower limit indicated for determining residues may
be found in the product.
liesidues should not be present; the number in parentheses is the lower limit for residue determination ac-
cording to the standard method of analysis, this limit having been used to reach the no-residue conclusion.
eincluding decomposition and reaction products that stil contain the 4-chloroaniline group, calculated in total
as 4-chloroaniline
./rom Royal Society of Chemistry (1989)

~um of monolinuron, buturon and monuron, expressed as 4-chloroaniline; not registered for agricultural use
hFrom Izmerov (1984)

2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental AnimaIs

The Working Group was aware of two studies in rats (Hodge et aL., 1958; Rubenchik
et al., 1970) and one study in mice (Rubenchik et al., 1970) that were reported in the previous
monograph (IARC, 1976). They did not consider these studies informative for the
evaluation.

Oral administration

Mouse: ln a screening study on a large number of compounds, groups of 18 male and 18
female (C57B1/6 x C3H/ Ant)Fi and (C57B1/6 x AK)Fi mice, seven days of age, received
215 mg/kg bwcommercial monuron (95% pure) in 0.5% gelatine bystomach tube daily (not
adjusted for increasing body weight) up to four weeks of age; subsequently, they were fed
517 mg/kg of diet. The dose was the maximum tolerated dose for infant and young mice but
not necessarily for adults. The experiment was terminated when the mice were about 78
weeks of age, at which time there was no difference in survvaL. A significant increase in the
incidence oflung adenomas was observed in males of the second strain (6/16) compared with
combined con troIs (9/90) fp -c 0.01); in gelatin controls the incidence was 2/18 (US National
Technical Information Servce, 1968; Innes et al., 1969).

Groups of 50 male and 50 female B6C3Fi mice, seven to nine weeks old, were fed 0,
5000 or 10000 mg/kg of diet monuron (purity, )- 99%) for 103 weeks. Mean body weights of
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treated female mice were significantly Iower than those of controls. Survval of both control
and low-dose male and female mice was significantly shorter than that of the high-dose
group. ln male mice, a dose-related decrease in the incidences of hepatocellular adenomas
or carcinomas (control, 12/50; low-dose, 8/49; and high-dose 6/50) (p -: 0.05, trend test) was
noted. ln female mice, there was also a decrease in the incidence of hepatocellular tumours;
however, this was not dose-related. The incidence of malignant lymphomas was significantly
reduced in treated females (control, 16/50; low-dose, 8/50; and high dose, 7/50) (p -: 0.01
life-table test for trend) (US National Toxicology Program, 1988).

Rat: Groups of 50 male and 50 female Fischer 344/N rats, seven weeks old, were fed 0,
750 or 1500 mg/kg of di et monuron (purity, ). 99%) for 103 weeks. The mean body weights
of treated male and female rats were lower than those of con troIs throughout the study.
Survival rates were higher in treated than in control animais, since Il control male rats died

at week 93 due to a malfunction in the room thermostat. ln male rats, administration of
monuron was associated with an increase in the incidence of renal tubular-cell adenomas
(control, 0/50; Iow-dose, 2/50; high-dose, 7/50) and of renal tubular-cell adenocarcinomas
(control, 0/50; low-dose, 1/50; high-dose, 8/50). The combined incidence of renal tumours in
males was: control, 0/50; low-dose, 3/50; and high-dose, 15/50 (p -: 0.001, incidental tumour
test for trend). No su ch tumour was observed in females. The most frequent other change
observed in the kidney of both male and female treated rats was cyomegaly of renal tubular
epithelial cells (nuclear enlargement, multiple nucleoli and nuclei with many anaplastic
characteristics). ln the liver, the combined incidence of neoplastic nodules or carcinoma in
males was: 1/50 control, 6/49 low-dose and 9/50 high-dose (incidental tumour test,p = 0.04).

Significant negative trends were noted in the incidences of mononuclear cell leukaemia in
male and female rats, of adrenal gland phaeochromocyomas (p -: 0.01) and thyroid C-cell
carcinomas (p -: 0.04) in male rats and of mammary gland fibroadenomas (p -: 0.02) in
female rats (US National Toxicology Program, 1988).

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

Monuron is metabolized mainly by oxidative N-demethylation and aromatic
hydroxylation, but sorne chlorinated aniline derivatives are also produced (Ernst & Bohme,
1965; Ernst, 1969). The principal urinary metabolites in rats are N-( 4-chlorophenyl)urea
(14.5% of dose), N-(2-hydroxy-4-chloropheiiyl)urea (6.5%), N-(2-hydroxy-4-chloro-
phenyl)-N'-methylurea (1.5%), N-(3-hydroxy-4-chlorophenyl)urea (2.2%), N-( 4-chloro-
phenyl)-N'-methylurea, N-(2-hydroxy-4-chlorophenyl)-N,N'-dimethylurea and 2-aceta-
mido-5-chlorophenoL. The metabolite yields indicate that hydroxylation favours the

2-position rather th an the 3-position. Phenolic metabolites were excreted in the urine as
conjugates. 4-Chloro-2-hydroxyaniline was excreted as the N-acetyl conjugate.
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The detection of 4-chloroaniline-haemoglobin adducts by gas chromatography-mass
spectrometry (estimated to be equivalent to 0.56% of the dose in rats given 1 mmollkg
monuron orally) confirms the availability of an aromatic amine metabolite in vivo (Sabbioni
& Neumann, 1990).

There is indirect evidence that the N-demethylation reaction occurs via a relatively
stable N-hydroxyethyl intermediate, which has been identified from mouse hepatic
microsomal incubates in vitro and as conjugates from mouse urine in vivo (Ross et al., 1981).

4.2 Toxic etTects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems

The oral LDso for monuron in rats was 1480-3700 mg/kg bw, and the dermal LDso in
rabbits was ;: 2500 mg/kg bw (Ben-Dyke et al., 1970).

Rats fed monuron for two years at 25-2500 mg/kg per day in the diet (0.0025-0.25%)
developed only mild toxicity at the higher dose; slight growth retardation, mild anaemia and,
in females only, slight splenic and hepatic enlargement were observed (Hodge et al., 1958). ln
subsequent feeding studies (US National Toxicology Program, 1988), at dietary intakes of
monuron (;: 99% pure) of up to 12000 ppm (mg/kg) in Fischer 344 rats and 50 000 ppm
(mg/kg) in B6C3F1 mice for 13 weeks and 750 and 500 ppm (mg/kg) (rats) and 5000 and
10 000 ppm (mg/kg) (mi ce) for two years, the kidney, liver and lympho/haematopoietic
systems were targets for toxicity. The Iymphocyic and haematopoietic tissue atrophy seen in
both rats and mice at high doses in the 13-week studies was not seen in the two-year feeding
studies. ln the two-year studies, renal tubular epithelial hypertrophy was noted at high
incidence in rats (48/50 Iow-dose males and 50/50 high-dose males; 12/50 low-dose females
and 49/50 high-dose females). The nuclei of these cells were greatly enlarged, had anaplastic
features and were sometimes multiple. ln mice, there was no remarkable kidney lesion.
Dose-dependent hepatocyic changes and degeneration observed in males (but not females)
of both species and splenic haemosiderosis in female rats were the only other toxic effects
clearly related to treatment in the two-year studies.

Short-term (2-18 weeks) feeding of monuron at 450 mg/kg to rats caused hepatocye
mitochondrial changes associated with altered activity of glycolytic enzyes (Rubenchik et
al., 1969).

ln dogs, feeding of monuron at 2.5-25 mg/kg bw per day in the diet for one year
produced no toxicity attributable to treatment (Hodge et al., 1958).

The number and volume fraction of enzye-specifie altered foci in rat liver were
increased when monuron was used as a promoter (750 or 1500 ppm (mg/kg) in the diet)
subsequent to a single injection of N-nitrosodiethylamine (10 mg/kg bw intraperitoneally)
24 h after partial hepatectomy. The incidence of foci was not increased whep monuron was
used as an initiator (125 or 250 mg/kg bw intraperitoneally in a single dose after partial
hepatectomy) followed by promotion with dietary phenobarbital (Maronpot et aL., 1989).
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4.3 Reproductive and developmental effects

No data were available to the Working Group.

4.4 Genetic and related effects (see also Table 3 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Monuron did not induce gene mutation in bacteria or yeast but did in plants. ln mouse
lymphoma L5178Y cells, conflicting results were obtained for mutation at the tk locus.
Chromosomal aberrations were induced in plants, insects and cultured mammalian cells.
MonUfon induced sister chromatid exchange and morphological transformation but not
unscheduled DNA synthesis in cultured mammalian cells.

Administration of monuron to mice in vivo induced chromosomal aberrations and
micronucleus formation in bone-marrow cells and increased the frequency of morpho-
logically abnormal sperm.

5. Summary of Data and Evaluation

5.1 Exposure data

Monuron is a nonselective systemic herbicide which inhibits photosynthesis. It was
introduced in 1952 and has been used for the control of grasses and weeds in non-cropland
are as, such as rights-of-way, industrial sites and drainage ditch banks. It has been used at
Iower application rates in agricultural areas in sorne countries as a pre- or post-emergence
herbicide.

Monuron has been formulated for use as wettable powder and granules.
Exposure may occur during its production and use and, at much Iower levels, from

consumption of foods containing residues.

5.2 Carcinogenicity in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animais

Monuron was tested adequately for carcinogenicity in one study in mice and in one study
in rats by oral administration. No increase in tumour incidence was found in mice. ln rats,
dose-related increased incidences of renal and liver-cell tumours were observed in males.

5.4 Other relevant data

Monuron forms chloroaniline-haemoglobin adducts in rats. ln one study, it increased
the number and volume fraction of enzye-positive foci in rat liver.

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



Table 3. Genetic and related effects of monuron

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

SAD, Salmonella typhimurium TA100, reverse mutation - - 50.~~ US National Technical Infor-
mation Service, Environmental
Protection Agency (1977)

SAD, Salmonella typhimurium TA100, reverse mutation - - 250.~~ US National Toxicology
Program (1988)

SAS, Salmonella typhimurium TA1535, reverse mutation - - 50.~~ US National Technical Infor-
mation Servce, Envionmental

s=Protection Agency (1977) 0SAS, Salmonella typhimurium TA1535, reverse mutation 0 + 1. 50 Seller (1978)

2SA5, Salmonella typhimurium TA1535, reverse mutation - - 250.~~ US National Toxicology
Program (1988) ~0SA7, Salmonella typhimurium TA1537, reverse mutation - - 500.~~ US National Technical Infor- Z
mation Service, Environmental
Protection Agency (1977)

SA7, Salmonella ty~r¡himurium TA1537, reverse mutation - - 2500.~~ US National Toxicology
Program (1988)

SA8, Salmoneíla typhimurium TA1538, reverse mutation - - 500.~~ US National Technical Infor-
mation Service, Environmental
Protection Agency (1977)

SA9, Salmonella typhimurium TA98, reverse mutation - - 250.~~ US National Toxicology
Program (1988)

SAS, Salmonella typhimurium, reverse mutation - D 0.~~ Andersen et al. (1972)
ECW, Escherichia coli WP2 uvrA, reverse mutation - - 50.~~ US National Technical Infor-

mation Service, Environmental
Protection Agency (1977)

SCG, Saccharomyces cerevisiae D7, gene conversion - - 40.~~ US National Technical Infor-
mation Service, Envionmental
Protection Agency (1984)

.i
~



~
Table 3 (contd) ~

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

SCH, Saccharomyces cerevisiae 03, homozygosis by mitotic - - 5~~.~~ US National Technical Infor-
recombination mation Service, Environmental

Protection Agency (1977)
-
~

SCH, Saccharomyces cerevisiae D7, homozygosis by mitotic - - 40.~~ US National Technical Infor- ~recombination mation Service, Environmental
Protection Agency (1984) ~0SCR, Saccharomyces cerevisiae D7, reverse mutation - - 4~~.~~ US National Technical Infor- Z
mation Service, Environmental 0
Protection Agency (1984) 0

HSM, Hordeum vulgare, mutation + 0 1 (). ~~ Wuu & Grant (196) ~HSC, Hordeum vulgare, chromosomal aberrations + 0 50.~~ Wuu & Grant (196) '"
HSC, Hordeum vulgare, chromosomal aberrations + 0 500.~~ Wuu & Grant (1%7) ::(/* Anopheles stephensi, chromosomal aberrations + 0 10.~~ Sharma et al. (1987) ~
GSf Gene mutation, mouse lymphoma L5178Y cells in vitro, (+ ) + 20.~~ US National Technical Infor- 0

tk locus mation Service, Environmental t
Protection Agency (1984) ~

GSf Gene mutation, mouse lymphoma L5178Y ce lis in vitro, - - 1100.~~ McGregor et al. (1988) ti
tk locus VIv.

sic, Sister chromatid exchange, Chinese hamster ovary cells - + 250.~~ US National Technical Infor-
in vitro mation Service, Environmental

Protection Agency (1984)

sic, Sister chromatid exchange, Chinese hamster oval) cells + + 100.~~ US National Toxicology
in vitro Program (1988)

CIC, Chromosomal aberrations, Chinese hamster ovary cells - + 1300.~~ US National Toxicology
in vitro Program (1988)

TCS, Cell transformation, Syran hamster cells in vitro + 0 5.~~ Amacher & Zelljadt (1983)
UHF, Unscheduled DNA sythesis, human lung fibroblasts - - 200.~~ US National Technical Infor-

WI38 in vitro mation Servce, Envionmental
Protection Agency (1984)



Table 3 (contd)

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system a:0
+ 0 14.400 x 3 ¡.p. Shanna et al. (1987) a0 200.~~ x 2 p.o. Seiler (1978) :;+ 0 200.~~ x 2, oral US National Technical Infor- 0

mation Service, Environmental Z
Protection Agency (1984)

+ 0 14.40 x 3 ¡.p. Shanna et al. (1987)
+ 0 14.400 X 3 ¡.p. Shanna et aL. (1987)

CBA Chromosomal aberrations, mouse bone marrow in vivo
MV, Micronucleus test, mouse bone marrow in vivo
MVM, Micronucleus test, mouse bone marrow in vivo

MV, Micronucleus test, mou se bone marrow in vivo
SPM, Spenn morphology, mou se in vivo

*Not displayed on profile.

a +, positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, j.g/ml; in-vivo tests mg/kg bw

..----
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Monuron induced micronucleus formation, chromosomal aberrations and abnormal
sperm in mice in vivo. It induced chromosomal aberrations in cultured mammalian cells,
insects and plants, sister chromatid exchange and cell transformation in cultured mammalian
cells and mutation in plants.

5.5 Evaluation 1

No data were available from studies in humans.
There is limIted evidence in experimental animaIs for the carcinogenicity of monuron.

Overall evaluation
Monuron is not classifiable as to Its carcinogenicity to humans (Croup 3).
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PICLORA

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 1918-02-1
Chem. Abstr. Name: 2-Pyridinecarboxylic acid, 4-amino-3,5,6-trichloro-
IUPAC Systematic Name: 4-Amino-3,5,6-trichloropyridine-2-carboxylic acid
Synonyms: 4-Aminotrichloropicolinic acid; 4-amino-3,5,6-trichloropicolinic acid;
ATCP; picolinic acid, 4-amino-3,5,6-trichloro; 3,5,6-trichloro-4-aminopicolinic acid

Ci

Ci
hO

C::
..OH

ei
C6H3Cl3N202

MoL. wt: 241.46

1.1.2 Chemical and physical properties

(a) Description: Colourless crystals with a chlorine-like odour (Royal Society of
Chemistry, 1989)

(b) Melting-point: Decomposes at 215°C (Royal Society of Chemistry, 1989; Meister,
1990 )

(c) Solubility: Slightly soluble (at 25°C) in water (0.43 g/I), dichloromethane (0.6 g/I),
acetonitrile (1.6 g/l), diethyl ether (1.2 g/l) and benzene (0.2 g/l); moderately
soluble (at 25°C) in acetone (19.8 g/l), isopropanol (5.5 g/I), ethanol (10.5 g/l) and
methanol (18.5 g/l); very slightly soluble (at 25°C) in carbon disulfide (.( 0.05 g/l)
and kerosene (0.01 g/l) (US Environmental Protection Agency, 1988a; Royal

Society of Chemistry, 1989)
(d) Vapour pressure: 6.16 x 10-7 mm Hg (0.82 x 10-7 kPaJ at 35°C (Budavari, 1989)
(e) Stability: ln aqueous sol utions, decomposed by ultraviolet irradiation (Royal Society

of Chemistry, 1989) but stable to hydrolysis (US Environmental Protection Agency,
1988b); very stable to acidic and basic media, but decomposed by hot concentrated
alkalis; readily forms water-soluble alkali-metal and amine salts (Royal Society of
Chemistry, 1989).

- 481 -
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if Conversion factor for airbome concentrations1: mg/m3 - 9.88 x ppm
1.1.3 Trade names, technical products and impurities

The trade name is Tordon.
Picloram is available as granules and as soluble concentrates (Worthing & Walker, 1987;

Royal Society of Chemistry, 1989). ln the USA, it is formulated as the potassium,

triisopropanolamine and triethylamine salts and as the isooctyl ester, either as pellets or as
soluble concentrates in water (US Environmental Protection Agency, 1988b).

Picloram is compatible with many other herbicides and with fertilizers (Royal Society of
Chemistry, 1989). It is formulated in combination with 2,4-D (see IARC, 1987a), 2,4,5-T (see
IARC, 1987a), triclopyr(2-butoxyethyl), amitrole (see IARC, 1987b), atrazine (see
monograph, p. 441), simazine (see monograph, p. 495), bromaciI, dalapon, diuron, tebu-
thiuron, MCPA (see IARC, 1987a) and mecoprop (see IARC, 1986) (Royal Society of
Chemistry, 1986; Worthing & Walker, 1987; Anon., 1989a).

The US Environmental Protection Agency (1988b) has limited the level of hexa-
chlorobenzene (see IARC, 1987c) contamination in technical-grade picloram to a maximum
of 200 ppm (mg/kg) and the level of nitrosamines, a potential contaminant of the
triethylamine and triisopropanolamine forms of picloram, to a maximum of 1 ppm (mg/kg).

1.1.4 Analysis

Selected methods for the analysis of picloram in various matrices are given in Table 1.

Table 1. Methods for the analysis of picloram

Sample matrix Sample preparation Assay Limit of
procedurea detection

Reference

Water Adjust to pH 12; wash with dichloro- GC/ECD 0.14 iig/l US Environmental
methane; acidify; extract with ethyl Protection Agency
ether; derivatize with diazomethane (1989)
Extract with potassium chloride/potas- GC/ECD 5 ppb (iig/ US Foo and Drug
sium hydroxide solution; acidify; satu- kg) Administration
rate with sodium chloride and equili- (1989a)
brate with ethyl ether; dean-up on an
alumina column

Extract with ethyl ether; dean-up on GC/ECD 0.05 ppm US Food and Drug
basic alumina column; partition resi- (mg/l) Administration
dues from aqueous bicarbonate into (1989b)
ethyl ether; methylate residue; analyse
Acidify in acetone; exchange solvent IR Not reported Ramsey (1967)
to dimethylformamide

Soil

Milk

Formulations

'Calculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPa))



PICLORA 483

Table 1 (contd)

Sample matri Sample preparation Assay Limit of
procedurea detection

Reference

Crop samples Extract with sodium hydroxide; aci- GC/ECD
dif; treat with potassium permanga-
nate; extract with ethyl ether; dean-up
on a buffered celite column; methylate
with diazomethane

Animal tissues Extract with methanol/sodium carbo- GC/ECO
nate; acidify; extract with ethyl ether;
dean-up on an alumina column; treat
further with potassium permanganate
(liver); methylate with diazomethane

0.05 ppm
(mg/kg)

US Foo and Drug
Administration
(1989c)

0.005 ppm
(mg/kg)

US Foo and Drug
Administration
(1989d)

aAbbreviations: GC/ECD, gas chromatograph/electron capture detector; IR, infra-red spectrometiy

1.2 Production and use

1.2.1 Production

Picloram was first introduced into commercial production in 1963. It is synthesized from
æ-picoline by successive chlorination, amination and hydrolysis (Ramsey, 1967).

The annual worldwide production of picloram from 1969 to the present has been
400-1600 tonnes per year. ln 1981, it was estimated that 1000-1300 tonnes were produced in
the USA, of which 630-850 tonnes were exported (Schutte, 1982). It is currently produced in
the USA (Meister, 1990).

1.2.2 Use

Picloram is a systemic herbicide that is absorbed rapidly by roots and leaves and
accumulates in new growth. It is used for the control of most annual and perennial

broad-leaved weeds (except crucifers), including woody weeds, bracken, ferns and docks on
grassland and non-crop are as. Most grasses are resistant to picloram, but seedling grasses
may be susceptible (Worthing & Walker, 1987; Royal Society of Chemistry, 1989). Picloram
is used alone or in combination with 2,4-D against deep-rooted perennials on non-crop land
and in combination with 2,4-D or 2,4,5-T for brush control (Worthing & Walker, 1987).

Picloram may also be used for annual broadleaf weed control in spring and winter wheat,
oats and barley; for perennial broadleaf weed control in fallow grainland; and for broadleaf
annual and perennial weed control in rangeland and permanent grass pasture (Anon.,
1989b ).

ln the USA, the potassium and triisopropanolamine salts of picloram are approved for
food crop use on sm aIl grains, pastures and rangeland grasses; for use on noncrop areas and
rights-of-way; and for forestry use. The triethylamine salt is approved for crop use on
pastures and rangelands, and the isooctyl ester is approved for noncrop use on industrial sites
and rights-of-way and for forestry use (US Environmental Protection Agency, 1988b).

A product available in the USA containing picloram and 2,4-D is applied to eut tree
surfaces to kil unwanted growth (Anon., 1989b).
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ln the USA in 1981, it was estimated that yearly usage of picloram (active ingredient) was
as follows (tonnes): utility rights-of-way, 130-160; rangeland, 100-120; forest site

preparation, 70-90; pastures, 65-80; wheat, 4-5 (Schutte, 1982). By 1987, the amount used on
pasture and rangeland had approximately doubled (270-410 tonnes) (Eckerman, 1987).

1.3 Occurrence

1.3.1 Water

Picloram was found in 420 of744 surface water samplescollected from 135 locations and
in three of 64 groundwater samples collected from 30 locations. It was found in seven states
of the USA. Levels (85th percentile) of 0.13 iig/l in surface water and 0.02 iig/l in
groundwater were found in aIl positive samples; the maximal concentration found in surface
water was 4.6 iig/l and that in groundwater, 0.02 Ilg/1 (US Environmental Protection Agency,
1988c ).

1.3.2 Soif

The main degradation pathways of picloram in the environment are photolysis and
microbial degradation in aerobic soiL. Field tests in Texas (USA) using a liquid formulation of
picloram indicated that approximately 74% of the picloram in the test ecosystem, which
contained soil, water and vegetation, was dissipated 28 days after application (Scifres et al.,
1977). ln New Zealand, within 12 months after aerial application of 1.1 kg/ha picloram,
residues in soil had fallen to 'safe levels' in 65% oflocations sampled; the figure rose to 75%
after 14 months (MacDiarmid, 1975).

Laboratory studies indicate that, under aerobic soil condi tions, the' half-time of picloram
is dependent on the concentration applied and the temperature and the moisture of the soiL.
The major metabolite is carbon dioxide, other metabolites being present in insignificant
amounts (Meikle et al., 1974). Under anaerobic conditions in soil and aquatic media,
picloram de grades extremely slowly in the absence of light (US Environmental Protection
Agency, 1988c).

Picloram does not usually persist in soil after normal agricultural, forestry and industrial
applications. ln the field, picloram dissipa tes at a faster rate in hot, wet areas th an in cool, dry
locations. The half-time of picloram under most field conditions is a few months (US
Environmental Protection Agency, 1988c). There is little potential for picloram to move
from treated areas into runoff water (Fryer et al., 1979). Although this chemical is considered
to be moderately mobile, leaching is generally limited to the upper parts of most soil profiles
(Grover, 1977). Instances in which picloram has entered groundwater are largely limited to
misapplication or unusual soil conditions (Frank et al., 1979).

1.4 Regulations and guidelines

The US EnvIronmental Protection Agency has proposed to establish a 'maximum
contaminant level (feasible and enforceable limits to public health) in drinking-water and a
'maximum contaminant level goal' (desirable but non-enforceable) for picloram at 0.5 mg/l

(Anon., 1990).

National pesticide residue limits for picloram in foods are presented in Table 2.
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Table 2. National pesticide residue IImits for picloram in foodsa

Country CommoditiesResidue
limit
(mg/kg)

Argentina
Australia

Brazil

Canada
Italy

USAd

0.5

5
0.2
O.05b

SOc

1.0c
0.2
O.lc
0.05

Negligible

0.5

80
5
3
1.0
0.5

0.2

0.05

Sorghum, maize, wheat, barley, canaiy grass
Edible offal
Cereal grains ~

Meat, milk, milk products
Grasses
Forage
Meat and meat products
Rice, wheat, barley, grains
Milk, sugar-canec
Barley
Forage

Grasses, forage
Kidney (catte, goats, hogs, horses and sheep)
Miled fractions (except flour) of wheat, barley and oats when used in feed
Green forage and straw (barley, oats and wheat)
Barley grain, flax seed and straw, liver (cattle, goats, hogs, horses and
sheep), oats grain, wheat grain
Fat, meat by-products, meat (caule, goats, hogs, horses and sheep,
excluding kidney and liver)
Eggs, milk, poultry (fat, meat by-products, meat)

llrom Health and Welfare Canada (199)
bSet at or about the limit of detection

CProvisional
dprom its application in the acid form or in the form of its potassium, triethylamine or triisopropanolamine
salts, expressed as picloram

The time-weighted average occupational exposure limit for picIoram in air is 10 mg/m3
in Belgium, Finland, the Netherlands, Switzerland, the United Kingdom, the USA and
Venezuela. The short-term exposure limit is 20 mg/m3 in Finland and the United Kingdom,
and the ceiling is 20 mg/m3 in Venezuela (Cook, 1987; American Conference of
Governmental Industrial Hygienists, 1989; US Occupational Safety and Health Adminis-
tration, 1989).

2. Studies of eancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental AnimaIs

Oral administration

Mouse: Groups of 50 male and 50 female B6C3Fi mice, five weeks old, were fed diets
containing picIoram (technical-grade; at least 90% pure with 130 ppm (mg/kg)

i.~..__,_.
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hexachlorobenzene (US Environmental Protection Agency, 1988). The time at which
chemical analysis of the technical product was carried out is not reported.) Since the

maximum tolerated dose was not established beforehand, the concentration of picloram in
the feed was changed during the course of the study. Low-dose groups were fed 5000 mg/kg
of diet for one week and 2500 mg/kg diet for the subsequent 79 weeks; high-dose groups
were fed dietary concentrations of 10 000 mg/kg of di et for one week and 5000 mg/kg of diet
for the following 79 weeks. During the remaining 10 weeks of the study, the animaIs were fed
basal diet. Groups of 40 control animaIs of each sex (10 matched and 30 concurrent) received
the basal diet during the entire study period of90 weeks. There was no significant difference
in survval between test and control groups. The body weights of the mice were unaffected by
the administration of picloram. No significant difference in tumour incidence was found
between treated and control animaIs (US National Cancer Institute, 1978). (The Working
Group noted the short duration of treatment.)

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, five weeks old, were fed
diets containing picloram (technical grade; at least 90% pure with 130 ppm (mg/kg)
hexachlorobenzene (US Environmental Protection Agency, 1988). The time at which
chemical analysis of the technical product was carried out is not reported.) The

concentrations of picloram in the feed were changed during the study: low-dose groups were
fed 10 000 mg/kg of diet for 39 weeks and 5000 mg/kg di et for the subsequent 41 weeks;
high-dose groups were fed dietary concentrations of 20 000 mg/kg of diet for 39 weeks and
10 000 for the following 41 weeks. During the remaining 33 weeks of the study, the animaIs
were fed basal diet. Groups of 50 control animaIs of each sex (10 matched and 40 concurrent)
received the basal diet during the entire study period of 113 weeks. There was no significant
difference in survval between control and test groups. Mean body weights of treated rats
were higher than those of the matched controls during the second year of the study. ln female
rats, C-cell adenomas of the thyroid occurred in 1/38 pooled contraIs, 3/46 low-dose and
7/46 high-dose rats (p = 0.029 test for trend). An increased incidence of neoplastic nodules
of the liver was observed in treated females: in 0/39 pooled controls, 5/50 low-dose and 7/49
high-dose animaIs (p = 0.014;p = 0.016, test for trend); in males, this lesion appeared only
in three animaIs of the low-dose group. Hepatocellular carcinomas occurred in one low-dose
male rat and one high-dose female rat. A dose-related increase in the incidence of foci of
cellular alteration was observed in the liver in animaIs of each sex (US National Cancer
Institute, 1978). (The Working Group noted the short duration of treatment and the changes
in dietary concentration during the study.)

Groups of 50 male and 50 female Fischer 344 rats, five weeks of age, were fed diets
providing 0, 20,60 and 200 mg/kg bw technical-grade picloram (93-94% pure; 6-7% tri- and
tetrachlorinated pyridine compounds) for 24 months. Survval was similar in treated and
control groups (:? 68%). A dose-related increase in the combined incidence of benign and
malignant liver-cell tumours was observed in males: two adenomas occurred in controls, two
adenomas and two carcinomas in animaIs given 20 mg/kg bw, eight adenomas and two
carcinomas at 60 mg/kg bw and four adenomas and two carcinomas at 200 mg/kg bw
(p = 0.04, test for trend) (Stott et al., 1990). .
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4. Other Relevant Data

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans
Six male volunteers aged 40-51 years received single oral doses of 0.5 and 5 mg/kg bw

picloram (99.6% pure, sodium salt) or a dermal application of2 mg/kg bwpicIoram acid ifi an
ethanolic vehicle on the back. PicIoram was weIl absorbed when administered orally (:; 90%
of the dose) but was poorly absorbed through the skin (0.2% of the dose). High renal
clearance (670 ml/min) of unchanged picloram (:; 90% of the dose) suggests that active
renal tubular secretion is most important for picloram excretion. Plasma disappearance was
biphasic, with a rapid phase (half-time, approximately 1 h) and a highly variable terminal
phase (half-time, 4-57 h) (Nol an et al., 1984).

4.1.2 Experimental systems

Comparatively few data have been published on the disposition and metabolic fate of
picloram in animaIs. Studies in rats and dogs, published as abstracts (Redemann, 1965a,b),
suggest that picloram is excreted rapidly in the urine as unchanged material. Disposition
studies (Kutschinski & Van Riley, 1969) in young cattle confirm that tissue retention is
minimal with dietary intakes of 2.6-23 mg/kg per day. At the highest dietary intake level
studied (1600 ppm r mg/kg)), tissue concentrations were recorded as (ppm r mg/kg)): kidney,
15-18; blood, 1.4-2; liver, 1.1- 1.6; and muscle and fat, 0.3-0.5. Clearance was rapid after
cessation of intake.

Treatment of rats with picIoram (1-200 mg/kg bw intraperitoneally) induced a
dose-dependent increase in ethoxyesorufin and ethoxycoumarin O-deethylation in rat liver.
Picloram also binds to rat-liver microsomes from animais pretreated with phenobarbital and
3-methylcholanthrene, causing a tyical tye-I binding spectrum (Reidy et al., 1987).

4.2 Toxic efTects

4.2.1 -Humans

No data were available to the Working Group.

4.2.2 Experimental systems

Picloram has low toxicity in experimental animais, according to the available published
data. The acute oral LDso in rats is approximately 8200 mg/kg bw, and the dermal LDso in
rabbits is ). 4000 mg/kg bw (Ben-Dyke et al., 1970). Bioavailability and toxicity appear to
depend on the salts or formulation tested. For example, the oral LDso values cited by Hayes et
al. (1986) for the soluble potassium salt are 954 mg/kg bw in male rats and 686 mg/kg bw in
female rats. No LDso has been published for other salts used in commercial formulations.

The liver is the primary target organ for picIoram toxicity during chronic administration.
ln Fischer 344 rats, centrilobular hepatocye hypertrophy appeared as early as two weeks at
the highest dose rates (500-2000 mg/kg per day) and at lower rates over longer intervals
(150-500 mg/kg per day over 13 weeks; 60-200 mg/kg per day over 6-12 months). A
subsequent two-year feeding study in Fischer 344 rats (Stott et al., 1990) using picloram
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(93-94% pure; main impurities, tri- and tetrachlorinated pyridines) at 20,60,200 mg/kg per
day confirmed that there was dose-related enlargement of eosinophilc centrilobular
hepatocyes and mild hepatomegaly, the effect being greater in males than in females.

Administration of the more soluble potassium salt in drinking-water for 90 days at
190-600 mg/kg (bw?) per day to Sprague-Dawley rats also caused liver lesions, described as
an increased incidence and/or severity of hepatocye mononuc1ear foci, as well as causing
mild renal damage, described as multi-focal renal tubular epithelial degeneration (Hayes et
al., 1986). The doses used in this study, 600-1070 mg/kg per day, were clearly in the lethal
range, producing significant mortality (males, 20-90%; females, 10-70%). Comparable doses
given to pregnant rats by gavage over shorter periods of administration also produced
mortality: 750 mg/kg per day caused 14% mortality and 1000 mg/kg per day, 26%
(Thompson et al., 1972).

4.3 Reproductive and developmental effects

4.3.1 Humans
No data were available to the Working Group.

4.3.2 Experimental systems

Following application of picloram to fertile mallard eggs by immersing them for 30 sec in
an aqueous solution, the LCso for embryonic death was equivalent to application of
100 lb/acre (112 kg/ha), an exposure level calculated to be 12 times that expected after usual
application in the field, I.e., 100 gal/acre (935 litres/ha). Exposure at this level caused stunted
embryos (Hoffman & Albers, 1984).

When hens' eggs were sprayed with picloram at 10 times the normal field level of
application (11.2 kg/ha) before incubation and on days 4 or 18 of incubation, no effect was
observed on hatching success, early performance of chicks (Somers et al., 1978a) or their
reproductive performance in adulthood (Somers et al., 1978b).

A classical teratology study with Sprague-Dawley rats given 500, 750 or 1000 mg/kg bw
picloram per day by gavage on days 6-15 of gestation provided evidence of retarded fetal
growth but no teratogenic effect and no effect on postnatal survval or development

(Thompson et al., 1972). Similarly, administration of 40, 200 or 400 mg/kg bw per day
picloram acid equivalent (given as the potassium salt) on days 6-18 of gestation to New
Zealand rabbits had no embryotoxic or teratological effect (John-Greene et al., 1985). ln
both these studies, the higher doses caused sorne toxicity to the mothers.

4.4 Genetic and related effects (see also Table 3 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

PicIoram did not induce mutation in bacteriophage, Salmonella typhimurium or

Drosophila melanogaster, but there is one report of induction of forward mutation in

Streptomyces coelicolor. Mitotic recombination was induced in Saccharomyces cerevisiae but
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not in Aspergillus nidulans. ln single studies, picIoram did not induce aneuploidy in
D. melanogaster or chromosomal aberrations in either cultured human lymphocyes or
mouse bone-marrow cells in vivo.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Picloram is a systemic herbicide used to control broad-Ieaved weeds on pasture,

rangeland, rights-of-way, forestland and sorne grains. It was first registered for use in 1963.
Picloram has been formulated as granules and soluble concentrates in the form of amine

and potassium salts and esters.
Exposure to picloram may occur dùring its production and application and, at much

lower levels, from consumption of foods containing residues.

5.2 Carcinogenicity in humans

No data were available to the Working Group.

5.3 Carcinogenicity in experimental animais

Technical-grade picloram was tested for carcinogenicity in one experiment in mice and
in two experiments in rats by administration in the diet. No increase in tumour incidence was
observed in mice. ln rats, it increased the incidence of liver-cell tumours (mainly benign) in
males in one study and in males and females in another, and of C-cell adenomas of the
thyroid in female rats in one study.

5.4 Other relevant data

The liver is the primary organ for picloram toxicity following chronic administration to
rats.

No data were available on the genetic and related effects of picloram in humans.
Picloram did not induce chromosomal aberrations in mouse bone-marrow cells in vivo

nor in cultured human cells. With the exception of a single report in which forward mutation
was induced in Streptomyces coelicolor, picloram gave negative results in aH short-term tests
for mutation. It induced mitotic recombination in yeast but not in fungi.

5.5 Evaluation i

No data were available from studies in humans.
There is limIted evidence for the carcinogenicity of picloram of technical grades in

experimental animaIs.

'For definition of the italicized terms, see Preamble, pp. 26-28.
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Overall evaluation

PicIoram is not classifiable as to its carcinogenicity to humans (Group 3).
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SIMAZINE

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 122-34-9
Replaced CAS Reg. Nos: 11141-20-1; 12764-71-5; 39291-64-0; 119603-94-0 Chem. Abstr.
Name: 6-Chloro-N,N'-diethyl-1,3,5-triazine-2,4-diamine
IUPAC Systematic Name: 6-Chloro-Nl,N4-diethyl-1,3,5-triazine-2,4-diamine
Synonyms: 4,6- Bis( ethylamino )-2-chlorotriazine; 2,4-bis( ethylamino )-6-chloro-s-tria-
zine; 2-chloro-4,6-bis( ethylamino )-s-triazine

C7H 12 CI Ns

NH- CH2- CH3

N ::
Ci-\\ N

N~
NH- CH2- CH3

MoL. wt: 201.66
1. 1.2 Chemical and physical properties

(a) Description: Colourless-to-white, odourless crystals (US Environmental Protection
Agency, 1984a; Royal Society of Chemistry, 1989)

(b) Melting-point: 225-227°C (Royal Society of Chemistry, 1989)
(c) Spectroscopydata: Infrared (prism (35711); grating (13705)) and ultraviolet (16140)

spectral data have been reported (Sadtler Research Laboratories, 1980).
(d) Solubility: Practically insoluble in water (3.5 mg/l at 20°C), petroleum ether (2 mg/l

at 20°C) and n-pentane (3 mg/l at 25°C); slightly soluble in dioxane and ethyl
Cellosolve; soluble in chloroform (900 mg/l at 20°C), methanol (400 mgll at 20°C)
and diethyl ether (300 mg/l at 25°C) (Budavari, 1989; Royal Society of Chemistry,
1989; Meister, 1990)

(e) Vapour pressure: 6.1 x 10-9 mm Hg (0.8 x 10-9 kPa) at 20°C (US Environmental
Protection Agency, 1988a; Royal Society of Chemistry, 1989)

if Stabilty: Stable in neutral, weakly acidic and weakly alkaline media; hydrolysed by

stronger acids and bases; decomposed by ultraviolet irradiation (Royal Society of
Chemistry, 1989)

- 495 -

kajo
Rectangle



496 lAC MONOGRAHS VOLUME 53

(g) Conversion factor for airbome concentrations1: mg/m3 = 8.25 x ppm
1.1.3 Trade names, technical products and impurities

Some examples of trade names are: Aktinit S; Aquazine; Azotop; Bitemol S 50; CAT;
CDT; CET; Geigy 27,692; Gesatop; H 1803; Herbazin; Herbex; Herbatoxol S; Herboxy;
Hungazin DT; Premazine; Princep; Radocon; Radokor; Simanex; Simatsin-neste; Simazin;
Symazine; Tafazine; Taphazine; Triazine A 384; W 6658; Yrodazin

Simazine is registered in the USA as a technical material with 95-99.9% active
ingredient (US Environmental Protection Agency, 1984b). It is available there in wettable
powder, granular, liquid, flowable concentrate, soluble concentrate and dry flowable forms.
The usual carrier is water, oil or clay (US Environmental Protection Agency, 1984a). ln
Europe, it is available as dustable powders, emulsifiable concentrates, liquid creams,

granules, microgranules, suspension concentrates, soluble concentrates, ultra-low volume
suspensions, water-dispersible granules and wettable powders (Royal Society of Chemistry,
1986). ln the USSR, simazine is manufactured as a wettable powder or dust (Izmerov, 1983).

Simazine can be formulated with most other herbicides and fertilizers (Royal Society of
Chemistry, 1986, 1989). It is formulated in the USA in combination with amitrole (see IARC,
1987a), atrazine (see monograph, p. 441), prometon, trietazine, sodium chlorate and sodium
metaborate (Anon., 1989; Meister, 1990). It has also been formulated in various countries in
combination with metoxuron, diquat, sodium trichloroacetate, secbumeton, MCPA (see
IARC, 1987b), ametrye, paraquat dichloride, diquat dichloride, paraquat dibromide,
sodium 2-(2,4-dichlorophenoxy)ethyl sulfate, 2,4-D (see IARC, 1987b), diuron, propyz-
amide, nonflurazon, dalapon sodium and picloram (Worthing & Walker, 1987).

1.1.4 Analysis

Selected methods for the analysis of simazIne in various matrices are given in Table 1.

Table 1. Methods for the analysis of simazine

Sample matrix Sam pIe preparation Assay Limit of
procedurea detection

Reference

Formulation Dissolve in chloroform; centrifuge GC/HD Not reported Williams (1984)

(80% wettable
powder)

Formulation Add morpholine; boil; add 50% Potentio- Not reported Knüsli et al. (1964)
(wettable sulfuric acid; titrate with silver metry
powder) nitrate
Drinking-water Extract by passing sample through GC/MS 0.2 J.g/l US Environmental

liquid-solid extractor; elute with Protection Agency
dichloromethane; concentrate by (1988b)
evaporation

'Calculated from: mg/m3 = (molecular weight/24.45) X ppm, assuming standard temperature (25°C) and
pressure (760 mm Hg (101.3 kPaD

__,,.
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Table 1 (contd)

Sam pIe matri Sample preparation Assay Limit of Reference
procedurea detection

Drinking-water Extract with dichloromethane; GC/NPD 0.075 ¡.g/l US Environmental
(contd) isolate extract; dry; concentrate Protection Agency

with methyl tert-butyl ether (1989a)
Extract with hexane; inject GC/ECD 6.8 ¡.g/l US Environmental
extract Protection Agency

(1989b)
Crop samples, Extract with chloroform; evapo- UV 0.05-0.1 ppm US Food and Drug
animal tissues rate to dryness; redissolve in (mg/kg) Administration

carbon tetrachloride; dean-up (1989a)
on alumina column; convert to
hydroxytriazine by treatment with
acid

Crop samples Extract with acetonitrile: water GC/MCD 0.05 ppm US Food and Drug
(70:30); dean-up on alumina (mg/kg) Administration
column; elute with benzene: (1989a,b)
hexane (1:1); analyse benzene
solution

Milk Add methanol and sodium GC/MCD 0.05 ppm US Food and Drug
oxalate; extract with ethyl ether: (mg/l) Administration
petroleum ether (1:1); wash with (1989c)
water; dry with sodium sulfate and
evaporate to dryness; dissolve in
petroleum ether; extract with
acetonitrile; backwash combined
extracts with petroleum ether and
evaporate to dryness

Fish Extract with dichloromethane- GC/MCD 0.01 ppm US Foo and Drug
methanol; dean-up with aceto- (mg/kg) Administration
nitrile/hexane partition and alumi- (1989a,d)
na column chromatography

aAbbreviations: GC/ECD, gas chromatography/electron capture detection; GC/FID, gas chromatography/

fIame ioniztion detection; GC/MCD, gas chromatography/microcoulometric detection; GC/MS, gas
chromatography/mass spectrometry; GC/NPD, gas chromatography/nitrogen-phosphorous detection; UV;
ultraviolet spectrophotometry

1.2 Production and use

1.2.1 Production

Simazine was first introduced in 1957 (US Environmental Protection Agency, 1984a). It
is produced by the reaction of cyanuric chloride and monomethylamine in water or aqueous
acetone (Izmerov, 1983).

It is produced currently by four companies in Israel, Switzerland and the USA (Meister,
1990). Estimated production in 1978-80 in the USA was approximately 5000 tonnes per
annum, of which about 1000 tonnes were exported (Vlier Zygadlo, 1982). A major US
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producer reported producing an average of 4000 tonnes per annum in 1981-84 and an
average of 8000 tonnes per annum in 1985-89.

1.2.2 Use

Simazine is a pre-emergent systemic herbicide that inhibits photosynthesis. It has been
used for the control of germinating annual grasses and broad-Ieaved weeds in a variety of
vegetables and fruit, turf and ornamental plants, and in forestry (Meister, 1990); its major
use is on maize (US Environmental Protection Agency, 1984b). lt is also used for total weed
control on non-crop land and as an aquatic herbicide and algicide for control of algae and
submerged weeds ¡n ponds (Royal Society of Chemistry, 1989).

Methods of application include broadcast, band, soil incorporated and soil surface using
ground or aerial equipment (US Environmental Protection Agency, 1984a). It is also
registered for use in the USA in swimming pools, ponds and cooling towers (US
Environmental Protection Agency, 1984b).

It was estimated that in the USA during the period 1978-80, yearly usage of simazine
(active ingredient) was as follows: maize, 1000-1300 tonnes; aquatic uses, 700-900 tonnes;
industrial sites, 600-800 tonnes; grapes, 220-290 tonnes; oranges, 220-290 tonnes; apples,
100-120 tonnes; and various other fruits, 300 tonnes (Vlier Zygadlo, 1982).

ln the USSR, simazine is used on vineyards, strawberries and winter wheat sowings; it is
also used to suppress couchgrass, Bermuda grass and sorne other perennial weeds (Izmerov,
1983).

1.3 Occurrence

1.3.1 Uiter
Simazine has been found in groundwater in California, Pennsylvania and Maryland,

USA, at levels in the range of 0.2 to 3.0 I-g/l. It was found in 922 of 5873 surface water
samples and 202 of2654 groundwater samples in the USA. The 85th percentile was 2.18 lLg/l
in surface water and 1.60 I-g/l in groundwater; the maximal concentration in surface water
was 1.3 mg/l and that in groundwater, 0.8 mg/l. Simazine was found in surface water in 16
states and in groundwater in eight states (US Environmental Protection Agency, 1988a).

Simazine did not hydrolyse in sterile aqueous solutions buffered at pH 5, 7 or 9 at 20 ° C,
over a 28-day test period. Dissipation studies in pond and lake water with simazine gave
variable results, with half-times ranging from 50 to 700 days. 2-Chloro-4-ethylamino-6-
amino-s-triazine was identified in lake water but was no more persistent than simazine (US
Environmental Protection Agency, 1988a).

1.3.2 Soi!

The half-time of simazine varies depending on the soil microbial population, moisture,
temperature and farming practice. Under aerobic conditions, the degradation of simazine in
soil depends largely on the soil moi sture and temperature (Walker, 1976). ln a sandy loam
soil, half-times ranged from 36 to 234 days. When applied to a loamy sand and silt loam soils
and incubated (25-30°C) for 48 weeks, simazine dissipated with half-times of 16.3 and 25.5
weeks, respectively. Under anaerobic conditions, 14C-simazine had a half-time of8-12 weeks
in a loamy sand soil. Degradation products included 2-chloro-4-ethylamino-6-amino-s-
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triazine, 2-chloro-4,6-bis( amino )-s-triazine, 2-hydroxy-4,6-bis( ethylamino )-s-triazine and 2-
hydroxy-4-ethylamino-6-amino-s-triazine (US Environmental Protection Agency, 1988a).

Studies of column leaching and adsorption/desorption indicated that simazine would be
expected to be slightly to veiy mobile in soils ranging in texture from clay to sandy loam. Its
adsorption was correlated with the content of organic matter in the soil and to a lesser degree
with the cation exchange capacity and clay content (US Environmental Protection Agency,
1988a).

ln field studies, simazine had a half-time of about 30-139 days in sandy loam and silt
loam soils (US Environmental Protection Agency, 1988a). ln a study with four New Zealand
soils, with acid pH (5.4-5.5) and organic carbon levels of 4.6 and 9.4%, the half-times were 25
and 32 days, respectively (Rahman & Holland, 1985).

Field studies with simazine on Taichung (Taiwan) clay loam in different seasons and
Taipei loam soils showed a significant effect of climate on degradation rate. Simazine had a
half-time of 18 days in summer and 24 days in winter at Taichung; the more moderate
tempe rature and precipitation of the autumn in Taipei resulted In a half-time of 14 days
(Chen et al., 1983).

1.3.3 Food

ln the national surveilence programme in Canada, 1664 samples were analysed for
simazine during the period 1984/85 to 1988/89. No residue was detected in fruit, meat,
vegetables or wine (Government of Canada, 1990). No simazine residue (.: 0.05 ppm
(mg/kg)) was reported in a survey of 19 851 samples of various foods and feeds in the USA
over 1982-86 (Luke et al., 1988).

1.4 Regulations and guidelines

WHO (1987) recommended a drinking-water guideline of 17 l.g/I for simazine. The
maximal allowable concentration of simazine in drinking-water in Canada is 10 l.g/I (Ritter
& Wood, 1989). The US Environmental Protection Agency proposed to establish the
'maximal contaminant level' (feasible and enforceable limits to protect public health) and
'maximal contaminant level goal' (desirable but not enforceable) for simazine at 1 l1g/1
(Anon., 1990).

ln the USSR, the maximal allowable concentration of simazine in workplace air is
2 mg/m3. The single and mean daily maximal allowable concentration in the atmosphere of
residential areas is 0.02 mg/m3 (Izmerov, 1983).

National pesticide residue limits for simazine in food are presented in Table 2.
Tolerances are established for residues of simazine in sugar-cane byproducts (molasses

and syrup and molasses intended for animal feed), resulting from application of the herbicide
to growing sugar-cane, at 1 ppm (mg/kg); that for combined residues of simazine and its
metabolites (2-amino-4-chloro-6-ethylamino-s-triazine and 2,4-diamino-6-chloro-s-tri-
azine) in potable water when present therein as a result of application of the herbicide to
growing aquatic weeds is 0.01 ppm (mg/kg) (US Environmental Protection Agency,
1989d,e).

~-
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Table 2. National pesticide residue limits for simazine in foosa

Country CommoditiesResidue
limit
(mg/kg)

Australiab

Au stria

Belgium

Braziid

Canada

France

Germany

Hungary
Italy

Kenya

Netherlands

Spain

Switzerland

0.1
0.05
0.01

1.0
0.5
0.1
0.05

1.0
0.1
0.05
oc (0.05)

10
1.0
0.2

0.02

N egligible

1.0
0.1

1.0
0.1

0.1

0.1

10
0.5
0.25

0.02

0.1
0.05
OC (0.05)

1.0
0.1
0.02

0.1
0.05

Asparagus, fruit, nuts
Lupins
Eggs, meat, milk, milk products, poultiy, meat
Asparagus
Maize
Fish
Other
Asparagus
Fruit, other vegetables, grains
Potatoes
Other foostuffs of vegetable origin

Asparagus
Conifers, rubber plants, sisal
Maize, apples, citrus fruits, grapes, pears, sugar-cane, sorghum, pine-
apples, bananas, black pepper, cocoa, coffee
Babassu palm

Apples, alfalfa (meat, milk and eggs), asparagus, blackberries, blueber-
ries, maize, filberts/hazelnuts, fruit tree orchards (fruit), grapes, logan-
berres, raspberres, strawberries, trefoil (meat, milk and eggs)

Asparagus
Blackcurrants, pome fruit, raspberres, sweet maize
Asparagus
Hops, other vegetable foodstuffs, fish, seafood and their products
Crops and food

Citrus fruit, drupes, pomes, strawberries, grapes, olives, minor fruit,
hazelnuts, artichokes, asparagus, maize, sorghum
Asparagus
Arichokes
Almonds, apples, avocdos, cherries, fresh maize including sweet
(kemels plus cobs with husks removed), maize grain, cranberries,
currants, dewberries, fiberts, grapefruit, grapes, lemons, loganberies,

macadamia nuts, olives, oranges, peaches, pears, plums, raspberres,
strawberries, walnuts
Eggs, milk, meat, fat and meat products of caUle, goats, hogs, horses,
poultry and sheep
Cereals, fruit, vegetables
Potatoes
Other
Asparagus
Fruit, maize grain, beans and alfalfa
Other plant products
Maize, cereals, asparagus
Berries, pome fruit
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CommoditiesCountry Residue
limit
(mg/kg)

USAe 15

10
0.5
0.25

USSRg

0.2
0.1
0.02

121
0.21

1.0
0.2
0.05

0.5Yugoslavia

Alfalfa, alfalfa forage and hay; Bermuda grass, Bermuda grass forage
and hay, grass, grass forage and hay
Asparagus
Arichokes, sugar-cane

Almonds, almonds (hulls), apples, avocdos, blackberres, blueberres,
boysenberres, cherres, maize (fodder, forage, fresh, grain), cran-
berres, currants, dewberres, filberts, grapefruit, grapes, lemons,
loganberres, macadamia nuts, olives, oranges, peaches, pears, plums,
raspberries, strawberres, sugar-cane
Walnuts
Pecans
Fat, meat by-products, and meat of catte, goats, hogs, horses, poultry
and sheep, eggs, milk
Fish
Bananas
Cereals
Fruit, potatoes
Grapes
Maize

t1rom Health and Welfare Canada (199)
bSet at or about the limit of analytical determination

C'e figure in parentheses is the lower limit for determining residues in the corresponding product accor-
ding to the standard method of analysis.
dprovisional
eFrom US Environmental Protection Agency (1989c)

JSimazine and its metabolites
8From Izmerov (1983)

2. Studies of Cancer in Humans
One case-control study that suggested an association between ovarian cancer and

exposure to herbicides in Italy mentioned simazIne among the triazine herbicides ta which
subjects were exposed (Donna et al., 1989) (see monograph on atrazine, p. 449).

3. Studies of eancer in Experimental Animais 1

The Working Group was aware of studies by the US National Technical Information
Servce (1968), Innes et al. (1969) and Pliss and Zabezhinsky (1970), in which simazine was
tested in mice or rats by oral or subcutaneous administration and in mice by skin application.
These studies were considered to be uninformative for an evaluation of carcinogenicity.

lThe Working Group was aware of a study in progress in rats in which simazine was administered by oral admi-

nistration (IARC, 199).
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4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

The primary route of metabolism of simazine in rats, rab bits and other species in vivo

and in vitro is N-dealkylation (Böhme & Bär, 1967; Adams et aL., 1990). (The Working Group
noted that, while minor metabolites (other than sorne oxidation products of the alkyl
side-chains) have not been identified, it is probable that the aromatic chlorine group is a site
for glutathione conjugation, as occurs with atrazine (Timchalk et al., 1990).)

Simazine is readily nitrosated by nitrogen oxides at an air:solid interface (Janzowski et
al., 1980).

4.2 Toxic effects

4.2.1 Humans
Simazine has been implicated as a cause of occupational contact dermatitis (Elizarov,

1972).

4.2.2 Experimental systems

The oral LDso was reported to be :; 5000 mg/kg bw in rats (Ben-Dyke et al., 1970) and
973, 971 and 2367 mg/kg bw in adult female, male and weanling male rats, respectively. The
dermal LDso was :; 2500 mg/kg bw in rats of each sex (Gaines & Linder, 1986). The lethal
single dose of simazine in sheep has been estimated at 500 mg/kg bw (Hapke, 1968).

The liver and biliary system were identified as the targets for toxicity in rats given
simazine by gavage at 15 mg/kg bw per day for three or 28 days (Ol~dzka-Slotwinska, 1974).
Hypothyroidism was the most sensitive indicator of simazine toxicity in sheep at daily dose
rates of 1.4-6 mg/kg bw; higher doses produced frank goitres and diffse hepatic and cerebral
damage. Necrotic and dystrophic changes of the testicular germinal epithelium were noted in
rams given 6-25 mg/kg bw per day (Dshurov, 1979).

4.3 Reproductive and prenatal effects

4.3.1 Humans

No data were available to the Working Group.

4.3.2 Experimental systems

Simazine perturbed development of gonads in ovo and in vitro and reduced fertility in
chicks and quail (Didier & Lutz-Ostertag, 1972). (The Working Group noted that doses and
concentrations were not clearly defined.) It was reported in an abstract that simazine
administered at 2.0 and 20 ppm (mg/kg) in the di et to laying mallard ducks throughout the
egg production cycle caused no reproductive impairment (Fink, 1975).
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Inhalation by rats of simazine at concentrations of up to 317 mg/m3 on days 7-14 of
gestation resulted in no developmental toxicity (Dilley et al., 1977, abstract; N ewell & DiIey,
1978). ln contrast, a Bulgarian triazine herbicide (Polyzin 50) (impurities unspecifiedl was
embryotoxic when pregnant rats were exposed by inhalation to 2 mg/m3 in air; it was
teratogenic following exposure to 0.2 and 2 mg/m3 throughout pregnancy and to 2 mg/m3
during the first trimester of pregnancy. Postnatal liver insufficiency occurred in the offspring
(Mirkova & Ivanov, 1981). (The Working Group noted that the apparent discrepancy in
effects between these studies might be due to unspecified impurities in the latter study.l

Administration of simazine to rats during the organogenetic period (gestational days
6-15) caused embryolethality at :; 312 mg/kg bw, decreased fetal body weight at 2500 mg/kg
bw and retarded ossification at :; 78 mg/kg bw. No teratogenic effect was observed (Chen
et al., 1981).

4.4 Genetic and related etTects (see also Table 3 and Appendices 1 and 2)

4.4.1 Humans
No data were available to the Working Group.

4.4.2 Experimental systems

Simazine did not induce gene mutation In bacterIa or in Saccharomyces cerevisiae,

whereas there were mixed responses in mutation assays with plants. Simazine induced
sex-linked recessive lethal mutation in Drosophila melanogaster.

Mutations were induced at the tk locus in mouse Iymphoma L5178Y cells, but DNA
damage, as indicated by unscheduled DNA synthesis, was not induced in cultured human
fibroblasts.

Neither gene conversion nor mitotic recombination was induced in S. cerevisiae or
aneuploidy in Neurospora crassa. Chromosomal aberrations were induced consistently in
plants.

Dominant Iethal effects, but not aneuploidy, were induced in D. melanogaster in a single
study.

ln a single study with cultured human lymphocyes, simazine induced a small increase in
the frequency of sister chromatid exchange, but it had no such effect in cultured Chinese
hamster cells, even at very high concentrations.

It did not induce micronucleus formation in bone-marrow cells of mice in vivo.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Simazine was introduced in 1957 as a systemic herbicide for use on grasses and weeds in
food crops, especially maize, and for general weed control. It is available in many tyes of
formulation, including wettable powders, granules, concentra tes, suspensions and liquids.
Exposure can occur during its production and application and via contamination of ground-
and surface water.

~16_
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Table 3. Genetic and related effects of simazine +:

Test system Resulta Doseb
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

ECB, Escherichia coli PQ37, SOS chromotest 0 - 0.~~ Mersch-Sundennann et al.
(1989) ..

SAD, Salmonella typhimurium TA1978!TA1538 differential toxicity - 0 200.~~ US National Technical Infor- ~
mation Service, Environmental f3
Protection Agency (1984) ~SAD, Salmonella typhimurium SL525/SL4700 - 0 200.~~ US National Technical Infor- 0
mation Service, Environmental Z
Protection Agency (1984) 0

ciSAO, Salmonella typhimurium TA100, reverse mutation 0 - 2500.~~ Simmon et al. (1977)
S;SAO, Salmonella typhimurium TA100, reverse mutation 0 +c 0.~~ Means et al. (1988)
"'SAO, Salmonella typhimurium TA100, reverse mutation - - 500.~~ Mersch-Sundennann et al. :i

(1988) C/
SAO, Salmonella typhimurium TA100, reverse mutation - - 2500.~~ US National Technical Infor- ~

mation Service, Environmental 0
Protection Agency (1984) 8

SAl, Salmonella typhimurium TA102, reverse mutation - - 500.~~ Mersch-Sundermann et al. ~
(1988) t'

VlSA3, Salmonella typhimurium TA1530, reverse mutation (spot test) - 0 0.~~ Seiler (1973) w
SA5, Salmonella typhimurium TA1535, reverse mutation - - 500. () US National Technical Infor-

mation Service, Environmental
Protection Agency (1977)

SA5, Salmonella typhimurium TA1535, reverse mutation 0 - 2500.~~ Simmon et al. (1977)
SA7, Salmonella typhimurium TAI537, reverse mutation - - 500. () US National Technical Infor-

mation Service, Environmental
Protection Agency (1977)

SA8, Salmonella typhimurium TA98, reverse mutation - - 500.~~ US National Technical Infor-
mation Service, Environmental
Protection Agency (1977)

SA8, Salmonella typhimurium TA1538, reverse mutation a - 2500.~~ Simmon et al. (1977)



Table 3 (contd)

Test system Resulta Doseb
LED/HID

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation

SA9, Salmonella typhimurium TA98, reverse mutation

SAS, Salmonella typhimurium, reverse mutation
SAS, Salmonella typhimurium his G46, reverse mutation (spot test)
SAS, Salmonella typhimurium TA1531, reverse mutation (spot test)
SAS, Salmonella typhimurium TA1532, reverse mutation (spot test)
SAS, Salmonella typhimurium, TA1534 reverse mutation (spot test)
SAS, Salmonella typhimurium TA97, reverse mutation

ECF, Escherichia coli, forward mutation
ECW, Escherichia coli WP2 uvr, reverse mutation

*Serratia marcescens, reverse mutation
SCG, Saccharomyces cerevisiae, gene conversion
SCO, Saccharomyces cerevisiae, gene conversion
SCH, Saccharomyces cerevisiae D3, homozygosis by recombination

SCR, Saccharomyces cerevisiae D7, reverse mutation

SCO, Saccharomyces cerevisiae D7, gene conversion

o

o

o

o
o
o

o

o

o

o

2500.~~
2500.~~

100.~~

0.~~
0.~~
0.~~
0.~~
0.~~

500.~~

0.~~
500.~~

0.~~
0.~~

1 00. ood
5~~.~~

2500.~~

2500.~~

Simmon et al. (1977)
US National Technical Infor-
mation Service, Environmental
Protection Agency (1984)

Mersch-Sundennann et al.
(1988)
Andersen et al. (1972)
Seiler (1973)

Seiler (1973)

Seiler (1973)

Seiler (1973)

Mersch-Sundennann et al.
(1988)
Fahrig (1974)

US National Technical Infor-
mation Service, Environmental
Protection Agency (1984)

Fahrig (1974)

Fahrig (1974)

Siebert & Lemperle (1974)
US National Technical Infor-
mation Service, Environmental
Protection Agency (1977)

US National Technical Infor-
mation Service, Environmental
Protection Agency (1984)

US National Technical Infor-
mation Service, Environmental
Protection Agency (1984)

C/-
~
~
N-
Zti

VIo
VI
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Table 3 (contd) ~
Test system Resulta Dosé

LED/HID

Without With
exogenous exogenous
metabolic metabolÏc
system system

*Saccharomyces cerevisiae D7, mitotic recombination - - 2500.~~ US National Technical Infor-
mation Servce, Environmental

;;Protection Agency (1984)SCR, Saccharomyces cerevisiae, reverse mutation - 0 5.~~ Emnova et al. (1987) ~NCN, Neurospora crassa, aneuploidy - 0 0.~~ Grifiths (1979)
~HSM, Hordeum vulgare, mutation + 0 100.~~ Wuu & Grant (196) 0HSM, Hordeum vulgare, mutation - 0 200.~~ Stroyev (1%8a) ZPLM, Rizobium melioti, mutation - 0 50.~~ Kaszubiak (1%8) 0
QPLM, Zea mays, chlorophyll mutation + 0 200.~~ Morgun et al. (1982)
~

PLM, Zea mays, mutation + 0 0.~~ Plewa et al. (1984)
"'PLM, Fragaria ananassa, mutation + 0 0.0200 Malone and Dix (199) ~TSI, Tradescantia paludosa, micronuclei

0 200.~~ Ma et al. (1984) C/-
HSC, Hordeum vulgare, chromosomal aberrations + 0 500.~~ Wuu & Grant (196) dHSC, Hordeum vu/gare, chromosomal aberrations + 0 50.~~ spray Wuu & Grant (1%7a)

5HSC, Hordeum vulgare, chromosomal aberrations
(+ ) 0 500.~~ Stroyev (1%8b)

~HSC, Hordeum vulgare, chromosomal aberrations
(+ ) 0 5oo.ood Kahlon (1980) mVFC, Vicia laba, chromosomal aberrations + 0 2oo.ood Wuu & Grant (1%7b) VlwVFC, Vicia laba, chromosomal aberrations + 0 5.~~ Hakeem & Shehab (1974)VFC, Vicia laba, chromosomal aberrations
(+ ) 0 100.~~ de Kergommeaux et aL. (1983)PLC, Allum cepa, chromosomal aberrations + 0 20.~~ Chubutia & Ugulava (1973)PLC, Crepis capillaris, chromosomal aberrations + 0 100.~~ Voskanyan & Avakyan (1984)DMX, Drosophila melanogaster, sex-linked recessive lethal mutation - 0 50.~~ Benes & Sram (1%9)DMX, Drosophila melanogaster, sex-linked recessive lethal mutation + 0 80.~~ Mumik & Nash (1977)DMX, Drosophila me/anogaster, sex-linked recessive lethal mutation + 0 200.~~ US National Technical Infor-

mation Servce, Environmental
Protection Agency (1984)DML, Drosophila melanogaster, dominant lethal test + 0 60.~~ Murnik & Nash (1977)DMN, Drosophila melanogaster, aneuploidy - 0 60.~~ Mumik & Nash (1977)



Table 3 (contd)

Test system Resulta

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb
LED/HID

G5T Gene mutation, mouse lymphoma L5178Y cells in vitro, tk locus -

SIC, Sister chromatid exchange, Chinese hamster cells in vitro

UHF, Unscheduled DNA synthesis, human lung WI 38 fibroblasts
in vitro

SHL, Sister chromatid exchange, human lymphoces in vitro ( + )

MV, Micronucleus test, mouse in vivo

(+ )

o

o

300.~~

1700.~~

20.~~

0.~~
50.~~

US National Technical Infor-
mation Servce, Environmental
Protection Agency (1984)

US National Technical Infor-
mation Service, Environmental
Protection Agency (1984)

Jones et al. (1984)

Ghiazza et al. (1984)
Jones et al. (1984)

a +, positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
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Exposure could also occur through consumption of foods containing residues. Simazine
residues were not detected in large-scale surveys of food products in Canada and the USA.

5.2 Carcinogenicity in humans

No adequate data were available to the Working Group.

5.3 Experimental carcinogenicity data

No adequate data were available to the Working Group.

5.4 Other relevant data

No data on the genetic and related effects of simazine in humans were available to the
Working Group.

Simazine did not induce micronucleus formation in mice. It induced a sm aIl increase in
the frequency of sister chromatid exchange in human cells in vitro but not in rodent cells.
Simazine did not induce genetic damage in any other tests, except in plants where
chromosomal aberrations were induced and in Drosophila melanogaster where dominant
lethal effects and gene mutation were induced.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of simazine.
There is inadequate evidence in experirnental animais for the carcinogenicity of simazine.

OveraII evaluation

Simazine is not classifiable as to its carcinogenicity to humans (Group 3).
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TRIFLURAIN

1. Exposure Data

1.1 Chemical and physical data

1. 1.1 Synonyms, structural and molecular data

Chem. Abstr. Sem Reg. No.: 1582-09-8
Replaced CAS Reg. Nos: 39300-53-3; 52627-52-8; 61373-95-3; 75635-23-3
Chem. Abstr. Name: 2,6-Dinitro-N,N-dipropyl-4-(trifluoromethyl)benzenamine
IUPAC Systematic Name: æ,æ,æ-Trifluoro-2,6-dinitro-N,N-dipropyl-para-toluidine;
2, 6-dini tro- N,N-dip ropyl-4- trifl uorome thylanil ine
Synonyms: 4-(Trifl uoromethyl)- 2, 6-dini tro- N,N -di propylani 1 i n e

F NOz
1 ~ /CHz-CHz-CH3F- C N,
1 CHz- CHz - CH3
F NOz

C13Hi6F3N304 MoL. wt: 335.28

1.1.2 Chemical and physical properties

(a) Description: Yellow-orange crystals (Royal Society of Chemistry, 1989)
(b) Boiling-point: 139-140° C at 4.2 mm Hg (0.56 kPa J (Budavari, 1989)
(c) Melting-point: 48.5-49°C (technical-grade, 98% pure) (Worthing & Walker, 1987)
(d) Spectroscopy data: Infrared spectroscopy data have been reported (US Environ-

mental Protection Agency, 1975).

(e) Solubility: Slightly soluble in water (.c 1 mg/l at 27°C); freely soluble in common
organic solvents, such as acetone (400 g/l), Stoddard solve nt, xylene (580 g/l) and
aromatic naphthas (Worthing & Walker, 1987; Budavari, 1989; Royal Society of
Chemistry, 1989; Meister, 1990)

(j Vapour pressure: 1.02 x 10-4 mm Hg (0.14 x 10-4 kPa) at 25°C (Royal Society of
Chemistry, 1989)

(g) Stabilty: Stable to hydrolysis (US Environmental Protection Agency, 1987);
decomposed by ultraviolet irradiation under acidic conditions, mainly to
2-amino-6-nitro-æ,æ,æ-trifluoro-para-toluidine; at alkaline pH mainly to 2-ethyl-7-
nitro-5-fluoromethylbenzimidazole (Leitis & Crosby, 1974)

- 515 -
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(h) Conversion factor for airbome concentrationsl: mg/m3 - 13.71 x ppm

1.1.3 Trade names, technical products and impurities

Sorne examples of trade names are: Agreflan; Agriflan 24; Elancolan; L 36352; Lily
36,352; Nitran; Nitran K; Olitref; Super-Treflan; Synfloran; Trefanocide; Treflan; Trifloran;
Trifluraline; Trikepin; Tristar.

ln the USA, trifluralin is available as 94.5-98% active ingredient technical product (US
Environmental Protection Agency, 1987). It is available as emulsifiable concentra tes,
granules and liquid formulations (Anon., 1989; Meister, 1990). ln Europe, a soluble

concentrate is also available (Royal Society of Chemistry, 1986). ln the USSR, trifluralin is
available as emulsifiable concentrates and in granules (Izmerov, 1985).

Trifluralin is compatible with most other pesticides and may be combined with both dry
and liquid fertilizers (Royal Society of Chemistry, 1989). It is formulated in combination with
isoproturon, linuron, napropamide, terbutrye, benefin (benfluralin), metribuzin, bromo-
xynil octanoate, ioxyil octanoate, trietazine, ne buron and alachlor with petroleum
distillates (Worthing & Walker, 1987; Anon., 1989).

Technical-grade trifluralin may be contaminated with N-nitrosodi-n-propylamine
(Kello, 1989; see IARC, 1978). This compound is present as a result of a side-reaction
between nitrosating agents and di-n-propylamine during an amination step in the

manufacturing process (West & Day, 1979). ln the USA, trifiuralin may contain no more than
0.5 ppm (mg/kg) total N-nitrosamine (US Environmental Protection Agency, 1987) and in
Italy, no more than 0.4 ppm (mg/kg) nitrosamines (Anon., 1990). ln the specification ofFAO
(1988), trifluralin may contain no more than 1 mg/kg.

1.1.4 Analysis

Selected methods for the analysis of trifluralin in various matrices are given in Table 1.

Table 1. Methods for the analysis of trifluralina

Sample Sample preparation Assay Limit of Reference
procedure detection

GC/ECD 0.025 ¡.g/l US Environmental
Protection Agency
(1989a)

GC/ECD 0.005-0.01 US Food and Drug
ppm (mg/kg) Administration

(1989)

Water Extract with dichloromethane; isolate
extract; dry; concentrate with solvent
exchange to methyl tert-butyl ether

Extract with methanol; re-extract into
dichloromethane; evaporate; dissolve
in hexane; dean-up on Florisil column;
evaporate ta dryness; dissolve in
benzene

Crops

lCalculated from: mg/m3 = (molecular weight/24.45) X ppm, assumingstandard temperature (25°C) and
pressure (760 mm Hg (101.3 kPaD
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Table 1 (contd)

Sample Sample preparation Assay
procedure

Limit of

detection
Reference

Specified
vegetables
( carrots,
green beans,

Brassica
vegetables)

Crops containing BHC, ethion and/or
zineb require an extra TLC clean-up
procedure. Develop TLC plate; scrap
triuralin region; transfer to a micro

column; elute with acetone; evaporate
eluate to àryness; dissolve residue in

benzene

Extract with acetone in SoxhIet; eva-
porate; dilute to volume with acetone

Extract with acetone

GC/ECD -c 0.01 ppm
(mg/kg)

US Food and Drug
Administration
(1989)

Dry
formulation

Liquid
formulation

GC/FID Not
reported

Not
reported

Williams (1984)

GC/FID Association of
OfficiaI Analytical
Chemists (1984)

aAbbreviations: BHC, benzene hexachloride; GC/ECD, gas chromatograph/electron capture detector;
GC/FID, gas chromatographlfame ionization detector; TLC, thin-Iayer chromatography

1.2 Production and use

1.2.1 Production

Trifluralin was firstregistered in 1963 (US Environmental Protection Agency, 1987). It is
prepared by reacting di-n-propylamine with 2,6-dinitro-4-trifluoromethylchlorobenzene
(Izmerov, 1985).

Trifiuralin is produced currently in Argentina, BraziI, Guatemala, Hungary, Israel, Italy,
Mexico, Spain and the USA (Meister, 1990). According to information supplied by current
manufacturers, annual worldwide production is approximately 20 000-25 000 tonnes.
Production bytwo companies (in tonnes) was: 1985, ",19000; 1980, ",28 000; 1975, ",17 600;
1970, ",4100; 1965, ",1500. A third company produced 11 900 tonnes in 1986-89, 9400
tonnes in 1981-85 and 3200 tonnes in 1978-80.

1.2.2 Use

Trifluralin is a selective soil herbicidewhich acts by entering the seedling in the hypocotyl
region and disrupting ceU division. It also inhibits root development (Royal Society of
Chemistry, 1989).

Trifluralin is used for pre-emergence control of many annual grasses and broad-Ieaved
weeds inBrassicas, beans, peas, carrots, parsnips, lettuce, capsicums, tomatoes, artichokes,
onions, garlic, vines, strawberries, raspberries, citrus fruit, oilseed rape, groundnuts, soya
beans, sunflowers, saffowers, ornamental plants, cotton, sugar beets, sugar-cane and in
forestry. It is also used with linuron or isoproturon for control of annual grasses and
broad-Ieaved weeds in winter cereals. Trifluralin is normally applied to soil before planting,
but it may be applied after planting of sorne crops (Royal Society of Chemistry, 1989).

Trifluralinplus 2,4:"D isusedasa post-planting herbicide for transplantedrice (Worthing &
Walker, 1987).
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ln the USA in 1980,90% ofyearly usage of trifluralin (active ingredient) was accounted
for by three crops: soya beans, 9700 tonnes; cotton, 2900 tonnes; and sunflowers, 1200 tonnes
(Weiler, 1980). Approximately 14-16 thousand tonnes of trifluralin (active ingredient) were
used in the USA in 1987 (US Environmental Protection Agency, 1990).

1.3 Occurrence

1.3.1 Jfter

Trifluralin was found in 172 of 2047 surface water samples and in one of 507
groundwater sarrples in the USA. Residues were found in surface water in seven states in the
USA at a concentration (85th percentile) of 0.54 ltg/Ii tre. Trifluralin has also been detected in
finished drinking-water (US Environmental Protection Agency, 1988).

N-Nitroso-di-n-propylamine was not detected in water samples from ponds or wells
located in or near fields that had been treated with trifluralin at various rates (limit of
detection, 0.01 ltg/litre) (West & Day, 1979).

1.3.2 Soi!

ln studies carried out anaerobically in the dark at 250 C, tri fi uralin at 5 ppIn (mg/kg)
degraded rapidly in a non-sterile silt loam soil, and -: 1 % of the applied material was
detected after 20 days. Autoclaving and fIooding of the soil decreased the rate of

degradation. Under aerobic conditions, degradation was slower, with 15% of the trifluralin
lost after 20 days (Parr & Smith, 1973).

14C-Trifluralin applied at 1.1 kg/ha was relatively immobile in sand, sandy loam, silt,

loam and clay loam coIumns (30 cm) eluted with 60 cm of water. More than 90% of the
applied radiolabel remained in the top 0-10 cm segment (US Environmental Protection
Agency, 1988).

ln the field, 14C-trifluralin (99% pure) applied at a rate of 0.84-6.72 kg/ha dissipated in
the top 0-0.5-cm layer ofa silt loam soil, with 14,4 and 1.5% of the amount applied remaining
after 1, 2 and 3 years, respectively. Sorne 30 minor degradation products were identified;
none represented more than 2.8% of the amount applied. ln a medium loam soil, trifluralin
(4 lb/gal (7 kg/litre) emulsifiable concentrate) applied at 0.75 and 1.5 lb/acre (0.85 and
1.7 kg/ha) degraded, with 20 and 32%, respectively, remaining after 120 days. Trifluralin
(7 kg/litrè emulsifiable concentrate) applied to a sandy loam soil at 1.0 lb active
ingredient/acre (1.1 kg/ha) had a half-time of 2-4 months (US Environmental Protection
Agency, 1988).

Trifluralin was detected in 12% of soil samples taken from 15 states in the USA at levels
ranging from 0.08 to 0.24 ppm (mg/kg). The areas from which the samples were taken were
considered to use pesticides regularly according to available records (Stevens et aL., 1970).
Trifluralin residues were also detected in 3.5% of 1729 agricultural soil samples tested in
1969 in the USA (Wiersma et al., 1972). æ,æ,æ-Trifluorotoluene-3,4,5-triamine, a degra-
dation product of trifluralin, appeared to be a key compound in the formation of soil-bound
residues (Golab et al., 1979).

Maximal seasonal losses of trifluralin applied for three consecutive years at 1.4 kg/ha
were less than 0.05% in the run-off (water/sediment suspensions) from silty clay loam field
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plots planted with cotton or soya beans under a wide range of rainfall (0.3-13 cm) (Wilis
et aL., 1975).

1.3.3 Food

As part of the national surveilence programme in Canada, 1344 food samples were
analysed for trifluralin in the period 1984-89. Residues were detected in carrots at 0.05-0.3
mg/kg in seven of 138 samples. No residue was detected in fruit, other vegetables or maize
(Government of Canada, 1990).

Residues of volatile nitrosamines (N.;nitrosodimethylamine, N-nitrosodi-n-propylamine
or N-butyl-N-ethyl-N-nitrosamine) were not detected in crops and plants from fields treated
with trifluralin at 0.56-2.2 kg/ha (limit of detection 0.2 ppb (l1g/kg)) (West & Day, 1979).

1.3.4 Occupational exposure

Application oftrifluralin containing 3.5-6.4 ppm (mg/kg) N-nitroso-di-n-propylamine at
a rate of 0.69-2 Ib/acre (0.78-2.27 kg/ha) resulted in average air concentrations of .( 0.001-
0.015 l1g/m3 of the nitrosamine and 0.12-37.3 l1g/m3 trifluralin (Day et al., 1982).

1.4 Regulations and guidelines

WHO (1987) recommended a drinking-water guideline level of 170 l1g/litre for
trifluralin. ln the USSR, the maximal allowable concentration in water of open basins is
860 l1g/1itre and that in basins used for fish-breeding purposes, 0.3 l1g/litre (Izmerov, 1985).

The tolerance established in the USA for residues of trifluralin in peppermint oil and
spearmint oil is 2 ppm (mg/litre) (US Environmental Protection Agency, 1989c). National
pesticide residue limits for trifluralin in foods are presented in Table 2.

Table 2. National pesticide residue limits for trifluralin in foodsa

Country CommoditiesResidue
limit
(mg/kg)

Australia

Austria

Belgium

B razil

Canada

~""-"

0.5
O.05b

3.0
1.0
0.1
0.05

0.05
0.01
o (O.01)C

O.05d

0.5
Negligible

Carrots
Adzuki beans, aH other vegetables, cereal grains, chickpeas, cowpeas,
eggs, faba beans, fruit, lablab, lupins, meat, milk, milk products, mung
beans, oilseeds, peanuts, poultry meat, sugar-cane
Caulifower
Carrots
Cabbage, oilseeds, sweet red/green peppers, tomatoes
Other
Carrots, tomatoes, onions, artîchokes, cabbages and related vegetables
Grains
Other
Carrots, garlic, onions, citrus fruit, Brassicas, eggplant, okra, peppers,
tomatoes, field beans, string beans, manioc, oilseeds, coffee beans
Carrots
Asparagus, barley, cole crops, crambe, beans, fIax, herbs, kale, lentils,
mustard seed, peas, peppers, rapeseed (canola oil), rye, saffower (oil),
sainfoin forage (meat, milk and eggs), Saskatoon berries, strawberres,
soya beans, sunfIower, tomatoes, triticale, turnips (rutabagas), wheat
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Table 2 (contd)
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Country CommOOitiesResidue
limit
( mglkg)

France
Germany

Hungary
Italy

Japan

Kenya

Mexico

Netherlands

Spain

Switzerland
USAh

O.OS

3
1.0
O.S
0.1

0.1

O.IS
O.OS

0.01

0.2
0.01

1.0
O.S

1.0
0.2e
O.ose

0.011
o (O.OI)g

1.0
O.OS

O.OS

2
1.0
0.2e
0.1
O.ose

Carrots, tomatoes, onions, artichokes, cabbage
Caulifower
Carrots
Thrnips, rutabagas
Other vegetable foostuffs

Crops and foo
Carrots, oilseeds

Citrus fruit, drupes, apples, pears, strawberres, grapes, garden vege-
tables (except carrots), potatoes, sugar beets, mint
Wheat, barley, rye, rice

Carrots
Rice, oats and other minor cereals, fruit, vegetables (except carrots),
potatoes, etc., pulses, tea
Carrots
Citrus fruit, cottonseed, cucurbits, fruiting vegetables, grapes, hops, leafy
vegetables, nuts, pean ut s, root crop vegetables (except carrots), saffower
seed, seed and poo vegetables, stone fruits, sugar-cane, sunflower seed,
wheat grain

Carrots
AIfalfa (hay)

Cotton (seed), peanuts, sugar cane, citrus fruit, celery, eggplant, brocli,

wheat, grapes, nuts, squash, saflower seed, chili peppers, cabbage, aspa-
ragus, spinach, lettuce, tomato, maize (forage), cucumber, watermelon
Ail cereals

Other
Carrots
Other plant products
Cereals, rapeseed, tomatoes, cabbages, peas
Mung bean sprouts
Carrots
AIfalfa, hay
Peanut (hulls)
Asparagus, barley (fOOder, forage, hayand straw), citrusfruit, maize grain

(excluding popcorn); maize (grain forage and fOOder, excluding popcom),
cottonseed, cucurbits, flax seed and straw, grain crops (excluding fresh
maize and rice grain), grapes, hops, legume forage, nuts, peanuts,
peppermint hay, rape (seed and straw), saffower seed, sorghum (fOOder
and forage), spearmint hay, stone fruit, sugar-cane, sunflower seeds,
upland cress, vegetables (fruiting, leafy, mot excluding carrots, seed and
po), wheat (grain and stniw)



1RIFLURALIN 521

Table 2 (contd)

Country Residue
limit
(mg/kg)

Commodities

USSRi 0.05 Vegetables

aprom Health and Welfare Canada (199)
bAt or about the limit of analytical determination

Cfe figure in parentheses is the lower limit for determining residues in the corresponding product accrd-
ing to the standard method of analysis.
dprovisional
'Tolerance for negligible residues
fA pesticide may be used on an eating or drinking ware or raw material without a demonstrable residue
remaining. The value listed is considered to be the highest concentration at which this requirement is
deemed to have been met.
8Residues shaH be absent; the value in parentheses is the highest concentration at which this requirem.ent

is stil deemed to have been met.
hFrom US Environmental Protection Agency (1989b)

Ïfrom Izmerov (1985)

The USSR has established a maximum allowable concentration in workpIace air of
3 mg/m3 (Cook, 1987).

2. Studies of eancer in Humans

2.1 Case-control studies oflymphatic and haematopoietic neoplasms

ln the population-based case-control study of soft-tissue sarcoma, Hodgkin's disease
and non-Hodgkin's lymphoma in Kansas, USA (described in detail in the monograph on
occupational exposures in spraying and application of insecticides, p. 66), three cases of
non-Hodgkin's lymphoma and two controls reported use oftrifluralin (odds ratio, 12.5; 95%
confidence interval (Ci), 1.6-116.1) (Hoar et al., 1986).

ln the population-based case-control study of leukaemia among white male farmers in
Iowa and Minnesota, USA (Brown et aL., 1990; described in detail in the monograph on
occupational exposure in spraying and application of insecticides, p. 68), 32 cases and 87
controls reported use of trifluralin (odds ratio, 1.0; 95% CI, 0.7-1.6).

(Exposure to other pesticides could not be excluded in these studies.J

2.2 Case-control study of cancer of the ovary

ln the population-based case-control study of ovarian epithelial cancer in northern Italy
(described in detaiI in the monograph on atrazine, p. 449), one case and three con troIs werefarmers and were judged to have been exposed to trifluralin (alone or with linuron) (crude
odds ratio, 0.64; 95% CI, 0.1-6.5). These subjects were also exposed to triazine herbicides
(Donna et al., 1989).

kajo
Rectangle
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3. Studies of eancer in Experimental Animais

3.1 Oral administration 1

3.1.1 Mouse

Groups of 50 male and 50 female B6C3Fi mice, six weeks old, were fed diets containing
various levels of technical-grade tritluralin (purity, :: 90%; analysis of the compound three
years after completion of the bioassay established the presence of 84-88 ppm (mg/kg)
N-nitrosodi-n-propylamine). Initially, males were fed 2000 or 4000 mg/kg of diet; due to
toxicity, administration of the high dose was stopped in week 57 of the study for one week,
followed by dietary administration for four weeks at the previous concentration. This cyclic

administration was continued for 22 weeks. ln females, the initial concentrations were 4500
and 9000 mg/kg of diet for 17 weeks; at week 18, the low and high doses were decreased to
2250 mg/kg and 4500 mg/kg, respectively. ln week 57, animais in the high-dose group were
administered the compound intermittently for 22 weeks (one week on trifluralin-free diet
followed by four weeks on trifluralin-treated diet). From week 79, aIl treated animaIs were
given control diet for a further 12 weeks. The experiment was terminated at week 90. Twenty
mice of each sex were used as matched controls, and a pooled control group (60 females and
60 males) was also available. Survval of high-dose males was lower that than in the other
groups: 52% of the low-dose and 55% of the control males survved at Ieast 86 weeks
compared to only 34% of the high-dose males. ln female mice, survival was 95% controls,
92% low-dose and 62% high-dose mice. ln females, an increased incidence ofhepatocellular
carcinomas was noted: control, 0/20; low-dose, 12/47; and high-dose, 21/44 (Fisher exact
test, p .c 0.01; test for trend, p .c 0.001); in males the incidence was 4/19 controls, 12/47
low-dose and 9/49 high-dose. Hepatocellular adenomas were observed in 3/47 low-dose
females and in 2/47 low-dose males. Alveolar/bronchiolar adenomas or carcinomas of the
lung were observed predominantly In female treated mice: 0/19 controIs, 7/43 low-dose
(Fisher exact test,p = 0.005 when compared with pooled controls) and 3/30 high-dose (test
for trend; p .c 0.026 when compared with pooled controls). ln females, squamous-cell
carcinomas of the forestomach occurred in 4/45 low-dose and in 1/44 high-dose animaIs; no
such tumour was observed in controls or treated male mice; however, a squamous-cell
papilloma occurred in 1/47 low-dose males (US National Cancer Institute, 1978). (The
Working Group noted that contamination of the trifluralin with N-nitrosodi-n-propylamine
was observed three years after the experiment was performed and that no account was made
for differential survval.)

Groups of 80 male and 80 female B6C3Fi mice (age unspecified) received tritluralin
(technical-grade, containing less than 0.01 l1g/g N-nitrosodi-n-propylamine) in the di et at

levels of 563,2250 or 4500 mg/kg for 24 months. Groups of 120 mice of each sex received a
control diet. Survval at the end of the study ranged from 67 to 80% in the various groups.
Body weight gains of high-dose mice were reduced by as much as 30% compared to those of

lThe Working Group was aware of a completed but as yet unpublished study in rats by oral administration

(US Environmental Protection Agency, 1988).
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controls during the study. There was no increased incidence of neopIasms at any site in
. treated mice (Francis et aL., 1991).

3.1.2 Rat
Groups of 50 male and 50 female Osborne-Mendel rats, six weeks old, were initially

given 6500 or 13 000 mg/kg of diet technical-grade trifluralin (purity ). 90%; analysis of the
compound three years after completion of the bioassay established the presence of 84-88
ppm (mg/kg) of N-nitrosodi-n-propylamine). ln week 22 of the study, the lowand high
concentrations were decreased to 3250 and 6500 mg/kg of diet, respectively. ln week 63,
administration of trifluralin to the high-dose female rats was stopped for one week and then
resumed for four weeks; high-dose males received the same cycIic pattern beginning in week
69. This intermittent feeding pattern was maintained until week 78. AIl animaIs were then
given control diet until week 111, when the study was terminated. Fifty rats of each sex were
used as matched controls. No difference in survval was observed between treated and
control groups. The combined incidence of follicular-cell adenomas and carcinomas of the
thyroid in female mice was: control, 1/50; low-dose, 7/50 (p = 0.028 Fisher exact test); and
high-dose, 0/49. Two haemangiosarcomas of the spleen were observed in the 12 low-dose
females in which this organ was examined histologically (US National Cancer Institute,
1978). (The Working Group noted the incomplete histological examination of many organs
in the treated groups and that contamination of the trifluralin with N-nitrosodi-n-
propylamine was observed three years after the experiment was performed.)

3.2 Administration by injection

Mouse: Groups of 25 female Swiss mice, seven weeks of age, were given 13
intraperitoneal or subcutaneous injections at three-day intervals of 0.25 ml of Treflan(I
(44.5 % trifluralin, 55.5 % unspecified), for a total dose of 0.0065 mg trifluralin. Groups of 50
mice received either intraperitoneal or subcutaneous injections of saline. The animaIs were
kept under observation for seven months from the start of treatment; one animal from each
group was kiled at each 15-day interval beginning one month after the end of treatment.
Lymphomas (one was questionable) were reported in 5/25 mice receiving Treflan by
subcutaneous injection and in 3/21 mice receiving Treflan by intraperitoneal injection. A
mesothelioma was reported in one treated mouse given a subcutaneous injection and in
three mice given intraperitoneal injections. No tumour was observed in control mice (Donna
et al., 1981). (The Working Group noted the presence of unspecified material in the Treflan
mixture and the very early appearence of Iymphomas.)

4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems

Few published data are available on the metabolism and disposition of trifluralin. Rats
dosed orally with radiolabelled trifluralin ci4CF3 or 14C-N-propyl_; 100 mg/kg bw) excreted

~'-.
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80% of the dose in the faeces; only 8% was unchanged trifluralin (Emmerson & Anderson,
1966). Incomplete absorption was indicated by the finding that only 11-14% of the
radioactivity was recovered from bile. Extensive nitro-reduction to the corresponding
amines occurred, probably as a result of metabolism by the gut microflora. Absorbed
trifluralin was extensively metabolized, primarily by N-dealkylation and nitro-reduction, and
then excreted in the urine. The extent of N-dealkylation was indicated by the fact that
approximately 20% of the dose was recovered from expired air after administration of the
l4C-propyl compound. (The Working Group noted that the analytical methods used in this

study would have been inadequate to determine the presence of side-chain hydroxylated or
benzimidazole metabolites, which have been formed by rat liver microsomes in vitro (Nelson
et al., 1977).)

4.2 Toxic effects

4.2.1 Humans
No data were available to the Working Group.

4.2.2 Experimental systems

Trifluralin has a relatively low acute toxicity in experimental animaIs (Worth, 1970;
Ben-Dyke et al., 1970; Ladonin et al., 1980; Gaines & Linder, 1986). Acute oral LDso values
were 3700-10 000 mg/kg bw in rodents and 2000 mg/kg bw in rabbits, dogs and hens.
Trifluralin did not appreciably irritate skin.

ln a carcinogenesis bioassay (see section 3), no remarkable non-neoplastic toxicity was
reported in rats or mice, other than reduced growth and a low incidence of forestomach
acanthosis and hyperkeratosis in mice (US National Cancer Institute, 1978). (The Working
Group noted that the technical-grade trifluralin used was later found to be contaminated
with N-nitrosodi-n-propylamine at 84-88 ppm (mg/kg).) The report of Francis et aL. (1991) of
a study in mice using technical-grade trifluralin that was not contaminated with
N-nitrosodi-n-propylamine confirmed the effects on growth and also revealed progressive
glomerulonephritis in female mice. Increases in the blood level of urea nitrogen and the

serum level of alkaline phosphatase and decreased eryhrocye and leukocye counts were
reported to be related to treatment in animaIs of each sex.

4.3 Reproductive and developmental effects

4.3.1 Humans

No data were available to the Working Group.

4.3.2 Experimental systems

Administration of 1 g/kg bw trifluralin per day by gavage to pregnant CD-l mice on days
6-15 of gestation resulted in a significant reduction In the number of live litters and an
increased rate of stilborns and of pupswith pathological conditions (runts,haemorrhages on
the snount, tail or feet, paralysed hind limbs, defectIve righting reflex and narrowpelvises).
Pups were allowed to be delivered, and 88 different skeletal variants were assessed upon
sacrifice at two months of age. ln the trifluralin-treated group, 12/88 of these skeletal
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variants increased in frequency. The most obvious was the occurrence of 14 ribs, parted
frontals, an undoubled foramen ovale and accessory foramina in the cervcal vertebrae.
These animaIs appeared normal in physical conformation. Three of the 25 treated mothers
died (Beek, 1981).

Application of trifluralin to fertile mallard eggs, by immersing them for 30 sec in an
aqueous solution, resulted in embryonic death at exposure levels calculated to be 0.8 times
that expected after usual application in the field, i.e., 1.6 Ib/acre (1.8 kg/ha). Exposure at this
level also reduced growth and increased the rate of bil malformation and of stuntedness in
the embryos (Hoffan & Albers, 1984).

4.4 Genetic and related efTects (see also Table 3 and Appendices 1 and 2)

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems

Trifluralin did not induce mutation in bacteria, in Drosophila melanogaster or in cultured
mouse lymphoma cells at the tk locus. ln a single report, chlorophyll mutation was induced in
Zea mays. Recombination was not induced in Aspergillus nidulans or Saccharomyces
cerevisiae. Aneuploidy was induced in Neurospora crassa and Hordeum vulgare, but evidence
was equivocal in Sordaria brevicolls and conflicting in D. melanogaster.

DNA repair was not induced in cultured human cells. ln a single study, sister chromatid
exchange was weakly induced in cultured human lymphocyes.

Chromosomal aberrations were induced by trifluralin in various plant species but not in
cultured hamster CHO cells. Equivocal results were obtained in cultured human
lymphocyes. ln the study in which aberrations were seen, the damage may have been
secondary to interference with the mitotic spindle (Donna et al., 1981).

ln a single study, sister chromatid exchange was not induced in Chinese hamster
bone-marrow cells in vivo.

Conflicting evidence was obtained for the induction of aberrations in mouse bone
marrow, but consistent reports are available of chromosomal aberration in mouse embryos
and male germ-line cells. Dominant lethal mutations were observed in mice. (The Working
Group noted that the studies in which effects were seen originated from one Iaboratory and
were performed with a commercial formulationcontaining 26% trifluralin; other
components or impurities were not mentioned.J

Trifluralin metabolites induced chromosomal aberrations in cultured human
lymphocyes and in mouse bone-marrow cells in vivo (Pilinskaya, 1987).

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Trifluralin is a selective pre-emergence herbicide used for the control of annual grasses
and certain broadleaf weeds. It was first registered for use in 1963.
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Table 3 (contd)

Test system Resulta Dosé Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

SA9, Salmonella typhimurium TA 98, reverse mutation - - 250.0000 Benigni et al. (1982)SA9, Salmonella typhimurium TA 98, reverse mutation - - 167.~~ Mortelmans et al. (1986)SA9, Salmonella typhimurium TA 98, reverse mutation - - 400.0000 Garrott et al. (199)EC\v Escherichia coli WP2 uvrA, reverse mutation - - 500.0000 US National Technical Infor-
mation Service, Environmental
Protection Agency (1977)

~
ECW, Escherichia coli WP2 uvrA, reverse mutation - - 2500.0000 Moriya et al. (1983) "'

"TSCH, Saccharomyces cerevisiae, D3 homozygosis by - - 5~~.0000 US National Technical Infor- 8recombination
mat ion Service, Environmental

~Protection Agency (1977) rANG, Aspergillus nidulans, mitotic recombination
(+ ) 0 100.~~ Carere & Morpurgo (1981) "'ANG, Aspergillus nidulans, mitotic recombination +c 0 100.~~ Benigni et al. (1982) Z

ANN, Aspergillus nidulans, nondisjunction - 0 1000.000 Carere & Morpurgo (1981)NCN, Neurospora crassa, aneuploidy + 0 1.0000 Griffiths (1979)SCN, Saccharomyces cerevisiae, chromosome loss - 0 250.~~ Whittakeer et al. (1990)
(aneuploidy)

*, Sordaria brevicolls, aneuploidy
(+ ) 0 50.000 Bond & McMilan (1979)TSI, Tradescantia paludosa, micronuc1ei ? a 178.ood Ma et al. (1984)ACC, Allum cepa, chromosomal aberrations + 0 5.ood Kabarity & Nahas (1979)HSC, Hordeum vulgare, chromosomal aberrations + 0 40.0000 Oku (1976)PLC, Gossypium hirsutum, chromosomal aberrations + a 1. 000 Hess & BayerPLC, Zea meys, chlorophyU mutations + 0 O.OOOOd Lapina et al. (1984)PLC, Zea meys, chromosomal aberrations + 0 O.OOd Grigorenko et al. (I986)VFC, Vicia faba, chromosomal aberrations + 0 90.000d Wu (1972)DMX, Drosophila melanogaster, sex-linked recessive lethal - 0 100.0000 Murnik (1978) (Abstract)mutation

VI
t1
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Table 3 (contd) 00

Test system Resulta Doseb Reference
LED/RIO

Without With
exogenous exogenous
metabolic metabolic
system system

DMX, Drosophila melanogaster, sex-linked recessive lethal _e 0 30.000 feeding Yoon et al. (1985)
mutation -

)-DMX, Drosophila melanogaster, sex-linked recessive lethal - 0 400.0000 injection Yoon et al. (1985)
~mutation

DMN, Drosophila melanogaster, aneuploidy + 0 100.000 Murnik (1978) (abstract) ~
DMN, Drosophila melanogaster, aneuploidy 0 400.0000 Foureman (1988) 0-

ZG51, Gene mutation mouse lymphoma, L5178Y - - 20.0000 Garriott et aL. (1990) 0
CIC, Chromosomal aberrations, Chinese hamster CRO - - 50.0000 Garriott et al. (1990) 0

cells in vitro ~UHF, Unscheduled DNA synthesis, human lung fibroblasts - - 335.0000 US National Technical Infor- '"
::WI38 in vitro mation Service, Environmental V'

Protection Agency (1977) ~
UHF, Unscheduled DNA synthesis, EUE cells in vitro - 0 0.~~ Carere & Morpurgo (1981) 0
UHF, Unscheduled DNA synthesis, EUE cells in vitro - 0 100.~~ Henigni et aL. (1984) ~
SHL, Sister chromatid exchange, human lymphoctes (+ ) 0 0.0000 Ghiazza et aL. (1984) ~

in vitro tT
~CHL, Chromosomal aberrations, human lymphoctes (+ ) 0 O.OOOOd Donna et al. (1981) v.

in vitro

CHL, Chromosomal aberrations, human lymphoctes -e 0 40.000 Pilinskaya (1987)
in vitro

SVA, Sister chromatid exchange, Chinese hamster cells - 0 500.0000 Garriott et aL. (1987)
in vivo

CBA, Chromosomal aberrations, mouse bone marrow + a 52.0000 x 1 i.p/ Nehez et al. (1979)
in vivo

CHA, Chromosomal aberrations, mouse bone marrow _e 0 100.0000 Pilinskaya (1987)
in vivo

CGC, Chromosomal aberrations, mouse spermatogonia/ + a 52.0000 x 1 i.p/ Nehez et al. (1980)
spermatocyes



Table 3 (contd)

Test system Resulta Doseb Reference
LED/HID

Without With
exogenous exogenous
metabolic metabolic
system system

;;-
+ 0 1.6000 X 10 i.p/ Nehez et al. (1982) "T

5
+ 0 52.0000 X 1 i.p/ Nehez et al. (1980)

S;
r-

0 52.000 X 1 i.p/ Nehez et al. (1980) -+ Z

CGC, Chromosomal aberrations, mouse spermatogonia/
spermatocytes

*Chromosomal aberrations, mouse embryos (males treated
in vivo)

DLM, Dominant lethal test, mouse

*Not displayed on profie
a +, positive; ( + ), weakly positive; -, negative; 0, not tested; ?, inconclusive (variable response in several experiments within an adequate study)
bln-vitro tests, ¡.g/ml; in-vivo tests, mg/kg bw

C'echnical grade, +; pure, sample, -

dJrefIan (44.5% triuralin) tested; dose represents concentration of trifuralin
qße metabolites 2,6-dinitro-4-(triuoro)aniline and 2,6-diamino-4-(triuoro)aniline gave positive results
tOlitref (26% triuralin) tested; dose represents concentration of triuralin

Vl
~
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Trifluralin has been formulated as emulsifiable concentrates, granules and liquids.
Exposure to trifluralin may occur during its production and application and, at much

lower levels, from consumption of residues in food and water.
N-Nitrosodi-n-propylamine has been detected in technical trifluralin, and levels of

nitrosamines in trifluralin have been restricted in sorne countries.

5.2 Carcinogenicity in humans

Use of trifluralin was associated with an increased risk for non- Hodgkin's lymphoma in a
study in the USA. A study of ovarian cancer in Italy did not suggest an association with
exposure to trifluralin. Both results were based on small numbers of exposed subjects. A
larger US study showed no association with the occurrence of leukaemia.

5.3 Carcinogenicity in experimental animais

One technical grade of trifluralin (possibly contaminated with N-nitrosodi-n-propyl-
amine) was tested for carcinogenicity in mice and rats by administration in the di et. ln female
mice, it induced an increased incidence of hepatocellular carcinomas; in the same study, an
increase in the incidence of lung adenomas or carcinomas was observed in females. An
increased incidence of squamous-cell carcinomas of the forestomach was noted in female
mice at the lower but not at the higher dose. ln rats, an increase in the combined incidence of
follicular-cell adenomas and carcinomas of the thyroid was noted at the lower but not at the
higher dose in females.

Another preparation of trifluralin was tested for carcinogenicity in mice by adminis-
tration in the diet. No increase in tumour incidence was observed.

5.4 Other relevant data

ln a single study, trifluralin was embryolethal and increased the incidence of skeletal
variants in mice at doses that caused sorne maternaI toxicity.

No data were avai!able on the genetic and related effects of trifluralin in humans.
A commercial trifluralin formulation induced chromosomal aberrations in

bone-marrow, embryonal cells and the male germ line in mice. Chromosomal aberrations
were also induced in plants. Aneuploidy was induced in several lower eukaryotes. There was
little evidence for the induction of gene mutation in any test system.

5.5. Evaluation!

There is inadequate evidence in humans for the carcinogenicity of trifluralin.
There is limIted evidence in experimental animaIs for the carcinogenicity of technical-

grade trifluralin.

Overall evaluation
Trifluralin is not classifiable as to Its carcinogenicity to humans (Group 3).

lFor definition of the italicized terms, see Preamble, pp. 26-28.
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SUMMARY OF FINAL EVALUATIONS

Agent Degree of evidence of
carcinogenicitya,b

Humans AnimaIs

Overall evaluation
of carcinogenicity
to humansa

Aldicarb

Atrazine
Captafol
Chlordane
DDT
Deltamethrin
Dichlorvos

Fenvalerate
Heptachlor
Monuron
Occupational exposures in

spraying and application of

nonarsenical insecticides

Pentachlorophenol
Permethrin
Picloram

Simazine

Thiram
Triuralin
Ziram

ND

1

ND
1

1

ND
1

ND
1

ND
L

1

L

S

S

S

1

S

1

S

L

3

2ßC

2AC

2B

2B

3

2B

3

2B

3

2A

2B

3

3

3

3

3

3

1

ND
ND
1

1

1

ND

S

1

L (tech.-grade)
1

1

L (tech.-grade)
L

ai, inadequate evidence; S, sufficient evidence; L, limited evidence; ND, no data
bFor definitions of degrees of evidence and groupings of evaluations, see Preamble, pp. 26-28.
COther relevant data influenced the making of the overall evaluation.
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APPENDIX 1

SUMMARY TABLES OF
GENETIC AND RELATED EFFECTS

l:.__.





Summary table of genetic and related effects of aldicarb

Nonmammalian systems Mammalian systems

Proka. Lower Plants 1 nseets ln vitro ln vivo
ryotes eukaryotes

Animal cells Human cells AnimaIs Humans
D G D R G A D G C R G C A D A

+ +' + +'+'

A, aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; L inhibition of intercellular communication; M, micronuclei; R, mitotic rembination
and gene conversion; S, sis ter chromatid exehange; T. cell transfonnation

ln completing the tables, the following symbols indicate the consensus of the Worlâng Croup with regard to the reults for eah endpint:

+ considefed 10 be poitive for the specifie endpoint and level of biological complexity
+ i considered to be poitive, but only one valid study wa avalable 10 the Working Group

considered 10 be negaiive

-' considered to be negaiive, but only one valid study wa avalable to the Working Group

considered 10 be equivocal or inconclusive (e.g., there were contradietory results from different laboraiories; there were confounding expures; the results were equivol)

2;~
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Summary table of genetic and related effects of chlordane

Nonmammalian systems' Mammalian systems

Proka- Lower Plants Inseets ln vÙro
ln vivoryotes eukaryotes

Animal relis Human relis Animais Humans
D G D R G A D G M C R G C A D

A
+1 +1

+ +'+

A, aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; L, inhibition of interrelIular communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S, sis ter ehromatid exehange; 1; relI transformation

ln compleiing ihe iables, the fol/owing symbols indicate ihe consens of ihe Worlirig Group wÙh reard 10 ihe rets for eah endpoini:

+ considered to be poitive for the speifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa available to the Working Group

considered to be negative
_1 considered to !Je negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradictory results frm different laboratories; there were confounding expures; the results were equivocl)

"Sis ter ehromatid exchange in fish in vivo: +'
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Summary table of genetic and related effects of heptachlor

Nonmammalian systems
Mammalian systems

Proka. Lower Plants Jnseets ln vitro
ln vivar'jotes eukaryotes

Animal cells Human cells AnimaIs Humans
D G D R G A D G M C R G C A D

A
-1 +1 +1 + +1 + +1

A, aneuploidy; C, ehromosmal aberrtions; D. DNA damage; DL, dominant lethal mutation; G. gene mutation; J, inhibition of intercelluJar communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S, sis ter ehromatid exchange; T, cell transformation

ln campleting the tables, the fo/lowing symbols ;ndicate the consnsus of the Worlâng Croup with reard to the reuJts far elUh end 

point:+ considered to be poitive for the speifie endpoint and level of biological complexty
+ 1 considered to be poitive. but only one valid study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradictory results from different laboratories; there were confounding expures; the rcsults were equivocl)

~
"'
"'
tT

S-
;x
""

Vi.¡""



Summary table of genetic and related effects of DDT

Nonmammalian systems Mammalian systems

Proka- Lo_r Plants i nseets ln vitro ln vivo
ryotes eukarotes

Animal cells Human cells Animais. Humans
D G D R G A D G C R G C A D A

+1 + + ?1

A aneuploidy; C, ehromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; i, inhibition of intercellular communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S, sister chromatid exchange; T. cell transfonnation

ln completing the tables, the fo/Jowing symbols indica/e the consns of the Worling Group with reard to the rets for eah endpoint:

+ considered to be poitive for the specifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative
_1 considered to be negative, but only one valid study wa avalable to the Workng Group

considere to be equivol or inconclusive (e,g., there _re contradictory results £rom different laboratories; there _re confounding exures; the results _re equivocl)

"Spenn morphology, ?; Gap junetional area reduction, + '; Mou host-mediated asay, _

Vi.tN

-
~
~
~oz
o
Ci

~~
:i
C/

d
l'
C
~
tT
Vi
VJ



Summary table of genetic and related effects of para,para 1 - TDE

Nonmammalian systems Mammalian systems

Proka. Lower Plants Insts ln vitro
ln vivoryotes eukaiotes

D G D R G A D G C R G
A

_a +'

A, aneuploidy; C, chromosmal aberrtions; D, DNA damage; DL, dominantlethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei; R, mitotie re;mbination
and gene conversion; S, sis ter ehromatid exehange; 1; cell transfonnation

ln completing the tables, the following symbols indicate the consnsus of the Worling Croup with reard 10 ihe reults for eah endpoint:

+ considered to be poitive for the speifie endpoint and level of biological complexity
+ i considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradietory results from different laboratories; there were confounding expures; the results were equivocl)

"Imers no! speeified

"Mouse host.mediated asay, .-'

)-
"'
"'
Ln

a..
;x
""

Vi.t
UJ



Summary table of geneticand related efTects of ortho,para 1 - TDE

Nonmammalian systems Mammalian systems

Proka- Lower Plants Ins ln vitro
ln vivo

ryotes eukarotes

Animal cells Human relis AnimalSb Human~
D G D R G A D G C R G C A D

A

_1 _1 _1

A aneuploidy;C, ehrom05mal aberrtions; D, DNA damage;Dl, dominant lethal mutation; G, gene mutation; 1, inhibition of intercellular communication; M, micronuclei; R, mitotie recmbination
and gene conversion; S,sister ehromatid exchange; 1; cell transformation

ln compieting the tables, the following symbols indice th cons of the Worling Group with red to th relS fot ea endpinr:

+ considere to be jXitive for the specifie end point and level of biological complexity
+ 1 consideredto bejXitive, but only onevalid study wa avalable to the Working Group

considered to be negative

_1 consideredtobenegative, but only onevalidstudywa avalable to the Working Group

.? considered tobe equivol orinconclusive (e.g., therewere contrdictory results from different laboratories; there were confounding exures; theresults were equivocl)

"Isomers not spefied

~ouse host,mediated asay, _1
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Summary table of genetic and related effects of para,para' -DDE

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln vitro
ln vivo

ryotes eukaryotes

Animal cells Human cells Animalsb Humans
D G D R G A D G C R G C A D A

1. +1 . + ?1 +1+

A aneuploidy; C. ehromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G. gene mutation; 1. inhibition of intercellular communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S. sISter ehromatid exehange; 1; cell transfonnation

ln completing the lables. the fol/owing symbols indicaie ihe consensus of ihe Worling Group wiih regard 10 the reuJIs for ea endpint:

+ considered 10 be poitive for. the speifie endpoint and level of biological complexty
+ 1 con~idered to be poitive. but only one valid study wa avalable to the Working Group

considered to be negative

considered to be negative, but only one valid study wa avalable to the Workng Group

considere to be eauivol or inconclusive (e.g., there were contradietory results frm different laboratories; there were confounding expures; the results were eauivol)

"DNA reaTTangement in recombinant plasmid in Saccharmyes cereisia. +

~ouse host-mediated asay. .1

?;
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Summary table of genetic and related etTects of deltamethrin

Nonmammalian systems Mammalian systems

Proka- Lower Plants Jnseets ln vitro ln vivo

ryotes eukarotes

Animal cells Human cells AnimaIs. Humans

D G D R G A D G C R G C A D A

_1 +1 _1 +' +'

A, aneuploidy; C, ehromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; J, inhibition of intercellular communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S, sister ehromatid exehange; 1; celltransfonnation

ln completing the tables, the following symbols indicate the consensus of the Worling Group with reard to the f'ults for eih end point:
+ considered to be poitive for the speifie end¡xint and level of bioJogical complexity
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there \Vre contradictory results from different laboratories; there \Vre confounding expures; the results \Vre equivol)

"Spenn abnormalities, + 1
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Summary table of genetic and related effects of dichlorvos

Nonmammalian systems
Mammalian systems

Proka- Lor Plants InsclS ln vitro
ln vivo¡yotes' eukarotes

D G D R G A D G M C R G C
A

+ + + + +' + +' + +' ?' +' + + + + _1

A aneuploidy; C, chromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; J, inhibition of intercellular communication; M, micronuclei; R, mitotic recmbination
and gene conversion; 5, sister ehromatid exchange; T, cell transformation

ln compleiing ihe iahles, ihe fo/Jowing symbols indicale the consensus of the Worling Croup with regar 10 ihe reulls for eah end 

point:+ considered to be poitive for the speifie endpoint and level of biological complexity

+ ' considered to be poitive, but only one vaUd study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Grop

considered to be equivocl or inconelusive (e.g., there were contradictory results from different laboratories; there were confounding exures; the results were equivocl)

"DNA binding, +

lopenn morphology, ?I; DNA binding in vivo, _
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Summary table of genetic and related effects of fenvalerate

Nonmammalian systems Mammalian systems

Proka- Lower Plan ts Insets ln vitro ln vivo

ryotes eukaotes

D G D R G A D G C R A

.1 .1 + 1 +1+1 +1 +1 +1

A aneuploidy; C, ehrmosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; 1, inhibition of intercellular communication; M, micronuclei; R, mitotie recmbination
and gene conversion; S, sISter ehromatid exehange; 1; cell transformation

ln completing the tables, the following symbols indicate the consensus of the Worling Group with regard to the reults for eah endpint:

+ considered to be poitive for the speifie endpoint and level of biological complexty
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

_1 considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivol or inconclusive (e.g., there were contradietory results from different laboratories; there were confounding expures; the results were equivocl)

'Sperm morphology, + 1
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Summary table of genetic and related effects of permethrin

Nonmammalian systems Mammalian systems

Proka- Lower Plants i nseets ln vitro
ln vivo¡yotes eukarotes

Animal cells Human cells AnimaIs Humans
D G D R G A D G C R G C A D

A

A aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei; R, mitotic recmbination
and gene conversion; S, sis ter ehromatid exehange; T. cell transformation

ln completing the tables, the following symbols indicate the consensus of the Working Group with regard 10 the reults for eaih end 

point:
+ considered to be poitive for the speifie endpoint and level of biologieal complexity
+ i considered to be poitive, but only one valid study wa available to the Working Group

considered to be negative
_1 considered to be negative, but only one valid study wa avalable to the Working Group

.? considered 10 be equivocl or inconclusive (e.g., there were contradietory results from different laboratories; there were confounding expures; the results were equivocl)
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Summary table of genetic and related etTects of captafol

Nonmammalian systems Mammalian systems

Proka- Lower Plan ts Insets ln vitro ln vivo

¡yotes eukarotes

Animal cells Human cells Animais Humans

D G D R G A D G C R G C A D A

+1 + +1 +1 _1 ++ +1 + +1 +1 +1

A, aneuploidy; C, ehromosmal aberrtions; D, DNA damage; DI. dominant lethal mutation; G, gene mutation; L inhibition of intercellular communication; M, micronuclei; R, mitotie rembination
and gene conversion; S, sister ehromatid exehange; 1; cell transfonnation

ln completing the iables, ihe following symbols indicate ihe consensus of ihe Worlâng Group wiih reard 10 ihe reu/Is for eah endpoini:

+ considered to be poitive for the speifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa avalable to the Workng Group

considered to be negative

_1 considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradietory results from different laboratones; there were confounding expure; the results were equivocI)
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Summary table of genetic and related efTects of pentachlorophenol

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln vitro
ln vivoryotes eukaryotes

Animal cells Human cells Animais Humans
D G D R G A D' G C R G C A D

A
+ +1 _1

_1+ _1 +1 +1

A aneuploidy; C, chromosmal aberrations; D, DNA damage; Dl. dominant lethal mutation; G, gene mutation; 1, inhibition of intercllular communication; M, mieronuelei; R, mitotic rembination
and gene convernion; S, síster chromatíd exchange; 1; cell transfonnation

ln completing the tables, the follow;ng symbols ;nd;cate the consnsus of the Worling Group with regard to the reuJts for eah end 

point:+ considered to be poitive for the spefie endpoint and level of biological complexty
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

_1 considered to be negative, but only one valid study wa avalable 10 the Working Group

considered 10 be equivol or ¡nconclusive (e.g., there were contradictory results from different laboratories; there were confounding expures; the results were equivol)

.Spenn morphology test, _1
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Summary table of genetic and related effects of thiram

Nonmammalian systems Mammalian systems

Proka- Lo.wer Plants Jnseets ln yitro ln yiyo

ryotes eukaryotes

Animal cells Human cells AnimaIs. Humans

D G D R G A D G C R G C A D A

+ +, +1 ?' +1 + +1+1 +, +, +1

A, aneuploidy; C, ehromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; J, inhibition of intercellular communication; M, mieronuclei; R, mitotie rembination
and gene conversion; S, sister ehromatid exehange; T, celltransformation

ln completing the tables, the following symbols indicate the consensus of the Working Group with regard to the reults fo, eah end point:

+ considered to be poitive for the speifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa available to the Working Group

considered to be negative

_1 considered to be negative, but only one valid study wa avaIlable to the Working Group

consideredto be equivocl or inconclusive (e.g., there were contradietory results from different laboratories; there were confounding exure; the results were equivocl)

"Sperm morphologytest, +
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Summary table of genetic and related effects of ziram

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln vitro
ln vivo

ryotes eukarotes

Animal relis Human cells Animais Humans
D G D R G A D G C R G C A D A

+' + _1 + _1 +1 _ +1 +1 +1 +1 +'

A aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; J, inhibition of intercellular communication; M, mieronuclei; R, mitotie rembination
and gene conversion; S, sister ehromatid exehange; 1; celltransformation

ln completing the tables, the following symbols indU:aJe the consns of the Working Croup with red to the reulls for each end 
point:

+ considered to be poitive for the speifie endpoint and level of biological complexity

+ ' considered to be poitive, but only one valid study wa avalable to the Working Group
considered to be negative

_1 considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradictory results from different laboratories; there were confounding expures; the results were equivol)
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Summary table of genetic and related effects of atrazine

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln vitro ln vivo

ryotes eukarotes

D G D R G A D G C R G C A D A

_. +1 +1 +1 ?'+ + + + _1

A, aneuploidy; C, chrom05mal aberrations; D. DNA damage; DL, dominantlethal mutation; G, gene mutation; i. inhibition of iniercellular communication; M, micronuclei; R. mitotic recombination
and gene conversion; 5, sister chromatid exchange; 1; cell transformation

ln completing the tables, the following symbols indicaie the consensus of the Worling Group with reard to the reults for eah end point:
+ considered to be poitive for the specifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivol or inconclusive (e.g.. there were contradictory results from different laboratories; there were confounding expures; the results were equivocl)

"Mouse, host-mediated asay. + 1

i.perm head morphological abnormality test, _1
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Summary table of genetic and related effects of monuron

Nonmammalian systems Mammalian systems

Proka- Lower PlanlS JnseclS ln vitro ln vivo'

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D A

+1 + +1 b +1 +1 + +1+

A, aneuploidy; C, ehromosmal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; J, inhibition of intercellular communication; M, micronuclei; R, mitotic recombination
and gene conversion; S, sis ter ehromatid exehange; T, cell transformation

ln completing the tables, the following symbols indicate the consensus of the Worling Croup with reard to the reulls fo, eih endpoinr:

+ considered to be poitive for the specifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa available to the Working Group

considered to be negative
_1 considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocal or inconclusive (e.g., there were contradietory resullS from different laboratories; there were confounding expures; the resullS were equivol)

"Sperm-head morphological abnormality test, + 1

bPolytene chromosmal damage
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Summary table of genetic and related effects of picloram

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insts ln vitro ln vivo

ryotes eukarotes

Animal cells Human cells AnimaIs Humans

D G D R G A D .G C R G C A D A

+ +1

A aneuploidy; C, ehrom05mal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, mieronuclei; R, mitotie recmbination
and gene conversion; S, sister ehromatid exehange; T, celltransformation

ln completing the tables, the following symbols indicaJe the consns of the Worling Group with regard to the reults for =h end point:
+ considered to be poitive for the specifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negalive

_, considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradictory results from different laooratories; there were confounding expures; the results were equivocl)
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Summary table of genetic and related efTects of simazine

Nonmammalian systems Mammalian systems

Proka- Lower Plants Insets ln viiro ln vivo
ryotes eukarotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D A

+ , + +1 ?I?'

A aneuploidy; C, ehromosmal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercllular communication; M, micronuclei; R, mitotie recombination
and gene conversion; S, sister ehromatid exehange; T, cell transformation

ln compleiing ihe tables, ihe fo/lowing symbols indicate ihe consnsus of ihe Worling Group with reard 10 ihe reulls for eah endpoini:

+ considered to be poitive for the specifie endpoint and level of biological complexity
+ i considered to be poitive, but only one valid study wa avalable to the Working Group

considered to be negative

-' considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivocl or inconclusive (e.g., there were contradictory results from different laboratories; there were confounding expures; the results were equivol)
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Summary table of genetic and related elTects of trifluralin

Nonmammalian systems Mammalian systems

Proka- Lower Plants 1 nseets ln vitro ln vivo

ryotes eukarotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G c: R G C A D A

+ +1 + + +1.1 .1 11 .1

A, aneuploidy; C. ehromosmal aberrations; D. DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M. mieronuclei; R, mitotie recmbination
and gene conversion; S. sister ehromatid exehange; T, cell transformation

ln completing the tables, the folowing symbols indicate the consensus of the Wo,*ing Group with regard to the reults for eah end point:
+ considered to be poitive for the speifie endpoint and level of biological complexity
+ 1 considered to be poitive, but only one valid siudy wa available to the Working Group

considered to be negative
.1 considered to be negative, but only one valid study wa avalable to the Working Group

considered to be equivol or inconclusive (e.g.. there were contradietory results ~om different laboratories; there were confounding expures; the results were equivocl)
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APPENDIX 2

AeTMTY PROFILES FOR
GENETie AND RELATED EFFEeTS

Methods

The x-axis of the activity profile (Waters et al., 1987, 1988) represents the bioassays in
phylogenetic sequence by endpoint, and the values on the y-axis represent the logarithmically
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 aIl the in-vitro tests were converted to l1g/ml, and those for in-vivo
tests were expressed as mg/kg bw. Because dose units are plotted on a log scale, differcnces
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 of the LED or HID, which
is associated with the characteristics of each individual test system-such as population size,
cell-cycle kinetics and metabolIc competence. Thus, the detection limit of each test system
is different, and, across a given activity profile, responses will vary substantially. No attempt
is made to adjust or relate responses in one test system to those of another.

Line heights are derived as follows: for negative test results, the highest dose tested
without appreciable toxicity is defined as the HID. If there 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 follows: when a dose-related positive response
is observed with two or more doses, the lower of the 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
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numbers, respectively. The response, or logarithmic dose unit (LDUij), for a given test system
i and chemical j is represented by the expressions

LDUij = -loglO (dose), for HID values; LDU ~oand (1)
LDUij = -logio (dose x 10-5), for LED values; LDU /0.
These simple relationships define a dose range of 0 to -5 logarithmic unIts for ineffective

doses (1-100 000 iig/ml or mg/kg bw) and 0 to + 8 logarithmic units for effective doses
(100000-0.001 iig/ml or mg/kg bw). A scale ilustrating the LDU values is shown in Figure
1. Negative responses at doses less than 1 iig/ml (mg/kg bw) are set equal to 1. Effectively,
an LED value /100 000 or an HID value -c1 produces an LDU = 0; no quantitative
information is gained from su ch 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 10000 and 100000 iig/ml or mg/kg bw) or negative results are reported
at such low dose levels (1 to 10 Ilg/ml Qf mg/kg bw) as to calI into question the adequacy
of the test.

Fig. 1. Scale of log dose units used on the y-axis of activity profies

Positive
(¡.g/ml or mg/kg bw)

0.001
0.01
0.1
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100
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o
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-4
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...................................................................... ..

...................................................................... ..

...................................................................... ..

...................................................................... ..

...................................................................... ..

...................................................................... ..

...................................................................... ..
o............ o... 1

................ 10

o.............. 100

o............. 100

. . . . . . . . . . o. 10 00

. . . . . . . . . .. 100 00

Negative
(¡.g/ml or mg/kg bw)

LED and HID are expressed as ¡.g/ml or mg/kg bw.
ln practice, an activity profile is computer generated. A data entry programme is used

to store abstracted data from published reports. A sequential file (in ASCII) is created for
each compound, and a record within that file consists of the na me and Chemical Abstracts
Servce 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 file and the citation
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file. During processing of the data file, an average of the logarithmic values of the data subset
is calculated, and the length of the 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 Ci). When aIl 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 (i.e., both positive and negative results), the majority data are
shown bya solid line and the minoritydata bya 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.

Profile lines are identified by three-Ietter 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 Pro gram (Waters,
1979; Waters & Auletta, 1981). For ¡ARC Monographs Supplement 6, Volume 44 and
subsequent volumes, including this publication, codes were redefined in a manner that
should facilitate inclusion of additional tests. Naming conventions are described below.

Data listings are presented in the text and include endpoint and test codes, a short test
code definition, results (either with (M) or without (NM) an exogenous activation system),
the associated LED or HID value and a short citation. Test codes are organized
phylogenetically and by endpoint from Ieft to right across each activity profile and from top
to bottom of the corresponding data listing. Endpoints are defined as follows: A, aneuploidy;
C, chromosomal aberrations; D, DNA damage; F, assays of body fluids; G, gene mutation;
H, host-mediated assays; 1, inhibition of intercellular communication; M, micronuclei; P,
sperm morphology; R, mitotic recombination or gene conversion; S, sister chromatid
exchange; and T, cell transformation.

Dose conversions for activity profiles

Doses are converted to l1g/ml for in-vitro tests and to mg/kg bw per day for in-vivo
experiments.

1. ln-vitro test systems

(a) Weight/volume converts directly to l1g/mL.

(b) Molar (M) concentration x molecular weight = mg/ml = 103 l1g/ml; mM
concentration x molecular weight = l1g/ml.

(c) Soluble solids expressed as % concentration are assumed to be in units of mass per
volume (Le., 1 % = 0.01 g/ml = 10000 l1g/ml; also, 1 ppm = 1 l1g/ml).

(d) Liquids and gases expressed as % concentration are assumed to be given in units
ofvolume per volume. Liquids are converted to weight per volume using the density
(D) of the solution (D = g/ml). Gases are converted from volume to mass using
the ideal gas law, PV = nR'l For exposure at 20-3rC at standard atmospheric
pressure, 1 % (v/v) = 0.4 l1g/ml x molecular weight of the gas. Also, 1 ppm (v/v)
= 4 x 10-5 l1g/ml x molecular weight.
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(e) ln microbial plate tests, it is usual for the doses to be reported as weight/plate,
whereas concentrations are required to enter data on the activity profile chart.
While remaining cognisant of the errors involved in the process, it is assumed that
a 2-ml volume of top agar is delivered to each plate and that the test substance
remains in solution within it; concentrations are derived from the reported
weight/plate values by dividing by this arbitrary volume. For spot tests, al-ml
volume is used in the calculation.

(j Conversion of particulate concentrations given in l1g/cm2 are based on the are a (A)
of the dish and the volume of medium per dish; i.e., for a lOO-mm dish: A = 11R2
= 11 x (5 cm)2 = 78.5 cm2.1f 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 fluid-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, including 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% of body 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 IImin for light work, 30 IImin for mild exercise.

(h) When reported, the dose at the target site is used. For example, doses given in
studies of lymphocyes of humans exposed in vivo are the measured blood
concentrations in l1g/mI.

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
coli). 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 TA1538, ECW for E. coli WP2uvrA).
When strain designation is not indicated, the third letter is used to define the specifie 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 unscheduled 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 chromosomal aberration).

For mammalian test systems, the first letter of the three-Ietter codeword defines the
genetic endpoint 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 DNA
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repair, S-- for sister chromatid exchange, T -- for cell transformation and U-- for
unscheduled DNA synthesis.

For animal (i.e., non-human) test systems in vitro, when the cell tye is not specified,
the code letters-IAare used. For such assaysin vivo, when the animal species is notspecified,

the code letters -VA are used. Commonly used animal species are identified by the third
letter (e.g., --C for Chinese hamster, --M for mouse, --R for rat, --S for Syrian hamster).

For test systems using human cells in vitro, when the cell tye is not specified, the code
letters -IH are used. For assays on humans in vivo, when the cell tye is not specified, the
code letters - VH are used. Otherwse, the second letter specifies the cell tye under
investigation (e.g., -BH for bone marrow, -LH for lymphocyes).

Sorne other specifie coding conventions used for mammalian systems are as follows: BF-
for body fluids, HM- for host-mediated, --L for leukocyes or lymphocyes in vitro (-AL,
animaIs; -HL, humans), -L- for leukocyes in vivo (-LA animaIs; -LH, humans), --T for
transformed cells.

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 symboIs, sorne codes do not fit the naming
conventions precisely. ln a few cases, test systems are defined by first-Ietter code words, for
example: MS'l mouse spot test; SLP, mouse specific locus test, postspermatogonia; SLO,
mouse specifie locus test, other stages; DLM, dominant lethal test in mice; DLR, dominant
lethal test in rats; MH'l mouse heritable translocation test.

The genetic activity profiles and listings were prepared in collaboration with
Environmental Health Research and Testing Inc. (EHRT) under contract to the US
Environmental Protection Agency; EHRT also determined the doses used. The references
cited in each genetic activity profile listing can be found in the list of references in the
appropriate monograph.
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eUMULATIV eROSS INDEX TO IARC MONOGRAPHS ON
THE EVALUATION OF CARCINOGENIC RISKS TO HUM ANS

The volume, page and year are given. References to corrigenda are given in parentheses.

A

A-a-C
Acetaldehyde

40, 245 (1986); Suppl. 7, 56 (1987)
36, 101 (1985) (corr. 42, 263);
Suppl. 7,77(1987)

Acetaldehyde formylmethylhydrazone (see Gyromitrin)
Acetamide
Acetaminophen (see Paracetamol)
Acridine orange
Acrifavinium chloride
Acrolein

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, 91 (1979); Suppl. 7, 56 (1987)

Acrylamide
Acrylic acid
Acrylic fibres

Acrylonitnle
Acrylonitrile-butadiene-styrene copolymers
Actinolite (see Asbestos)
Actinomycins JO, 29 (1976) (corr. 42, 255);

Suppl. 7,80 (1987)

10, 43 (1976l. Suppl. 7, 82 (1987)
31, 47 (1983); Suppl. 7, 56 (1987)
l, 145 (1972) (corr. 42, 251);

10, 51 (1976); Suppl. 7, 83 (1987)

Adriamycin
AF-2
Afatoxins

Afatoxin Bi (see Afatoxins)
Afatoxin Bi (see Afatoxins)
Afatoxin Gi (seeAfatoxins)
Afatoxin Gi (see Afatoxins)
Afatoxin Mi (see Afatoxins)
Agaritine
Alcohol driking

Aldicarb
Aldrin
Allyl chlonde
Allyl isothiocanate
Allyl isovalerate
Aluminium production
Amaranth
5-Aminoacenaphthene

31,63 (1983); Suppl. 7,56 P987)
44
53,93
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)

-587-
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39, 239 (1986); Suppl. 7, 57 (1987)
7,31 (1974); 41,293 (1986) (corT.
52, 513; Suppl. 7, 92 (1987)

Ammonium potassium seleoide (see Seleoium and selenium compouods)
Amorphous silica (see also Silica) Suppl. 7,341 (1987)
Amosite (see Asbestos)
Ampieillo
Anabolic steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile
Analgesie mixtures contaioiog phenacetin (see also Pheoacetio)
Androgeoic (anabolic) steroids
Angelicio and sorne syothetic derivatives (see also Angelicins)
Angelicin plus ultraviolet radiation (see also Angelicin and sorne

syothetic derivatives)
Angelieins
Anilioe

2-Aminoaothraquinone
para-Aminoazobenzene
onho-Aminoazotoluene

para-Aminobeozoie acid
4-Aminobiphenyl

2-Amino-3,4-dimethylimidazo(4,5-flquinoline (see MeIQ)
2-Amino-3,8-dimethylimidazo( 4,5-flquinoxaline (see MeIQx)
3-Amino-l,4-dimethyl-5H-pyrido( 4,3-b )iodole (see Trp-P-l)
2-Aminodipyrdo(l,2-a:3' ,2' -d)imidazole (see Glu-P-2)
l-Amino-2-methylaothraquioone
2-Amino-3-methylimidazo(4,5-flquinolioe (see IQ)
2-Amino-6-methyldipyrido(l,2-a:3' ,2' -dJ-imidazole (see Glu-P-l)

2-Amino-3-methyl-9H-pyrido(2,3-b )iodole (see MeA-ey-C)
3-Amino-l-methyl-5H-pyrido(4,3-bJiodole (see Trp-P-2)
2- Amino- 5-( 5-nitro-2-furyl )-1,3,4-thiadiazole

4- Amioo- 2-nitrophenol
2- Amino- 5-nitrothiazole
2-Amino-9H-pyrido(2,3-bJiodole (see A-ey-C)
ll-Aminouodecaooic acid
Amitrole

ortho-Anisidine
para- Anisidine
Anthanthrene
Anthophyllite (see Asbestos)
Aothracene
Anthranilic acid

Antimony trioxide
Antimony trisulfide
AN (see I-Naphthylthiourea)
Apholate
AramiteOO
Areca nut (see Betel quid)
Arsaoilie acid (see Arsenie aod arsenic compouods)
Arsenic and arsenic compouods

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)

7, 143 (1974); Suppl. 7, 57 (1987)
16, 43 (1978); Suppl.7, 57 (1987)

31,71 (1983); Suppl. 7,57 (1987)

50, l53 (199)

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) (corT. 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)
47, 291 (1989)
47, 291 (1989)

9, 31 (1975); Suppl. 7, 57 (1987)

5,39 (1974); Suppl. 7,57 (1987)

1,41 (1972); 2, 48 (1973);
23, 39 (1980); Suppl. 7, 100 (1987)
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Arsenic pentoxide (see Arsenic and arsenic compounds)
Arenic sulphide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic and arsenic compounds)
Arsine (see Arenic and arsenic compounds)
Asbestos

Atrazine
Attapulgite
Auramine (technical-grade)

Auramine, manufacture of (see also Auramine, technical-grade)
Aurothioglucose
Azcitidine

5-Azcyidine (see Azcitidine)
Azserine

Azthioprie
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 also a-Chlorinated toluenes)
Benz( a )anthracene

Benzene

Benzidine

Benzidine-based dyes

Benzo(b )fluoranthene

Benzo(¡ lfluoranthene

Benzo( k )fluoranthene

B enzo(ghi)fl uoranthene
Benzo(a )fluorene

Benzo(b )fluorene

Benzo(c )fluorene

Benzo(ghi)peiylene
Benzo( c )phenanthrene

589

2, 17 (1973) (corr 42, 252);

14 (1977) (corr 42, 256); Suppl. 7,
106 (1987) (corr 45, 283)

53, 441

42, 159 (1987); Suppl. 7, 117 (1987)
1,69 (1972) (corr 42,251); Suppl.
7, 118 (1987)
Suppl. 7, 118 (1987)
13, 39 (1977); Suppl. 7, 57 (1987)
26,37 (1981); Suppl. 7, 57 (1987);
50, 47 (199)

10, 73 (1976) (corr 42, 255);

Suppl. 7, 57 (1987)
26, 47 (1981); Suppl. 7, 119 (1987)
9, 37 (1975); Suppl. 7, 58 (1987)
9, 47 (1975); Suppl. 7, 58 (1987)
9, 51 (1975); Suppl. 7, 58 (1987)
8, 75 (1975); Suppl. 7, 58 (1987)

32, 123 (1983); Suppl. 7, 58 (1987)
3, 241 (1973); 32, 129 (1983);

Suppl. 7,58 (1987)

29, 65 (1982); Suppl. 7, 148 (1987)
3, 45 (1973); 32, 135 (1983);

Suppl. 7,58 (1987)

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); Suppl. 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)
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Benzo(e)pyrene

3, 91 (1973); 32, 211 (1983);
Suppl. 7,58 (1987)

3, 137 (1973); 32, 225 (1983);

Suppl. 7,58 (1987)

29, 185 (1982); Suppl. 7,58 (1987)
29, 73 (1982); Suppl. 7, 148 (1987)

29, 83 (1982) (corr 42, 261); Suppl.

7, 126 (1987)
36,267 (1985); Suppl. 7,58 (1987)
40, 109 (1986); Suppl. 7, 58 (1987)

11, 217 (1976) (corr 42, 256); 29,

49 (1982); Suppl. 7, 148 (1987)

16, 153 (1978); Suppl. 7, 58 (1987)

1, 17 (1972); 23, 143 (1980) (corr
42, 260); Suppl. 7, 127 (1987)

Benzo( a )pyrene

para-Benzoquinone dioxie

Benzotrichloride (see also o:-Chlorinated tolu en es)
Benzoyl chloride

Benzoyl peroxide
Benzyl acetate

Benzyl chloride (see also o:-Chlorinated toluenes)

Benzyl violet 4B
Bertrandite (see Beryllium and beryllum compounds)
Beryllum and beryllum compounds

Beryllum acetate (see Beryllum and beryllium compounds)
Beryllum acetate, basic (see Beryllum and beryllum compounds)
Beryllum-aluminium alloy (see Beryllium and beryllum compounds)
Beryllium carbonate (see Beryllium and beryllum compounds)
Beryllium chloride (see Beryllium and beryllum compounds)
Beryllum-copper alloy (see Beryllium and beryllum compounds)
Beryllum-copper-cobalt alloy (see Beryllium and beryllium compounds)
Beryllum fluoride (see Beryllium and beryllum compounds)
Beryllum hydroxide (see Beryllium and beryllium compounds)
Beryllum-nickel alloy (see Beryllum and beryllium compounds)
Beryllum oxide (see Beryllium and beryllium compounds)
Beryllum phosphate (see Beryllium and beryllum compounds)
Beryllium silicate (see Beryllium and beryllum compounds)
Beryllium sulphate (see Beryllum and beryllum compounds)
Beryl ore (see Beryllium and beryllium compounds)
Betel quid
Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyanisole)
BIIT (see Butylated hydroxytoluene)
Bis(l-aziridinyl)morpholinophosphine sul phide
B is(2-chloroethyl )ether
N,N-Bis(2-chloroethyl)-2-naphthylamine

37, 141 (1985); Suppl. 7, 128 (1987)

Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2-Bis( chloromethoxy )ethane
1,4-B is( chloromethoxymethyl)benzene
Bis( chloromethyl)ether

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); Suppl. 7, 150 (1987)

15,31 (1977); Suppl. 7,58 (1987)
15,37 (1977); Suppl. 7, 58 (1987)
4,231 (1974) (corr. 42,253);
Suppl. 7, 131 (1987)

41, 149 (1986); Suppl. 7,59 (1987)
47, 231 (1989)

35,39 (1985); Suppl. 7, 133 (1987)
26,97 (1981); Suppl. 7, 134 (1987)

16, 163 (1978); Suppl. 7,59 (1987)
25,249 (1981); Suppl. 7,232 (1987)
40,47 (1986); Suppl. 7, 135 (1987)

Bis(2-chloro-1-methylethyl)ether
B is(2,3-epoxycyclopen tyl )ether
Bisphenol A diglycidyl ether (see Glycidyl ethers)
Bitumens
Bleomycins
Blue VRS
Boot and shoe manufacture and repair
Bracken fern
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BriUiant Blue FCF
16, 171 (1978) (corr 42,257);

Suppl. 7,59 (1987)

52, 179 (1991)

52, 299 (1991)

52, 213 (1991)

39, 155 (1986) (corr 42, 26);

Suppl. 7, 136 (1987)

4, 247 (1974); Suppl. 7, 137 (1987)
39, 67 (1986); Suppl. 7, 59 (1987)
40, 123 (1986); Suppl. 7, 59 (1987)
40, 161 (1986); Suppl. 7, 59 (1987)
29, 193 (1982) (corr 42, 261);

Suppl. 7, 59 (1987)
Il, 225 (1976); Suppl. 7, 59 (1987)

11,231 (1976); Suppl. 7,59 (1987)

Bromochloroacetonitrile (see Halogenated acetonitriles)
B romodichloromethane
Bromoethane
Bromoform
1,3-Butadiene

1,4-Butanediol dimethanesulphonate
n-Butyl acrylate
Butylated hydroxyanisole

Butylated hydroxyoluene
But yi benzyl phthalate

ß-Butyrolactone
-y-Butyrolactone

c
Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds 2, 74 (1973); Il, 39 (1976)

(corr. 42, 255);

Suppl. 7, 139 (1987)
Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulphate (see Cadmium and cadmium compounds)
Cadmium sulphide (see Cadmium and cadmium compounds)
Caffeine
Calcium arsenate (see Arsenic and arsenic compounds)
Calcium chromate (see Chromium and chromium compounds)
Calcium cydamate (see Cydamates)
Calcium saccharin (see Sacchann)
Cantharidin
Caprolactam

51,291 (1991)

Captafol
Captan
Carbaryl
Carbazole
3-Carbethoxysoralen
Carbon blacks

10, 79 (1976); Suppl. 7,59 (1987)
19, 115 (1979) (corr 42, 258);

39, 247 (1986) (corr 42, 26);

Suppl. 7,390 (1987)

53,353
30, 295 (1983); Suppl. 7, 59 (1987)
12, 37 (1976); Suppl. 7, 59 (1987)

32, 239 (1983); Suppl. 7, 59 (1987)
40,317 (1986); Suppl. 7,59 (1987)
3, 22 (1973); 33, 35 (1984); Suppl.

7, 142 (1987)
l, 53 (1972); 20, 371 (1979);

Suppl. 7, 143 (1987)

8, 83 (1975); Suppl. 7, 59 (1987)

25, 139 (1981); Suppl. 7,378 (1987)
10, 181 (1976) (corr 42,255); 31,

79 (1983); Suppl. 7, 59 (1987)

15, 155 (1977); Suppl. 7, 59 (1987)

Carbon tetrachloride

Carmoisine
Carpentry and joinery
Carrageenan

Catechol
CCNU (see 1-(2-Chloroethyl)- 3-cdohexyI-l-nitrosourea)
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Ceramic fibres (see Man-made mineraI fibres)
Chemotherapy, combined, including alkylating agents (see MOPP and

other combined chemotherapy including alkylating agents)
Chlorambucil

Chloramphenicol

Chlorendic acid
Chlordane (see also Chlordane/Heptachlor)
Chlordane/Heptachlor
Chlordecone
Chlordimeform
Chloriated dibenzodioxins (other than TCDD)
Chlorinated driking-water
Chloriated paraffns

o:-Chloriated toluenes

Chlormadinone acetate (see also Progestins; Combined oral
contraceptives)

Chlornaphazine (see N;N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see Halogenated acetonitriles)
Chiorobenzilate

Chiorodibromomethane
Chlorodifuoromethane

Chloroethane
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (see also

Chioroethyl nitrosoureas)
1-(2-Chloroethyl)-3-( 4-methylcyclohexyl)-1-nitrosourea (see also

Chioroethyl nitrosoureas)
Chloroethyl nitrosoureas
Chlorofluoromethane
Chloroform

Chioromethyl methyl ether (technical-grade) (see also
Bis( chloromethyl)ether)

(4-Chloro-2-methylphenoxy)acetic acid (see MCPA)
Chlorophenols
Chlorophenols (ocupationai exposures to)
Chlorophenoxy herbicides
Chiorophenoxy herbicides (ocupationai exposures to)
4-Chloro-ortho-phenylenediamine
4-Chloro-meta-phenylen.ediamine
Chloroprene
Chloropropham
Chloroquine
Chlorothalonil
para-Chloro-rtho-toluidine and its strong acid salts

(see also Chlordimeform)
Chlorotrinisene (see also Nonsteroidal oestrogens)
2-Chloro-1, 1, 1-triuoroethane
Chlorozotocin

9, 125 (1975); 26, 115 (1981);

Suppl. 7, 144 (1987)

JO, 85 (1976); Suppl. 7, 145 (1987);

50, 169 (199)
48, 45 (199)
20, 45 (1979) (corr 42, 258)

Suppl. 7, 146 (1987); 53, 115

20, 67 (1979); Suppl. 7, 59 (1987)

30, 61 (1983); Suppl. 7, 59 (1987)

15, 41 (1977); Suppl. 7, 59 (1987)

52, 45 (1991)
48, 55 (199)
Suppl. 7, 148 (1987)

6, 149 (1974); 21, 365 (1979)

5, 75 (1974); 30, 73 (1983);

Suppl. 7,60(1987)
52, 243 (1991)

41,237 (1986) (corr 51,483);
Suppl. 7, 149 (1987)

52, 315 (1991)

26, 137 (1981) (corr 42, 26);

Suppl. 7, 150 (1987)

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); 48, 123 (199)
21, 139 (1979)

41,253 (1986); Suppl. 7,60(1987)
50, 65 (199)
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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 carbnyl (see Chromium and chromium compounds)
Chromium potassium sulphate (see Chromium and chromium

compounds)
Chromium sulphate (see Chromium and chromium compounds)
Chromium trioxide (see Chromium and chromium compounds)
Chiysazin (see Dantron)
Chiysene

Chiysoidine
Chiysotile (see Asbestos)
Ciclosporin
CI Disperse Yellow 3

Cimetidine
Cinnamyl anthranilate

Cisplatin
Citrinin
Citrus Red No. 2

Clofibrate
Clomiphene citrate
Coal gasification
Coal-tar pitches (see also Coal-tars)
Coal-tars
Cobalt(II) acetate (see Cobalt and cobalt compounds)
Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)
Cobalt and cobalt compounds
Cobalt(lI) chloride (see Cobalt and cobalt compounds)
Cobalt-chromium alloy (see Chromium and chromium

compounds)
Cobalt-chromium-molybdenum alloys (see Cobalt and cobalt compOunds)
Cobalt metal powder (see Cobalt and cobalt compounds)
Cobalt naphthenate (see Cobalt and cobalt compounds)
Cobalt(lI) oxide (see Cobalt and cobalt compounòs)
Cobalt(II,II) oxide (see Cobalt and cobalt compounds)
Cobalt(lI) sulfide (see Cobalt and cobalt compounds)
Coffee
Coke production
Combined oral contraceptives (see also Oestrogens, progestins

and combinat ions)
Conjugated oestrogens (see also Steroidal otstrogens)
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JO, 99 (1976); 31, 95 (1983);

Suppl. 7, 161 (1987)

2, 100 (1973); 23, 205 (1980);

Suppl. 7, 165 (1987); 49, 49 (199)
(corr 51,483)

3, 159 (1973); 32, 247 (1983);

Suppl. 7,60(1987)
8, 91 (1975); Suppl. 7, 169 (1987)

50,77(199)
8, 97 (1975); Suppl. 7, 60 (1987)
50, 235 (199)
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) (corr. 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)

52, 363 (1991)

51,41 (1991) (corr 52,513)
34, 101 (1984); Suppl. 7, 176 (1987)
Suppl. 7,297 (1987)

21, 147 (1979)
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Contraceptives, oral (see Combined oral contraceptives;
Sequential oral contraceptives)

Copper 8-hydroxyquinoline
Coronene
Cou mari
Creosotes (see also Coal-tars)
meta-Cresidine
para-Cresidine
Crocidolite (see Asbestos)
Crude oil
Crystalline silica (see also Silica)
Cycasin

Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (see Cyclamates)
Cyclopenta( cd)pyrene
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide

15, 103 (1977); Suppl. 7,61 (1987)
32, 263 (1983); Suppl. 7, 61 (1987)
JO, 113 (1976); Suppl. 7, 61 (1987)
Suppl. 7, 177 (1987)

27,91 (1982); Suppl. 7,61 (1987)
27,92 (1982); Suppl. 7,61 (1987)

45, 119 (1989)

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)
47, 157 (1989)

32, 269 (1983); Suppl. 7, 61 (1987)

9, 135 (1975); 26, 165 (1981);

Suppl. 7, 182 (1987)

D

2,4-0 (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, ocupational exposures to)

Dacarbazine
Dantron
D & C Red No. 9
Dapsone
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

15, 111 (1977)

26, 203 (1981); Suppl. 7, 184 (1987)
50, 265 (199)
8, 107 (1975); Suppl. 7, 61 (1987)
24, 59 (1980); Suppl. 7, 185 (1987)

JO, 145 (1976); Suppl. 7,61 (1987)

Decabromodiphenyl oxide
Deltamethrin
Diacetylaminoazotoluene
N,N' -Diacetylbenzidine
Dichlorvos
Diallate

5, 83 (1974) (COff 42, 253);

Suppl. 7, 186 (1987); 53, 179

48, 73 (1990)

53, 251

8, 113 (1975); Suppl. 7, 61 (1987)

16, 293 (1978); Suppl. 7,61 (1987)
53, 267
12, 69 (1976); 30, 235 (1983);

Suppl. 7, 61 (1987)

16, 51 (1978); 27, 103 (1982);

Suppl. 7, 61 (1987)
16,301 (1978); 29, 203 (1982);
Suppl. 7, 61 (1987)

16, 63 (1978); Suppl. 7,61 (1987)
16, 73 (1978); Suppl. 7,61 (1987)

2,4-Diaminoanisole

4,4' -Diaminodiphenyl ether

1,2-Diamino-4-nitrobenzene
1,4-Diamino-2-nitrobenzene
2,6-Diamino-3-(phenylazo )pyridine (see Phenazopyridine

hydrochloride)
2,4-Diaminotoluene (see also Toluene diisocyanates) 16, 83. (1978); Suppl. 7, 61 (1987)
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2,5-Diaminotoluene (see also Toluene diisoanates)
ortho-Dianisidine (see 3,3'-Dimethoxybenzidine)
Diazepam
Diazomethane
Dibenz( a,h Jacridine

16,97 (1978); Suppl. 7,61 (1987)

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)

Dibenz(a,jlacridine

Dibenz( a,c Janthracene

Dibenz( a,h Janthracene

Dibenz( a,) lanthracene
7 H-Dibenzo( c,g)carbazole

Dibenzodioxins, chlorinated (other than TCDD)
(see Chloriated dibenzodioxins (other than TCDD))

Dibenzo( a,e )fluoranthene
Dibenzo( h,rstJpentaphene
Dibenzo(a,e )pyrene

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)

3, 215 (1973); 32, 337 (1983);

Suppl. 7,62 (1987)

3, 224 (1973); 32, 343 (1983);

Suppl. 7, 62 (1987)

Dibenzo(a,h )pyrene

Dibenzo( a,i)pyrene

Dibenzo( a,lJpyrene

Dibromoacetonitrile (see Halogenated acetonitriles)
1,2- Dibromo- 3-chloropropane

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)

Dichloroacetonitrile (see Halogenated acetonitriles)
Dichloroacetylene
ortho- Dichlorobenzene

para-Dichlorobenzene

3,3' -Dichlorobenzidine

trans-l,4-Dichlorobutene
3,3' -Dichloro-4,4' -diaminodiphenyl ether
1,2-Dichloroethane
Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

(2,4-Dichlorophenoxy)acetic acid (see 2,4-0)
2,6- Dichloro-para-phenylenediamine
1,2-Dichloropropane
1,3-Dichloropropene ( technical -grade)
Dichlorvos

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);
53, 267
30, 87 (1983); Suppl. 7, 62 (1987)

Dicofol
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Dicyclohexylamine (see Cyclamates)
Dieldri
Dienoestrol (see also Nonsteroidal oestrogens)
Diepoxybutane

Diesel and gasoline engine exhausts
Diesel fuels
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethylhexyl )adipate
Di(2-ethylhexyl )ph thalate

1,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulphate
Diglycidyl resorcinol ether

Dihydrosafrole

1,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
Dihydroxymethylf ura triine

Dimethisterone (see also Progestins; Sequential oral
contraceptives)

Dimethoxane
3,3' -Dimethoxybenzidine
3,3' -Dimethoxybenzidine-4,4' -diisocyanate
para-Dimethylaminoazobenzene
para-Dimethylaminoazobenzenediazo sodium sulphonate
trans-2-( (Dimethylamino )methyl imino)- 5-(2-( 5-nitro-2-furyl)-

vinyl)-1,3,4-oxadiazole
4,4' -Dimethylangelicin plus ultraviolet radiation (see a/so

Angelicin and some synthetic derivatives)
4,5' -Dimethylangelicin plus ultraviolet radiation (see a/so

Angelicin and sorne synthetic derivatives)
Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3' -Dimethylbenzidine
Dimethylcarbamoyl chIo ride
Dimethylformamide
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine

Dimethyl hydrogen phosphite
1,4-Dimethylphenan threne

Dimethyl sulphate
3,7- Dinitrofluoran thene
3,9- Dinitrofl uoran thene
1,3-Dinitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene

5, 125 (1974); Suppl. 7, 196 (1987)
21, 161 (1979)

11, 115 (1976) (corr 42, 255); Suppl.

7, 62 (1987)
46, 41 (1989)

45, 219 (1989) (corr 47, 505)

29, 257 (1982); Suppl. 7,62 (1987)

29, 269 (1982) (corr 42, 261); Suppl.

7, 62 (1987)
4, 153 (1974); Suppl. 7, 62 (1987)
6, 55 (1974); 21, 173 (1979)

(corr 42, 259); Suppl. 7, 273 (1987)

4, 277 (1974); Suppl. 7, 198 (1987)
11, 125 (1976); 36, 181 (1985);

Suppl. 7,62 (1987)

1, 170 (1972); JO, 233 (1976);

Suppl. 7,62 (1987)

24, 77 (1980); Suppl. 7,62 (1987)
6, 167 (1974); 21, 377 (1979)

15, 177 (1977); Suppl. 7,62 (1987)
4, 41 (1974); Suppl. 7, 198 (1987)
39, 279 (1986); Suppl. 7, 62 (1987)
8, 125 (1975); Suppl. 7, 62 (1987)
8, 147 (1975); Suppl. 7, 62 (1987)
7, 147 (1974) (corr 42, 253);

Suppl. 7, 62 (1987)

Suppl. 7, 57 (1987)

Suppl. 7, 57 (1987)

1, 87 (1972); Suppl. 7, 62 (1987)
12, 77 (1976); Suppl. 7, 199 (1987)
47, 171 (1989)

4, 137 (1974); Suppl.7. 62 (1987)

4, 145 (1974) (corr 42, 253);

Suppl. 7,62 (1987)

48, 85 (199)
32, 349 (1983); Suppl. 7. 62 (1987)
4, 271 (1974); Suppl. 7, 200 (1987)
46, 189 (1989)

46, 195 (1989)

46, 201 (1989)

46, 215 (1989)

33, 171 (1984); Suppl. 7, 63 (1987);
46, 231 (1989)
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Dinitrosopentamethylenetetramine
1,4-Dioxane
2,4' -Diphenyldiamine
Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disperse Blue 1

Disperse Yellow 3

Disulfiram
Dithranol
Divinyl ether (see Anaesthetics, volatile)
Dulcin

Il,241 (1976); Suppl. 7,63 (1987)

Il, 247 (1976); Suppl. 7, 201 (1987)

16,313 (1978); Suppl. 7,63 (1987)
29, 295 (1982) (corr 42,261)
29, 311 (1982)

29, 321 (1982)

48, 139 (199)
48, 149 (199)
12, 85 (1976); Suppl. 7, 63 (1987)
13, 75 (1977); Suppl. 7, 63 (1987)

12,97 (1976); Suppl. 7,63 (1987)

E

Endrin
EnfIurane (sec Anaesthetics, volatile)
Eosin
Epichlorohydrin

5, 157 (1974); Suppl. 7, 63 (1987)

15, 183 (1977); Suppl. 7, 63 (1987)
Il, 131 (1976) (corr. 42,256);

Suppl. 7, 202 (1987)
47, 217 (1989)

Il, 141 (1976); Suppl. 7,63 (1987)

Il, 147 (1976); Suppl. 7,63 (1987)

Il, 153 (1976); Suppl. 7, 63 (1987)

42, 225 (1987); Suppl. 7, 203 (1987)
6, 77 (1974); 21, 233 (1979)
13, 83 (1977); Suppl. 7, 63 (1987)
19, 57 (1979); 39, 81 (1986);

Suppl. 7, 63 (1987)
19, 157 (1979); Suppl. 7,63 (1987)
15, 195 (1977); Suppl. 7, 204 (1987)
Il, 157 (1976); 36, 189 (1985)

(corr. 42, 263); Suppl. 7, 205 (1987)
Il, 257 (1976); Suppl. 7, 63 (1987)

7, 45 (1974); Suppl. 7, 207 (1987)
7, 245 (1974); Suppl. 7, 63 (1987)
l, 135 (1972); 17, 191 (1978);

Suppl. 7,63 (1987)

12, 107 (1976); Suppl. 7,63 (1987)
12, 115 (1976): Suppl. 7,63 (1987)
6, 173 (1974); 21, 387 (1979)

36, 75 (1985); Suppl. 7, 63 (1987)
8, 151 (1975); Suppl. 7, 63 (1987)

1,2-Epoxybutane
1 -Epoxyethyl- 3,4-epoxycyclohexane
3,4-Epoxy-6-methylcyclohexylm et hyl - 3,4-epoxy-6-met hyl-

cyclohexane carboxylate
cis-9,1O-Epoxystearic acid
Erionite
Ethinyloestradiol (see also Steroidal oestrogens)
Ethionamide
Ethyl aciylate

Ethylene
Ethylene dibromide
Ethylene oxide

Ethylene sulphide

Ethylene thiourea
Ethyl methanesulphonate
N-Ethyl-N-nitrosourea

Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynodiol diacetate (see also Progestins; Combined oral

contraceptives)
Eugenol
Evans blue

F

Fast Green FCF
Fenvalerate
Ferbam

16, 187 (1978); Suppl. 7, 63 (1987)
53, 309
12, 121 (1976) (corr 42, 256);

Suppl. 7, 63 (1987)
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Ferrc oxide

Ferrochromium (see Chromium and chromium compounds)
Fluometuron
Fluoranthene
Fluorene
Fluorides (inorganic, used in drinking-water)
5-Fluorouracil
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Formaldehyde
2-(2- Formylhydrazino )-4-( 5-n itro- 2- f uryl )thiazol e

Frusemide (see Furosemide)
Fuel oiis (heating oils)
Furazolidone
Fumiture and cabinet-making

Furosemide
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X

G

Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Glass fibres (see Man-made mineraI fibres)
Giasswooi (see Man-made mineraI fibres)
Glass fiaments (see Man-made minerai fibres)
Glu-P-1
Glu-P-2
L-Glutamic acid, 5-(2-( 4-hydroxymethyl)phenylhydrazide J

(see Agaratine)
Glycidaldehyde
Glycidyi ethers
Glycidyi oleate
Glycidyi stearate

Griseofulvi
Guinea Green B
Gyromitri

H

Haematite
Haematite and ferrc oxide
Haematite mining, underground, with exposure to radon
Hair dyes, epidemiology of
Halogenated acetonitriles
Halothane (see Anaesthetics, volatile)
a-HCH (see Hexachlorocclohexanes)
ß-HCH (see Hexachlorocclohexanes)
"(-HCH (see Hexachlorocclohexanes)

1,29 (1972); Suppl. 7, 216 (1987)

30, 245 (1983); Suppl. 7, 63 (1987)
32, 355 (1983); Suppl. 7, 63 (1987)

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)

45, 239 (1989) (corr 47, 505)

31, 141 (1983); Suppl. 7,63 (1987)
25, 99 (1981); Suppl. 7, 380 (1987)
50, 277 (199)

11, 169 (1976); 31, 153 (1983);

Suppl. 7, 64 (1987)

45, 159 (1989) (corr. 47, 505)

40, 223 (1986); Suppl. 7, 64 (1987)

40, 235 (1986); Suppl. 7, 64 (1987)

11, 175 (1976); Suppl. 7,64(1987)
47, 237 (1989)
11, 183 (1976); Suppl. 7, 64 (1987)
Il, 187 (1976); Suppl. 7, 64 (1987)

JO, 153 (1976); Suppl. 7, 391 (1987)
16, 199 (1978); Suppl. 7,64(1987)
31, 163 (1983); Suppl. 7,391 (1987)

1, 29 (1972); Suppl. 7, 216 (1987)
Suppl. 7, 216 (1987)
1, 29 (1972); Suppl. 7, 216 (1987)

16,29 (1978); 27,307 (1982)
52,269 (1991)
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Heating oils (see Fuel oils)
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocclohexanes

Hexachlorocyclohexane, technical-grade (see Hexachloro-
cyclohexanes)

Hexachloroethane
Hexachlorophene
Hexamethylphosphoramide
Hexoestrol (see Nonsteroidal oestrogens)
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochlorothiazide
Hydrogen peroxide
Hydroquinone
4-Hydroxyazobenzene
17a-Hydroxyrogesterone caproate (see also Progestins)
8-Hydroxyquinoline
8-Hydroxysenkirkine
Hypochlorite salts

1

Indenor 1,2,3--dJpyrene

Insecticides, occupational exposures in spraying and application of
IQ
Iron and steel founding
Iron-dextran complex
Iron-dextrin complex

Iron oxide (see Ferrc 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 also Isopropyl alcohol)
Isopropyl oils
Isosafrole

J
Jacobine

599

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)

20,467 (1979); Suppl. 7,64(1987)
20, 241 (1979); Suppl. 7, 64 (1987)
15, 211 (1977); Suppl. 7,64(1987)

13, 91 (1977); Suppl. 7, 64 (1987)
24, 85 (1980); Suppl. 7, 222 (1987)
4, 127 (1974); Suppl. 7, 223 (1987)
50, 293 (1990)

36, 285 (1985); Suppl. 7,64 (1987)
15, 155 (1977); Suppl. 7,64 (1987)
8, 157 (1975); Suppl. 7, 64 (1987)

21, 399 (1979) (corr. 42, 259)
13, 101 (1977); Suppl. 7,64(1987)
10,265 (1976); Suppl. 7,64 (1987)
52, 159 (1991)

3, 229 (1973); 32, 373 (1983);

Suppl. 7,64(1987)
53,45
40, 261 (1986); Suppl. 7,64(1987)
34, 133 (1984); Suppl. 7, 224 (1987)
2, 161 (1973); Suppl. 7,226 (1987)
2, 161 (1973) (corr. 42, 252);
Suppl. 7,64(1987)

2, 161 (1973); Suppl. 7, 64 (1987)

JO, 269 (1976); Suppl. 7, 65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26, 237 (1981); Suppl. 7, 65 (1987)
15, 223 (1977); Suppl. 7,229 (1987)
Suppl. 7, 229 (1987)

15, 223 (1977); Suppl. 7,229 (1987)
1, 169 (1972); 10, 232 (1976);

Suppl. 7, 65 (1987)

JO, 275 (1976); Suppl. 7,65 (1987)
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Jet fuel
Joinery (see Carpentry and joinery)

K

Kaempferol
Kepone (see Chlordecone)

L

Lasiocrpine
Lauroyl peroxide
Lead acetate (see Lead and lead compounds)
Lead and lead compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbnate (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 lead compounds)
Leather goos manufacture
Leather industries
Leather tanning and processing

Ledate (see a/so Lead and lead compounds)
Light Green SF
Lindane (see Hexachlorocyclohexanes)
The lumber and sawmIl industries (including logging)
Luteoskyrin
Lynoestrenol (see a/so Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see a/so Magenta)
Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Man-made mineraI fibres
Mannomustine
Mate
MCPA (see a/so Chlorophenoxy herbicides; Chlorophenoxy

herbicides, occupational exposures to)

45, 203 (1989)

31, 171 (1983); Suppl. 7,65 (1987)

JO, 281 (1976); Suppl. 7, 65 (1987)
36, 315 (1985); Suppl. 7,65 (1987)

1,40 (1972) (corr 42,251); 2,52,
150 (1973); 12, 131 (1976);

23, 40, 208, 209, 325 (1980);
Suppl. 7, 230 (1987)

25, 279 (1981); Suppl. 7, 235 (1987)
25, 199 (1981); Supp/. 7,232 (1987)
25, 201 (1981); Suppl. 7, 236 (1987)
12, 131 (1976)

16, 209 (1978); Suppl. 7, 65 (1987)

25, 49 (1981); Supp/. 7, 383 (1987)
JO, 163 (1976); Supp/. 7, 65 (1987)
21,407 (1979)

4, 57 (1974) (corr. 42, 252);
Suppl. 7,238 (1987)

Suppl. 7, 238 (1987)

30, 103 (1983); Supp/. 7, 65 (1987)
4, 173 (1974) (corr 42,253);
Suppl. 7, 65 (1987)

36, 163 (1985); Suppl. 7, 65 (1987)

12, 137 (1976); Suppl. 7,65 (1987)
43, 39 (1988)
9, 157 (1975); Suppl. 7, 65 (1987)

51,273 (1991)

30, 255 (1983)
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MeA-o:-C
Medphalan
Medroxyrogesterone acetate

Megestrol acetate (see also Progestins; Combined oral
contraceptives)

MeIQ
MeIQx
Melamine
Melphalan
6- Mercaptopurie
Merphalan
Mestranol (see a/so Steroidal oestrogens)

Methanearsonic acid, disodium salt (see Arsenic and arsenic
compounds)

Methanearsonic acid, monosodium salt (see Arsenic and arsenic
compounds

Methotrexate
Methoxsalen (see 8-Methoxysoralen)
Methoxychlor

Methoxyurane (see Anaesthetics, volatile)
5-Methoxysoralen
8-Methoxysoralen (see a/so 8-Methoxysoralen plus ultraviolet

radiation)
8-Methoxysoralen plus ultraviolet radiation
Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see aiso Angelicin
and some synthetic derivatives)

2-Methylaziridine
Methylazoxymethanol acetate

Methyl bromide

Methyl carbamate
Methyl-CCNU (see 1-(2-Chloroethyl)- 3-( 4-methylcyclohexyl)-

1-nitrosourea L

Methyl chloride
1-, 2-, 3-, 4-, 5- and 6-Methylchrysenes
N-Methyl-N,4-dinitrosoaniline
4,4'-Methylene bis(2-chloroaniline)

4,4' -Methylene bis(N;N-dimethyl)benzenamine
4,4' -Methylene bis(2-methylaniline)
4,4' -Methylenedianiline

4,4' -Methylenediphenyl diisocyanate
2-Methylfuoranthene
3-Methylfuoranthene
Methylglyoxal
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40, 253 (1986); Suppi. 7, 65 (1987)
9, 168 (1975); Suppi. 7, 65 (1987)
6, 157 (1974); 21,417 (1979)

(corr 42, 259); Suppi. 7, 289 (1987)

40, 275 (1986); Suppi. 7, 65 (1987)
40, 283 (1986); Suppi. 7, 65 (1987)
39, 333 (1986); Suppi. 7, 65 (1987)
9, 167 (1975); Suppi. 7, 239 (1987)
26,249 (1981); Suppi. 7,240 (1987)
9, 169 (1975); Suppi. 7, 65 (1987)
6, 87 (1974); 21, 257 (1979)

(corr 42, 259)

26, 267 (1981); Suppi. 7, 241 (1987)

5, 193 (1974); 20, 259 (1979);

Suppi. 7, 66 (1987)

40, 327 (1986); Suppi. 7, 242 (1987)
24, 101 (1980)

Suppi. 7, 243 (1987)
19, 52 (1979); 39, 99 (1986);

Suppi. 7, 66 (1987)

Suppi. 7, 57 (1987)
9, 61 (1975); Suppi. 7, 66 (1987)
1, 164 (1972); JO, 131 (1976);

Suppi. 7, 66 (1987)
41, 187 (1986) (corr 45, 283);

Suppi. 7, 245 (1987)
12, 151 (1976); Suppi. 7, 66 (1987)

41, 161 (1986); Suppi. 7,246 (1987)
32, 379 (1983); Suppi. 7, 66 (1987)
1, 141 (1972); Suppi. 7,66(1987)
4, 65 (1974) (corr 42, 252);

Suppi. 7,246 (1987)

27, 119 (1982); Suppi. 7,66(1987)
4, 73 (1974); Suppi. 7, 248 (1987)
4, 79 (1974) (corr. 42, 252);
39, 347 (1986); Suppi. 7, 66 (1987)
19, 314 (1979); Suppi. 7,66(1987)
32, 399 (1983); Suppi. 7, 66 (1987)
32, 399 (1983); Suppi. 7, 66 (1987)
51,443 (1991)
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Methyl iodide

Methyl methacrylate
Methyl methanesulphonate
2-Methyl-1-nitroanthraquinone
N-Methyl-N' -nitro-N-nitrosoguanidine
3-Methylnitrosaminopropionaldehyde (see 3-(N-Nitroso-

methylamino )propionaldehyde)

3-Methylnitrosaminopropionitnle (see 3-(N-Nitrosomethyl-
amino )propionitrile)

4-(Methylnitrosamino )-4-(3-pyndyl)-l-butanal (see 4-(N-Nitroso-
methylamino )-4-(3-pyridyl)-I-butanal)

4-(Methylnitrosamino )-1-(3-pyridyl)-1-butanone (see 4-(N-Nitroso-

methylamino )-1-(3-pyndyl)-l-butanone)

N-Methyl-N-nitrosourea

N-Methyl-N-nitrosourethane
Methyl parathion
I-Methylphenanthrene
7-Methylpyndof3,4-c )psoralen
Methyl red
Methyl selenac (see also Selenium and selenium compounds)
Methylthiouracil
Metronidazole
Mineral oils

Mirex

Mitomycin C
MNNG (see N-Methyl-N' -nitro-N-nitrosoguanidine)
MOCA (see 4,4' -Methylene bis(2-chloroaniline))
Modacrylic fibres
Monocrotaline
Monuron

MOPP and other combined chemotherapy including
alkylating agents

Morpholine
5-(Morpholinomethyl)- 3-( (5-nitrofurfu rylidene )amino )-2-

oxazolidinone
Mustard gas

Myleran (see 1,4-Butanediol dimethanesulphonate)

N

Nafenopin
1,5-Naphthalenediamine
1,5-Naphthalene diisocyanate
1-Naphthylamine

2-Naphthylamine

15,245 (1977); 41,213 (1986);
Suppl. 7, 66 (1987)
19, 187 (1979); Suppl. 7, 66 (1987)

7, 253 (1974); Suppl. 7, 66 (1987)
27,205 (1982); Suppl. 7,66(1987)
4, 183 (1974); Suppl. 7, 248 (1987)

1, 125 (1972); 17, 227 (1978);
Suppl. 7, 66 (1987)
4, 211 (1974); Suppl. 7, 66 (1987)
30, 131 (1983); Suppl. 7, 392 (1987)

32, 405 (1983); Suppl. 7, 66 (1987)

40, 349 (1986); Suppl. 7, 71 (1987)

8, 161 (1975); Suppl. 7, 66 (1987)

12, 161 (1976); Suppl. 7, 66 (1987)

7, 53 (1974); Suppl. 7, 66 (1987)
13, 113 (1977); Suppl. 7, 250 (1987)

3,30 (1973); 33, 87 (1984) (corr 42,
262); Suppl. 7, 252 (1987)
5, 203 (1974); 20, 283 (1979) (corr
42,258); Suppl. 7,66(1987)
JO, 171 (1976); Suppl. . 7, 67 (1987)

19, 86 (1979); Suppl. 7, 67 (1987)

10, 291 (1976); Suppl. 7, 67 (1987)

12, 167 (1976); Suppl. 7, 67 (1987);
53, 467
Suppl. 7, 254 (1987)

47, 199 (1989)

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)
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1-Naphthylthiourea
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulphate (see Nickel and nickel compounds)
Nickel and nickel compounds

30,347 (1983); Suppl. 7,263 (1987)

Nickel carbonate (see Nickel and nickel compounds)
Nickel carbnyl (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
Nitrilotriacetic acid and its salts
5-Nitroacenaphthene
5- N itro-orlho-anisidine

9-Nitroanthracene
7-Nitrobenz( a )anth racene
6-Nitrobenzo( a )pyrene

2, 126 (1973) (corr 42, 252); Il, 75

(1976); Suppl. 7, 26 (1987)
(corr 45, 283); 49, 257 (199)

4-Nitrobiphenyl
6-Nitrochiysene

13, 123 (1977); Suppl. 7, 67 (1987)
31, 179 (1983); Suppl. 7,67 (1987)
48, 181 (199)
16,319 (1978); Suppl. 7,67 (1987)
27, 133 (1982); Suppl. 7, 67 (1987)
33, 179 (1984); Suppl. 7,67 (1987)
46, 247 (1989)

33, 187 (1984); Suppl. 7, 67 (1987);

46, 255 (1989)

4, 113 (1974); Suppl. 7, 67 (1987)
33, 195 (1984); Suppl. 7, 67 (1987);

46, 267 (1989)

30, 271 (1983); Suppl. 7, 67 (1987)
33, 201 (1984); Suppl. 7, 67 (1987)
46, 277 (1989)

7, 171 (1974); Suppl. 7,67 (1987);
50, 195 (199)

50, 211 (199)

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)
46, 291 (1989)

46, 303 (1989)

46,313 (1989)

29, 331 (1982); Suppl. 7, 67 (1987)
33, 209 (1984); Suppl. 7, 67 (1987);
46, 321 (1989)

46, 359 (1989)

46, 367 (1989)

24, 297 (1980) (corr 42, 26)
30, 359 (1983)

37,225 (1985); Suppl. 7,67 (1987)
37,233 (1985); Suppl. 7,67 (1987)

Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrofluorene
Nitrofural

5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin
Nitrofurazone (see Nitrofural)
1-( (5-Nitrofurfuiylidene )amino )-2-imidazolidinone
N -( 4-( 5-Nitro- 2-f uiyl )-2-thiazolyl )acetamide

Nitrogen mustard
Nitrogen mustard N-oxide
1-Nitronaphthalene
2-Nitronaphthalene
3-Nitropeiylene
2-Nitropropane
1-Nitropyrene

2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs

N-Nitrosatable pesticides
N' -Nitrosoanabasine
N' -Nitrosoanatabine
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N-Nitrosodi-n-butylamine

N-Nitrosodiethanolamine
N-Nitrosodiethylamine

N-Nitrosodimethylamine

N-Nitrosodiphenylamine
para-Nitrosodiphenylamine

N-Nitrosodi-n-propyiamine
N-Nitroso-N-ethyiurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N-Nitrosohydroxyroline
3-(N-Nitrosomethylamino )propionaldehyde
3-(N-Nitrosomethylamino )propionitrile
4-(N-Nitrosomethylamino )-4-(3-pyridyl)-1-butanal
4-(N-Nitrosomethylamino )-1-(3-pyridyl)-1-butanone
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-methylurethane)
N- Nitrosomethylvinylamine
N-Nitrosomorpholine
N' -Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N-Nitrosopyrrolidine
N-Nitrososarcosine
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5- N itro-ortho- toI uidine
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
NNA (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)-1-butanal)
NNK (see 4-(N-Nitrosomethylamino )-1-(3-pyridyl)-1-butanone)
Nonsteroidal oestrogens (see a/so Oestrogens, progestins and

combinations)
Norethisterone (see a/so Progestins; Combined oral

contraceptives)
Norethynodrel (see a/soProgestins; Combined oral

contraceptives
Norgestrel (see a/so Progestins, Combined oral contraceptives)
Nylon 6

o
Ochratoxin A

Oestradiol-17ß (see a/so Steroidal oestrogens)

4, 197 (1974); 17, 51 (1978);

Suppl. 7, 67 (1987)
17, 77 (1978); Supp/. 7, 67 (1987)
1, 107 (1972) (corr 42, 251);

17, 83 (1978) (corr 42, 257);

Supp/. 7, 67 (1987)
1, 95 (1972); 17, 125 (1978)

(corr 42, 257); Supp/. 7, 67 (1987)

27, 213 (1982); Supp/. 7, 67 (1987)

27, 227 (1982) (corr 42, 261);

Supp/. 7, 68 (1987)
17, 177 (1978); Supp/. 7, 68 (1987)

17,217 (1978); Supp/. 7,68 (1987)
37, 263 (1985); Suppl. 7,68 (1987)

37,263 (1985); Supp/. 7,68 (1987)
17, 304 (1978); Supp/. 7, 68 (1987)

37, 263 (1985); Suppl. 7, 68 (1987)

37, 263 (1985); Supp/. 7, 68 (1987)

37,205 (1985); Supp/. 7,68 (1987)
37,209 (1985); Supp/. 7,68 (1987)
17, 221 (1978); Supp/. 7, 68 (1987)

17, 257 (1978); Supp/. 7, 68 (1987)

17, 263 (1978); Supp/. 7, 68 (1987)

17, 281 (1978); 37, 241 (1985);
Supp/. 7, 68 (1987)
17, 287 (1978); Suppl. 7, 68 (1987)

17, 303 (1978); Supp/. 7, 68 (1987)

17,313 (1978); Supp/. 7, 68 (1987)
17, 327 (1978); Supp/. 7, 68 (1987)

48, 169 (199)

31, 185 (1983); Suppl. 7,68 (1987)

Supp/. 7, 272 (1987)

6, 179 (1974); 21,461 (1979)

6, 191 (1974); 21, 461 (1979)

(corr 42, 259)
6,201 (1974); 21,479 (1979)
19, 120 (1979); Supp/. 7,68 (1987)

10, 191 (1976); 31, 191 (1983) (corr.
42, 262); Supp/. 7, 271 (1987)
6,99 (1974); 21, 279 (1979)
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Oestradiol 3-benzoate (see Oestradiol-17ß)
Oestradiol dipropionate (see Oestradiol- 1 7ß)
Oestradiol mustard
Oestradiol- 17ß-valerate (see Oestradiol- 17ß)

Oestriol (see also Steroidal oestrogens)
Oestrogen-progestin combinat ions (see Oestrogens, progestins

and combinat ions)
Oestrogen-progestin replacement therapy (see also Ocstrogens,

progestins and combinat ions)
Oestrogen replacement therapy (see also Oestrogens, progestins

and combinat ions)
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 also Steroidal oestrogens)

Oestrone benzoate (see Oestrone)
Oil Orange SS
Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral

con traceptives)

Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1

Orange G
Organolead compounds (see also Lead and lead compounds)
Oxazepam
Oxymetholone (see also Androgenic (anabolic) steroids)
Oxyhenbutazone

p

Paint manufacture and painting (occupational exposures in)
Panfuran S (see also Dihydroxymethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol
Parasorbic acid

Parathion
Patulin

Penicillc acid

Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,

ocupational expsures to)
Permethrin
Peiylene
Petasitenine
Petasites japonicus (see Pyrrolizidine alkaloids)
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9, 217 (1975)

6, 117 (1974); 21,327 (1979)

Suppl. 7, 308 (1987)

Suppl. 7, 280 (1987)

6 (1974); 21 (1979);

Suppl. 7,272 (1987)

6, 123 (1974); 21,343 (1979)

(corr 42, 259)

8, 165 (1975); Suppl. 7, 69 (1987)

8, 173 (1975); Suppl. 7,69 (1987)
8, 181 (1975); Suppl. 7, 69 (1987)
Suppl. 7, 230 (1987)
13, 58 (1977); Suppl. 7, 69 (1987)
13, 131 (1977)

13, 185 (1977); Suppl. 7, 69 (1987)

47, 329 (1989)

24, 77 (1980); Suppl. 7, 69 (1987)

50, 307 (199)
JO, 199 (1976) (corr. 42, 255);
Suppl. 7,69 (1987)

30, 153 (1983); Suppl. 7, 69 (1987)
JO, 205 (1976); 40, 83 (1986);

Suppl. 7,69 (1987)

10, 211 (1976); Suppl. 7, 69 (1987)
41, 99 (1986); Suppl. 7, 69 (1987)

20, 303 (1979); 53, 371

53, 329
32, 411 (1983); Suppl. 7, 69 (1987)
31, 207 (1983); Suppl. 7, 69 (1987)



60 IAC MONOGRAPHS VOLUME 53

Petroleum refining (ocupational expsures in)
Sorne petroleum solvents
Phenacetin

45, 39 (1989)
47, 43 (1989)
13, 141 (1977); 24, 135 (1980);

Suppl. 7,310 (1987)
32, 419 (1983); Suppl. 7,69 (1987)
8, 117 (1975); 24, 163 (1980)

(corr 42, 26); Suppl. 7, 312 (1987)

24, 175 (1980); Suppl. 7,312 (1987)
12, 177 (1976); Suppl. 7, 70 (1987)
13, 157 (1977); Suppl. 7,313 (1987)
47, 263 (1989) (corr 50, 385)

9, 223 (1975); 24, 185 (1980);

Suppl. 7, 70 (1987)

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)
53,481

Phenanthrene
Phenazopyrdine hydrochloride

Phenelzine sulphate
Phenicarbazide
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

Phenylbu tazone
meta-Phenylenediamine
para-Phenylenediarnine
Phenyl glycidyl ether (see Glycidyl ethers)
N-Phenyl- 2-naphthylamine

ortho-Phenylphenol
Phenytoin
Picloram
Piperazine oestrone sulphate (see Conjugated oestrogens)
Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid
Polybrorninated biphenyls

30, 183 (1983); Suppl. 7, 70 (1987)

19,62 (1979); Suppl. 7, 70 (1987)
18, 107 (1978); 41,261 (1986);
Suppl. 7, 321 (1987)
7,261 (1974); 18, 43 (1978) (corr
42, 258);

Suppl. 7,322 (1987)

19, 141 (1979); Suppl. 7, 70 (1987)

19, 164 (1979); Suppl. 7, 70 (1987)
19, 314 (1979); Suppl. 7, 70 (1987)

19, 195 (1979); Suppl. 7, 70 (1987)

19, 218 (1979); Suppl. 7, 70 (1987)

19,245 (1979); Suppl. 7, 70 (1987)
19, 288 (1979); Suppl. 7, 70 (1987)

19, 320 (1979); Suppl. 7, 70 (1987)

19, 346 (1979); Suppl. 7, 70 (1987)

19, 351 (1979); Suppl. 7, 70 (1987)

7,306 (1974); 19, 402 (1979);
Suppl. 7, 70 (1987)

19, 463 (1979); Suppl. 7, 70 (1987)

8, 189 (1975); Suppl. 7, 70 (1987)

8, 199 (1975); Suppl. 7, 70 (1987)

8, 207 (1975); Suppl. 7, 70 (1987)

Polychlorinated biphenyls

Polychlorinated camphenes (see Toxaphene)
Polychloroprene
Polyethylene
Polymethylene polyphenyl isocanate

Polymethyl methacrylate

Polyoestradiol phosphate (see Oestradiol-17ß)
Polypropylene
Polystyrene
Polytetrafl uoroethylene
Polyurethane foams
Polyvnyl acetate

Polyvinyl alcohol
Polyvinyl chloride

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
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Potassium bis(2-hydroxyethy1)dithiocrbamate

Potassium bromate
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prednimustine
Prednisone
Procrbazine hydrochloride
Proflavie salts
Progesterone (see also Progestins; Combined oral contraceptives)

Progestins (see also Oestrogens, progestins and combinations)
Pronetalol hydrochloride

1,3-Propane sultone

Propham
ß-Propiolactone

n-Propyl carbamate
Propylene
Propylene oxide

Propylthiouracil
Ptaquiloside (see also Bracken fern)
Pulp and paper manufacture

Pyrene
Pyrido(3,4-c lpsoralen
Pyrimethamine
Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine;

Lasiocrpine; Monocrotaline; Retrorsine; Riddelliine; Seneciphyllne;
Senkirkine)

Q

Quercetin (see also Bracken fern)
para-Quinone
Quintozene

R

Radon
Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamine 6G
Riddelliine
Rifampicin
Rockwool (see Man-made mineraI fibres)
The rubber industry
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12, 183 (1976); Suppl. 7, 70 (1987)
40, W7 (1986); Suppl. 7, 70 (1987)

50, 115 (199)
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, 491 (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);

Suppl. 7, 70 (1987)
12, 201 (1976); Suppl. 7, 70 (1987)
19, 213 (1979); Suppl. 7, 71 (1987)
Il, 191 (1976); 36, 227 (1985) (corr

42,263); Suppl. 7,328 (1987)

7, 67 (1974); Suppl. 7, 329 (1987)
40, 55 (1986); Suppl. 7, 71 (1987)
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)

31,213 (1983); Suppl. 7,71(1987)
15, 255 (1977); Suppl. 7, 71 (1987)
5, 211 (1974); Suppi. 7, 71 (1987)

43, 173 (1988) (corr. 45,283)
JO, 217 (1976); 24, 211 (1980)

(corr 42,26); Suppl. 7,330 (1987)

15, 155 (1977); Suppl. 7,71(1987)
JO, 303 (1976); Suppi. 7, 71 (1987)
16, 221 (1978); Suppl. 7, 71 (1987)
16, 233 (1978); Suppl. 7, 71 (1987)
JO, 313 (1976); Suppl. 7,71(1987)
24, 243 (1980); Suppl. 7, 71 (1987)

28 (1982) (corr 42,261); Suppl. 7,
332 (1987)

~
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Rugulosin

s

Saccharated iron oxide
Sacchari

Safrole

The sawmil industiy (including logging) (see The lumber and
sawmil industiy (including logging))

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)

Seneciphylline

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; Ciystallne silica)
Simazine
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 chlorite
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)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)

40, 99 (1986); Suppl. 7, 71 (1987)

2, 161 (1973); Suppl. 7, 71 (1987)

22, 111 (1980) (corr 42, 259);

Suppl. 7, 334 (1987)
1, 169 (1972); JO, 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)

JO, 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)
53,495

52, 145 (1991)

12,217 (1976); Suppl. 7,71(1987)

30, 329 (1983); Suppl. 7, 392 (1987)
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Soots

Spironolactone
Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatocstin

Steroidal oestrogens (see also Oestrogens, progestins and
combinations)

Streptozotocin

Strobane~ (see Terpene polychlorinates)
Strontium chromate (see Chromium and chromium compounds)
Styrene

Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers
Styrene oxide

Succinic anhydride
Sudan 1

Sudan II
Sudan II

Sudan Brown RR
Sudan Red 7B

Sulfafurazole
Sulfallate
Sulfamethoxazole
Sulphisoxazole (see Sulfafurazole)
Sulphur mustard (see Mustard gas)
Sunset Yellow FCF
Symphytine

T

2,4,5- T (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, ocupational exposures to)

Talc
Tannic acid

Tannins (see also Thnnic acid)
TCDD (see 2,3,7,8- Tetrachlorodibenzo-para-dioxin)
IDE (see DDT)
Tea
Terpene polychlorinates
Testosterone (see also 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- Tetrachloroethane
1,1,2,2- Tetrachloroethane
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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, 28 (1987)

4, 221 (1974); 17, 337 (1978);

Suppl. 7, 72 (1987)

19, 231 (1979) (corr. 42,258);
Suppl. 7, 345 (1987)
19, 97 (1979); Suppl. 7, 72 (1987)
19, 252 (1979); Suppl. 7,72(1987)
11,201 (1976); 19, 275 (1979);
36, 245 (1985); Suppl. 7, 72 (1987)
15, 265 (1977); Suppl. 7,72(1987)
8, 225 (1975); Suppl. 7, 72 (1987)
8, 233 (1975); Suppl. 7, 72 (1987)
8, 241 (1975); Suppl. 7, 72 (1987)
8, 249 (1975); Suppl. 7, 72 (1987)
8,253 (1975); Suppl. 7,72(1987)
24, 275 (1980); Suppl. 7, 347 (1987)
30, 283 (1983); Suppl. 7, 72 (1987)
24, 285 (1980); Suppl. 7, 348 (1987)

8, 257 (1975); Suppl. 7, 72 (1987)
31,239 (1983); Suppl. 7,72(1987)

15,273 (1977)

42, 185 (1987); Suppl. 7, 349 (1987)
JO, 253 (1976) (corr 42, 255);

Suppl. 7,72(1987)
10, 254 (1976); Suppl. 7,72(1987)

51,207 (1991)

5, 219 (1974); Suppl. 7, 72 (1987)
6,20 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7,72(1987)
15, 41 (1977); Suppl. 7,350 (1987)
41,87 (1986); Suppl. 7,72(1987)
20, 477 (1979); Suppl. 7, 354 (1987)
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Tetrachloroethylene
2,3,4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,

ocupational expsures to)
Tetrachlorvnphos
Tetraethyllead (see Lead and lead compounds)
Tetrafuoroethylene
Tetraki(hydroxymethyl) phosphonium salts
Tetramethyllead (see Lead and lead compounds)
Textile manufacturing industry, exposures in
Theobromine
Theophyllne
Thioacetamide
4,4' - Thiodianiline

Thiotepa

Thiouracil
Thiourea
Thiram

Titanium dioxide
Tobacco habits other than smoking (see Tobacco products,

smokeless)
Tobacc products, smokeless

Tobacco smoke

Tobacc smoking (see Tobacco smoke)
ortho- Tolidine (see 3,3' - Dimethylbenzidine)
2,4- Toluene diisocanate (see also Toluene diisocanates)
2,6-Toluene diisocanate (see also Toluene diisocanates)
Toluene
Toluene diisocanates

Toluenes, o:-chlorinated (see o:-Chlorinated tolueIies)
ortho- Toluenesulphonamide (see Saccharin)
ortho- Toluidine

Toxaphene
Tremolite (see Asbestos)
Treosulphan
Triaziquone (see Tris( aziridinyl)-para-benzoquinone)
Trichlodon
Trichlormethine

Trichloroacetonitrile (see Halogenated acetonitriles)
1,1,1- Trichloroethane
1,1,2- Trichloroethane

Trichloroethylene

20, 491 (1979); Suppl. 7, 355 (1987)

30, 197 (1983); Suppl. 7, 72 (1987)

19, 285 (1979); Suppl. 7, 72 (1987)

48, 95 (199)

48,215 (199) (corr 51,483)
51,421 (1991)

51, 391 (1991)
7, 77 (1974); Suppl. 7, 72 (1987)
16, 343 (1978); 27, 147 (1982);

Suppl. 7, 72 (1987)

9,85 (1975); Suppl. 7, 368 (1987);

50, 123 (199)
7, 85 (1974); Suppl. 7, 72 (1987)
7, 95 (1974); Suppl. 7, 72 (1987)
12, 225 (1976); Suppl. 7, 72 (1987)

53, 403
47, 307 (1989)

37 (1985) (corr 42, 263; 52, 513);
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)
47, 79 (1989)
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)

9, 229 (1975); Suppl. 7, 73 (1987);

50, 143 (199)

20, 515 (1979); Suppl. 7, 73 (1987)

20, 533 (1979); Suppl. 7, 73 (1987);
52, 337 (1991)
IL, 263 (1976); 20, 545 (1979);

Suppl. 7, 364 (1987)
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2,4,5- Trichlorophenol (see also Chlorophenols; Chlorophenols
occupational exposures to)

2,4,6- Trichlorophenol (see also Chlorophenols; Chlorophenols,
ocupational expsures to)

(2,4,5- Trichlorophenoxy)acetic acid (see 2,4,5- T)
Trichlorotriethylamine hydrochloride (see Trichlonnethine)
T 2- Trichothecene
Triethylene glycol diglycidyl ether
Trifuralin
4,4' ,6- Trimethylangelicin plus ultraviolet radiation (see also

Angelicin and some synthetic derivatives)
2,4,5- Triethylaniline
2,4,6- Trimethylaniline
4,5' ,8- Trimethylpsoralen
Trimustine hydrochloride (see Trichlormethine)
Triphenylene
Tris( aziridinyl )-para-benzoqu inone
Tris(l-aziridinyl)phosphine oxide

Tris(l-aziridinyl)phosphine sulphide (see Thiotepa)
2,4,6- Tris(l-aziridinyl)-s-triazine
Tris(2-chloroethyl) phosphate
1,2,3- Tris( chloromethoxy)propane
Tris(2,3-dibromopropyl)phosphate
Tris(2-methyl-1-aziridinyl)phosphine oxide

Trp-P-1
Trp-P-2
Tiyan blue
Tussilago farfara L. (see Pyrrolizidine alkaloids)

20, 349 (1979)

20, 349 (1979)

31, 265 (1983); Suppl. 7, 73 (1987)
Il, 209 (1976); Suppl. 7,73 (1987)

53, 515

Suppl. 7, 57 (1987)

27, 177 (1982); Suppl. 7, 73 (1987)
27, 178 (1982); Suppl. 7, 73 (1'987)

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, 95 (1975); Suppl. 7, 73 (1987)
48, 109 (199)
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)

u
Ultraviolet radiation
Underground haematite mining with exposure to radon
Uracil mustard
Urethane

40, 379 (1986)
1,29 (1972); Suppl. 7,216 (1987)

9, 235 (1975); Suppl. 7, 370 (1987)
7, 111 (1974); Suppl. 7, 73 (1987)

v
Vat YeUow 4
Vinblastine sulphate

48, 161 (199)
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)

Vincristine sulphate
Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- Vinylcydohexene
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Vinyl fIuoride

Vinylidene chloride
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)

Vinylidene chloride-viyl chloride copolymers

Vinylidene fIuoride
N- Vinyl-2-pyrolidone

w
Welding
Wollastonite
Woo industries

49, 447 (199) (corr 52, 513)
42, 145 (1987); Suppl. 7, 377 (1987)
25 (1981); Suppl. 7,378 (1987)

x
Xylene
2,4-Xylidine
2,5-Xylidine

47, 125 (1989)
16,367 (1978); Suppl. 7, 74 (1987)
16,377 (1978); Suppl. 7, 74 (1987)

y
Yellow AB
Yellow OB

8, 279 (1975); Suppl. 7, 74 (1987)

8, 287 (1975); Suppl. 7, 74 (1987)

z
Zearalenone
Zectran
Zinc beryllum silicate (see Beryllum and beryllum 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

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);
53, 423
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By Jojo Gart, D. Krewski, P.N. Lee,

R.E. Throne and J. Wahrendorf
1986; 213 pages; £20.00

No. 80 Directory of On-going
Research in Cancer Epidemiology
1986
Edited by C.S. Muir and G. Wagner
1986; 805 pages; £22.00

No. 81 Environmental Carcinogens:

Methods of Analysis and Exposure
Measurement. Volume 9: Passive
Smoking
Edited by I.K O'Neill,

KD. Brunnemann, B. Dodet and D.
Hoffmann
1987; 383 pages; £35.00

No. 82 Statistical Methods in
Cancer Resarch. Volume II: The
Deign and Analysis of Cohort
Studies
By N.E. Breslowand NoE. Day
1987; 404 pages; £30.00

No. 83 Long-tenu and Short-tenu
Asays for Carcinogens: A Critical
Appraisal
Edited by R. Montesano,
H. Bartsch, H. Vainio, J. Wilbourn
and H. Yamasaki
1986; 575 pages; £48.00

No. 84 The Relevance of N-Nitroso
Compounds to Human Cancer:
Expure and Mechanisms
Edited by H. Bartsch, I.K O'Neil
and R. Schulte- Hermann
1987; 671 pages; £50.00
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No. 85 Environmental Carcinogens:

Method of Analysis and Expoure
Measurement. Volume 10: Benzene
and Alkylate Benzenes

Edited by L Fishbein and

I.K O'Neill

1988; 327 pages; £35.00

No. 86 Diretory of On-going

Resarch in Cancer Epidemiology
1987
Edited by DoM. Parkin and
J. Wahrendorf
1987; 676 pages; £22.00

No. 87 International Incidence of
Childhoo Cancer
Edited by D.M. Parkin, C.A Stiller,
C.A Bieber, G.J. Draper,
B. Terracini and J.L Young
1988; 401 pages; £35.00

No. 88 Cancer Incidence in Five
Continents Volume V
Edited by C. Muir, J. Waterhouse, T.

Mack, J. Powell and S. Whelan
1987; 1004 pages; £50.00

No. 89 Method for Deteting DNA
Damaging Agents in Humans:
Applications in Cancer Epidemiology
and Prevention
Edited by H. Bartsch, K Hemminki
and I.K O'Neill

1988; 518 pages; £45.00

No. 90 Non-ocupational Expoure
to Mineral Fibre
Edited by J. Bignon, J. Peto and
R. Saracci

1989; 500 pages; £45.00

No. 91 Trnds in Cancer Incidence
in Singapore 1968-1982
Edited by H.P. Lee, N.E. Day and
K Shanmugaratnam
1988; 160 pages; £25.00

No. 92 Cell DilTerentiation, Genes
and Cancer
Edited by T. Kakunaga,
T. Sugimura, L Tomatis and
H. Yamasaki
1988; 204 pages; £25.00

No. 93 Directory of On-going
Research in Cancer Epidemiology
1988
Edited by M. Coleman ~nd
J. Wahrendorf
1988; 662 pages (out of print)

No. 94 Human Papilomavirus and
Cervcal Cancer

Edited by N. Muñoz, EX. Bosch and
O.M. Jensen
1989; 154 pages; £19.00

No. 95 Cancer Registration:
Principles and Methods
Edited by O.M. Jensen,
DoM. Parkin, R. MacLennan,
C.S. Muir and R. Skeet
1991; 288 pages; £28.00

No. 96 Perinatal and
Multigeneration Carcinogenesis

Edited by N.P. Napalkov,
J.M. Rice, L Tomatis and
H. Yamasaki

1989; 436 pages; £48.00

No. 97 Occupational Exposure to
Silca and Cancer Risk

Edited by L Simonato,
AC. Fletcher, R. Saracci and
T. Thomas
1990; 124 pages; £19.00

No. 98 Cancer Incidence in Jewish
Migrants to Israel, 1961-198 i

Edited by R. Steinitz, D.M. Parkin,
J.L Young, C.A Bieber and
L Katz

1989; 320 pages; £30.00

No. 99 Pathology of Thmours in
Laboratory Animais, Second

Edition, Volume l, Thmours of the
Rat
Edited by V.S. Thrusov and
U. Mohr
740 pages; £85.00

No. 100 Cancer: Cause,
Occurrence and Control
Editor-in-Chief L Tomatis
1990; 352 pages; £24.00



No. 101 Directory of On-going
Resarch in Cancer Epidemiology
1989/90
Edited by M. Coleman and
J. Wahrendon
1989; 818 pages; £36.00

No. 102 Patterns of Cancer in Five
Continents
Edited by SoL Whelan and
DoM. Parkin
1990; 162 pages; £25.00

No. 103 Evaluating EtTectiveness of
Primary Prevention of Cancer
Edited by M. Hakama, V. Beral, J.W
Cullen and D.M. Parkin
1990; 250 pages; £32.00

No. 104 Complex Mixtures and
Cancer Risk

Edited by H. Vainio, M. Sors and
A.J. McMichael
1990; 442 pages; £38.00

No. 105 Relevance to Human
Cancer of N-Nitros Compounds,
Tobacco Smoke and Mycotoxins
F.dited by LK O'Neil, J. Chen and
H. Bartsch

1991; 614 pages; £70.00

No. 106 Atlas of Cancer Incidence
in the German Democratie Republie
Edited by WH. Mehnert, M. Smans
and C.S. Muir
Pub\. due 1992; c.328 pages; £42.00
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No. 107 Atlas of Cancer Mortlity
in the European Economie
Community
Edited by M. Smans, C.S. Muir and
P. Boyle
Pub\. due 1991; approx. 230 pages;

£35.00

No. 108 Environmental

Carcinogens: Methods of Analysis
and Expoure Measurement. Volume

1 1: Polychlorinate Dioxins and
Dibenwfurans
Edited by C. Rappe, H.R. Buser,

B. Dodet and I.K O'Neill

1991; 426 pages; £45.00

No. 109 Environmental

Carcinogens: Methods of Analysis
and Expoure Measurement. Volume

12: Indoor Air Contaminants
Edited by B. Seifert, B. Dodet and
LK O'Neill
Pub\. due 1992; approx. 400 page~

No. 110 Directory of On-going
Research in Cancer Epidemiology
1991
Edited by M. Coleman and
J. Wahrendon
1991; 753 pages; £38.00

No. 111 Pathology of Thmours in
Laboratory Animais, Seond
Edition, Volume 2, Thmours of the
Mouse
Edited by V.S. Thruv and
U. Mohr
Pub\. due 1992; approx. 500 pages

No. 112 Autopsy iD Epidemiology

and Medical Resarch
Edited by E Riboli and M. Delendi
1991; 288 pages; £25.00

No. 113 Laboratory

Deontamination and Destruction of
Carcinogens in Laboratory Wastes:

Some Mycotoxins
Edited by M. Castegnaro, J. Barek,
Jo-M. Frémy, M. Lafontaine,
M. Miraglia, EB. Sansone and
G.M. Telling
1991; 64 pages; £11.00

No. 114 Laboratory

Decontamination and Destruction of
Carcinogens in Laboratory Wastes:

Some Polycyclic Heterocclic
Hydrocarbons
Edited by M. Castegnaro, J. Barek,
J. Jacob, U. Kirso, M. Lafontaine,
EH. Sansone, G.M. TeUing and
T. Vu Duc
1991; 50 pages; £8.00

No. 115 Mycotoxins, Endemie
Nephropathy and Urinary Tract
Thmours
Edited by M. Castegnaro, R.
Plestina, G. Dirheimer, LN.
Chernozemsky and H Bartsch
1991; 340 pages; £45.00

No. 117 Directory of On-going
Resarch in Cancer Epidemiology
1991
Edited by M. Coleman,
J. Wahrendon & E. Démaret
1992; 773 pages; £42.00
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IARC MONOGRAPHS ON THE EVALUATION OF
CARCINOGENIC RISKS TO HUMANS

(Available from booksellers through the network of WHO Sales Agents)

Volume 1 Sorne Inorganic
Su bsmnces Chlorinate
Hydrocarbons, Arrnatic Amines
N-Nitro Cornpounds and Natural

Products
1972; 184 pages (out ofprint)

Volume 2 Sorne Inorganic and
Organornetallc Cornpounds
1973; 181 pages (outofprint)

Volume 3 Certin Polycyclic
Arornatic Hydrocarbons and
Heterocclic Compounds
1973; 271 pages (out ofprint)

Volume 4 Some Aromatic Amines,
Hydrazine and Relate Substances,

N-Nitroso Compounds and
Miscellaneous Alkylating Agents
1974; 286 pages; Sw. fr. 18

Volume 5 Some Organochlorine
Pesticides
1974; 241 pages (out ofprint)

Volume 6 Sex Honnones
1974; 243 pages (out of print)

Volume 7 Some Anti- Thyroid and
Related Substances, Nitrofurans and
Industrial Chemicals
1974; 326 pages (out ofprint)

Volume 8 Some Aromatic Azo
Compounds
1975; 375 pages; Sw. fr. 36

Volume 9 Some Azridines N-, S-
and O-Mustards and Selenium

1975; 268 pages; Sw.fr. 27

Volume 10 Sorne Naturally
Occurrng Substances
1976; 353 pages (out ofprint)

Volume Il Cadmium, Nickel, Some
Epoxides Miscellaneous Industrial
Chemicals and General

Considerations on Volatile
Anaesthetics
1976; 306 pages (out of print)

Volume 12 Some Carbarnate
Thiocarbamate and Carbazides
1976; 282 pages; Sw. fr. 34

Volume 13 Some Miscellaneous
Phannaceutial Subsmnces

1977; 255 pages; Sw. fr. 30

Volume 14 Asbestos
1977; 106 pages (out of print)

Volume 15 Some Fumigants, The
Herbicides 2,4-D and 2,4,5-T,
Chlorinated Dibenzoioxins and
Miscellaneous Industrial Chemicals
1977; 354 pages; Sw. fr. 50.

Volume 16 Some Aromatic Amines
and Related Nitro Compounds _
Hair Dyes, Colouring Agents and

Miscellaneous Industrial Chemicals
1978; 400 pages; Sw. fr. 50

Volume 17 Some N-Nitros

Compounds
1987; 365 pages; Sw. fr. 50

Volume 18 Polychlorinate
Biphenyls and Polybrominated
Biphenyls
1978; 140 pages; Sw. fr. 20

Volume 19 Some Monomers,
Plastics and Synthetic Elastomers,
and Acrolein
1979; 513 pages; Sw. fr. 60

Volume 20 Some Halogenate

Hydrocarbons
1979; 609 pages (out of print)

Volume 21 Sex Honnones (II)
1979; 583 pages; Sw. fr. 60

Volume 22 Some Non-Nutritive
Sweetening Agents
1980; 208 pages; Sw. fr. 25

Volume 23 Some Memls and
Metallc Cornpounds

1980; 438 pages (out ofprit)

Volume 24 Some Phannaceutical
Drugs
1980; 337 pages; Sw. fr. 40

Volume 25 Woo, Leather and Some
Asiate Industnes
1981; 412 pages; Sw. fr. 60

Volume 26 Some Antineoplastic and
Immunosuppressive Agents

1981; 411 pages; Sw. fr. 62

Volume 27 Some Aromatic Amines,
Anthraquinones and Nitroso
Compounds, and Inorganic
Fluorides Used in Drinking Water
and Denml Preparations
1982; 341 pages; Sw. fr. 40

Volume 28 The Rubber Industry
1982; 486 pages; Sw. fr. 70

Volume 29 Some Industrial
Chemicals and Dyestuffs
1982; 416 pages; Sw. fr. 60

Volume 30 Miscellaneous Pesticides
1983; 424 pages; Sw. fr. 60

Volume 31 Some Food Additives,
Fee Additives and Naturally
Occurrng Substances
1983; 314 pages; Sw. fr.60

Volume 32 Polynuclear Aromatic
Compounds, Part i: Chemical,
Environmenml and Experimental
Data
1984; 477 pages; Sw. fr. 60

Volume 33 Polynuclear Aromatic
Compounds, Part 2: Carbon Blacks,
Mineral Oils and Some Nitroarenes
1984; 245 pages; Sw. fr. 50

Volume 34 Polynuclear Aromatic
Compounds, Part 3: Industrial
Expoure in Aluminium
Prouction, Coal Gasification, Coke

Prouction, and Iron and Steel

Founding
1984; 219 pages; Sw. fr. 48

Volume 35 Polynuclear Aromatic
Compounds, Part 4: Bitumens,
Coal-tars and Denved Products,
Shale-ils and Sots
1985; 271 pages; Sw. fr. 70



Volume 36 A1lyl Compounds,
Aldehydes, Epoxides and Peroxides

1985; 369 pages; Sw. fr. 70

Volume 37 Tobacco Habits Other
than Smoking: Betel-quid and
Areca-nut Chewing; and sorne
Related Nitrosamines
1985; 291 pages; Sw. fr. 70

Volume 38 Tobacco Smoking
1986; 421 pages; Sw. fr. 75

Volume 39 Sorne Chemicals Used in
Plastics and Elastomers
1986; 403 pages; Sw. fr. 60
Volume 40 Sorne Naturally
Occurrng and Synthetic Foo
Components Fu rocou marins and
Ultraviolet Radiation
1986; 444 pages; Sw. fr. 65

Volume 41 Sorne Halogenated
Hydrocarbons and Pesticide
Exposures
1986; 434 pages; Sw. fr 65

Volume 42 Silica and Sorne Silicates
1987; 289 pages; Sw. fr. 65

Volume 43 Man-Made Mineral
Fibres and Radon
1988; 300 pages; Sw. fr. 65

Volume 44 A1cohol Drinking
1988; 416 pages; Sw. fr. 65
Volume 45 Occupational Exposures
in Petroleum Refining; Crude Oil
and Major Petroleum Fuels
1989; 322 pages; Sw. fr.65

Volume 46 Diesl and Gasline

Engine Exhausts and Sorne

Nitroarenes
1989; 458 pages; Sw. fr. 65

Volume 47 Sorne Organic Solvents,
Resin Monomers and Related
Compounds, Pigments and
Occupational Exposures in Paint
Manufacture and Painting
1990; 536 pages; Sw. fr. 85

Volume 48 Sorne Flame Retardants
and Textile Chemicals, and
Expures in the Textile
Manufacturing Industr

1990; 345 pages; Sw. fr. 65
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Volume 49 Chromium, Nickel and
Welding
1990; 677 pages; Sw. fr. 95

Volume 50 Phannaceutical Drugs
1990; 415 pages; Sw. fr. 65

Volume 51 Coffee, Tea, Mate,
Methylxanthines and Methylglyoxal
1991; 513 pages; Sw. fr. 80

Volume 52 Chlorinate

Drinking-water, Chlorination
By-proucts; Sorne Other

Halogenated Compounds; Cobalt
and Cobalt Compounds
1991; 544 pages; Sw. fr. 80

Volume 53 Occupational Exposures
in Inseticide Appliution and sorne

Pesticides
1991; 612 pages; Sw. fr 95

Supplement No. 1

Chemicals and Industrial Processs
Asiated with Cancer in Humans

(IARC Monographs, Volumes i to
20)
1979; 71 pages; (out 0/ print)

Supplement No. 2
Long-tenn and Short-tenu Screening

Asays for Carcinogens: A Critical
Appraisal
1980; 426 pages; Sw. fr. 40

Supplement No. 3

Cross Index of Synonyms and Trade
Names in Volumes 1 to 26
1982; 199 pages (out o/print)

Supplement No. 4
Chemicals, Industrial Process and
Industries Asiated with Cancer in
Humans (IARC Monographs,
Volumes i to 29)
1982; 292 pages (out 0/ print)

Supplement No. 5
Cross Index of Synonyms and Trade
Names in Volumes 1 to 36
1985; 259 pages; Sw. fr. 46

Supplement No. 6
Genetic and Related Effects: An
Updating of Selected IARC
Monographs from Volumes i to 42
1987; 729 pages; Sw. fr. 80

Supplement No. 7

Overall Evaluations of
Carcinogenicity: An Updating of
IARC Monogaphs Volumes 1-42
1987; 434 pages; Sw. fr. 65

Supplement No. 8

Cros Index of Synonyms and Trade

Names in Volumes 1 to 46 of the
IARC Monographs
1990; 260 pages; Sw. fr. 60
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No. 1 Cancer in Costa Rica
Edited by R. Sierra,
R. Barrantes, G. Muñoz Leiva, DoM.
Parkin, C.A Bieber and
N. Muñoz Calero
1988; 124 pages:
Sw. fr. 30.-

No. 2 SEARCH: A Computer
Package to Asist the Statistical
Analysis of Case-control Studies
Edited 5y-J Macfarlane,

P. Boyle and P. - Mãneuve (in
press)

No. 3 Cancer Registration in the
European Economie Community
Edited by M.P. Coleman and
E. Démaret
1988; 188 pages;
Sw. fr. 30.-

No. 4 Diet, Honnones and Cancer:
Methodological Issues for
Prospetive Studies

Edited by E. Riboli and
R. Saracci

1988; 156 pages;
SW. fr. 30.-

No. 5 Cancer in the Philippines
Edited by AY. Laudico,
D. Esteban and DoM. Parkin

1989; 186 pages;
SW. fr. 30.-

No. 6 La genèse du Centre
International de Recherche sur le
Cancer
Par R. Sohier et AG.B. Sutherland
1990; 104 pages
Sw. fr. 30.-
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No. 7 Epidémiologie du cancer dans

les pays de langue laûne
1990; 310 pages
SW. fr. 30.-

No. 8 Comparaûve Study of
Anû-smoking Leslaûon in

Counmes of the European Economie
Community
Edited by A Sasco
1990; c. 80 pages
Sw. fr. 30.-
(English and French editions
available) (in press)

DIRECTORY OF AGENTS
BEING TESTEl) FOR
CARCINOGENICITY(Unti
Vol.13 Information Bulletin on
the Survey of Chemicals Being
Tested for Carcinogenicity)*

No. 8 Edited by MA. Ghess,
H. Bartsch and L Tomatis
1979; 604 pages; SW. fr. 40.-

No. 9 Edited by M.-J. Ghess,
J.O. Wilboum, H. Bartsch and
L Tomatis

1981; 294 pages; Sw. fr. 41.-

No. 10 Edited by M.-J. Ghess,
J.O. Wilboum and H. Bartsch
1982; 362 pages; SW. fr. 42.-

No. IL Edited by M.-. Ghess,

J.O. Wilbourn, H. Vainio and
H. Bartsch

1984; 362 pages; Sw. fr. 50.-

No. 12 Edited by M.-Jo Ghess,

J.O. Wilbourn, A Tosvainen and
H. Vainio

1986; 385 pages; Sw. fr. 50.-

No. 13 Edited by M.-J. Ghess,
J.O. Wilbourn and A. Aitio 1988;

404 pages; Sw. fr. 43.-

No. 14 Edited by M.-J. Ghess,
J.O. Wilboum and H. Vainio
1990; 370 pages; SW. fr. 45.-

NON.SERIAL
PUBLICATIONS t

Alcool et Cancer
By A Thyns (in French only)
1978; 42 pages; Fr. fr. 35.-

Cancer Morbidity and Causes of
Death Among Danish Brewery
Workers
By O.M. Jensen
1980; 143 pages; Fr. fr. 75.-

Directory of Computer Systems Used
in Cancer Registries
By H.R. Menck and DoM. Parkin

1986; 236 pages; Fr. fr. 50.-

* AvaIlable from boksllers through the netwrk of WHO sales agents.

t AvaIlable directly from IARC


