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NOTE TO THE READER
The term 'carcinogenic risk' in the IARC Monographs series is taken to mean the
probabilty that exposure to the chemIcal willead to cancer in humans.
Inclusion of a chemical in the Monographs does not imp1y that it is a carcinogen, only

that the pub1ished data have been examined. Equally, the fact that a chemIcal has not yet
been eva1uated in a monograph does not mean that it is not carcinogenic.
the carcinogenic
risk of a chemical to humans is encouraged to make this information avaIlab1e to the Unit of
Environmental Carcinogenesis, International Agency for Research on Cancer, 150 cours Albert Thomas, 69372 Lyon Cedex 08,
France, in order that the chemical may be considered for re-eva1uation by a future W orking
Group.
Anyone who is aware ofpublished data that may alter

the eva1uation of

Carcinogen Identification and Evaluation, Division of

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.

-5-

IARC WORKING GROUP ON THE EVALUATION
OF THE CARCINOGENIC RISK OF CHEMICALS TO HUMANS:
SOME HALOGENATED HYDROCARBONS AND
PESTICIDE EXPOSURES
Lyon, 4-11 February 1986
Membersl

A. Abbondandolo, Laboratory of Mutagenesis, National Institute for Cancer Research,
viale Benedetto XV, 10, 16132 Genoa, Italy
A. Aitio, Institute of Occupational Health, Topeliuksenkatu 41 a A, SF-00250 Helsinki,
Finland
M. W. Anders, Department of Pharmacology, University of Rochester Medical Center, 601

Elmwood Avenue, Rochester, NY 14642, USA .
D. Anderson, Department of GenetIc Toxicology, British Industrial Biological Research
Association, Woodmansterne Road, Carshalton, Surrey SM5 4DS, UK

A. Brøgger, Department of Genetics, Institute for Cancer Research, The Norwegian
Radium Hospital, Montebello, 0310 Oslo 3, Norway
P. Chambon, Institut Pasteur, 77 rue Pasteur, 69007 Lyon, France
P. Comba, Istituto Superiore di Sanita, viale Regina Elena 299, 00161 Rome,

Italy
G. Della Porta, Division of Experimental Oncology A, Istituto Nazionale per 10 Studio e la
Cura dei Tumori, via Venezian l, 20133 Milan, Italy

L. Fishbein, National Center for Toxicological Research, Jefferson, AR 72079, USA
( Vice-chairman)

J.K. Haseman, Research Mathematical Statistician, National Institute of Environmental
Health Sciences, PO Box 12233, Research Triangle Park, NC 27709, USA
S. Hernberg, Institute of Occupational Health, Topeliuksenkatu 41 a A, SF-00250 Helsinki,

Finland (Chairman)
C. Hogstedt, National Board of Occupational Safety and Health, 17184 Solna, Sweden
lUnable to attend: G.L. Plaa, Département de Pharmacologie, Université de Montréal, c.P. 6128, Montréal, Québec, Canada; J.S.
Wassom, EMCT Information Program, Oak Ridge National Laboratory, Building

9224, Room 102, Oak Ridge, TN 37831, USA

-7-

IARC MONOGRAPHS VOLUME 41

8

H. Kappus, Department of Dermatology, Free University of Berlin, Augustenburger Platz

l, 1000 Berlin (West) 65, Federal Republic of Germany

D.G. Kaufman, Department of Pathology, The University of North Carolina at Chapel
Hill, Brintehous-Bullitt Building 228H, Chapel Hil, NC 27514, USA
R.J. Kav10ck, Perinatal Toxico10gy Branch, Developmental Biology Division, Hea1th
Effects Research Laboratory, Environmental Protection Agency, Research Triangle
Park, NC 27711, USA

F. Kuper, TNO-CIVO, Toxicology and Nutrition Institute, PO Box 360,3700 AJ Zeist, The
N etherlands

O. MØller-Jensen, Danish Cancer Registry, Institute of Cancer Epidemiology,
Landskronagade 66, 2100 Copenhagen f/, Denmark
A. Pinter, Department of Morphology, National Institute of Hygiene, Gyali ut 2-6, 1966
Budapest, Hungary
C. Rappe, Department of Organic Chemistry, University of Umeå, 90187 Umeå, Sweden

A.H. Smith, Occupational Hea1th Epidemiology, 315 Warren Hall, School of Public
Health, University of California, Berkeley, CA 94720, USA

M.D. Waters, Genetic Toxicology Division (MD-68), US Environmental Protection
Agency, Health Effects Research Laboratory, Research Triangle Park, NC 27711,

USA

E. Zeiger, National Toxicology Program, National Institute of Environmental Health
Sciences, PO Box 12233, Research Triangle Park, NC 27709, USA

Representative 01 the National Cancer lnstitute
Cancer Etiology, Building 31, Room 11A05, National Cancer
Institute, Bethesda, MD 20892, USA

E.K. Weisburger, Division of

Representative 01 Tracor Jitco, lnc.

S. 01in, Tracor Jitco, Inc., 1601 Research Boulevard, Rockvile, MD 20850, USA
Observers

Representative 01 the Chemical J.lanulacturers' Association
J. Norris, The Dow Chemical Co., 1803 Building, Midland, MI 48674, USA

Representative 01 the Commission 01 the European Communities
M.- T. van der Venne, Commission of the European Communities, Health and Safety
Directorate, Bâtiment Jean Monnet (C4j83), 2920 Luxembourg, Grand Duchy of
Luxembourg

PARTICIPANTS

9

Representative of CONCA WE
E. Longstaff, Imperial Chemical Industries PLC, Central Toxicology Laboratory, Alderley
Park, Macc1esfield, Cheshire SKlO 4TT, UK

Representative of the European Chemical lndustry, Ecology and Toxicology Centre
R. Jung, Hoechst, Pharma Forschung Toxiko10gie, Postfach 80 0320,6230 Frankfurt-amMain 80, Federal Republic of Germany

Representative of the National Board of Occupational Safety and Health
P. Lundberg, National Board of Occupational Safety and Health, Research Department,
17184 Solna, Sweden

Secretariat
H. Bartsch, Division of Environmental Carcinogenesis
J.R.P. Cabral, Division of Environmental Carcinogenesis
B. Dodet, Division of Environmental Carcinogenesis
M. Friesen, Division of Environmental Carcinogenesis
L. Haroun, Division of Environmental Carcinogenesis (Secretary)
E. Heseltine, Editorial and Publishing Services
E. Johnson, Division of Epidemiology and Biostatistics
B. McKnight1, Division of Epidemiology and BiostatistIcs
D. Mietton, Division of Environmental Carcinogenesis
R. Montesano, Division of Environmental Carcinogenesis
1. O'Neil, Division of Environmental Carcinogenesis
C. Partensky, Division of Environmental Carcinogenesis
1. Peterschmitt, Division of Environmenta1 Carcinogenesis, Geneva, Switzerland
S. Poole, Birmingham, UK
R. Saracci, Division of Epidemiology and BiostatistIcs
L. Shuker, Division of Environmental Carcinogenesis
L. Simonato, Division of Epidemio10gy and Biostatistics
A. Tossavainen, Division of Environmental Carcinogenesis
H. Vainio, Division of Environmental Carcinogenesis (Head of the Programme)
J.D. Wilbourn, Division of Environmental Carcinogenesis
H. Yamasaki, Division of Environmental Carcinogenesis
Secretarial assistance
J. Cazeaux
M. Lézère

J. Nyairo
S. Reynaud

1 Present address: University of Washington, Department of Biostatistics SC-32, Seattle, W A 98195, USA

PREAMBLE

IARC MONOGRAPHS PROGRAMME ON THE
EVALUATION OF THE CARCINOGENIC RISK OF
CHEMICALS TO HUMANS1
PREAMBLE
1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (IARC) initiated a
programme to evaluate the carcinogenic risk of chemicals to humans and to produce

monographs on individual chemicals. Following the recommendations of an ad-hoc
W orking Group, which met in Lyon in 1979 to prepare criteria to select chemIcals for IARC

Monographs(l), the Monographs programme was expanded to inc1ude consideration of
exposures to complex mixtures which may occur, for example, in many occupations or as a
result of human habits.
The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted by

all the working groups whose deliberations resulted in the first 16 volumes of the IARC
Monographs series. This preamble reflects subsequent re-evaluation of those criteria by
working groups which met in 1977(2), 1978(3), 1982(4) and 1983(5).

2. OBJECTIVE AND SCOPE

The objective of the programme is to elaborate and publish in the form of monographs
critical reviews of data on carcinogenicity for chemicals, groups of chemIcals, industrial

processes and other complex mixtures to which humans are known to be exposed, to
evaluate the data in terms of human risk with the help of international working groups of
experts, and to indicate where additional research efforts are needed. These evaluations are
intended to assist national and international authorities in formulating decisions concerning
preventive measures. No recommendation is given concerning legislation, since this depends

on risk-benefit evaluations, which seem best made by individual governments and/ or other
international agencies.

1

This project is supported by PHS Grant No. 2 UOi CA33

Health and Human Services.

193-0 awarded by the US National Cancer Institute, Department of
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information on the
carcinogenicity of environmental and other chemica1s. A users' survey, made in 1984,
The lARe Monographs are recognized as an authoritative source of

indicated that the monographs are consulted by various agencies in 45 countries. As of J uly

1986,41 volumes ofthe Monographs had been published or were in press. Five supplements
have been published: two summaries of evaluations of chemicals associated with human

cancer, an eva1uation of screening assays for carcinogens, and two cross indexes of
synonyms and trade names of chemicals eva1uated in the series(6).

3. SELECTION OF CHEMICALS AND COMPLEX EXPOSURES FOR
MONOGRAPHS
The chemicals (natura1 and synthetic inc1uding those which occur as mixtures and in

manufacturing processes) and complex exposures are selected for evaluation on the basis of

two main criteria: (a) there is evidence of human exposure, and (b) there is some
experimental evidence of carcinogenicity and/ or there is some evidence or suspicion of a
risk to humans. ln certain instances, chemical analogues are also considered. The scientific
literature is surveyed for pub1ished data relevant to the Monographs programme; and the

vey of Chemicals Being Tested for Carcinogenicity(7) often indicates those
chemicals that may be scheduled for future meetings.
As new data on chemicals for whIch monographs have already been prepared become
IARC Sur

available, re-eva1uations are made at subsequent meetings, and revised monographs are

published.

4. WORKING PROCEDURES

Approximate1y one year in advance of a meeting of a working group, a list of the
substances or complex exposures to be considered is prepared by IARC staff in consultation

with other experts. Subsequently, all relevant biologIcal data are collected by IARC;
recognized sources of information on chemical carcinogenesis and on-line systems such as

CANCERLINE, MEDLINE and TOXLINE are used in conjunction with US Public
Health Service Publication No. 149(8). Bibliographical sources for data on mutagenicity

and teratogenicity are the Environmental Mutagen Information Center and the Environmental Teratology Information Center, both located at the Oak Ridge National
Laboratory, TN, USA.

The major collection of data and the preparation of first drafts for the sections on
chemical and physica1 properties, on production and use, on occurrence, and on ana1ysis are

carried out by Tracor Jitco, Inc., and its subcontractor, Technical Resources, Inc., both in
Rockvile, MD, USA, under a separate contract with the US National Cancer Institute.
Most of the data so 0 btained refer to the USA and Japan; IARC attempts to supplement this

information with that from other sources in Europe. Representatives from industrial
associations may assist in the preparation of sections describing industrial processes.
Six months before the meeting, articles containing relevant biologica1 data are sent to an
expert(s), or are used by IARC staff, to prepare first drafts of the sections on biological
effects. The complete drafts are then compiled by IARC staff and sent, prior to the meeting,
to all participants of the W orking Group for their comments.
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The W orking Group meets in Lyon for seven to eight days to discuss and fina1ize 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 by a

professional editor and prepared for reproduction. The aim is to publish monographs
within nine months of the W orking Group meeting. Each volume of monographs is printed
in 4000 copies for distribution to governments, regulatory agencies and interested scientists.
The monographs are also avai1able via the WHO Distribution and Sales Service.

These procedures are followed for the preparation of most volumes of monographs,
which cover chemica1s and groups of chemicals; however, they may vary when the subject
matter is an industry or life-style factor.

5. DATA FOR EVALUATIONS
With regard to biological data, only reports that have been published or accepted for
pu blication are reviewed by the working groups, although a few exceptions have been made:
ment agencies that have undergone peer review and
are widely availab1e are considered. The monographs do not cite aU of the literature on a
particular chemical or complex exposure: only those data considered by the W orking
Group to be relevant to the evaluation of carcinogenic risk to humans are inc1uded.
in certain instances, reports from go

vern

Anyone who is aware of data that have been published or are in press which are relevant
to the evaluations of the carcinogenic risk to humans of chemica1s or complex exposures for

which monographs have appeared is asked to make them available to the Unit of
Carcinogen Identification and Evaluation, Division of Environmenta1 Carcinogenesis,

International Agency for Research on Cancer, Lyon, France.
6. THE WORKING GROUP

The tasks of the Working Group are five-fold: (a) to ascertain that all data have been
collected; (b) to select the data relevant for evaluation; (c) to ensure that the summaries of

the data enable the reader to follow the reasoning of the W orking Group; (d) to judge the
significance of the results of experimental and epidemio1ogical studies; and (e) to make an
evaluation of the carcinogenicity of the chemical or complex exposure.
W orking Group participants who contributed to the consideration and evaluation of
chemica1s or complex exposures within a particular volume are listed, with their addresses,
at the beginning of each publication. Each member serves as an individua1 scIentist and not

as a representative of any organization or government. ln addition, observers are often
trial associations.

invited from national and international agencies and indus

7. GENERAL PRINCIPLES APPLIED BY THE WORKING GROUP lN EV ALUATING CARCINOGENIC RISK OF CHEMICALS OR COMPLEX MIXTURES
The widely accepted meaning of the term 'chemical carcinogenesis', and that used in

these monographs, is the induction by chemicals (or complex mixtures of chemicals) of
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neoplasms that are not usually observed, the earlier induction of neoplasms that are
common1y observed, and/ or the induction of more neoplasms than are usually found
-a1though fundamentally different mechanisms may be involved in these three situations.
Etymologically, the term 'carcinogenesis' means the induction of cancer, that is, of

malignant neoplasms; however, the commonly accepted meaning is the induction ofvarious

types of neoplasms or of a combination of malignant and benign tumours. ln the
monographs, the words 'tumour' and 'neoplasm' are used interchangeably. (ln the scientific

literature, the terms 'tumorigen', 'oncogen' and 'blastomogen' have all been used
synonymous1y with 'carcinogen', a1though occasionally 'tumorigen' has been used specifically to denote a substance that induces benign tumours.)

(a) Experimental Evidence
(i) Evidence for carcinogenicity in experimental animais

the experimental evidence reported in
the literature and formulates an evaluation of that evidence.
The W orking Group considers various aspects of

Qualitative aspects: Both the interpretation and evaluation of a particular study as well
as the overall assessment of the carcinogenic activity of a chemical (or complex mixture)
involve several considerations of qualitative importance, including: (a) the experimenta1
parameters under which the chemical was tested, inc1uding route of administration and
exposure, species, strain, sex, age, etc.; (b) the consistency with which the chemica1 has been
shown to be carcinogenic, e.g., in how many species and at which target organ(s); (c) the
spectrum of neoplastic response, from benign neoplasm to multiple malignant tumours;
(d) the stage oftumour formation in which a chemical may be invo1ved: sorne chemicals act
as complete carcinogens and have initiating and promoting activity, while others may have
promoting activity only; and (e) the possible role of modifying factors.
There are problems not only of differential survival but of differential toxicity, which
may be manifested by unequal growth and weight gain in treated and control animals. These
complexities are a1so considered in the interpretation of data.
Many chemicals induce both benign and malignant tumours. Among chemicals that
have been studied extensively, there are few instances in which the only neop1asms induced
are benign. Benign tumours may represent a stage in the evolution of a malignant neoplasm
or they may be 'end-points' that do not readily undergo transition to malignancy. If a
substance is found to induce only benign tumours in experimental animals, it shou1d

nevertheless be suspected of being a carcinogen, and it requires further investigation.

Hormonal carcznogenesis: Hormonal carcinogenesis presents certain distinctive
features: the chemicals involved occur both endogenously and exogenous1y; in many
instances, long exposure is required; and tumours occur in the target tissue in association
with a stimulation of non-neoplastic growth, although in sorne cases hormones promote the

proliferation of tumour cells in a target organ. For hormones that occur in excessive
amounts, for hormone-mimetic agents and for agents that cause hyperactivity or imbalance

in the endocrine system, evaluative methods comparable with those used to identify
chemical carcinogens may be required; particular emphasis must be laid on quantitative
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aspects and duration of exposure. Sorne chemica1 carcinogens have significant side effects

on the endocrine system, which may also result in hormonal carcinogenesis. Synthetíc
hormones and anti-hormones can be expected to possess other pharmacological and
toxicological actions in addition to those on the endocrine system, and in this respect they
must be treated 1ike any other chemical with regard to intrinsic carcinogenic potentiaL.

Complex mixtures: There is an increasing amount of data from Iong-term carcinogenicity studies on comp1ex mixtures and on crude materials obtained by sampling in

occupational environments. The representativity of such samples must be considered
carefully.
Quantitative aspects: Dose-response studies are important in the evaluation of

carcinogenesis: the confidence with which a carcinogenic effect can be established is
strengthened by the observation of an increasing incidence of neoplasms with increasing

exposure.
The assessment of carcinogenicity in animaIs is frequently complicated by recognized

differences among the test animals (species, strain, sex, age) and route and schedu1e of
administration; often, the target organs at which a cancer occurs and its histological type
may vary with these parameters. Nevertheless, indices of carcinogenic potency in particular
experimental systems (for instance, the dose-rate required under continuous exposure to
halve the probability of the animals remaining tumourless(9)) have been formulated in the
hope that, at least among categories of fairly similar agents, such indices may be of sorne
predictive value in other species, including humans.
Chemical carcinogens share many common biologica1 properties, which include
metabolism to reactive (electrophilic(lO-ll)) intermediates capable of interacting with
DNA. However, they may differ wide1y in the dose required to produce a given level of
tumour induction. The reason for this variation in dose-response is not understood, but it
may be due to differences in metabo1ic activation and detoxification processes, in different
DN A repair capacities among various organs and species or to the operation of qualitatively
distinct mechanisms.
Statistical analysis of animal studies: It is possible that an animal may die prematurely

from unre1ated causes, so that tumours that would have arisen had the animal1ived longer
may not be observed; this possibi1ity must be allowed for. Various analyticai techniques
have been developed which use the assumption ofindependence of competing risks to allow
for the effects of intercurrent mortality on the final numbers of tumour-bearing animaIs in
particu1ar treatment groups.
For externally visible tumours and for neoplasms that cause death, rnethods such as
Kaplan-Meier (i.e., 'life-table', 'product-limit or 'actuarial') estimates(9), with assocIated
significance tests(12), have been recommended. For internaI neoplasms that are discovered
'incidentally'( 12) at autopsy but that did not cause the death of the host, different
estimates(13) and significance tests(l2) may be necessary for the unbiased study of the
numbers of tumour-bearing animaIs.
The design and statistica1 ana1ysis of long-term carcinogenicity experiments were
reviewed in Supplement 2 to the Monographs series(l4). That review outlIned the way in
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whIch the context of observation of a given tumour (fatal or incidenta1) could be inc1uded in
an analysis yielding a single combined resu1t. This method requires information on time to

death for each animal and is therefore comparable to only a limited extent with analyses
which inc1ude global proportions of tumour-bearing animals.
Evaluation of carcínogenicíty studies in experimental animaIs: The evidence of

carcinogenicity in experimental animaIs is assessed by the W orking Group and judged to fall
into one of four groups, defined as follows:

(1) Sufficíent evidence of carcinogenicity is provided when there is an increased
incidence of malignant tumours: (a) in multiple species or strains; or (b) in multiple
experiments (preferably with different routes of administration or using different dose
leve1s); or (c) to an unusual degree with regard to incidence, site or type oftumour, or
age at onset. Additional evidence may be provided by data on dose-response effects.
(2) Limited evidence of carcinogenicity is available when the data suggest a carcinogenic

effect but are limited because: (a) the studies involve a single species, strain or
experiment; or (b) the experiments are restricted by inadequate dosage levels,
inadequate duration of exposure to the agent, inadequate period of follow-up, poor
survival, too few animals, or inadequate reporting; or (c) the neoplasms produced often
occur spontaneously and, in the past, have been difficult to c1assify as malignant by
histological criteria a10ne (e.g., lung adenomas and adenocarcinomas and liver tumours
in certain strains of mice).

(3) Inadequate evidence of carcinogenicity is available when, because of major
qualitative or quantitative limitations, the studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect.
(4) No evidence of carcinogenicity applies when several adequate studies are available
which show that, within the limits of the tests used, the chemical or complex mixture is
not carcinogenic.

It should be noted that the categories sufficíent evidence and limited evidence refer only
to the strength of the experimental evidence that these chemicals or complex mixtures are

carcinogenic and not to the extent of their carcinogenic activity nor to the mechanism
involved. The classification of any chemical may change as new information becomes
avaIlable.
(ii) Evidence for activity in short-term testsl

Many short-term tests bearing on postulated mechanisms of carcinogenesis or on the
properties of known carcinogens have been deve10ped in recent years. The induction of
cancer is thought to proceed by a series of steps, sorne of which have been distinguished
experimentally (15-19). The first step - initiation - is thought to invo1ve damage to DN A,
resulting in heritab1e alterations in or rearrangements of genetic information. Most shortterm tests in common use today are designed to evaluate the genetic activity of a substance.
1

Based on the recommendations of a working group which met in 1983(5).
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Data from these assays are useful for identifying potential carcinogenic hazards, ln
identifying active metabolites of known carcinogens in human or animal body fluids, and in
helping to elucidate mechanisms of carcinogenesis. Short-term tests to detect agents with

tumour-promoting activity are, at this time, insufficiently developed.
Because of the large number of short-term tests, it is difficult to establish rigid criteria for
adequacy that wou1d be applicable to aIl studies. General considerations relevant to all tests,
however, include (a) that the test system be valid with respect to known animal carcinogens
and noncarcinogens; (b) that the experimental parameters under which the chemical (or
complex mixture) is tested include a sufficiently wide dose range and duration of exposure

to the agent and an appropriate metabolic system; (c) that appropriate controls be used; and
the compound or, in the case of complex mixtures, that the source and
representativity of the sample being tested be specified. Confidence in positive results is
increased if a dose-response relationship is demonstrated and if this effect has been reported
in two or more independent studies.
(d) that the purity of

Most established short-term tests employas end-points well-defined genetic markers in

prokaryotes and lower eukaryotes and in mammalian cell lInes. The tests can be grouped
according to the end-point detected:
Tests of DNA damage. These include tests for covalent binding to DNA, induction of
DNA breakage or repair, induction ofprophage in bacteria and differential survival of
DN A repair-proficient/ -deficient strains of bacteria.

Tests of mutation (measurement of heritable alterations in phenotype and/ or
genotype). These include tests for detection of the loss or a1teration of a gene product,
and change of function through forward or reverse mutation, recombination and gene

conversion; they may involve the nuc1ear genome, the mitochondrial genome and
resident viral or plasmid genomes.

Tests of chromosomal effects. These include tests for detection of changes In
omal aberrations, sister

chromosome number (aneuploidy), structural chromos

chromatid exchanges, micronuc1ei and dominant-lethal events. This classification does
not imply that sorne chromosomal effects are not mutational events.

Tests for cel! transformation, which monitor the production of preneop1astic or
neop1astic cells in culture, are a1so of importance because they attempt to simulate essential

steps in cellular carcinogenesis. These assays are not grouped with those listed above sInce
the mechanisms by which chemicals induce cell transformation may not necessarily be the
result of genetic change.
The selection of specifie tests and end-points for consideration remains flexible and
should reflect the most advanced state of knowledge in this field.

The data from short-term tests are summarized by the W orking Group and the test
results tabu1ated according to the end-points detected and the biologica1 complexities of the
test systems. The format ofthe table used is shown below. ln these tables, a '+' indicates that
the compound was judged by the W orking Group to be significantly positive in one or more
assays for the specifie end-point and level of biological complexity; '-' indicates that it was
judged to be negative in one or more assays; and '1' indicates that there were contradictory
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results from different laboratories or in different bio10gical systems, or that the result was
judged to be equivocal. These judgements reflect the assessment by the W orking Group of
the qua1ity of the data (inc1uding such factors as the purity of the test compound, problems
of metabolic activation and appropriateness of the test system) and the relative significance of

the component tests.

Overall assessrnent of data from short-term tests
Genetic activity

DNA damage

Cell transformation

Mutation

Chromos

omal

effects

Prokaryotes
Fungij
Green plants

Insects

Mammalian
cells Un vitro)
Mammals
Un vivo)
H umans

Un vivo)

An overall assessment ofthe evidence for genetic activity is then made on the basis ofthe
entries in the table, and the evidence is judged to fall into one of four categories, defined as
follows:

(1) Suffcient evidence is provided by at least three positive entries, one of which must
involve mammalian cells in vitro or in vivo and which must include at least two of
three end-points - DNA damage, mutation and chromosoma1 effects.

(2) Limited evidence is provided by at least two positive entries.
(3) Inadequate evidence is avai1ab1e when there is only one positive entry or when there
are too few data to permit an evaluation of an absence of genetIc activity or when

there are unexp1ained, inconsistent findings in different test systems.
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(4) No evidence applies when there are only negative entries; these must include entries
for at 1east two end-points and two levels of biologIcal complexity, one of which
must invo1ve mammalian cells in vitro or in vivo.
It is emphasized that the above definitions are operational, and that the assignment of a
chemical or comp1ex mixture into one of these categories is thus arbitrary.

ln general, emphasis is p1aced on positive results; however, in view of the limitations of

current knowledge about mechanisms of carcinogenesis, certain cautions shou1d be
respected: (i) At present, short-term tests should not be used by themselves to conclude
whether or not an agent is carcinogenic nor can they predict reliably the relative potencies of
compounds as carcinogens in intact animals. (Ii) Since the currently avaIlable tests do not
detect all classes of agents that are active in the carcinogenic process (e.g., hormones), one

must be cautious in utilizing these tests as the sole criterion for setting priorities in
carcinogenesis research and in selecting compounds for animal bioassays. (iii) Negative
results from short-term tests cannot be considered as evidence to rule out carcinogenicity,
nor does lack of demonstrable genetic activity attribute an epigenetic or any other pro
pert

to a substance (5).

y

(b) Evaluation of Carcinogenicity in Rumans
Evidence of carcinogenicity can be derived from case reports, descriptive epidemio10gical studies and analytical epidemiological studies.
An analytical study that shows a positive association between an exposure and a cancer
may be interpreted as implying causality to a greater or lesser extent, on the basis of the
following criteria: (a) There is no identifiable positive bias. (By 'positive bias' is rneant the
operation of factors in study design or execution that lead erroneously to a more strongly

positive association between an exposure and disease than in fact exists. Examples of
positive bias include, in case-control studies, better documentation of the exposure for cases

than for controls, and, in cohort studies, the use of better means of detecting cancer in
exposed individua1s than in individuals not exposed.) (b) The possibility of positive
confounding has been considered. (By 'positive confounding' is meant a situation in which
the relationship between an exposure and a disease is rendered more strongly positive than it

truly is as a result of an association between that exposure and another exposure which
either causes or prevents the disease. An examp1e of positive confounding is the association
between coffee consumption and 1ung cancer, which results from their joint association wIth

cigarette smoking.) (c) The association is unlikely to be due to chance alone. (d) The
association is strong. (e) There is a dose-response relationship.

ln sorne instances, a single epidemiological study may be strong1y indicative of a
cause-effect relationship; however, the most convincing evidence of causality cornes when
several independent studies done under different circumstances result in 'positive' findings.
Ana1ytical epidemio10gical studies that show no association between an exposure and a
cancer ('negative' studies) should be interpreted according to criteria ana1ogous to those
listed above: (a) there is no identifiable negative bias; (b) the possibilty of negative

confounding has been considered; and (c) the possible effects of misclassification of

exposure or outcome have been weighed. ln addition, it must be recognized that the
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probability that a given study can detect a certain effect is limited by its size. This can be
perceived from the confidence limits around the estimate of association or relative risk. ln a
mit may indIcate a relative risk
y; in that case, the study exc1udes on1y relative risks that are
study regarded as 'negative', the upper confidence Ii
substantially greater than unit

above the upper limit. This usually means that a 'negative' study must be large to be
convincing. Confidence in a 'negative' result is increased when several independent studies
carried out under different circumstances are in agreement. Finally, a 'negative' study may
be considered to be relevant only to dose levels within or be10w the range ofthose observed

in the study and is pertinent on1y if sufficient time has e1apsed since first human exposure to
the agent. Experience with human cancers of known etiology suggests that the period from

first exposure to a chemica1 carcinogen to deve10pment of c1inically observed cancer is
usually measured in decades and may be in excess of 30 years.
The evidence for carcinogenicity from studies in humans is assessed by the Working
Group and judged to fall into one of four groups, defined as follows:

(1) Sufficíent evidence of carcinogenicity indicates that there is a causal relationship
between the exposure and human cancer.

(2) Limited evidence of carcinogenIcity indicates that a causal interpretation is
credible, but that alternative explanations, such as chance, bias or confounding,
could not adequately be excluded.

(3) Inadequate evidence of carcinogenicity, which applies to both positive and negative

evidence, indicates that one oftwo conditions prevailed: (a) there are few pertinent
data; or (b) the available studies, whi1e showing evidence of association, do not
de chance, bias or confounding.
(4) No evidence of carcinogenicity applies when several adequate studies are available
which do not show evidence of carcinogenicity.
exclu

(c) Relevance of Experimental Data to the Evaluation of Carcinogenic Risk to

Humans
Information compiled from the first 41 volumes of the IARC M onographs shows that,
of the chemicals or groups of chemicals now generally accepted to cause or probably to
cause cancer ¡n humans, all ofthose that have been tested appropriately produce cancer in at

least one animal species. For several of the chemicals (e.g., aflatoxins, 4-aminobiphenyl,
diethylstilboestrol, melphalan, mustard gas and vinyl ch10ride), evidence of carcinogenicity

in experimental animals preceded evidence obtained from epidemiologIcal studies or case
reports.
the chemIcals (or complex mixtures) evaluated in the IARC Monographs
For many of

for which there is sufficíent evidence of carcinogenicity in animaIs, data re1ating to
carcinogenicity for humans are either insufficient or nonexistent. ln the absence of adequate
data on humans, it is reasonable, for practical purposes, to regard chemicals or exposures
for which there is sufficient evidence of carcinogenicity in animais as if they presented a
carcinogenic risk to humans. The use of the expressions 'for practical purposes' and 'as if

they presented a carcinogenic risk' indicates that, at the present time, a correlation between
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carcinogenicity in animaIs and possible human risk cannot be made on a purely scientific

basis, but only pragmatically. Such a pragmatic correlation may be useful to regulatory
agencies in making decisions related to the primary prevention of cancer.

ln the present state of knowledge, it would be difficult to define a predictable
relationship between the dose (mg/ kg bw per day) of a particular chemical required to
produce cancer in test animals and the dose that would produce a similar incidence of cancer
in humans. Sorne data, however, suggest that such a relationship may exist(20,21), at 1east
for certain classes of carcinogenic chemicals, although no acceptable method is currently
available for quantifying the possible errors that may be involved in such an extrapolation
procedure.

8. EXPLANA TORY NOTES ON THE CONTENTS OF MONOGRAPHS ON
CHEMICALS AND COMPLEX MIXTURES

These notes apply to the format of most monographs, except for those that address
industries or life-style factors. Thus, sections 1 and 2, as described below, are applicable in

monographs on chemicals or groups of chemicals; in other monographs, they may be
replaced by sections on the history of an industry or habit, a description of a process and
other relevant information.
(a) Chemical and Physical Data (Section 1)

The Chemical Abstracts Services Registry Number, the Chemica1 Abstracts Primary

Name (Ninth Collective Index)(22) and the IUP AC Systematic Name(23) are recorded in

section 1. Other synonyms and trade names are given, but the list is not necessarily
comprehensive. Sorne of the trade names may be those of mixtures in which the compound
being evaluated is only one of the ingredients.
The structural and molecular formu1ae, molecular weight and chemical and physical

properties are given. The properties listed refer to the pure substance, unless otherwise
specified, and inc1ude, in particular, data that might be relevant to identification,
environmental fate and human exposure, and biological effects, inc1uding carcinogenicity.
A separate description of the composition of technical products inc1udes available

information on impurities and formu1ated products.
(b) Production, Use, Occurrence and Analysis (Section 2)

The purpose of section 2 is to provide indications of the extent of past and present
human exposure to the chemIcal.

Monographs on occupational exposures to complex mixtures or exposures to complex

mixtures resulting from human habits inc1ude sections on: historical perspectives;
the industry or habit; manufacturing processes and use patterns; exposures in
the workplace; chemistry of the complex mixture.

description of
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(i) Synthesis

Since cancer is a delayed toxic effect, the dates of first synthesis and of first commercial
production of the chemical are provided. This information allows a reasonab1e estimate to
be made of the date before which no human exposure cou1d have occurred. ln addition,
methods of synthesis used in past and present commercial production are described.
(ii) Production

Since Europe, J apan and the USA are reasonably representative industrialized areas of
the world, most data on production, foreign trade and uses are obtained from those regions.
It should not, however, be inferred that those areas or nations are the sole or even necessarily
the major sources or users of any individual chemicaL.

Production and foreign trade data are obtained from both governmental and trade
publications. ln sorne cases, separate production data on organic chemica1s manufactured

in the USA are not available because their publication could disclose confidential
information. ln such cases, an indication of

the minimum quantity produced can be inferred

from the number of companies reporting commercial production. Each company is
required to report on individual chemIcals if the annual sales value or production volume
exceeds a specified minimum leveL. These levels vary for chemicals c1assified for different
uses, e.g., medicinals and plastics; in fact, the minimal reportab1e level for annual sales value
ranges from $1000-$50000, and the minimal reportable level for annual production volume
ranges from 450-22 700 kg for different classes ofuse. Data on production are also obtained

by means of general questionnaires sent to companies thought to produce the compounds
being evaluated. Information from the completed questionnaires is compi1ed, by country,
and the resulting estimates of production are inc1uded in the individual monographs.
(iii) Use

Information on uses is usually obtained from published sources but is often comp1e-

mented by direct contact with manufacturers. Sorne uses identified 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 necessari1y represent current practice nor does it
imply judgement as to their clinical efficacy.

Statements concerning regu1ations, standards and guide1ines (e.g., pesticide
registrations, maximum leve1s permitted in foods, occupational standards and allowable

limits) in specifie countries may not reflect the most recent situation, since such standards
are continuously reviewed and modified. The absence of information on regulatory status
ken to imply that that country does not have regulations with

for a country should not be ta

regard to the chemicaL.

(iv) Occurrence
Information on the occurrence of a chemical in the environment is obtained from

published data, including that derived from the monitoring and surveilance oflevels ofthe
chemica1 in occupational environments, air, water, soil, foods and tissues of

animaIs and

humans. When no published data are available to the W orking Group, unpublished reports,
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deemed appropriate, may be considered. When available, data on the generation,
persistence and bioaccumulation of a chemical are also included.
(v) Analysis

The purpose of the section on ana1ysis is to give the reader an overview, rather than a
complete list, of current methods cited in the 1iterature. No critical evaluation or
recommendation of any of the methods is meant or implied.

(e) Biologieal Data Relevant to the Evaluation of Carcinogenie Risk to Humans
(Section 3)

ln general, the data recorded in section 3 are summarized as given by the author;
however, comments made by the W orking Group on certain shortcomings of reporting, of
statistIcal analysis or of experimental design are given in square brackets. The nature and
extent of impuritiesj contaminants in the chemicals being tested are given when avai1ab1e.

(i) Carcznogenicity studies in animais

The monographs are not intended to cover all reported studies. A few studies are
purposely omitted because they are inadequate (e.g., too short a duration, too few animaIs,
poor survival) or because they are judged irrelevant for the purpose of the evaluation. ln
certain cases, however, such studies are mentioned briefly, particularly when the information is considered to be a useful supplement to other reports or when it is the only data

available. Their inclusion does not, however, imply acceptance of the adequacy of their
experimenta1 design or of the analysis and interpretation of their results.
Mention is made of all routes of administration by which the test material has been
adequately tested and of all species in which relevant tests have been done(24). ln most cases,

animal strains are given. Quantitative data are given to indicate the order of magnitude of
the effective carcinogenic doses. ln general, the doses and schedules are indicated as they
appear in the original report; sometimes units have been converted for easier comparison.
Experiments in which the compound was administered in conjunction with known

carcinogens and experiments on factors that modify the carcinogenIc effect are a1so
reported. Experiments on the carcinogenicity of known metabolites and derivatives are also
included.
(ii) Other relevant biological data

LDso data are given when avai1able, and other data on toxicity are included when
considered relevant.

Data on effects on reproduction, on teratogenicity and embryo- and fetotoxicity and on
p1acental transfer, from studies in experimental animals and from observations in humans,
are included when considered relevant.

Information is given on absorption, distribution and excretion. Data on metabolIsm are
usually restricted to studies that show the metabolIc fate of the chemical in experimental

animals and humans, and comparisons of data from animaIs and humans are made when
possible.
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Data from short-term tests are also included. ln addition to the tests for genetic activity
and cell transformation described previously (see pages 18-19), data from studies of related
effects, but for which the relevance to the carcinogenic process is less well established, may
also be mentioned.

The criteria used for considering short-term tests and for eva1uating their results have
been described (see pages 19-21). ln general, the authors' results are given as reported. An
assessment of the data by the W orking Group which differs from that of the authors, and
comments concerning aspects of the study that might affect its interpretation are given in
square brackets. Reports of studies in which few or no experimental details are given, or in

which the data on which a reported positive or negative result is based are not available for
examination, are cited, but are identified as 'abstract or 'details not given' and are not
considered in the summary tables or in making the overall assessment of genetic activity.
For several recent reviews on short-term tests, see IARC(24), Montesano et al.(25), de
Serres and Ashby(26), Sugimura et al.(27), Bartsch et a/.(28) and Hollstein et al.(29).

(iii) Case reports and epidemiological studies of carcinogenicity ta humans
Observations in humans are summarized in this section. These include case reports,
descriptive epidemiological studies (which correlate cancer incidence in space or time to an
exposure) and analytical epidemiologica1 studies of the case-control or cohort type. ln

le, a comprehensive coverage is made of observations in humans; however, reports
are exc1uded when judged to be c1early not pertinent. This applies in particular to case
princip

reports, in which either the c1inico-pathologIcal description of the tumours or the exposure

history, or both, are poorly described; and to published routine statistics, for example, of
cancer mortality by occupational category, when the categories are so broadly defined as to

contribute virtually no specifie information on the possible relation between cancer
occurrence and a given exposure. Results of studies are assessed on the basis of the data and
analyses that are presented in the published papers. Sorne additional analyses of the

pub1ished data may be performed by the W orking Group to gain better insight into the
relation between cancer occurrence and the exposure under consideration. The W orking

Group may use these analyses in its assessment of the evidence or may actually include theip
in the text to summarize a study; in such cases, the results of the supplementary analyses are
given in square brackets. Any comments by the W orking Group are also reported 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.

(d) Summary of Data Reported and Evaluation (Section 4)
Section 4 summarizes the relevant data from animaIs and humans and gives the critica1
views of the W orking Group on those data.
(i) Exposures

H uman exposure to the chemical or complex mixture is summarized on the basis of data
on production, use and occurrence.
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(ii) Experimental data

Data relevant to the evaluation of the carcinogenicity of the test material in animaIs are
summarized in this section. The animal species mentioned are those in which the carcinogenicity of the substance was clearly demonstrated. Tumour sites are also indicated. If the
substance has produced tumours after prenatal exposure or in single-dose experiments, this
is indicated. Dose-response data are given when available.
Significant findings on effects on reproduction and prenatal toxicity, and results from

short-term tests for genetic activity and cell transformation assays are summarized, and the
latter are presented in tables. An overall assessment is made of the degree of evidence for
genetic activity in short-term tests.

(iii) Human data
Case reports and epidemiological studies that are considered to be pertinent to an

assessment of human carcinogenicity are described. Other biologica1 data that are
considered to be relevant are also mentioned.
(iv) Evaluation

This section comprises evaluations by the W orking Group of the degrees of evidence for
carcinogenicity of the exposure to experimental animals and to humans. An overall
evaluation is then made of the carcinogenic risk of the chemical or complex mixture to
humans. This section should be read in conjunction with pages 18 and 22 of this Preamble
for definitions of degrees of evidence.
When no data are available from epidemiologIcal studies but there is sufficiem evidence
that the exposure is carcinogenic to animals, a footnote is inc1uded, reading: 'ln the absence
of adequate data on humans, it is reasonable, for practical purposes, to regard chemicals or

exposures for which there is sufficient evidence of carcinogenicity in animaIs as if they
presented a carcinogenic risk to humans' (see pp. 22-23 of this Preamble).

References

1. IARC (1979) Criteria to select chemicals for lARC Monographs. ¡ARC imern. tech.
Rep. No. 79/003

2. IARC (1977) IARC Monographs Programme on the Evaluation of the Carcinogenic
Risk of Chemicals to Humans. Preamble. lARe intern. tech. Rep. No. 77/002
3. IARC (1978) Chemica1s with sufficient evidence of carcinogenicity in experimental
animals-IARC Monographsvolumes 1-17. IARCintern. tech. Rep. No. 78/003
4. IARC (1982) lA R CM onographs on the Evaluation of the Carcinogenic Risk of Chemcesses and Industries
icals ta Humans, Supplement 4, Chemicals, lndustrial Pro

Associated with Cancer in Humans (IARC Monographs Volumes 1 ta 29), Lyon

IARC MONOGRAPHS VOLUME 41

28

5. IARC (1983) Approaches to c1assifying chemica1 carcinogens according to mechanism
83/001
of action. IARC intern. tech. Rep. No.

6. IARC (1972-1986) IARC Monographs on the Evaluation a/the Carcinogenic Risk of
Chemicals ta Humans, Volumes 1-41, Lyon

Volume 1 (1972) Sorne Inorganic Substances, Chlorinated Hydrocarbons, Aromatic
Amines, N-Nitroso Compounds and Natura1 Products (19 monographs), 184 pages
Volume 2 (1973) Sorne Inorganic and Organometallc Compounds (7 monographs),
181 pages

Volume 3 (1973) Certain Polycyc1ic Aromatic Hydrocarbons and Heterocyclic
Compounds (17 monographs), 271 pages

Volume 4 (1974) Sorne Aromatic Amines, Hydrazine and Related Substances,
N-Nitroso Compounds and Miscellaneous Alkylating Agents (28 monographs),
286 pages

Volume 5 (1974) Sorne Organochlorine Pesticides (12 monographs), 241 pages
Volume 6 (1974) Sex Hormones (15 monographs), 243 pages

Volume 7 (1974) Sorne Anti-thyroid and Re1ated Substances, Nitrofurans and
Industrial Chemicals (23 monographs), 326 pages
Volume 8 (1975) Sorne AroInatic Azo Compounds (32 monographs), 357 pages
Volume 9 (1975) Sorne Aziridines, N-, S- and O-Mustards and Selenium (24 mono-

graphs), 268 pages

Volume 10 (1976) Sorne Naturally Occurring Substances (22 monographs), 353
pages

Volume 11 (1976) Cadmium, Nickel, Sorne Epoxides, Miscellaneous Industrial
Chemicals and General Considerations on Volatile Anaesthetics (24 monographs),
306 pages

Volume 12 (1976) Sorne Carbamates, Thiocarbamates and Carbazides (24 monographs), 282 pages
Volume 13 (1977) Sorne Miscellaneous Pharmaceutical Substances (17 monographs),
255 pages

Volume 14 (1977) Asbestos (1 monograph), 106 pages
Volume 15 (1977) Sorne Fumigants, the Herbicides, 2,4-D and 2,4,5- T, Ch10rinated

Dibenzodioxins and Miscellaneous Industrial Chemicals (18 monographs), 354
pages

Volume 16 (1978) Sorne Aromatic Amines and Related Nitro Compounds - Hair
Dyes, Co10uring Agents, and Miscellaneous Industrial Chemicals (32 monographs),
400 pages

Volume 17 (1978) Sorne N-Nitroso Compounds (17 monographs), 365 pages
Volume 18 (1978) Polychlorinated Biphenyls and Polybrominated Biphenyls (2
monographs), 140 pages

PREAMBLE

29

Volume 19 (1979) Sorne Monomers, Plastics and Synthetic Elastomers, and
Acrolein (17 monographs), 513 pages
Volume 20 (1979) Sorne Halogenated Hydrocarbons (25 rnonographs), 609 pages
Volume 21 (1979) Sex Hormones (II) (22 monographs), 583 pages
Volume 22 (1980) Sorne Non-nutritive Sweetening Agents (2 monographs), 208 pages
Volume 23 (1980) Sorne Metals and Metallic Compounds (4 monographs), 438 pages
Volume 24 (1980) Sorne Pharmaceutical Drugs (16 monographs), 337 pages
Volume 25 (1981) Wood, Leather and Sorne Associated Industries (7 monographs),
412 pages
Volume 26 (1981) Sorne Antineop1astic and Immunosuppressive Agents (18 mono-

graphs), 411 pages
Volume 27 (1981) Sorne Aromatic Amines, Anthraquinones and Nitroso Compounds,

and Inorganic Fluorides Used in Drinking-Water and Dental Preparations (18
monographs), 344 pages

Volume 28 (1982) The Rubber Industry (1 monograph), 486 pages
Volume 29 (1982) Sorne Industria1 Chemicals and Dyestuffs (18 monographs), 416
pages
Volume 30 (1982) Miscellaneous Pesticides (18 monographs), 424 pages

Volume 31 (1983) Sorne Food Additives, Feed Additives and Naturally Occurring
Substances (21 monographs), 314 pages
Volume 32 (1983) Polynuc1ear AromatIc Compounds, Part l, Chemical, Environmental and Experimental Data (42 monographs), 477 pages

Volume 33 (1984) Polynuc1ear Aromatic Compounds, Part 2, Carbon Blacks, Mineral
Oils and Sorne Nitroarenes (8 monographs), 245 pages
Volume 34 (1984) Polynuc1ear Aromatic Compounds, Part 3, Industrial Exposures in

Aluminium Production, Coal Gasification, Coke Production, and Iron and Steel
Founding (4 monographs), 219 pages
Volume 35 (1984) Polynuc1ear Aromatic Compounds, Part 4, Bitumens, Coal-Tars

and Derived Products, Shale-Oi1s and Soots (4 monographs), 271 pages

Volume 36 (1985) Allyl Compounds, Aldehydes, Epoxides and Peroxides (15
monographs), 369 pages

Volume 37 (1985) Tobacco Habits other than Smoking; Betel-quid and Areca-nut
Chewing; and Sorne Nitroso Cornpounds (8 monographs), 291 pages
Volume 38 (1986) Tobacco Smoking (1 monograph), 421 pages
Volume 39 (1986) Sorne Chemicals U sed in Plastics and Elastomers (19 monographs),

403 pages

Volume 40 (1986) Sorne Naturally Occurring and Synthetic Food Components,
Furocoumarins and Ultraviolet Radiation (21 monographs), 444 pages
Volume 41 (1986) Some Halogenated Hydrocarbons and Pesticide Exposures (16
monographs), 434 pages

Supplement No. 1 (1979) Chemicals and Industria1 Processes Associated with Cancer
in Humans (IARC Monographs, Volumes 1 to 20), 71 pages

IARC MONOGRAPHS VOLUME 41

30

Supplement No. 2 (1980) Long-term and Short-term Screening Assays for Carcinogens: A Critical Appraisal, 426 pages
Supplement No. 3 (1982) Cross Index ofSynonyms and Trade Names in Volumes 1 to
26, 199 pages

Supplement No. 4 (1982) Chemicals, Industrial Processes and Industries Associated
with Cancer in Humans, IARC Monographs, Volumes 1 to 29, 292 pages
Supplement No. 5 (1985) Cross Index ofSynonyms and Trade Names in Volumes 1 to
36, 259 pages

7. IARC (1973-1986) Information Bulletin on the Survey ofChemicals Being Testedfor
Carcinogenicity, Numbers 1-11, Lyon, France
Number 1 (1973) 52 pages
Number 2 (1973) 77 pages
Number 3 (1974) 67 pages
Number 4 (1974) 97 pages
Number 5 (1975) 88 pages
Number 6 (1976) 360 pages
Number 7 (1978) 460 pages
Number 8 (1979) 604 pages
Number 9 (1981) 294 pages
Number 10 (1983) 326 pages
Number 11 (1984) 370 pages
Number 12 (1986) 389 pages
8. PHS 149 (1951-1983) Public Hea1th Service Publication No. 149, Sur

vey of

Compounds which have been Testedfor Carcznogenic Activity, Washington DC,
US Government Printing Office

1951 Hartwell, J.L., 2nd ed., Literature up to 1947 on 1329 compounds, 583 pages
1957 Shubik, P. & Hartwell, J.L., Supplement l, Literature for the years 1948-1953
on 981 compounds, 388 pages
1969 Shubik, P. & Hartwell, J.L., edited by Peters, J~A., Supplement 2, Literature for
the years 1954-1960 on 1048 compounds, 655 pages

1971 National Cancer Institute, LIterature for the years 1968-1969 on 882 compounds, 653 pages

1973 National Cancer Institute, Literature for the years 1961-1967 on 1632 compounds, 2343 pages

1974 National Cancer Institute, Literature for the years 1970-1971 on 750 compounds, 1667 pages

1976 National Cancer Institute, Literature for the years 1972-1973 on 966 compounds, 1638 pages

1980 National Cancer Institute, Literature for the year 1978 on 664 compounds, 1331
pages

PREAMBLE

31

1983 National Cancer Institute, Literature for years 1974-1975 on 575 compounds,
1043 pages

9. Pike, M.C. & Roe, F.J.C. (1963) An actuarial method of analysis of an experiment in
two-stage carcinogenesis. Br. J. Cancer, 17, 605-610

10. Miller, E.C. (1978) Sorne current perspectives on chemical carcinogenesis in humans
and experimental animals: Presidential address. Cancer Res., 38, 1479-1496

Il. Miler, E.C. & Miller, J.A. (1981) Searches for ultimate chemical carcinogens and their

reactions with cellular macromolecules. Cancer, 47, 2327-2345
12. Peto, R. (1974) Guidelines on the analysis of tumour rates and death rates II
29, 101-105

experimental animaIs. Br. J. Cancer,

13. Hoel, D.G. & Wa1burg, H.E., Jr (1972) Statistical analysis of survival experiments.
J. natl Cancer lnst., 49, 361-372
"

14. Peto, R., Pike, M.C., Day, N.E., Gray,l~..G., Lee, P.N., Parish, S., Peto, J., Richards,
S. & Wahrendorf, J. (1980) Guidelines for simple sensitive signifcance tests for
carcinogenic effects in long-term animal experiments. ln: IARC Monographs on
the Evaluation of the Carcinogenic Risk of Chemicals ta Humans, Supplement 2,
Long-term and Short-term Screening Assays for Carcinogens: A Critical Appraisal, Lyon, IARC, pp. 311-426
15. Berenblum, i. (1975) Sequential aspects of chemical carcinogenesis: Skin. ln: Becker,
F.F., ed., Cancer. A Comprehensive Treatise, VoL. l, New

York, Plenum

Press, pp.

323-344
16. Foulds, L. (1969) Neoplastic Development, VoL. 2, London, Academie Press
17. Farber, E. & Cameron, R. (1980) The sequentialana1ysis of cancer development. Adv.

Cancer Res., 31, 125-126

18. Weinstein, I. B. (1981) The scientific basis for carcinogen detection and primary cancer
prevention. Cancer,

47, 1133-1141

19. Slaga, T.J., Sivak, A. & Boutwell, R.K., eds (1978) Mechanisms of

Tumor Promotion

and Cocarcinogenesis, VoL. 2, New York, Raven Press
20. Rall, D.P. (1977) Species differences in carcznogenesis testing. ln: RiaU, H.H.,

Watson, J.D. & Winsten, J.A., eds, Origins of Human Cancer, Book C, Co1d
Spring Harbor, NY, Cold Spring Harbor Laboratory, pp. 1383-1390

IARC MONOGRAPHS VOLUME 41

32

21. National Academy of Sciences (NAS) (1975) Contemporary Pest Control Practices
and Prospects: The Report of the Executive CommÜtee, Washington DC
22. Chemical Abstracts Services (1978) Chemical Abstracts Ninth Collective Index (9

CI),

1972-1976, Vols 76-85, Columbus, OH
23. International Union of Pure & App1ied Chemistry (1965) Nomenclature of Organic

Chemistry, Section C, London, Butterworths

24. IARC (1980) IARC Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals ta Humans, Supplement 2, Long-term and Short-term Screening
Assays for Carcínogens: A CrÜical Appraisal, Lyon
25. Montesano, R., Bartsch, H. & Tomatis, L., eds (1980) Molecular and Cellular Aspects

ofCarcínogen Screening Tests (lARC Scientifc Publications No. 27), Lyon, IARC
26. de Serres, F.J. & Ashby, J., eds (1981) Evaluation of Short-Term Tests for Car-

cinogens. Report of the International Collaborative Program, Amsterdam,
Elsevier / N orth-Holland Biomedical Press

27. Sugimura, T., Sato, S., Nagao, M., Yahagi, T., Matsushima, T., Seino, Y., Takeuchi,

M. & Kawachi, T. (1976) Overlapping of carcinogens and mutagens. ln: Magee,

P.N., Takayama, S., Sugimura, T. & Matsushima, T., eds, Fundamentals in
Cancer Prevention, Tokyo/ Baltimore, University of Tokyo/ University Park
Press, pp. 191-215

28. Bartsch, H., Tomatis, L. & Malaveile, C. (1982) Qualitative and quantitative
comparison between mutagenic and carcinogenic activites of chemicals. ln:
Heddle, J.A., ed., Mutagenicity: New Horizons in Genetic Toxicology, New York,
Academie Press, pp. 35-72
29. Hollstein, M., McCann, J., Angelosanto, F.A. & Nichols, W.W. (1979) Short-term

tests for carcinogens and mutagens. Mutat. Res., 65, 133-226

GENERAL REMARKS ON THE SUBSTANCES AND
EXPOSURES CONSIDERED
This forty-first volume of IARC Monographs is comprised of considerations of IL
halogenated aliphatic hydrocarbons, bis(2-chloro-1-methylethyl)ether, polybrominated
biphenyls and amitro1e. Several of these compounds (dichloromethane, methyl iodide,

polybrominated biphenyls and amitrole) were evaluated by previous Working Groups
the IARC Monographs (lARe,

(IARC, 1974, 1977a, 1978, 1979a) and in Supplement 4 of

1982). ln addition, the carcinogenic risks of occupational exposures to chlorophenols and

chlorophenoxy (phenoxyacetic acid) herbicides have been re-evaluated; these exposures
were first evaluated in Supplement 4 to the Monographs (IARC, 1982), but new data have
recently become available and are incorporated here. Monographs on pentachlorophenol
(IARC, 1979b), 2,4,5- and 2,4,6-trichlorophenol (IARC, 1979c), 2,4-D (IARC, 1977b),
2,4,5-T (IARC, 1977c), MCPA (IARC, 1983) and TCDD (lARC, 1977d) have not been
updated.
Previous evaluations of the carcinogenicity of halogenated hydrocarbons and of their
oxygenated derivatives, published in the first 40 volumes of Monographs are compi1ed in

Table 1. Several compounds listed in the table are isomers or structural analogues of
compounds under consideration here, and they may occur concomitantly as constituents or
impurities in technical products.
Several of the compounds are very widely distributed in the atmosphere due either to

their formation in the ocean (methyl chloride, methy1 bromide, methyl iodide) or to losses
during their use (dichloromethane and chlorodifluoromethane). Halogenated alkanes are
produced in large quantities for use as solvents and intermediates. A major concern with this

group of compounds is thus their widespread distribution and, in many cases, the persistence in the environment ofthe compounds themselves and oftheir impurities, in addition
to occupational exposures.

Properties, production and use
Halogenated alkanes and alkenes oflow mnlecular weight are produced bya number of
basic chemical processes, inc1uding direct chlorination, hydroch10rination, oxychlori-.

nation, dehydrochlorination and chlorinolysis. W orld production of chlorine exceeds 30
milion tonnes per year, and, for example, in the USA about 65% of

the total production 1S
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Table 1. Halogenated hydrocarbons and their oxygen-containing derivatives that

have been evaluated in the IARC Monographs
Compound

Degree of evidencea

Humans

AnimaIs

Chloroform

1

Carbon tetrachloride

1

S
S

1

1**

ND
ND
ND
ND
ND

S

Dichloromethane*
1,2- Dichloroethane
1,1,1 -Trichloroethane
l, L ,2- Trichloroethane
1,1,2,2- Tetrachloroethane

Hexachloroethane
Vinyl chio

ride

Trichloroethylene
Tetrachloroethylene
Vinylidene chloride
Dichloroacetylene
Allyl chio

ride

1

L
L
L

S

S

1

L
L
L
L

1

1

ND
ND

1

Monographs volume(s)
(group in Suppl. 4)

20; Suppl. 4 (2B)
20; Suppl. 4 (2B)
20; Suppl. 4 (3)

20
20
20
20
20
19; Suppl. 4 (1)
20; Suppl. 4 (3)
20; Suppl. 4 (3)
39; Suppl. 4 (3)

39
36

Chloroprene

1

1

trans- 1 ,4-Dichlorobutene

ND
ND

1

19; Suppl. 4 (3)
15

L

20

1

L

1

1

20; Suppl. 4 (3)
29; Suppl. 4 (3)

Hexachlorobutadiene
Hexachlorocyclohexane
ortho- and para-Dichlorobenzene
Hexachlorobenzene
Benzotrichloride

ND

S

20

1

29; Suppl. 4 (2B)
29; Suppl. 4 (3)
29; Suppl. 4 (3)

4; Suppl. 4 (1)
4; Suppl. 4 (1)
15
15
20; Suppl. 4 (3)

Benzyl chloride

1

Benzal chloride

1

Chlorinated camphenes (Toxaphene)
Terpene polychlorinates
Epichlorohydrin

ND
ND
1

S
L
L
S
L
S

Bis( chloromethyl)ether

Chloromethyl methyl ether (technical-grade)

S
S

S
S

L ,2-Bis( chloromethoxy)ethane
1 ,4-Bis( chloromethoxymethyl)benzene

ND
ND

L
L
L
S

Chlordane (Heptachlor)
Chlordecone (Kepone)

Mirex
Methoxychlor
Endrin
Aldrin
Dieldrin
Chlorotrianisene
Chlormadinone acetate
Chlorobenzilate
Benzoyl chio

ride

Hexachlorophene
DDT

1

ND
ND
ND
ND

S

NE
1

20
5
Il; Suppl. 4 (2B)

20
20
20
5

1

L
L

ND

1

1

ND

L
L

1

1

ND

1

20

1

S

5; Suppl. 4 (2B)

1

5; Suppl. 4 (3)
5; Suppl. 4 (3)
21
21; Suppl. 4 (3)

30
29; Suppl. 4 (3)
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Table 1 (contd)
Compound

Degree of evidencea

Monographs volume(s)
(group in Suppl. 4)

Clofibrate
2,4,5- Trichlorophenol
2,4,6- T richlorophenol
Pentachlorophenol
2,4-D and esters
2,4,5-T and esters
MCPA
Polychlorinated biphenyls

Tetrachlorodibenzo-para-dioxin (TCDD)
Chlorinated dibenzodioxins (other than TCDD)
Chlorophenols* (occupational exposure to)
Phenoxyacetic acid herbicides* (occupational

H umans

AnimaIs

1

L

1

1

1

S

1

1

1

1

24; Suppl. 4 (3)
20; Suppl. 4 (3)
20; Suppl. 4 (2B)
20; Suppl. 4 (3)
15; Suppl. 4 (3)
15; Suppl. 4 (3)
30

1
1

S
S

15; Suppl. 4 (2B)

ND

1

1

1

1

1

L
L

Polybrominated biphenyls*
Methyl iodide*
Vinylidene fluoride

Tetrafluoroethylene

1

ND
ND
ND
ND
ND
ND

15

Suppl. 4 (2B)
Suppl. 4 (2B)

exposure to)

1,2-Dibromoethane (ethylene dibromide)
Vinyl bromide
1,2-Dibromo-3-chloropropane

18; Suppl. 4 (2B)

S
S
S

15; Suppl. 4 (2B)
39
20

1**

S**

18
15

1

39

1

19

ai, inadequate; S, suffcient; ND, no data; L, limited; NE, no evidence. For definitions of the degrees of evidence, see pp.

18 and 22 of the Preamble to this volume; for a description of the criteria for assigning an exposure to a particular group, see
Supplement 4 (IARC, 1982).
.Re-evaluated in the present volume of Monographs
..The degree of evidence is that given to the compounds before their re-evaluation in the present volume.

used in plastics, solvents, pesticides and various organic chemicals, inc1uding many of the
compounds considered here.
Ha10genated hydrocarbons are wide1y used in products to which humans are exposed in solvents, paints, glues, degreasing agents, dry-c1eaning fluids, aerosol propellants,

blowing agents, refrigerants, textile-processing chemicals, gasoline additives, flame retardants, fire extinguishers, cutting fluids and as intermediates in the production of other
chemicals, synthetic fibres and plastics.
Production of dich10romethane has increased steadily since the 1950s, and, recently, it
has substituted partially for trichloroethy1ene and tetrachloroethylene in meta1-degreasing
operations and food processing, and for fluorocarbons in aerosol products. ln 1978, the
estimated world production of chlorofluorocarbons was 850 thousand tonnes. Chloro-

difluoromethane, the third most important compound of this chemical class, is used
primarily in air conditioning and refrigeration applications.
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Bis(2-chloro-1-methylethy1)ether is formed in substantial amounts as a byproduct of

propylene oxide and propy1ene glycol manufacture by the ch1orohydrin process and has
been used to a limited extent as a soil fumigant. Similarly, pentachloroethane, 1,1,1,2tetrachloroethane and ch10rofluoromethane occur only as intermediates or byproducts in
sorne industrial halogenation processes. 2-Chloro-1, l, 1-trifluoroethane is an intermediate
in the production of, and a metabolIte of, halothane.
Methyl ch10ride is used principally in the production of silcone compounds, gaso1ine
additives (e.g., tetramethyllead) and as a chemical intermediate and solvent. Methyl
chloride, methyl bromide and methyl iodide are also used in the dyestuff and pharmaceutical industries. ln the USA, agricultural soil fumigation accounts for about 65% of the total
use of methyl bromide. 1,3-Dichloropropene and its mixtures with 1,2-dich10ropropane

have a1so been marketed mainly as soil fumigants.

Polybrominated bipheny1s were once produced as flame retardants in plastics, textiles
and cable coatings. Products containing main1y hexabromobiphenyls were made in large

amounts in the late 1970s, and production of compounds containing main1y octabromoand decabromobiphenyls has continued into the 1980s.
Several chlorinated phenols are of major commercial significance as wood preservatives
and as intermediates in herbicide production. Others are used almost exc1usively as

intermediates in the chemical industry, and therefore give rise to less human exposure and
have less impact on the environment. Chlorophenol production has been altered markedly
since the 1970s due to the concern over the presence of polychlorinated dioxins and

polych10rinated dibenzofurans as impurities.

Use oftechnical pentach10ropheno1 as a wood preservative began in the late 1930s. This
compound and its salts now have a variety of industria1, agricultural and domestic uses. ln
Canada, the Nordic cou

nt

ries and the USA, about 95% of pentachlorophenol is used for

commercial wood treatment and the rest for slIme control in the pulp and paper industry, as

well as for nonindustria1 purposes, such as weed control and wood preservation in
househo1ds. Significantly smaller quantities of tetrachlorophenol isomers have been
produced for similar uses. 2,4,5- Trichlorophenol and 2,4-dichlorophenol have been
commercially important chemica1 intermediates in the production of herbicides and
disinfectants since the 1950s.

The chlorophenoxy herbicides, 2,4-D and 2,4,5-T, were first introduced for agricultural

use in 1944; MCPA was introduced in 1945. The propionic acid derivatives, si1vex,
mecoprop and dichlorprop, have been used since 1953, 1957 and 1961, respectively. By the

mid 1960s, chlorophenoxy herbicides represented the most important single class of
herbicides. ln the 1970s and 1980s, many countries cancelled pesticide registrations for
2,4,5- T formulations, but 2,4-D, MCP A products and amitrole are stil used widely by
agricultural, forestry, railroad, utilty and municipal services.
Occurrence and exposure

Sorne algae and other marine organisms can introduce ch10rine, bromine or iodine into
organic mo1ecules, and it has been estimated that the quantities of methyl chloride, methy1
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bromide and methyl iodide formed in the oceans exceed those from man-made sources.
Most of the halocarbon, chlorophenol and chlorophenoxy compounds inc1uded in this
volume are thus ubiquitous in the human environment, either from natural sources or
through industrial and other pollution. Potential sources of human exposure inc1ude
occupational exposures during manufacture, transportation, use and disposal; domestic
exposures from consumer products, such as aeroso1s, paints and pesticides; environmental
exposures from air, water and food contaminated with residues of chemicaIs, industrial

effluents or waste-disposal emissions; intentional or accidental misuse; and industrial
accidents. Incomplete combustion can result in emissions of compounds such as poIy-

chlorinated dibenzodioxins and polychlorinated dibenzofurans.
Because of the extreme toxicity of sorne polychlorinated dibenzodioxins and polychlorinated dibenzofurans, highly selective, sensitive, specifie analytica1 methods are
required to detect the low 1eve1s that occur in environmental and human samples. ln recent
years, mass spectrometrie methods have been developed for the measurement of dioxins in
commercial chlorophenol and chlorophenoxy products, incinerator emissions, aquatic
organisms and human tissues. Progress has been rapid: for example, in 1971 the limit of

detection of 2,3,7,8-TCDD in environmental samp1es was about 50 ngj g, whereas
concentrations of 0.01 pgj g can now be measured, and specifie isomers can be identified.

A volume of the IARC Scíentific Publications series, Environmental Carcinogens:
Selected Methods of Analysis, VoL. 7 (Fishbein & O'Neil, 1985), describes methods for the
sampling and analysis of a number of the volatile halogenated hydrocarbons eva1uated in
the present volume.

Biological data

Monohalomethanes have a relatively high odour threshold, and this may be one reason
for the numerous cases of acute intoxication that have been reported. Because they function
as a1kylating agents, they are also mutagenic in many test systems. The W orking Group
noted that there were few available 10ng-term studies in experimental animals or studies in
the existence oflarge volumes

vitro or of acute toxicity. The Group was aware, however, of

of relevant data on the effects of 2,4,5- T and chloromethanes in experimental systems and
on humans that were not avaIlable in the open literature. Sorne ofthese data had been cited

in passing, in reviews or in publications on re1ated subjects and as abstracts; but the studies
have not been finalized in published reports. Because only pub1ished studies are considered
in the IARC Monographs, these data or their associated conclusions were not addressed.

Publication of such studies is strongly encouraged, so that a thorough evaluation of the
activity of these compounds can be made.
ln arriving at an overall assessment of the strength of the evidence for carcinogenic

activity in experimental animaIs, the W orking Group had to consider the weight to give to
different types of evidence. Cases in which severa1 studies showed statistically significant

increases in tumour incidence in more than one species cou1d readIly be regarded as
providing 'sufficient evidence', particu1arly if malignant tumours were induced at more than

one site and dose-response relationships were evident. However, the overall evaluation of
carcinogenicity was more difficult for chemicals for which a single study reported the very
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rapid development of an unusually high incidence of uncommon cancers, and for those for
which several studies each showed a modest tumour response over a fulllifespan, largely
affecting tissues in which a high background incidence of tumours had been observed in the
species andj or strains in question. The W orking Group considered that either of these cases
could be regarded as providing 'limited evidence' of carcinogenicity. Other factors
considered by the W orking Group included the potential effects of known carcinogens
present as contaminants in the chemical formulations under study, the weight to give to

studies that fai1ed to confirm earlier results, and how to judge the induction of benign
tumours or increases in spontaneously occurring tumours, particularly when the induced
rate fell within the range of occurrence in historical controls.
All short-term test systems were taken into consideration by the W orking Group, with
the exception of

the BHK21 cell transformation assay. This assay wasjudged unacceptab1e

because of the demonstrated lack of interlaboratory reproducibilty, and a prior decision by

a Working Group convened by the IARC (Griesemer et aL., 1986) to exc1ude it. The
W orking Group recognized that sorne other test systems may also not be reproducible

between 1aboratories; however, in the absence of controlled studies, these tests were given
equa1 consideration with test procedures that have been va1idated.
The Group questioned the significance of results that were obtained using very high

doses, e.g., with 1,2-dichloropropane, because low leve1s of contaminants, physical factors
and kinetic considerations cou1d affect the activity. Equally, the va1idity of negative results
obtained with nontoxic doses is doubtful.
It was noted that the absence of mutagenicity in biologica1 sam

pIes from individuals

handling chemicals might not reflect the mutagenic potential of the chemical, since
protective c10thing might have been worn. Thus, adequate descriptions of the exposure

situation are essential in order to interpret the results of such studies.
Epidemiology

The evaluation of epidemio10gical studies is comprised of a number of issues -

particularly, exposure assessment, diagnostic criteria, confounding factors and study
power. ln this volume, these issues are particularly relevant to occupational exposures to
chlorophenoxy herbicides and chlorophenols.
Groups exposed to ch10rophenols have been studied main1y in manufacturing plants

where trich10rophenols serve as intermediates in the production of chlorophenoxy
herbicides. ln these same plants, a number of other chemicals may have been produced, and
exposure to TCD D may have occurred, particularly in association with chemical accidents.

Strictly speaking, the possible carcinogenic risks of occupational exposures to ch1orophenols could not be addressed in these cohort studies.
The other sources of exposure to ch10rophenols that have been studied are those of cases
and referent persons in case-control studies from Sweden and New Zealand, where exposure

was reported in saw mils, in the pulp and paper industry, in fencing and in tanneries. ln
these working environments, also, other exposures have occurred. Difficulties related to
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variable diagnostic criteria are discussed in the context of soft-tissue sarcoma on p. 343 of
the monograph on ch10rophenols.

Case-control studies offer an alternative approach to cohort studies for assessing the
relation between certain exposures and outcomes and are particularly suitable for rare
diseases, although high population exposure frequencies are needed for them to be effective.
Long-term occupational exposures to chlorophenoxy herbicides and chlorophenols

occurred rarely in the epidemiological studies reported.

Occupational groups with potential exposure to ch10rophenoxy herbicides include
farmers, forestry workers, herbicide applicators and manufacturing groups. The first three
categories of people have usually been exposed to a large number of herbicides as well as

other chemicals. This has been taken into account in sorne case-control studies by inquiring
about a number of chemicals - not only the herbicides. ln those studies, the increased risks
have been associated mainly with chlorophenoxy herbicides and ch10rophenols and not
with all chemicals, but synergistic effects could occur.
Sorne studies show statistically significant excess risks, while others do not. The reasons
for these differences may be many, and the results are not necessarily contradictory, even in
the case ofwell-designed studies; different levels or patterns of exposure, modifying factors,
unknown concomitant exposures (e.g., impurities, solvents, additives) or chance may aU
play a part. The degree of imprecision in risk estimates that is attributable to random error Is
commonly measured by confidence intervals. The findings of conflcting studies should, in

principle, be considered in terms of estimation of intervals rather than in terms of point
estimations with their associated p values. ln addition, possible systematic biases must be
considered.

There has been considerable controversy about the possible carcinogenic hazards of
chlorophenoxy herbicides and chlorophenols. This W orking Group, like other IARC
working groups, has come to its evaluation on the basis of information reported in scientific
papers - published or in press. Expert testimonies and other information not documented
in the scientific literature were not considered in making the evaluation.
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THE MONOGRAPHS

DICHLOROMETHANE
This substance was considered by previous Working Groups, in June 1978 (lARe,
1979a) and February 1982 (lARC, 1982a). 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. Chemical and Physical Data
1.1 Synonyms and trade Dames

Chem. Abstr. Services Reg. No.: 75-09-2

Chem. Abstr. Name: Dichloromethane
IUPAC Systematic Name: Dichloromethane
Synonyms: Methane dichloride; methylene bichloride; methylene chloride; methylene
dich10ride

Trade Names: Aerothene MM; Narkotil; R 30; Solaesthin; Solmethine
1.2 Structural and molecular formulae and molecular weight

H
1

CI - C - CI
1

H
CHiC1i

MoL. wt: 84.93

1.3 Chemical aDd physical properties of the pure substance
(a) Description: Co1ourless liquid with penetrating ether-like odour (Hawley, 1981;
Verschueren, 1983; Windholz, 1983; Sax, 1984)
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(b) Boilng-point: 40°C (Weast, 1985)
(c) Melting-point: -95.1°C (Weast, 1985)

(d) Density: d¡O 1.3266 (Weast, 1985)

(e) Spectroscopy dataa: Ultraviolet (Grassell & Ritchey, 1975), infrared (Sadtler
Research Laboratories, 1980; prism (6620 (gas), 1011), grating (28523)), nuc1ear
magnetic resonance (Sadtler Research Laboratories, 1980; proton (6401), C-13

(167)) and mass spectral data (Grassell & Ritchey, 1975) have been reported.
(f Sa

lub

ilty: 1.38 g/ 100 ml in water at 20°C (Honeywill & Stein, undated); soluble in

ethanol and diethyl ether (Windholz, 1983; Weast, 1985)

(g) V olatility: Vapour pressure, 400 mm Hg at 24.1 °C (Weast, 1985); relative vapour

density (air = 1),2.93 (Verschueren, 1983; Sax, 1984)
(h) Stabilty: Vapour is noninflammable and is not explosive when mixed with air

(Hawley, 1981; Windholz, 1983) but may form explosive mixtures in atmospheres
with higher oxygen content (Sax, 1984)

(i) Reactivity: Reacts vigorous1y with active metals (lithium, sodium, potassium) and
with strong bases (potassium tert-butoxide) (Sax, 1984)

(j) Octanol/water partition coeffcient (P): log P, 1.25 (Hansch & Leo, 1979)

(k) Conversionfactor: mg/m3 = 3.47 X ppmb

1.4 Technical products and impurities

Dich10romethane is available as commercia1/ technical grade and grades intended

specifically for vapour degreasing, aerosol use, food extraction, reagent use and spectrophotometry. Purity, when reported, ranges from 99-99.9% (reagent/high-performance

liquid chromatography grade). Acidity (as hydrochloric acid) may be up to 5-10 mg/kg. The
maximum concentration of water in commercial-grade dichloromethane is generally 100200 mg/ kg, but anhydrous dich10romethane (less than 50 mg/ kg water) is also avaIlable

(Anthony, 1979; Hays Chemicals, 1983; Aldrich Chemical Co., 1984; Burdick & Jackson
Laboratories, 1984; Mannsvile Chemical Products Corp., 1984; Eastman Kodak Co.~ 1985;
Stauffer Chemical Co., undated a,b,c).

QIn square brackets, spectrum number in compilation
bCalculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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Small amounts of stabilizers are often added to dichloromethane at the time of
manufacture (Anthony, 1979). Cyc10hexane (50 mg/kg) and propylene oxide (see IARC,
1985) have been added to commercial aerosol and reagent grades of dichloromethane for
this purpose (Burdick & Jackson Laboratories, 1984; Mannsvile Chemical Products Corp.,

1984). Other reported stabilizers inc1ude 2-methyl-2-butene at 50 mg/ kg, ethanol or
methanol at approximately 0.2%, and small quantities (1 mg/ kg) of phenol, hydroquinone

(see IARC, 1977a), para-cresol, resorcinol (see IARC, 1977b), thymol, 1-naphthol and
various amines (US Environmental Protection Agency, 1978).
Commercial dichloromethane may contain methyl chIo

ride (see monograph, p. 161),

chloroform (see IARC, 1979b), 1,1-dichloroethane (vinylidene chloride; see IARC, 1986)
and trans-l,2-dichloroethene as impurities (US Environmental Protection Agency, 1978;
gram, 1986).

National Toxicology Pro

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Dichloromethane was first prepared by Regnault in 1840 by the chlorination of methyl
chloride in sunlight. Two commercial processes are currently used for the production of
dichloromethane - hydrochlorination of methanol and direct chlorination of methane
(Anthony, 1979).
Hydrochlorination of methanol represents the principal method of dich10romethane
ride is produced initially by the reaction
of methanol and hydrogen chloride in the presence of a catalyst and is then reacted with
chlorine to form dichloromethane. Chloroform (see IARC, 1979b) and carbon tetrachloride
production. ln this two-stage process, methyl chIo

(see IARC, 1979c, 1982b) are produced as coproducts of this reaction and are removed by
fractionation (Anthony, 1979).

An oIder method for production of dich10romethane, used less frequently, is direct
10°C). Methyl chloride,
chloroform and carbon tetrachloride are a1so produced as coproducts of this reaction
reaction of methane with chlorine at high temperature (485-5

(Anthony, 1979).
ride is conventionally performed in the
gas phase; however, processes involving high-temperature gas-phase ch10rination produce
unwanted byproducts due to C-C bond formation and cleavage. These highly chlorinated
Production of dichloromethane from methyl chIo

products (up to C6) comprise about 0.6% of the total products (Edwards et al., 1982a). A

liquid phase process has been described in which an aqueous mixture of methanol, hydrogen
chloride and zinc chloride is reacted at ioO-150°C, but this method is less efficient than the

vapour phase processes and is not widely used (Anthony, 1979). A Japanese firm, however,
has begun producing dichloromethane in the liquid phase; the lower temperature reportedly
leads to higher conversion and lower byproduct formation (Akiyama et al., 1981).
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The 1981 world production capacity for dichloromethane was approximately 825
milion kglyear (Edwards et al., 1982b). Estimates of the world production of this
compound are listed in Table 1.
Table 1. World producton of dichlorometha
(milions of kg)O

1960

1965

1970

1975

1980

93

175

331

402

570

aFrom Edwards et al. (l982b)

The USA has produced approximately 55% of the annual world output for many years
(Edwards et al., 1982b). US production of dichloromethane was approximately 276 millon
kg in 1984 (US International Trade Commission, 1985) and 265 millon kg in 1983 (US

International Trade Commission, 1984), with 33 milion kg exported; imports were
estimated at 20 milion kg. Four major producers of dichloromethane have been identified
in the USA, with a combined annua1 capacity of approximately 358 milion kg for 1984
(Mannsvile Chemical Products Corp., 1984). Mexico is also reported to be a major
producer (201 millon kg in 1982) (United Nations, 1985).
Eleven manufacturers of dichloromethane have been identified in western Europe with a

combined annual capacity of 405 millon kg. The second largest producer of this compound
in the world is located in the UK (Edwards et aL., 1982b). Three dichloromethane

manufacturers are 10cated in the Federal Republic of Germany, two in Italy, and two in
France; Belgium, Spain and the Netherlands have one producer each. Sweden produced
dichloromethane until1974 (United Nations, 1985).

There are currently four major manufacturers of dichloromethane in Japan (The
Chemical Daily Co., 1984), which produced 44 milion kg in 1982 (United Nations, 1985).
(b) Use

Historically, the most important use of dichloromethane has been as a paint and varnish
remover (Anon., 1981). ln 1974, paint removers and solvent degreasing accounted for the
principal demand, aerosol formulations for 20%, food and drug processing for 13% and the
plastics industries for 12% (Considine, 1974). Recent1y, new applications have arisen for this

compound (Table 2), in particular, its use in a variety of aeroso1 products (hair sprays,
insecticides, spray paints) as a cosolvent or vapour pressure depressant (Anon., 1981;

Edwards et al., 1982b; Anon., 1983; Mannsvile Chemical Products Corp., 1984; Fishbein,
1985).

The importance of dichloromethane as a blowing agent for flexible polyurethane foams
has grown in recent years, with Its use to replace fluorocarbons (Anon., 1981; Mannsvile
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Table 2. Estimated worldwide dichloromethane

patterna
Use

Percentage

Aerosols

20-25

Paint remover

25

Process solventb
Miscellaneousc

35-4
10-15

aFrom Anon. (1983); Mannsvile Chemical Products Corp. (1984);
Edwards et al. (1982b)
bIncludes chemical and pharmaceutical manufacture, acetate film and

fibre production, polycarbonate manufacture and other industrial
processes
cIncludes foam blowing, metal cleaning and food extraction

Chemical Products Corp., 1984). This application, which accounted for approximate1y 5%

of US consumption in 1980, now represents as much as 15%.
Dichloromethane has a1so been introduced as a vapour degreasing solvent for metals
and plastics as an alternative to trich10roethylene (Stauffer Chemical Co., 1976; Anon.,

1981). Dichloromethane is used in the electronics industry as a c1eaning solvent for circuit

boards, and as a stripper solvent for photoresists (Mannsvile Chemical Products Corp.,
1984). ln addition, dichloromethane has been used as a solvent for cellulose acetate fibre,
plastic fim, adhesives, protective coatings, in chemical processing (Anon., 1983) and as
carrier solvent for herbicides and insecticides (Anthony, 1979). It is used in the

pharmaceutical industry as a process solvent in the production of steroids, antibiotics and
vitamins and as a solvent for tablet coatings (Anthony, 1979). Heat-sensitive, naturally
occurring substances, such as cocoa, edib1e fats, spices and beer hops, can be extracted with

dichloromethane. It has a1so been used since the late 1970s as a substitute for trichloroethylene for decaffeinating coffee, although it is estimated that less than 2% of aIl
dichloromethane is used in this way (Anthony, 1979; Anon., 1981; Mannsvile Chemical
Products Corp., 1984).

Other minor miscellaneous uses of dichloromethane inc1ude use as a refrigerant, in oil
dewaxing, as a dye and perfume intermediate, and as a carrier solvent in the textile industry
(Anthony, 1979; Anon., 1981, 1983).
ln agricultural applications, dichloromethane has been used as a post-harvest fumigant
for strawberries, as a grain fumigant, and in combination with ethylene for degreening citrus
fruits (Anon., 1985).

Exposure to dichloromethane has been reported through inhalant abuse of aerosol

propellants (Garriott & Petty, 1980). Dichloromethane was used as an inhalation
anaesthetic in the late 19th and early 20th centuries (Bourne & Stehle, 1923; MoskovItz &
Shapiro, 1952). One c1inical study of the effectiveness of dichloromethane as an anaesthetic
agent was performed as la

te as 1950 (Grasset & Gauthier, 1950).
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(c) Regulatory status and guidelines

Occupational exposure limits for dichloromethane in 19 countries are presented in Table
3.

ln the USA, dichloromethane may be present as an extractant or process solvent residue
in spice oleoresins at a 1evel not to exceed 30 mgj kg (inc1uding aH chlorinated solvents), in
hops extract at less than or equal to 2.2%, and in coffee at a level not to exceed 10 mgj kg(US
Food and Drug Administration, 1985).
The Joint FAOjWHO Expert Committee on Food Additives (WHO, 1983) withdrew
the previously allocated temporary allowable daily intake (ADI) of 0-0.5 mgj kg bw and
recommended that the use of dichloromethane as an extraction solvent be limited, in order
to ensure that its residues in food are as low as practicable.
2.2 Occurrence

(a) Naturaloccurrence

Dichloromethane is not known to occur as a natural product.
(b) Occupational exposure

Occupationa1 exposure levels of dichloromethane in locations in the USA are given in
Table 4. High air concentrations have been measured in workplaces where dichloromethane
is used as a solvent in paint stripping, c1eaning and degreasing operations, in the

manufacture of plastic film and synthetic fibres and in printing.

Concentrations of dichloromethane were measured in alveolar air and blood, and
carboxyhaemoglobin (COHb) levels were determined in workers exposed in a shoe factory.
Four hours after the beginning of a working shift, the levels were 26-421 mgj m3, 0.22-4.7 i

mgjl and 2.5-15% COHb, respectively. The workers were exposed to workplace air
concentrations ranging from 65 to 730 mgj m3 (Perbellni et al., i 977). ln the production of

fim foils, formic acid was detected as a urinary metabolIte in workers exposed to air
concentrations of 100-17 000 mgj m3 dichloromethane (Kuželová & Vlasák, i 966).
(c) Air

It has been suggested that most of the dichloromethane produced commercially is
eventually released into the environment, especially the atmosphere (Derwent & Eggleton,
1978; Edwards et al., 1982b; International Programme on Chemical Safety, 1984).

Average leve1s of dichloromethane in air at ten urban sites in the USA ranged from 390
to 3751 ppt (1353-13 000 ngjm3) (Singh et al., 1981, 1982). From these data, Singh et aL.
(1981) ca1culated that average human exposures to dich10romethane at three of the sites
were up to 309 p.gj person per day. The surface-level background concentration at 400N
latitude was estimated to be 173 ngj m3 (50 ppt) (Singh et aL., 1982).

The primary mechanism for the removal of dich10romethane from the atmosphere is
belIeved to be reaction with hydroxy1 radicals. Based on this hypothesis, the residence time
of dichloromethane in an urban atmosphere was estimated to be 77 days with a daily rate of
loss (12 sunlIt hours) of 1.3% (Singh et aL., 1981).
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Table 3. Occupationa1 exposure Iimits for dichloromethanea
Country

Year

Concentration

Interpretationb

(mg! m3)

Austra1ia

1978

720

Be1gium

1978

720

Czechoslovakia

1976

500
2500

Finland

1981

350
525

France

1985

360
1800

German Democratie Republic

1979

500
1500

Germany, Federal Republic of

1985

360

Ita1y

1978

360

lapan

1978

1740

The Netherlands
Norway
Poland
Romania

1978

720

1981

245

1976

50

1975

500
700

Sweden

1984

250
500

Switzerland

1978

710

UK

1985

700
870

USA

1985

ACGIH

350
1740
261
1740
1750
3500

NIOSH

OSHA

7000

USSR
Yugoslavia

TWA
TWA
TWA
Ceiling
TWA
STEL
TWA
STEL
TWA
STEL
TWA
TWA
TWA
TWA
TWA
Ceiling
TWA
Cei1ing

TWA
STEL
TWA
TWA
STEL

TWA
STEL
TWA
Cei1ing

TWA
Cei1ing

STEL

1977

50

Cei1ing

1971

500

Ceiling

aFrom International Labour Offce (1980); Direktoratet for Arbeidstilsynet (1981); TyösuojeluhalItus (1981);
Arbetarskyddsstyrelsens Författningssamling (1984); American Conference of Governmental Industrial Hygienists

(ACGIH) (1985); Deutsches Forschungsgemeinschaft (1985); Health and Safety Executive (1985); Institut National
de Recherche et de Sécurité (1985); National Institute for Occupational Safety and Health (NIOSH) (1985); US
Occupational Safety and Health Administration (OSHA) (1985)
bTW A, time-weighted average; STEL, short-term exposure Ii

mit
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Table 4. Occupationa1 exposures to dichloromethane
Location

Job classification

Concentration Reference
(mg/ m3 air)a

Plastics industry
(6 plants, 1972-1981)

Mixing, moulding
preforming, pressing

18-35 (P)

Cohen & Vandervort (1972)

0.4-48 (A)
17.5-130 (P)

Wagner (1974)

66.5-108 (A)

Foam gun operator,

690-1600 (P)

Burroughs & Moody (1982)

~0.4 (A)

Cohen & Vandervort (1972)

waxer

Fabrication, assembly,
finishing

Plastic film industry
(1 plant, 1968-1973)

Synthetic fibres industry
(2 plants, 1977-1979)

Footwear manufacture
(4 plants, 1975-1982)

Casting
Filtration
Winding
Offce work
Press

man

Extrusion area
Bobbin stores
Textile department
Extrusion and
preparation
Four-part machine
Crimping
Assembly, moulding

':0.4-40 (P)

':0.3-35 (P)

Hollett (1977)

59 (P)
16-325 (P)

Markel & Jannerfeldt (1981)
Markel & Slovin (1981)

458-2060 (A)

National Institute for Occu-

583-3350 (A)

pational Safety and Health
(1976)

652-659 (A)
160-1130 (A)

916-1300 (P)
239-1950 (P)

Cohen et al. (1980)

264-729 (P)

10.6-967 (P)
486- 1 648 (P)

Ott et al. (1983a)

1 18-597 (p)b

Tharr et aL. (1982)

31 (p)b
':5-104 (P)

Gunter (1975)

27-300 (A)

Hervin & Watanabe (1981)

2-319 (P)

General manufacturing (air conditioning and refrigeration equip-

Degreasing, stripping,
flushing, cleaning

ment, vending machines, pipes,
welding wire, toys, fibreglass boats,

7-1930 (P)

10-28 (A)

Burton & Shmunes (1973)
Markel & Shama (1974)

14-101 (P)

':2-136 (A)

sporting goods, paints and coatings,
drugs, medical equipment (14
plants, 1972- 1981)

':3.5-403 (P)

Gunter & Lucas (1974)
Hervin et aL. (1974)

654-868 (A)

Kronoveter (1977)

180-2190 (P)

Lee (1980)
Ruhe (1981)

27 (P)
52-141 (P)

1.3-467 (P)

Ruhe et al. (1981)
Ruhe et al. (1982)

2-240 (A)

Vandervort & Polakoff(1973)

(fabrication, moulding,

1-74 (A)
100 (A)

waxing, laminating)

4-38 (p)b

Rosensteel & Meyer (1977)

Production, operations

Giles (1977)

':4-56 (A)b
10-118 (A)

Markel (1980)
Tharr & Donohue (1980)

507 (P)

Ruhe et al. (1982)

22-85 (P)
Solvent control
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Table 4 (contd)
Location

Job classification

Concentration

Reference

(mgj m3 air)a

Laboratories (2 laboratories,

Laboratory technician

1978-1980)

23-172 (P)

Ruhe (1978)

600 (A)

Salisbury (1981)

236-455 (P)

Maintenancej repair (automotive,
aircraft, furniture, general

Paint stripping,

38-2820 (P)

Okawa & Keith (1977)

sanding

81-1379 (A)
94-882 (P)
1041 (A)

Chrostek (1980)

45-698 (P)

Hartle (1980)

298-1461 (A)
55-930 (A)

Cohen et aL. (1980)

25 (P)

Gunter (1976)

30-503 (P)
22-233 (P)

Ruhe & Anderson (1977)
Chrostek & Levine (1981)

0.06-0.48 (A)

Pryor (1981)

2 (P)

Gunter (1976)

30-412 (P)

Ruhe & Anderson (1977)
White & Wegrnan (1978)

contracting, miscellaneous)
(10 plants, 1976-1981)

Painting

Other

2.61 (P)
1.-70 (A)
0.01-2.4 (A)
Printing (5 plants, 1975-1981)

Printing operation

Pryor (1981)

3.4-31. (P)

Albrecht (1982)

17 (P)

Ahrenholz (1980)
Lewis & Thoburn (1981)
Quinn (1981)

24-410 (P)
5-560 (P)

17-257 (A)
8.2-37 (P)
2.7-16 (A)

Gorman (1982)

360- 1550 (P)

Quinn (1981)

Press checking and
cleaning

356 (A)

Tank cleaning

84-17890 (P)

Rivera (1975)

73-285 (A)

Coffee decaffeination (1 plant, 1978)

Darkroom, drafting,
-:6-248 (P)
folding, collating, office -:10-30 (A)
work

Quinn (1981)

Processingj extractingj

Cohen et al. (1980)

1.4-115 (P)

evaporating
Coffee handling, drying

1 -86 (P)

Op, personal samples collected in the breathing zone of workers; A, area samples, collected in general work area
bTime-weighted averages
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Dichloromethane was detected at a level of 1.5 ¡.gj m3 in the ambient air of a household

basement. The sample was taken during February 1978 in a house that bordered a toxic
chemical dump, the Old Love Canal, in Niagara Falls, NY, USA (Barkley et al., 1980).
Dichloromethane was detected at a mean concentration of 14.3 ¡.gj m3 in indoor air at 13

of 16 residences in suburban Knoxvile, TN, USA, monitored for volatile organic compounds. It was not detected in the outdoor air surrounding the houses (Gupta et al., 1984).
(el Water and sediments

Samples of groundwater and surface-water used for potable supply were collected
during 1977-1979 from every county and urban, suburban and rural area in New Jersey,

USA, and analysed for dichloromethane. It was detected in 246 of 1047 groundwater
samples and in 275 of 605 surface-water samples. The highest reported concentrations were
1900 and 743 ¡.gjl, respectively (Page, 1981).

Although the concentrations were not reported, dichloromethane was identified in the

drinking-water of all of five US cities surveyed (Coleman et aL., 1976).
The levels of dichloromethane in raw and treated waters (both ground and surface) from

30 potable water treatment facilities serving about 5.5 milion consumers across Canada
were higher during summer than during winter. The mean concentrations of dichloromethane in raw water were 6 ¡.gj 1 with a maximum of 50 ¡.gj 1 in August-September, and': 1

¡.g/l with a maximum of 12 ¡.gjl in November-December. The mean concentrations in
treated water were 10 ¡.g/l with a maximum of 50 ¡.gjl in August-September, and 3 ¡.gjl
with a maximum of 50 ¡.gjl in November-December (Otson et aL., 1982).
Dichloromethane was detected at an average concentration of 1.0 ¡.gj 1 (range, 1.0-2.0

¡.gj 1) in water samples taken in 1976 from the Rhine River near Lobith, Federal Republic of
Germany, and at a maximum concentration of 1 ¡.gjl in drinking-water samples from 100
cities in the country in 1977 (Bauer, 1981). Concentrations of dichloromethane in municipal
drinking-water in Göteborg, Sweden, were reported to be -:60 ngj 1 (Eklund et al., 1978a).

Dichloromethane was detected at levels between trace and 45 ngj 1 at six of 17 lower
Niagara River sites and at an average level of 572 ngjl (traces to 4600 ng/l) in 51 sam

pIes

from 83 sites in Lake Ontario (Kaiser et al., 1983). Although the levels found were not
reported, a detection frequency of 7% for concentrations ? 1 j.gj 1 was reported for
dichloromethane in water samples from the Delaware River (DeWalle & Chian, 1978).

Levels of dichloromethane in water from a US sewage treatment plant which served a
large industrial, as well as a municipal, area were 8.2 ¡.gj 1 (influent before treatment), 2.9

¡.gjl (effluent before chlorination) and 3.4 ¡.gjl (effluent after chlorination) (Bellar et al.,
1974).

Water samples collected in February and May 1977 from the Back River estuary in
Maryland, USA, which received effluent from an urban wastewater treatment plant,
contained dich10romethane. The highest 1evels (66 ¡.gj 1) were found in samples taken in the

treatment plant just before final chlorination, suggesting that dich10romethane was derived
from commercial and industrial activities in the area (Helz & Hsu, 1978).
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Dichloromethane was detected by purge-and-trap gas chromatography at levels ranging
from 19-95 ¡.g/ 1 in six samples of raw sewage and effluent from Canadian sewage treatment
plants (Lao et aL., 1982).

The wastewater from a US specialty chemical plant manufacturing a broad range of
chemicals contained 3-8 mg/ 1 dichloromethane. It was not detected in the sediment but was

me facility (Jungc1aus et al., 1978).
Dichloromethane was detected by gas chromatography / mass spectrometry at concentra-

identified (not quantified) in receiving water at the sa

tions ranging from ,(0.01 to 1.0 mg/lin the volatile fraction of wastewater from the Oak
Ridge Gaseous Diffusion Plant in Tennessee, USA (McMahon, 1983).
As part of the S wedish Drinking Water Project, dichloromethane was found at 640 ¡.g/ 1
in the effluent stream from a sulphate pulp milL. The amount of dichloromethane discharged

from the mill was estimated to be 40 tonnes/year (Eklund et al., 1978b).
Levels of dichloromethane in sediment samples collected during May to June 1980 from

Lake Pontchartrain in New Orleans, LA, USA, ranged from 1.5 to 3.2 ¡.g/ kg (Ferrario et
al., 1985).

(e) Food and beverages

The average residual level of dichloromethane in coffee beans decaffeinated by
dichloromethane extraction in the USA ranged from 0.32 to 0.42 mg/ kg over a five-month

period in 1978 (115-295 samples per month) (Cohen et al., 1980). ln 12 samp1es of
decaffeinated, ground, roasted coffee purchased in Canadian retail stores and analysed by
gas chromatography (electro1ytic conductivity detection) for solvent residues, dichloromethane was detected at 0.02-1.69 ¡.g/ gin four of eight samples of imported coffee, but was

not detected in four domestically decaffeinated coffee samples (Page & Charbonneau,
1977).

(f Animais

Oysters and clams collected during May-June 1980 from Lake Pontchartrain in New
Orleans, LA, USA, contained mean levels of 7.8 and 27 ¡.g/ kg dichloromethane, respectively (Ferrario et al., 1985).

(g) Human tissues and secretions
Although levels were not reported, dich1oromethane was identified by gas chromatography / mass spectrometry in aIl of eight samples of mother's milk collected in four US
urban areas selected for the probability of emissions of various halogenated pollutants
(Pellizzari et al., 1982).

2.3 Analysis

Selected methods for the analysis of dichloromethane in air, water, food and b100d are
identified in Table 5. The US Environmenta1 Protection Agency methods for analysing
water (8010 and 8240) have also been applied to liquid and solid wastes (US Environmental
Protection Agency, 1 982a, b). Volatile components of solid-waste sam

pIes are first extracted
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Table 5. Methods for the analysis of dich1oromethane
Sam

pIe

Air

Reference

Assay

Limit of

procedurea

detection

GCl MS

0.7 ¡.g/m3

Krost et aL. (1982)

Adsorb on Tenax-GC; desorb (heat, GCl MS
purge with helium); trap (cool with
liquid nitrogen); vaporize onto GC
column

0.7 ¡.g/m3

Pellzzari et aL. (1978)

GCl FID

10 mg/ m3

Eller (1984); Peers (1985)

GCl ECD

0.25 ¡.g/l

US Environmental
Protection Agency

backflush with inert gas) onto GC
column

GCl MS

2.8 ¡.g/l

Add internaI standard (isotopelabelled dichloromethane); purge;
trap and desorb as above

GCl MS

Purge (800C, nitrogen); trap
(Tenax-GC); desorb (flash-heat)

GCl EC

and trap in 'mini-trap' (Tenax-GC,

GCl MS

Sam

pIe preparation

matrix

Adsorb (polymerie beads); desorb
(heat, purge with helium); trap
directly onto GC column

Adsorb on activated charcoal;
desorb (carbon disulphide); inject

aliquot
Water

Purge (inert gas); trap (OV-l on
Chromosorb-W /Tenax/ silica gel);
des

orb as va

pour (heat to 180oC,

(l984b)
US Environmental
Protection Agency
(1984a)

10 ¡.g/l

US Environmental
Protection Agency

(l984c)

orb (flash-heat) onto
GC column

-30°C); des

0.1 ¡.gll

Piet et al. (1985a)

(tap-water)
0:0.05 ¡.g/l
(tap-water)
0.1 ¡.gll
(surface-water)

GC/ EC

3-15 ¡.g/l

Piet et aL. (1985b)

GC/ EC

400 ¡.g/l

Boos et aL. (1985)

Dissolve (toluene); distil under
vacuum

GC/ EC
GCl ECD

0.35 mg/ kg

US Food and Drug

0.5 mg/kg

Administration (1983)

Equilibrate with air in closed vessel,
inject directly

GCl FID

Equilibrate sealed water sample at
300C; inject aliquot of head-space
vapour
pIe directly onto
bide precolumn (to

Inject aqueous sam
calcium car

remove water)

Food

Blood

Premel-Cabic et al.
(1974)
DiVincenzo et aL. (1971)
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Table 5 (contd)
Sample
matrix

Sample preparation

Assay Limit of

Encapsulate sample; insert capsule Ge¡ FID

1 ¡igjml

into Ge injector; allow to vaporize;
pierce capsule; flush sample onto
column with carrier gas
Breath

Reference

procedurea detection

Inject directly

Laham & Pot

vin

(1976)

Ge¡ FID

0.7 mgjm3

DiVincenzo et al. (1971)

a Abbreviations: GCI EC, gas chromatography 1 electron capture detection; GCl ECD, gas chromatography 1 electrolytic

conductivity detection; GCI FID, gas chromatography 1 f1ame ionization detection; GCI MS, gas chromatography 1 mass
spectrometry

with polyethylene glycol or methanol prior to purge/ trap concentration and analysis (US
Environmental Protection Agency, 1982b). Method 624 (US Environmenta1 Protection
Agency, 1984a) has also been adapted to the analysis of dichloromethane in fish, with an
estimated detection limit of 30 p.g/kg (Easley et al., 1981).
Exposures to dichloromethane can also be monitored in air using a direct-reading
infrared analyser, with minimum concentrations of
0.7 mg/ m3 (Goelzer & O'Neil, 1985).

Biological monitoring of exposure to dichloromethane may be carried out by
quantification of blood carboxyhaemoglobin saturation and dichloromethane concentrations (DiVincenzo et al., 1971; DiVincenzo & Kaplan, 1981).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais
(a) Oral administration

Mouse: Groups of male and female B6C3Fi mice, seven weeks of age, received
food-grade dichloromethane (containing -(300 mg/ kg cyclohexane, -=20 mg/ kg trans1,2-dichloroethylene, -=10 mg/kg chloroform (see IARC, 1979b), -(2 mg/kg viny1
chloride (see IARC, 1979a, 1982c) and -(1 mg/kg each methyl chloride, ethyl chloride,
vinylidene chloride (see IARC, 1982d, 1986), carbon tetrachloride (see IARC, 1979c,
1982b) and trich10roethy1ene (see IARC, 197ge, 1982e)) in the drinking-water for 104
weeks according to the study design shown in Table 6. No significant treatment-related
trend in surviva1 was found in males; in females, a statistically significant trend towards

longer survival in treated groups was reported. ln male mice, the incidences of
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Table 6. Design of studies of food-grade dichloromethane in drinking-water
Group

No. of animaIs

Dose (mg/kg bw/day)

males females
Micea

Low-dose

60
65
200

Control 1

Control 2

Mid-dose 1

100

Mid-dose 2

100

High-dose

125

50

50

o (deionized water)
o (deionized water)

100

60

50
50
50

125
185

250

Ratsb
Control 1

Control 2

Low-dose
Mid-dose 1

Mid-dose 2

High-dose
High-dose (78 weeks + no

50

o (deionized water)
o (deionized water)

85

5

85
50
85

85

85
85
85

85

50

85

125

85

250

25

25

250

treatment for 26 weeks)

aFrom Se

rota et al. (1986a)
bFrom Serota et al. (1986b)

hepatocellular adenoma were: 6/60, 4/65, 20/200, 14/100, 14/99 and 15/125; and the
incidences of hepatocellular carcinomas were: 5/60, 9/65, 33/200, 18/ 100, 17/99 and
23/l25 in the six groups, respectively. A slight but statistically significant (p = 0.035)

dose-related increase in the incidence of hepatocellular adenomas and/ or carcinomas
(combined) was observed in male mice: 11/60,13/65,51/200, 30/l00, 31/99, 35/125.

However, the authors noted that tumour incidences in dosed groups were simi1ar to those
reported in historical contro1s (mean, 32.1 %; range, 7-58%) (Serota et al., 1986a).
Rats: Groups of male and fema1e Fischer 344 rats, seven weeks of age, were administered
food-grade dichloromethane (containing -:300 mg/ kg cyclohexane, -(20 mg/ kg trans-1 ,2dichloroethylene, 26 mg/ kg chloroform, and -(1 mg/ kg each methy1 chloride, vinyl
chloride, ethyl chloride, viny1idene ch10ride and trich1oroethylene) in the drinking-water for
104 weeks according to the study design shown in Table 6. Interim sacrifices were carried out
at 26, 52 and 78 weeks in control group 1 and in the 10w-, mid-1 and -2, and high-dose
groups, such that 50 males and 50 females per group received the treatment for 104 weeks.

There was no statistically significant difference in survival between treated and control
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groups. Dose-re1ated increases in 'altered foci/ areas' (criteria not specified) in the Iiver were

observed in animals of each sex. ln females, the incidences of hepatocellular carcinomas
were: 0/85,0/50,0/85,2/83,0/85,2/85 and 0/25; those of neoplastic nodules were: 0/85,
0/50, 1/85, 2/83, 1/85, 4/85 and 2/25; and those of neoplastic nodules and/or
hepatocellular carcinomas (combined) were: 0/85,0/50, 1/85,4/83, 1/85,6/85 and 2/25 in

the seven groups, respectively. This increasing trend was significant (p': 0.01); however,
tumour incidences in dosed groups were similar to those reported in historical controls in
this laboratory (mean, 8%; range, 0-16%). ln male rats, no increased incidence of liver

tumours was observed (neoplastic nodules: 4/85, 5/50, 2/85, 3/84, 3/85, 1/85, 4/25;
carcinomas: 2/85, 2/50, 0/85, 0/84, 0/85, 1/85, 0/25; neoplastic nodules and/or

carcinomas combined: 6/85, 7/50,2/85,3/84,3/85,2/85 and 4/25). No other significant
increase in tumour incidence was found (Serota et aL., 1986b).
(b) Inhalation exposure

Mouse: Groups of50 male and 50 female B6C3Fi mice, eight to nine weeks ofage, were
exposed to 0, 2000 or 4000 ppm (0,6940 or 13880 mg/ m3) dich10romethane (::99% pure) by
inhalation for six hours per day on five days per week for 102 weeks and were kiled after 104

weeks on study. Survival to the end of the study period in males was: control, 39/50;
low-dose, 24/50; and high-dose, 11/50; and that in females was: 25/50, 25/49 and 8/49.
Significant dose-related increases in the incidences of lung and liver tumours were observed

in treated mice. The incidences of alveo1ar / bronchiolar adenomas were: males - 3/50,
19/50 and 24/50 (p': 0.001); and females - 2/50,23/48 and 28/48 (p': 0.001). Those of

alveolar/bronchiolar carcinomas were: males - 2/50,10/50 and 28/50 (p': 0.001); and

femaies - 1/50, 13 / 48 and 29/48 (p .: 0.001). The incidences of hepatocellular adenomas

were: males - 10/50,14/49 and 14/49 (p = 0.075); and females - 2/50,6/48 and 22/48
(p .: 0.001). The incidences of hepatocellular carcinomas were: males - 13/50, 15/49 and

26/49 (p = 0.016); and females - 1/50, 11/48 and 32/48 (p': 0.001) (National Toxicology
Program, 1986).

Rat: Groups of approximately 95 male and 95 female Sprague-Dawley rats, eight weeks
of age, were exposed by inhalation to 0,500, 150Q-Q_r 3500 ppm.(1735, 5200 or 12145 mg/ m3)

dichloromethane (99% pure, with ::706 mg/ kg tr~~s"'l ,2-dichloroethylene, ::467 mg/ kg
cyc1ohexane, ::576 mg/ kg chloroform, ::90 mg/ kg vinylidene chloride, ::20 mg/ kg carbon
tetrachioride, ::23 mg/ kg methyl bromide (see monograph, p. 187), ::11 mg/ kg ethyl
chloride, ::4.5 mg/ kg methyl chloride and::l mg/ kg vinyl chloride) for six hours per day on

five days per week for two years. The numbers of animaIs stil alive at the end of the study
were 14, 14, six and seven males and 21, 24, 13 and four females, respectively. Mortality
among high-dose females was statistically significantly increased from the 18th month.
N on-neoplastic pathologicai changes in the liver and kidney were more frequently observed
in treated animals. There was no significant increase in the proportion of animaIs with
benign or malignant mammary tumours; however, the total number of benign mammary
tumours showed a slight dose-related increase in males (control, 8/95; low-dose, 6/95;
mid-d~~~,lJI9S.;.al)dhigh-dps~, 1 ?L97;p = 0.046), and a dose-related increase (p.( 0.00 1) in
thetotái iiûmber ofbenign mammarytûm6urs was observed infema1es(165/96; 218/95; 245/95;
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287/97). The incidence of sarcomas located in the neck was increased in mid- and high-dose
males (1 /93, 0/94,5/91 and 11 /88;p= 0.002 (p -c 0.001, trend test))(Burek et al., 1984; US
Environmental Protection Agency, 1985). (The Working Group noted the reported
occurrence of sialoadenitis early in the treatment period.)

Groups of 50 male and 50 female Fischer 344/N rats, seven to eight weeks of age, were
exposed by inhalation to 0, 1000, 2000 or 4000 ppm (0, 3470, 6940 or 13 880 mg/ m3)

dichloromethane (:99% pure) for six hours per day on five days per week for 102 weeks and
were killed after 104 weeks on study. Survival oftreated males was comparable with that of
controls. Survival at termination of
the study was reduced in high-dose females as compared

to controls: control, 30/50; low-dose, 22/50; mid-dose, 22/50; and high-dose, 15/50.
Increased incidences of benign mammary-gland tumours (all fibroadenomas, except for one
adenoma in the high-dose group) were observed in treated females (5/50, 11/50, 13/50 and

23/50; p -c 0.001). There was a positive trend in the incidence of benign tumours in the
mammary gland area in males (1/50,1/50,4/50 and 9/ 50;p -c 0.001). No nasal tumour was
observed, there was no increase in the incidence of respiratory-tract tumours and there was
no difference considered biologically significant in the distribution of other types of tumour
between the control and treated groups (National Toxicology Program, 1986).

Hamster: Groups of95 male and 95 female Syrian golden hamsters, eight weeks of age,
were exposed by inhalation to 0,500,1500 or 3500 ppm (0,1735,5200 or 12 145 mg/m3)
dichloromethane (99% pure, with ~706 mg/ kg trans-1 ,2-dichloroethylene, ~467 mg/ kg

cyclohexane, ~576 mg/ kg chloroform, ~90 mg/ kg vinylidene chloride, ~20 mg/ kg carbon
tetrachloride, ~23 mg/ kg methyl bromide, ~ Il mg/ kg ethyl chloride, ~4.5 mg/ kg methyl

chloride and ~1 mg/ kg vinyl chloride) for six hours per day on five days per week for two
years. The numbers of animals surviving to the end of the study were 16,20, Il and 14 males
and zero, four, ten and nine females. The incidence of lymphosarcomas was slightly higher

in treated females than in controls: control, 1/91; 10w-dose, 6/92; mid-dose, 3/91; and
high-dose, 7/91 (p = 0.032) (Burek et al., 1984; US Environmental Protection Agency,
1985). (The W orking Group noted that the higher survival in treated animaIs may have

contributed to this result.)
(c) lntraperitoneal administration

say based on the production oflung tumours in strain A mice,
groups of 20 male mice, six to eight weeks of age, received thrice-weekly intraperitoneal
injections of 0, 160, 400 or 800 mg/ kg bw reagent-grade dichloromethane (purity, :/95%;
impurities unspecified) in tricapry1in for a total of 16-17 injections (total doses: 2720,6800
Mouse: ln a screening as

and 12800 mg/kg bw, in the treated groups respectively). After 24 weeks, 18, five and 12

animals were stil a1ive in the three treated groups, respectively; these and 15/20 surviving
vehicle controls were kiled and their lungs examined for tumours. There was no significant
increase in the number of lung tumours per mouse: vehicle-control, 0.27; low-dose, 0.94;
mid-dose, 0.80; and high-dose, 0.50 (Theiss et al., 1977).
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3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
The toxicity of dichloromethane has been reviewed (National Institute for Occupationa1
Safety and Health, 1976; US Environmental Protection Agency, 1982c; International
Programme on Chemical Safety, 1984).
Intraperitoneal LDso values for dichloromethane are approximately 1.5 ml/ kg bw (2000

mg/kg bw) in mice (Klaassen & P1aa, 1966) and 0.95 ml/kg bw (1300 mg/kg bw) in dogs
(Klaassen & Plaa, 1967); the oral LDso in rats ranges from 1.6-2.3 ml/ kg bw (2100-3000

mg/ kg bw) (Kimura et al., 1971); and the subcutaneous LDso in mice is approximately 76
mmol/kg bw (6400 mg/kg bw) (Kutob & Plaa, 1962). The LCso values in mice, rats and
guinea-pigs are 16 000 ppm (56 000 mg/m3; 7-h exposure plus 1-h observation), 5.7%
(200 000 mg/ m3; 15-min exposure) and Il 600 ppm (40 000 mg/ m3; 6-h exposure plus 18-h
observation), respectively (Svirbely et al., 1947; Balmer et al., 1976; Clark & Tinston, i 982).

The toxicity of dichloromethane is expressed mainly as disturbances of the central
nervous system, involving sleep disturbance and reductions in spontaneous activity (Heppel

& Neal, 1944; Schumacher & Grandjean, 1960; Fodor & Winneke, 1971; National Institute
for Occupational Safety and Health, 1976).

Hepatotoxic effects are seen after exposure to near 1ethal concentrations of dichloromethane (Gehring, 1968). Inhalation exposure of guinea-pigs to 5200 ppm (18000 mg/ m3)

dichloromethane for 6 h increased hepatic triglyceride concentrations (Morris et al., 1979).
Exposure of guinea-pigs to approximately 11000 ppm (40000 mg/ m3) dich10romethane for
6 h also increased hepatic triglyceride concentrations, but concomitant exposure to
21 400-24 100 ppm (40200-45 300 mg/ m3) ethanol blocked this effect (Balmer et aL., 1976).
Continuous exposure of mice by inhalation to 5000 ppm (17 400 mg/ m3) dichloromethane
caused swellng of the rough endop1asmic reticulum, fatty changes in the liver and necrosis
of individua1 hepatocytes (Weinstein et al., 1972). Slight lIver damage was also observed
following administration of dichloromethane by gavage (133-665 mg/ kg bw) to mice, but no

kidney damage was observed (Condie et al., 1983). Following intraperitoneal administration
of dich10romethane at near lethal doses, hydropic degeneration was observed in the kidneys

of mice (Klaassen & Plaa, 1966) and slight calcification of the renal tubules was seen in dogs
(Klaassen & Plaa, 1967). ln rats, intraperitonea1 administration of 1330 mg/ kg bw
dichloromethane produced renal proximal tubular swelling (Kluwe et aL., 1982).
ln gerbils exposed continuously by inhalation to 350 ppm (1200 mg/ m3), but not in those
exposed to 210 ppm (730 mg/ m3), dichloromethane for up to three months, increased brain

concentrations oftwo astroglial proteins (S-100 and GFA) and decreased cerebellar DNA
concentrations were observed. Decreased hippocampal DNA concentrations were observed
at both exposure 1evels (Rosengren et al., 1986).

ln a 10ng-term bioassay (see section 3.1) of dichloromethane, increased incidences of
haemosiderosis, cytomegaly, cytoplasmic vacuolization, necrosis, granulomatous inflammation and bile-duct fibrosis were observed in the livers oftreated male and fema1e Fischer
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344/N rats, and an increased incidence of testicular atrophy was observed in high-dose

B6C3Fi mice (National Toxicology Program, 1986).

Effects on reproduction and prenatal toxicity

Injection of dichloromethane into the air space of two-, three- and six-day-old White
Leghorn chick embryos induced abnormalities and death. The LDso was estimated to be
greater than 100 t.mol/ egg (E10vaara et al., 1979). Dich10romethane was not teratogenic

following injection into the yolk sac ofO-h-old White Leghorn chick embryos. The LDso was
estimated to be 14 mg/ egg (VerreU et al., 1980).

ln a c1assical teratology study, groups of Swiss Webster mice and Sprague-Dawley rats
were exposed by inhalation to 0 or 1225 ppm (0 or 4000 mg/m3) dich10romethane (purity,
97.86%) for 7 h per day on gestation days 6-15. Exposure of female mice resulted in a
significant increase in body weight during and after exposure, while absolute but not relative

liver weights were increased in both species. There was no statistically significant increase in
visceral anomalies in the fetuses of either species, but evidence of skeletal anomalies was
observed as decreased incidence of lumbar spurs and delayed ossification of the sternebrae
in rats and increased incidence of a single extra sternal ossification centre in mice (Schwetz
et aL., 1975).

Female Long-Evans rats were exposed to 0 or 4500 ppm (0 or 15600 mg/ m3) dichlo-

ring either a three-week pregestational period or during the first
17 days of gestation or both. Ten females per group were allowed to give birth, and the

romethane ("/97% pure) du

offspring were examined for abnormal growth and behaviour. Dams exposed to dichloromet
ha
ne during gestation had increased absolute and relative liver weights. There was no

ring
gestation. No treatment-related visceral or skeletal abnormality was detected in the fetuses
effect on litter size or viability, but fetal weight was reduced in both groups exposed du

of any exposure group, but a greater proportion of litters exposed during both the
pregestational and gestational periods had fetuses with rudimentary lumbar ribs (Hardin &
Manson, 1980). No difference in pup birth weight, viabilty or growth rate was observed, but
alterations in spontaneous locomotor activities were seen in aH exposure groups. No change
was observed in running-whee1 activity or acquisition of an avoidance response (Bornschein
et al., 1980).

Absorption, distribution, excretion and metabolism

The metabolism of halogenated methanes, inc1uding dichloromethane, has been
reviewed (Ahmed et aL., 1980; Laib, 1982; International Programme on Chemical Safety,
1984; Anders & Jakobson, 1985; US Environmental Protection Agency, 1985; Kirschman et
al., 1986).

The highest levels of radioactivity in rats after 1 h exposure by inhalation to 1935 mg/ m3
14C-dichloromethane were found in the fat, with lower levels in the 1iver, kidney and adrenal

glands. Two hours after exposure, the concentration in fat had decreased by more than 90%

and that in the liver by 25% (Carlsson & Hultengren, 1975). Forty-eight hours after
exposure of rats to dichloromethane either orally (1 or 50 mg/ kg bw) or by inhalation (50,
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500 or 1500 ppm; 174, 1735 or 5200 mg/ m3), ~1O% or 7-23%, respectively, of the body
burden was retained (McKenna & Zempel, 1981; McKenna et aL., 1982).
ln rats exposed by inhalationto 500 ppm (1735 mg/ m3) dichloromethane for 1 h on day
21 of gestation, concentrations in maternaI blood were higher than those in fetal blood (176
nmol versus 115 nmol/ ml), while carbon monoxide concentrations were simi1ar in the two

compartments (approximately 160 nmol/m1) (Anders & Sunram, 1982).
Kinetic studies with dichloromethane administered by various routes to rats or mice
revealed that the pharmacokinetics and metabolism are dose- and vehicle-dependent

(Withey & Collins, 1980; McKenna & Zempel, 1981; McKenna et al., 1982; Withey et al.,
1983; Angelo et al., 1986). When dichloromethane was given orally in corn oil to rats or
mice, absorption and elimination were slower than when the vehicle was water (Withey et
aL., 1983; Angelo et aL., 1986).
Dichloromethane is metabo1ized to carbon monoxide in vivo (Fodor et al., 1973; Kubic

omal cytochrome P450-dependent monooxygenases and by bacteria (Salmonella typhimurium TAlOO) (Kubic & Anders, 1975,
1978; Green, 1983). Dichloromethane is metabolized in vitro by rat hepatic cytosolic

et al., 1974) and in vitro by hepatic micros

fractions to forma1dehyde and inorganic chloride, apparently by glutathione-S-transferases

(Heppe1 & Porterfield, 1948; Ahmed & Anders, 1976; Green, 1983).
Radioactivity from 14C-dichloromethane given orally (8.3 or 26 mmol/ kg) to rats was
associated preferentially with hepatic proteins and lipids. Trace amounts associated with
nuc1eic acids were also reported (Reynolds & Yee, 1967).
14C-dichloromethane with rat hepatic microsomal fractions fortified
with NADPH, metabolites were bound to both lipids and proteins (Anders et aL., 1977).
After incubation of

14C-Dichloromethane metabolites did not bind to the RNA or DNA of

rat hepatocytes

exposed to l, 14 or 42 lLM dichloromethane, in the presence or absence of oxygen, although

radioactivity was associated with lipid and protein (Cunningham et aL., 1981).

Mutagenicity and other short-term tests
A number of reviews of the genetic effects of dichloromethane are available (International Programme on Chemical Safety, 1983, 1984; US Environmental Protection Agency,
1985).

Lambda phage were induced by 10 ¡.d dichloromethane in a spot test with Escherichia
coli K39 (À) in a desiccator (Osterman-Golkar et al., 1983). It was reported in an abstract

that dichloromethane gave negative results in the Bacilus subtils rec assay (Kanada &
Uyeta, 1978). (The Working Group noted that no indication was given as to whether the
chemical was toxic.)
Dichloromethane was consistently mutagenic to Salmonella typhimurium when assayed
in a desiccator or other closed chamber, both in the presence and absence of an Aroc10

r-- or

phenobarbital-induced rat-liver metabolic system (S9) (Simmon et aL., 1977; Jongen et aL.,
1978; McGregor, 1979; Kirwin et aL., 1980; Nestmann et aL., 1980; Gocke et al., 1981;
Nestmann et aL., 1981; Jongen et aL., 1982; Green, 1983; Osterman-Golkar et al., 1983;
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Jongen, 1984). Positive responses were obtained with strains T A1535, T A1950, T A100 and

T A98, a1though sorne laboratories found negative resu1ts with T A1535. A few studies found
nie to S. typhimurium when assayed in the absence of
that dichloromethane was not mutage

S9 in standard plate incorporation tests (Simmon et aL., 1977; Nestmann et aL., 1980) and in
a spot test (Buijs et al., 1984).

nie to E. coli WU361089 (mutation to tyrosine
prototrophy), using a spot test in a desiccator; the same protocol did not lead to mutation of
E. coli SD-4 to streptomycin independence (Osterman-Golkar et al., 1983).
Dichloromethane (10 )LI) was mutage

Dichloromethane (104, 157 and 209 mM) induced gene conversion, mitotic recombination and gene mutation in Saccharomyces cerevisiae D7 when the cells were grown under

conditions that led to the synthesis of endogenous cytochrome P450. Strain D4 (which
detects gene conversion only), grown under similar conditions, had one-fifth the P450
activity of strain D7 and responded only marginally to dichloromethane (Callen et al.,
1980). Simmon et aL. (1977) reported that dichloromethane (concentration unspecified) did

not increase the frequency of mitotic recombination in S. cerevisiae D3.
Liquid dichloromethane applied at concentrations of 1.17 x 10-3 M and above for 24 h

was mutagenic in the Tradescantia stamen-hair somatic mutation assay (Schairer &
Sautkulis, 1982; Schairer et al., 1982). When tested in Tradescantia under conditions that
allowed for the volatilization of dichloromethane, concentrations of 0.24-18% resulted in
toxicity and a 'borderline' induction of micronuclei (details not given) (Ma et aL., 1984).

Dichloromethane was tested for induction of sex-linked recessive lethal mutations in
Drosophila melanogaster. Following exposure by feeding (125 and 620 mM) (in which the

fles would presumably also be exposed by inhalation), a weak positive response was
observed in one of three broods (Gocke et al., 1981).

Chinese hamster V79 cells and primary cultures of human fibroblasts were treated in
c10sed vessels with 0.5-5% dich10romethane in the absence of S9. No increase in grain counts
was seen, indicating that unscheduled DNA synthesis was not induced (Jongen et al., 1981).
Perocco and Prodi (1981) reported that concentrations of 2.5, 5 and 10 )Lljml dichloroce unschedu1ed DN A synthesis in human lymphocytes in the presence
or absence of phenobarbital-induced rat-lIver S9. It was reported in an abstract that
methane did not indu

dich10romethane induced a marginal increase in unscheduled DN A synthesis in primary
cultures of rat hepatocytes (details not given) (Thilagar et aL., 1984a). Dich10romethane
(1-30 mM in glass-stoppered tubes) did not induce DNA repair, as measured by densitygradient analysis of bromodeoxyuridine incorporation, in primary cultures of rat hepattes. The two highest doses used (10 and 30 mM) inhibited replIcative DNA synthesis
(Andrae & Wolff, 1983).
Dichloromethane did not induce 6-thioguanine-resistant mutants in Chinese hamster
V79 or Chinese hamster ovary cells exposed in sealed .chambers (both liquid and gas
oey

exposure) in the absence of an exogenous metab01ic system. The cells were exposed to
concentrations ranging from 0.5-5%; the high doses led to a 25% reduction of surviva1

(Jongen et al., 1981). It was reported in an abstract that dich10romethane did not increase

DICHLOROMETHANE

63

mutants at the thymidine kinase locus in L5178Y cells (details not given) (Thilagar et al.,
1984a).

Dichloromethane (2-15 p.ll ml) induced dose-related chromosoma1 damage, measured

as chromatid gaps, chromatid breaks, isochromatid breaks and exchanges, in cultured
Chinese hamster ovary cells. Damage was induced both with and without Aroc1or-induced
rat-liver S9, the S9-treated sample giving higher responses. Small but nonsignificant

increases in the incidence of sister chromatid exchanges were produced, both with and
without S9 (Thilagar & Kumaroo, 1983). It was reported in an abstract that dichloromet

ha

ne induced 'extensive chromosome aberrations' in mouse lymphoma L5178Y cells

both in the presence and absence of an undefined metabolic system. The authors conc1uded
that the increase in sister chromatid exchange incidence in these cells was not significant
because it was not double the background rate (Thilagar et al., 1984b). Jongen et al. (1981)
reported a low leve1 of induction of sister chromatid exchanges in Chinese hamster V79 cells

without S9 in the dose range of 0.5-4% dichloromethane. ln an abstract, McCarroll et al.
ter chromatid exchanges were induced in cultured Chinese hamster
ovary cells exposed for 24 h to concentrations of 1.8-7% dichloromethane, but not in cells
exposed for 2, 4 or 10 h.
(1983) reported that sis

It was reported in two abstracts that dichloromethane induced 'extensive chromosome

aberrations' both with and without metabolic activation and a low but insignificant increase
in sister chromatid exchanges in cultured human periphera1lymphocytes (details not given)
(Thilagar et al., 1984a,b).
A dose-related increase in the number ofSA7 adenovirus-transformed foci was observed
following treatment of primary cultures of Syrian hamster embryo cells in sealed chambers
with 0.63-2.5 ml (170-670 p.gl cm3) volatilzed dichloromethane (Hatch et al., 1982,1983). It
was reported in an abstract that dichloromethane did not indu

ce transformation in C3H

1OT1 1 2 cells (details not givenJ(Thilagar et al., 1984a). Concentrations of 160 and 1600 p.M

dich10romethane transformed Fischer rat embryo cells; subcutaneous inoculation of cells
transformed by 160 p.M into newborn Fischer 344 rats led to the formation of und

if-

injection (Priee et aL., 1978). (The Working Group
noted that this transformation assay does not provide quantitative resu1ts.)

ferentiated fibrosarcomas at the site of

Dich10romethane did not induce micronuc1ei in po1ychromatic erythrocytes recovered
from bone marrow of male and female NMRI mice given two intraperitoneal injections of
1700 mg/kg bw (Gocke et al., 1981).

ln a 10ng-term bioassay (see section 3.1) of dichloromethane, no exposure-related
cytogenetic aberration was reported in bone marrow of male and female Sprague-Dawley
rats (values not given) (Burek et al., 1984).

Dichloromethane induced sex-linked lethal mutations in the nematode Panagrellus
redivivus maintained for 120 h in media containing 10-8,10-6 or 10-4 mollI (Samoiloff et al.,
1980).
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(b) Humans

Taxie effects

The toxic effects of dich10romethane have been reviewed (International Programme on
Chemical Safety, 1984). The odour threshold is 214 ppm (743 mg/m3) (Stahl, 1973).

Fatalities have been associated with acute or prolonged exposure to dich10romethane
(Moskowitz & Shapiro, 1952; Kute10vá et al., 1975; Stewart & Hake, 1976; Bakinson &
Jones, 1985). This compound acts primarily on the central nervous system, causing narcosis
at high doses (Fodor & Winneke, 1971; Winneke, 1974; Putz et al., 1976). Temporary
neurobehavioural effects have been reported after exposure to doses as low as 200 ppm (700
mg/ m3) by sorne authors (Winneke, 1974; Putz et al., 1976) but not by others (Gamberale et
al., 1975).

An exposure-related increase in serum bilirubin was observed in workers exposed to
dichloromethane, but no other sign of liver injury or haemolysis was reported (Ott et al.,
1983b). A cross-sectional study of 24 employees at a fibre production plant showed no
excess of electrocardiographic abnormalities among those exposed to 60-475 ppm (208-

1648 mg/ m3, time-weighted average (TW A)) dichloromethane and monitored for 24 h (Ott
et al., 1983c). No significant increase in overall mortality or deaths due to ischaemic heart
disease was found among 1271 male and female employees exposed to 140-475 ppm
(486-1648 mg/ m3, TW A) dichloromethane when compared to the mortality of

the general

US population (for further details, see p. 66). A statistically significant increased risk of
ischaemic heart disease was found in comparison with an internal reference group, in which,

however, there were less than half the observed deaths expected from US statistics
(standardized mortality ratio, 39) (Ott et al., 1983d). No such excess was found in another
US cohort exposed to a time-weighted average range of 30-120 ppm (106-416 mg/ m3)

dichloromethane, as compared to an internal reference group (see p. 66) (Hearne &
Friedlander, 1981).

Effects on reproduction and prenatal toxicity
A case-control study on 44 women who had had a spontaneous abortion was performed

within a cohort of female workers employed in Finnish pharmaceutical factories during
1973 or 1975 to 1980. Three controls matched for age at conception within 2.5 years were

chosen for every case (except two). Information about pregnancy outcome was collected
from hospital data, and data on exposures from health personnel at the facto

ries. The odds

ratio for dichloromethane exposure, based on Il exposed cases, was 2.3 (95% confidence
interval, 1.0-5.7; p = 0.06); the odds ratio was also increased for exposures to many other

solvents. The odds ratio for those exposed once a week or more during the first trimester of
pregnancy was 2.8, and that for those exposed 1ess than once a week was 2.0 (Taskinen et al.,
1986).

Absorption, distribution, excretion and metabolism
The uptake and distribution of dichloromethane have been reviewed (Åstrand, 1975).
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Dichloromethane is rapid1y absorbed and eliminated by the 1ungs (Riley et al., 1966;

Morgan et al., 1970; DiVincenzo et al., 1972; Åstrand, 1975; Åstrand et al., 1975) and is
distributed to adipose tissues (Engström & Bjurström, 1977). The compound is absorbed
through the skin (Stewart & Dodd, 1964).
Dichloromethane is metabolized to carbon monoxide (Stewart et al., 1972a,b; Ratney et
al., 1974; Åstrand et al., 1975; Stewart & Hake, 1976; Peterson, 1978; DiVincenzo &
Kaplan, 1981; Ott et al., 1983e). Elevated carboxyhaemoglobin saturation and increased
urinary formic acid concentrations have been found in workers exposed to dichloromethane
(KuIelová & Vlasák, 1966; DiVincenzo & Kaplan, 1981). (The Working Group noted that

these observations indicate that both hepatic microsomal and cytosolic metabolism of
dichloromethane occur in humans, as in experimental animals.)
Mutageniczty and chromosomal effects
No increase in the incidence of chromos

omal aberrations or of sister chromatid

exchanges was seen in peripheral1ymphocytes ofthree factory workers exposed to 635-2421

mg/ m3 (median, 719 mg/ m3) dichloromethane (8-h time-weighted averages), in addition to

other solvents, over those in three matched, unexposed controls (Haglund et al., 1980). (The
W orking Group noted that no indication was given of the duration of exposure or of
cytogenetic values.)
3.3 Case reports and epidemiological studies of carcinogenicity to humans

Friedlander et al. (1978) carried out a proportiona1 mortality study of 334 deaths that
occurred in 1956-1976 among active, disabled or retired men who had ever worked in
dichloromethane (as a solvent) areas in one company, regard1ess of the duration of

exposure. Expected numbers were calculated on the basis of age- and diagnosis-specific

proportional mortality among nonexposed men in the same company in 1960-1976. The
range of exposure levels in 1959, based on 188 samples, was reported to be 9-350 ppm
(31-1215 mg/m3), with a mean value of 79.4 ppm (276 mg/m3). A total of 71 malignant
neoplasms was observed versus 73.4 expected (standardized mortality ratio (SMR), 97; 95%
confidence limits (CI), 76-122), and no significant difference was noted between observed
and expected numbers for any specifie cancer site.

ln the same paper, Friedlander et al. (1978) reported a cohort mortality study of all 751
'hourly males' employed in 1964 in the same dichloromethane area. (The Working Group

noted that the proportional mortality and cohort mortality studies concem partially
overlapping populations.) Ofthis group, 252 had a minimum of20 years'work exposure as
at 1 July 1964 and were analysed separately. The study covers a maximum of 13 years'
follow-up. The rates used for the internaI industrial referent population were the age-group
and cause-specifie mortality rates for 1964-1976 of all other 'hourly males' in the same
company. The rates used for the externa1 referent population were the age-group and
cause-specifie mortality rates for 1966-1972 for men in New York State (exclusive of New
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York City). ln the total cohort, 14 malignant neoplasms were observed vers

us 19.5 expected

(SMR, 72; 95% CI, 39-121) from the internaI control rates and 25.0 from the external
control rates (56; 31-94). Among the employees with a minimum of 20 years of exposure,
only seven ma1ignancies were observed versus 12.5 expected from the internaI control group

(56; 23-115) and 16.2 expected from the New York State contro1s (43; 17-89). No specifie
diagnostic group had a statistically significant excess.
Hearne and Friedlander (1981) updated the latter study through to 1980. Among the 252
men with 20 or more years of exposure, 13 ma1ignant neoplasms were observed vers

us 17.8

expected from the internal control group (73; 39-125) and 24.7 from men in New York State

(53; 28-90). No diagnostic category of malignant neoplasm occurred significantly more

frequently than in either set of controls.
Ott et aL. (1983d) reported a cohort morta1ity study of 1271 white and non-white men and

women employed in a fibre production plant in which dichloromethane was used as a
general-purpose solvent. The range of exposure was a time-weighted average of approximately 140-475 ppm (486-1648 mgjm3). Employees who had worked for at least three
months subsequent to 1 January 1954 and prior to i January 1977 were included and

followed up to 30 June 1977. The observed numbers were compared with the expected
numbers from an internal referent cohort of 948 acetone-exposed employees and with
mortality data for US white males, non-white males and white females. Vital status was not
the internal referent cohort. Among the
exposed white men and women, seven deaths due to malignant neoplasms were observed
compared to 10.1 expected in the US population (69; 28-143). No specifie cancer site was
overrepresented. Seven malignant neoplasms were observed in the referent cohort, whereas
12.3 were expected for white men and women (57; 23-117). (The W orking Group noted that
only 115 men and 154 women with more than five years' exposure had been first exposed
before 1960, i.e., allowing for adequate follow-up time with respect to latency for malignant
confirmed for 18% ofthe exposed cohort or 12% of

neoplasms. )

(The W orking Group noted that, in the available studies, only limited numbers of

persons had had long-term exposure and adequate follow-up time for identification of
increased cancer rates.)

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Dichloromethane has been produced on a large scale since the 1930s. It is used
principally as a solvent, and in paint removers, degreasers, aeroso1 products, the

manufacture of foam polymers and food extraction. Widespread exposures occur during
the production and industrial use of dichloromethane and during the use of a variety of
consumer products. Substantial 10sses to the environment lead to ubiquitous 10w-leve1

exposure from ambient air and water.
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4.2 Experimental data

Dichloromethane was tested by oral administration in drinking-water in mice and rats,
by inhalation exposure in mice, rats and hamsters, and by intraperitoneal injection in a
lung-adenoma assay in mice. Exposure by inhalation increased the incidence ofbenign and
malignant lung and lIver tumours in mice of each sex and the incidence or multip1icity of

benign mammary tumours in rats of each sex; in male rats, an increased incidence of
sarcomas located in the neck was also observed. The studies by oral administration in mice
and in male rats and the inhalation study in male hamsters gave negative results. The study

by oral administration in female rats and the inhalation study in female hamsters were
inconc1usive. ln the lung-adenoma test in mice, negative results were obtained.

Exposure to dichloromethane by inhalation did not induce visceral malformations in
fetal mice or rats. ln rats, postnatal behavioura1 development is affected by prenatal

exposure to dich1oromethane.

Dichloromethane induces lambda prophage in Escherichia coli. It is mutagenic to
bacteria, plants and nematodes and induces gene conversion, mitotic recombination and
gene mutation in yeast. Results from one study for the induction of sex-1inked recessive

lethal mutations in Drosophila melanogaster were equivocaL. ln cultured mammalIan cells,
dichloromethane induces chromosomal aberrations, but it does not induce unschedu1ed

DNA synthesis or mutations; equivocal results were reported for the induction of sister
chromatid exchanges. Dichloromethane transforms cultured mammalian cells. It does not

induce micronuc1ei in bone-marrow of mice.

Overall assessment of data (rom short-term tests: Dich1oromethanea
Cell transformation

Genetic activity

DNA damage

Mutation

Chromos

omal

effects

Prokaryotes

+

+

Fungij Green plants

+

Insects

?

Mammalian cells
(in vitro)

-

Mammals
(in vivo)

-

+

+

-

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient

Cell transformation:
Positive

aThe groups into which the table is divided and the symbols '+' and '-' and '1' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.
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4.3 Human data
A study of possible causes of spontaneous abortions among women working in the
pharmaceutical industry demonstrated an increased risk associated with exposure to severa1
chemicals and solvents, inc1uding dich10romethane.

No excess risk of death from ma1ignancies was observed in two cohort studies or in one
proportional mortality study of workers exposed to dichloromethane, but the studies had
limited power to detect excess risk.
4.4 Evaluationl

There is sufflcíent evidence2 for the carcinogenicity of dichloromethane to experimental
animals.
There is inadequate evidence for the carcinogenicity of dichloromethane to humans.
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1,1,1,2- TETRA CHLO R 0 ETHANE

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 630-20-6

Chem. Abstr. Name: 1,1,1,2- Tetrach10roethane

IUPAC Systematic Name: 1,1,1,2-Tetrachloroethane
1.2 Structural and mo1ecular formulae and mo1ecular weight

Ci H

1 1

Ci - C - C - CI

1 1

Ci H
MoL. wt: 167.85

CiHiC14

1.3 Chemical and physical properties of the pure substance
(a) Description:Colourless liquid (Sittig, 1985)
(b) Boilng-point: l30.5°C (Weast, 1985)

(c) Me/ting-point: -70.2°C (Weast, 1985)

(el Density: d¡O 1.5406 (Weast, 1985)

(e) Spectroscopy data: Infrared (Pouchert, 1981), nuclear magnetic resonance
(Pouchert, 1983) and mass spectral data (Grassell & Ritchey, 1975) have been

reported.
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(Canada Safety Council, 1981); soluble in
ethanol, diethyl ether, acetone, benzene and chloroform (Weast, 1985)

(f Solubility: 0.056 g/ 100 g in water at 20°C

(g) Volatility: Vapour pressure, 10 mm Hg at 19.3°C (Weast, 1985)

(h) Stability: Emits toxic fumes when heated to decomposition (Sax, 1984)

(i) Octanoljwaterjpartition coefficient (P): log P, 2.66 (ICIS Chemical Information

System, 1985 (ISHOW))
(;) Conversion factor: mg/ m3 = 6.87 x ppma

1.4 Technical products and impurities

1,1,1,2-Tetrachloroethane is not available in commercial quantities. Although the
symmetrical isomer, 1,1 ,2,2-tetrachloroethane, has a number of industrial uses, the

unsymmetrical tetrach10roethane is used only in research quantities (Chieruttini &

Franklin, 1976). 1,1,1,2- Tetrachloroethane is available in 98.5% purity (Aldrich Chemical
Co., 1984).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

1,1,1,2- Tetrach10roethane is not produced for sale in bulk quantities (Chieruttini &
Franklin, 1976; National Institute for Occupational Safety and Health, 1978; Kaveler,
1984). It is present as an unisolated intermediate in sorne processes for the manufacture of
trichloroethylene and tetrach10roethylene from ethylene dichloride (Archer, 1979; National
Toxicology Program, 1983).
(b) Use

1,1,1,2-Tetrachloroethane has no known commercial use other than as anunisolated

process intermediate. Trichloroethylene and tetrachloroethylene, in which 1,1,1 ,2-tetrachloroethane may be present as an impurity (National Toxicology Program, 1983), are
widely used as solvents in c1eaning, degreasing and extraction processes (see IARC, 1979).

°Calculated from: mg/ m3 = (molecular weight/24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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(c) Regulatory status and guidelines

No standard has been set for occupational exposure to 1,1,1 ,2-tetrachloroethane. ln

order to protect aquatic organisms, the US Environmental Protection Agency (I980)
recommends that the maximum concentration of the chemical in fresh water not exceed 9.32
mgj 1.

1,1,1,2- T etrachloroethane is classified as a hazardous waste and as a priority toxic

pollutant by the US Environmental Protection Agency (Sittig, 1985).
2.2 Occurrence

(a) Naturaloccurrence

1,1,1,2- Tetrach10roethane is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure levels were available to the Working Group.
(c) Air

ln the USA, mean urban air concentrations of 1,1,1 ,2-tetrachloroethane were 4-9 ppt
(28-62 ngj m3). The ca1culated average human exposure doses were 0.1-0.6 ¡.gj day. The

estimated residence time for l,l, i ,2-tetrachloroethane in a typical urban atmosphere was
:? 1160 days, with a daily rate ofloss of 0:0.1 % (Singh et al., 1981).
(el Water and sediments

The concentration of 1,1,1 ,2-tetrachloroethane in water samples taken in 1976 from the

Rhine River near Lobith ranged from 0:0.1 to 0.4 ¡.gj l, with an average of 0.2 ¡.gj 1.
Concentrations in drinking-water samples from 100 cities of the Federal Republic of
Germany in 1977 ranged from nondetectable to 1.3 ¡.gj l, with an average of ':0.1 ¡.gj 1
(Bauer, 1981).

(e) Human tissues
Bauer (1981) analysed samples taken from 15 autopsy cases in 1978 in the Ruhr district
of the Federal Republic of Germany. The mean value of 1,1,1 ,2-tetrachloroethane was 1.6
¡.gj kg in kidney capsule fat, 0.6 ¡.gj kg in hypodermis fat tissue, 2.2 ¡.gj kg in lung, 0.4 ¡.gj kg

in liver and 0.2 ¡.gj kg in muscle. The highest levels found in individual samples were 15.1
¡.gj kg in kidney capsule fat and 27.0 ¡.gj kg in lung. The author did not corre1ate these levels
with any specifie exposure to 1,1,1 ,2-tetrachloroethane.
(f Other

The compound has been reported as a trace imp~rity II trich10roethylene and
tetrachloroethylene (National Toxicology Program, 1983).
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1,1,1,2- Tetrachloroethane concentrations ranged from nondetectable to 0.2 ¡ig/l in
mouthwash and froID nondetectable to 0.1 ¡.g/1 in seven cough mixtures purchased in shops

in Bochum, Federal Republic of Germany (Bauer, 1981).
2.3 Analysis

A method for the quantitative analysis of 1,1,1 ,2-tetrachloroethane in groundwater and

in liquid and solid wastes has been described (US Environmental Protection Agency, 1982)
involving extraction (solid samples) with methano1, dilution with water and a standard
purge/trap sequence for isolation of volatiles and analysis by gas chromatography with
electrolytic conductivity detection. Gas chromatographie determinatIon of 1,1,1 ,2-tetrachloroethane in drinking-water, using photoionization and e1ectrolytic conductivity
detectors in series, is reported to provide a sensitivity of 0.1-0.5 ¡.g/l (Kingsley et aL., 1983).

A method using gas chromatography / Fourier-transform infrared detection is reported for
the analysis of 1,1,1,2-tetrachloroethane in chemical plant still-bottom samples (Gurka et
al., 1982).

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais

Oral administration

Mouse: Groups of 50 male and 50 female B6C3Fi mice, eight weeks of age, were
administered 0, 250 or 500 mg/ kg bw 1,1,1 ,2-tetrach10roethane (::99% pure with traces of

chloroethane and ethylene derivatives) in corn oil by gavage on five days a week for 103
weeks (low dose) or 65 weeks (high dose) and then kiled. Clinical signs of central nervous

system toxicity occurred at week 51 in high-dose animals of each sex; all died or were kiled
the study was 38/50 control males and
34/50 low-dose males and 41/50 control females and 31/50 low-dose females. There was a
statistically significant dose-related increase in the incidence of hepatocellular adenomas in
animaIs of each sex: 6/48, 14/46 and 21/50 (p = 0.001) in control, low-dose and high-dose
when moribund after 65 weeks. Surviva1 to the end of

males, and 4/49,8/46 and 24/48 (p.c 0.001) in females. ln spite oflow surviva1, there was a

dose-re1ated (p .c 0.05) increase in the incidence of hepatocellular carcinomas in treated
females: 1/49, 5/46 and 6/48 (National T oxicology Program, 1983).

Rat: Groups of 50 male and 50 female Fischer 344/N rats, seven weeks of age, were
1,2-tetrachloroethane (?99% pure with traces of
ch10roethane and ethylene derivatives) in corn oil by gavage on five days a week for 103
administered 0, 125 or 250 mg/kg bw l,

l,

weeks and kiled at 104 weeks. Clinical signs of central nervous system involvement were

observed from week 44 onwards. At the end of the study, survival was 29/50, 25/50 and
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21/50 in control, low-dose and high-dose males, and 29/50, 27/50 and 24/50 in females. A
statistically significant increase in the incidence of fibroadenomas of the mammary gland
was observed in low-dose females: controls, 6/49; low-dose, 15/49 (p = 0.024); and highdose, 7/46; however, no significant dose-response trend was observed (National Toxicology
Pro

gram, 1983).

3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
Oral LDso values for 1,1,1 ,2-tetrachloroethane have been reported to be 1500 mg/ kg bw

in male mice, 670 mg/ kg bw in male rats and 780 mg/ kg bw in female rats. LCso values for a
four-hour exposure to 1,1,1,2-tetrachloroethane were 2100 ppm (14400 mg/ m3) in male and

2500 ppm (17 150 mg/ m3) in female rats, and 2800 ppm (19200 mg/ m3) in male rabbits. The
dermal LDso for 1,1,1 ,2-tetrachloroethane in rab

bits was reported to be approximate1y 20

g/kg (Truhaut et al., 1974).
Acute oral toxicity studies with 1,1,1,2-tetrachloroethane (0.5 g/kg, 99.9% pure) in
bits showed increases in the activities of several serum enzymes (serum glutamic-pyruvic
transaminase, serum glutamic-oxaloacetic transaminase, creatinine phosphokinase, lactate
dehydrogenase and a-hydroxybutyrate dehydrogenase) 24 h after treatment (Truhaut et al.,
0.3 g/kg bw 1,1,1,2-tetrachloroethane
rab

1973). Female, but not male, rats given oral doses of

on five days per week for two weeks developed hepatic steatosis (Truhaut et al., 1975).

bits administered 0.5 g/ kg bw 1,1,1 ,2-tetrachloroethane orally showed morphological evidence of liver damage 24 h to Il days after
Male and female guinea-pigs and rab

treatment (Tru

haut et al., 1974).

Oral administration of 0.4 g/ kg bw 1,1,1 ,2-tetrachloroethane on five days per week for
two weeks to male and female rats or of 0.5 g/ kg bw 1,1,1 ,2-tetrachloroethane every other

day for two weeks to male rabbits produced 10 and 20% mortality in male and female rats,
respectively; 4/7 rabbits died during the experiment. Following oral administration of 0.3

g/kg bw 1,1,1,2-tetrachloroethane to male and fema1e rats on five days a week for 10
months, mortality was 25% in males and 40% in females (10% in controls). Morpho10gica1
bits showed evidence of 1iver damage (Truhaut et al., 1974).
Exposure of male and female rats and rab bits by inhalation to 500 ml/ m3 (3430 mg/ m3)
1,2-tetrachloroethane for 4 h per day on five days per week for four weeks produced no

studies in both rats and rab

l,

l,

mortality or change in growth. When male and female rats were exposed to the same
regimen for 12 months, morta1ity was similar to that in controls (about 20%); no mortality

was observed in male and female rabbits exposed to the same regimen for six months.
Morpho10gical examination revealed hepatic centri10bular necrosis and microvacuólation
in both rats and rabbits (Truhaut et al., 1974).

ln a bioassay(see section 3.1), male and female Fischer 344/N rats or B6C3Fi mice were
given 1,1,1,2-tetrachloroethane by gavage for 103 weeks. Because of compound-related
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toxicity, the mice receiving the high dose were killed after 65 weeks. Central nervous system
toxicity (weakness, inactivity, 10ss of coordination) was observed in the high-dose groups of
rats after 44 weeks and in mice after 51 weeks. Mineralization of the kidney occurred in male
rats. N on-neoplastic liver les

ions (inflammation, necrosis, fatty metamorphosis and

hepatomegaly) were observed in high-dose male and female mice (National Toxicology
Program, 1983).

Effects on reproduction and prenatal toxicity

No reproductive disturbance was observed in rats exposed orally or by inhalation to
1,1,1 ,2-tetrachloroethane, although neonates born to exposed females died within two days
haut et al., 1974). (The Working Group noted that the report did not specify

of birth (Tru

whether or not the newborn animaIs had themselves been exposed to 1,1,1 ,2-tetrachloroethane, and control animals were not described.)

Absorption, distribution, excretion and metabolism

The metabolism of 1,1,1,2-tetrachloroethane and related chloroethanes has been
reviewed (Loew et al., 1984).
ln mice given a subcutaneous dose of 1.2-2.0 g/ kg bw l,

l,

1,2-tetrachloroethane (,(0.1 %

impurities, including 0.03% trichloroethylene), 21-62% was eliminated unchanged in
exhaled air within 72 h. The major urinary metabolite (17-49% of the dose, although some
faecal mate

rial was collected in the urine) was trichloroethano1 and its glucuronide

conjugate; trich10roacetic acid (1-7% of the dose) was also excreted in the urine (Yllner,
1971). Trich10roethanol has also been isolated as the major metabolite, with trichloroacetic

acid, from the urine of rats, rabbits and guinea-pigs (Ikeda & Ohtsuji, 1972; Truhaut & Phu
Lich, 1973). After intraperitoneal administration of 1,1,1 ,2-tetrachloroethane to phenobarbital-treated rats, l, 1-dichloroethylene and 1,1 ,2-trichloroethane were detected in the
blood (Thompson et aL., 1984).
ln the presence of oxygen, NAD PH and rat liver microsomes, 1,1,1 ,2-tetrachloroethane

undergoes little dechlorination (Van Dyke & Wineman, 1971). ln contrast, NADPHdependent reductive metabolism of 1,1,1 ,2-tetrach10roethane by hepatic microsomal
fractions from rats yields l, 1-dich10roethylene as the major metabolIte (Thompson et al.,
1984; Town & Leibman, 1984) and 1,1,2-trichloroethane as a minor metabolite (Thompson
et al., 1984, 1985).

Mutagenicity and other short-term tests
1,1,1,2- Tetrachloroethane p:99% pure) was not mutagenic to Salmonella typhimurium
100 when tested at up to toxic doses (1000 J-g/plate) in a

TA1535, TA1537, TA98 or TA

preincubation assay without an exogenous metabolic system (S9) or in the presence of
Aroclor-induced rat or hamster 1iver S9 (Haworth et aL., 1983). It was a1so reported to be
nonmutagenic when tested in S. typhimurium T A1535, T AI537, T A1538, T A98 and T AIOO

(using an unspecified protocol) in the presence or absence of Aroclor-induced rat-lIver S9
(values not given) (Simmon et al., 1977).
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1,1,1,2- Tetrachloroethane did not induce transformation of BALB / c-3T3 clone 1-13

cells at concentrations of up to 250 ¡.g/ ml in the absence of S9; it was not tested in the
presence of S9. Cell survival at the highest dose was 75% (Tu et aL., 1985).

(b) Humans

No data were available to the Working Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

1,1,1,2- Tetrachloroethane is an intermediate in one process for the manufacture of

trichloroethylene and tetrachloroethylene and has been reported to occur as an impurity in
these wide1y used products. It has been detected at low levels in ambient air and in

drinking-water.
4.2 Experimental data

1,1,1,2- Tetrachloroethane was tested for carcinogenicity by oral administration by
gavage in one study in mice and one study in rats. An increased incidence of hepatocellular
adenomas was observed in mice of each sex and of hepatocellular carcinomas in females.
The experiment in male rats gave negative results and that in female rats was inconclusive.
No evaluation of the effects of 1,1,1 ,2-tetrachloroethane on reproduction or prenatal

toxicity in experimental animals could be made on the basis of the available data.
1,1,1,2-Tetrachloroethane is not mutagenic to bacteria. It does not induce transfor-

mation in cultured mammalian cells.

4.3 Human data

No data were available to evaluate the reproductive effects or prenatal toxicity of
1,2-tetrachloroethane to humans.
No case report or epidemiological study of the carcinogenicity of 1,1,1 ,2-tetrachloroethane to humans was avaIlable to the W orking Group.
1,

l,
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Overall assessment of data from short-term tests: 1,1,1,2- Tetrachloroethanea
Cell transformation

Genetic activity

DNA damaße

Mutation

Çhromosomal
effects

Prokaryotes

-

Fungi/ Green plants
Insects

Mammalian cells

-

(in vitro)

Mammals
(in vivo)
H umans

(in vivo)

Degree of evidence ¡n short-term tests for genetic activity: Inadequate

Cell transformation:
Negative

aThe groups into which the table is divided and the symbol '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of l,l, L ,2-tetrachloroethane to
experimental animaIs.

No evaluation could be made of the carcinogenicity of 1,1,1 ,2-tetrachloroethane to
humans.
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PENT ACHLOROETHANE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 76-01-7
Chem. Abstr. Name: Pentachloroethane
IUPAC Systematic Name: Pentachloroethane
Synonyms: Penta1in; ethane pentachloride

1.2 Structural and molecular formulae and molecular weight

CI H

1 1

CI-C -C -ci

1 1

CI ci
Ci H Cls

MoL. wt: 202.29

1.3 Chemical and physical properties of the pure substance
(a) Description: Dense colourless liquid with ch10roform-like odour (Hawley, 1981;

Windholz, 1983; Sax, 1984)
(b) Boilng-point: 162°C (Weast, 1985)
(c) Melting-point: -29°C (Weast, 1985)
(d) Density: d¡O 1.6796 (Weast, 1985)

(e) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980, 'prism (178),
grating (33331)), nuc1ear magnetic resonance (Sadtler Research Laboratories,
1980, proton(21132), C-13 (44)) and mass spectral data (Grassell & Ritchey, 1975)

have been reported.
QIn square brackets, spectrum number in compilation
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(j Solubilty: Insoluble in water (Windholz, 1983; Sax, 1984); soluble in ethano1 and

diethyl ether (Weast, 1985)
(g) Volatilty: Vapour pressure, 3.4 Ilm Hg at 20°C (Verschueren, 1983), 10 mm at

39.8°C (Weast, 1985); relative vapour density (air = 1), 7.2 (Verschueren, 1983)
(h) Stability: Emits highly toxic fumes when heated to decomposition (Sax, 1984)

(i) Reactivity: Dehydrohalogenation under mild alkaline conditions produces tetra-

chloroethylene (US Environmental Protection Agency, 1983; see IARC, 1979a,
1982a); under reducing conditions, chloroacetylenes may be formed (Sax, 1984)

U) Octanol/water partition coefficient (P): log P, 3.67 (ICIS Chemica1 Information
System, 1985 (ISHOW))
(k) Conversionfactor: mgjm3 = 8.27 X ppma

1.4 Technical products and impurities
Pentachloroethane is not available commercially in bu1k quantities, but can be obtained

in 95-96% purity for research purposes (Aldrich Chemical Co., 1984; Fluka Chemical Corp.,
1984). Many chlorinated ethane and ethylene derivatives, inc1uding hexachloroethane (see

IARC, 1979b), have been detected as impurities in various batches of pentachloroethane
(National Toxicology Program, 1983).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Pentachloroethane is no longer produced other than for research purposes, but it may
stil be formed as an intermediate or byproduct in some processes. It can be produced by the
chlorination of acetylene, and it is found as an intermediate product in the conversion of
trichloroethylene (see IARC, 1979c, 1982b) to tetrachloroethylene (National Institute for
Occupational Safety and Health, 1981).

Other production methods have been patented in France, the Federal Republic of
Germany and Japan. The French patent provides for the oxych10rination of ethylene to

uCalculated from: mgj m3 = (molecular weightj24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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produce various ch10rinated ethanes. The German patent describes a method to produce
pentachloroethane through the ultraviolet-activated ch10rination of 1,1 ,2,2-tetrachloro-

ethane (see IARC, 1979d). Pentachloroethane is an intermediate in a Japanese process ¡n
which ethylene (see IARC, 197ge) is converted into tetrach10roethylene (National Institute
for Occupational Safety and Hea1th, 1981).

According to the TSCA (Toxic Substances Control Act) Inventory, more than 5-23
milion kg pentachloroethane were produced by two US manufacturers in 1977 as an
intermediate in the synthesis oftetrachloroethylene (US Environmenta1 Protection Agency,
1983). The US International Trade Commission has not reported production statistics for
pentachloroethane. The sole US plant producing tetrachloroethylene from acetylene
feedstock (via pentachloroethane as an intermediate) ceased production in 1978 (National

Institute for Occupational Safety and Health, 1981). No current European or Japanese
producer of commercial quantities of pentachloroethane has been identified.
(b) Use

There appears to be no current commercial use for pentachloroethane. It may occur as
an intermediate in the production of chlorinated ethylenes, and it remains as an unisolated
component of production stil bottoms (Gurka et aL., 1982), which are generally returned to
feedstock. Pentach10roethane can be used as a solvent for cellulose plastics, natural gums
and resins (JRB Associates, Inc., 1981) and for dry-c1eaning (Browning, 1965), as a drying

agent for timber (Sittig, 1985), and for coa1 purification (Hawley, 1981); however, there is no
evidence that it is currently used in these ways.
Pentachloroethane was used in the past as an intermediate in the production of

dichloroacetic acid (Freiter, 1978), as an oil and grease solvent in metal c1eaning (Hawley,
1981), as a solvent for cellulose acetate, certain cellulose ethers, resins and gums (Sittig,
1985), and as a soil sterilizing agent (Browning, 1965).
(c) Regulatory status and guidelines

Occupational exposure 1imits for pentachloroethane in eight countries are presented in
Table 1.

2.2 Occurrence

(a) Naturaloccurrence

Pentachloroethane is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure leve1s were avaIlable to the Working Group.
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Table 1. Occupational exposure limits for pentachloroethanea
Concentration
(mgjm3)

Interpretationb

Country

Year

Finland

1981

40
80

TWA
STEL

German Democratie Republic

1979

20
40

TWA
STEL

Germany, Federal Republic of

1985

40

TWA

The Netherlands

1978

40

TWA

Norway

1981

40

TWA

Romania

1975

200
250

TWA
Ceiling

Switzerland

1978

40

TWA

Yugoslavia

1971

40

Ceiling

aFrom International Labour Office (1980); Direktoratet for Arbeidstilsynet (1981); TyösuojeluhaIltus
(1981); Deutsche Forschungsgemeinschaft (1985)

bTW A, time-weighted average; STEL, short-term exposure limit

(c) Air

Atmospheric concentrations of pentachloroethane at Bochum University, Federal
Republic ofGermany~ and its environs ranged from non-detectable to 0.1 ¡.g/ m3. Within the
city of Bochum, the concentrations ranged from non-detectable to 0.6 ¡.g/ m3 (Bauer, 1981).

Pellizzari et al. (1979) identified pentachloroethane in ambient air in the USA, ln
Houston, TX (4 ¡.g/m3) and in Baton Rouge, LA (0.01 ¡.g/m3).
(ci Water

The concentration of pentachloroethane in water samples taken in 1976 from the Rhine

river near Lobith, Federal Republic of Germany, ranged from non-detectable to 0.1 ¡.g/1.
Concentrations in drinking-water samples from 100 cities in the Federal Republic of
Germany in 1977 ranged from non-detectable to 0.2 ¡.gjl, with an average of .c0.i ¡ig/l
(Bauer, 1981).

Pentachloroethane llas also been detected in trace quantities (generally less than 1 ¡ig/ 1)

in water supplies in the UK and the USA at an average level of 3.3 mg/ 1 (US Environmental
Protection Agency, 1983).
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(e) Other

Pentach10roethane was detected in sorne cosmetic products purchased from shops in
Bochum, Federal Republic of Germany, with maximum concentrations of 1.0 ¡ig/l in
mouthwash, 0.2 ¡.g/l in after-shave lotion, and 0.3 ¡.g/l in one of seven cough mixtures
(Bauer, 1981).

2.3 Analysis

Selected methods for the analysis of pentachloroethane in air and water are identified in
Table 2.

Table 2. Methods for the analysis of pentachloroethane
Sample matrix

Air

Sample preparation

Assay
procedurea

LImit of
detection

Reference

Adsorb (Porapak R);

GCf EC

1.3 t.g/m3

ElIer (1985)

GCI EC

0.02 t.g/I

Deetman et aL.
(1976)

desorb (hexane);

inject aliquot

Water

Extract (n-pentane);

dry (sodium sulphate);
inject aliquot
aGCI EC, gas chromatography 1 electron capture detection

A method has been reported for the analysis of pentachloroethane in chemical plant

stil-bottom samples (Gurka et aL., 1982), using gas chromatography / Fourier-transform
infrared detection.

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs

Oral administration

Mouse: Groups of 50 male and 50 fema1e B6C3Fi mice, eight weeks of age, were
administered 0, 250 or 500Alg/kg bw technica1-grade pentachloroethane (95.5% pure, with
4.2% hexachloroethane and traces of other chlorinated ethane and ethylene derivatives) in

corn oIl by gavage on five days a week for 103 weeks, when the survivors were kiled. AIl
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high-dose males and females had died or were killed by weeks 41 and 74, respectively; 25

control males were kiled at week 44 to be compared with the high-dose males. Of the
10w-dose groups, 22/50 males and 9/50 females survived to the end of the study. The
incidence of hepatocellular carcinomas was significantly increased in low-dose males
(26/44) as compared to contro1s (4/48) (p 0: 0.001). Early mortality of high-dose males
prec1uded an evaluation of the life-time incidence of hepatocellular carcinomas, but there
was a significantly increased incidence over that observed among the 25 contro1s at week 44
(7/45 versus 0/25, p 0: 0.05). A significantly increased incidence of hepatocellu1ar

carcinomas was observed in treated fema1es as compared to contro1s (control, 1/46; lowdose, 28/42, pO: 0.001; high-dose, 13/45, pO: 0.001). There was a1so a significant doserelated increase in the incidence of hepatocellular adenomas in treated females (2/46,8/42
and 19/45 in the three groups, respectively; pO: 0.001, trend test) (Mennear et aL., 1982;

National Toxicology Program, 1983). (The Working Group noted the presence in the test
compound of 4.2% hexachloroethane, which has been shown to produce liver tumours in
mice (see IARC, 1979b); however, the possible contribution ofthis impurity to the effects
observed could not be eva1uated.)

Rat: Groups of 50 male and 50 female Fischer 344/N rats, seven weeks of age, were
administered 0, 75 or 150 mg/ kg bw technical-grade pentachloroethane (95.5% pure, with

4.2% hexach10roethane and traces of other ch10rinated ethane and ethy1ene derivatives) in
corn oil by gavage on five days a week for 103 weeks, when survivors were killed. Surviva1 of
males by the end of the study was: control, 82%; low-dose, 66%; high-dose, 52%; and that of
fema1es was: 76%, 72%, and 50%. The incidence of diffuse chronic inflammation of the

kidney, distinguishable from old-age nephropathy, was significant and dose-related in
treated male rats (4/50, 14/49 and 33/ 50;pO: 0.001). There was also a dose-re1ated trend in

the incidence of tuJ).~ adenomas of the ~id~~~__~al_~~j.o /50, 1/49 and 4/50;

p 0: 0.05). ln addition, one control and one low-dose male each had a tubular-cell adenocarcinoma and another low-dose male had a carcinoma of the kidney (type unspecified).

The trend is not statistically significant when the numbers ofbenign and ma1ignant tubularcell tumours are combined (1/50, 2/49 and 4/50). A tubular-cell tumour also occurred in
1/293 (0.3%) historical, male, corn-oil vehic1e controls from this 1aboratory (Mennear et al.,
1982; National T oxicology Pro
gram, 1983). (The W orking Group noted the presence in the

test compound of 4.2% hexachloroethane, which is suspected to produce renal tumours in
rats (see IARC, 1979b); however the possible contribution of this impurity to the effects
observed cannot be evaluated.)

3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
The lowest observed lethal doses of pentachloroethane were reported to be 0.5 ml (840

mg)/ kg bw after oral administration to dogs (Wright & Schaffer, 1932), 100 mg/ kg bw and
1750 mg/ kg bw after intravenous and oral administration to dogs, respectively, and 700
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mg/ kg bw after subcutaneous administration to rabbits (Barsoum & Saad, 1934). ln
inhalation studies with mice in a static exposure system, the lowest observed lethal
concentration was 35 000 mg/ m3 for a 2-h exposure (Lazarew, 1929).

Oral administration of 2.6 mmol (525 mg)/ kg bw pentachloroethane (practical grade;
95% pure) to male rats reduced hepatic cytochrome P450 content and micros

hydro1ase activities (Vainio et al., 1976).

omal epoxide

Exposure of rabbits for 3 h per day, six times per week, for eight to ten months to 100
mg/ m3 pentach10roethane resulted in decreased total antibody titres, which were more
pronounced at the highest dose (Shmuter, 1972, 1977).

ln a bioassay (see section 3.1), in which 75 and 150 mg/ kg bw pentachloroethane were
given by gavage for 103 weeks, chronic, diffuse inflammatio,n of the kidney and minera1ization of

the renal papila were observed in both low- and high-dose male Fischer 344/ N

rats (Meenear et al., 1982; National Toxicology Program, 1983).
Effects on reproduction and prenatal toxiczty

No data were avai1able to the Working Group.

Absorption, distribution, excretion and metabolism
The metabolism of pentachloroethane and related chloroethanes has been reviewed
(Loew et aL., 1984).
Following subcutaneous administration ofpentachloroethane (1.1-1.8 g/kg bw; 0.5%
impurities) to female mice, 12-51 % of the dose was expired as the parent compound, 2-16%

as trich10roethylene and 3-9% as tetrach10roethylene; trichloroethanol (16-32% of the dose)
the dose) were the major urinary metabolites (Urine and
faeces were ana1ysed together.) (Yllner, 1971).
and trichloroacetic acid (9-18% of

ln the presence of oxygen, NADPH and rat liver microsomes, 1.7% dechlorination of
pentachloroethane was observed (Van Dyke & Wineman, 1971). ln contrast, in the absence
omal
of oxygen, pentachloroethane was metabo1ized by NADPH-fortified hepatic micros

fractions to trichloroethylene (96%) and 1,1 ,2,2-tetrach10roethane (4%) (N astainczyk et al.,

1982; Town & Leibman, 1984). Tae in-vitro reductive dechlorination ofpentachloroethane

was catalysed by a purified (rabbit liver) reconstituted cytochrome P450 system (Salmon et
al., 1985).

Mutagenicity and other short-term tests
Pentach10roethane (96% pure) was not mutagenic to Salmonella typhimurium T A1535,
TA1537, TA98 or TA100 when tested at up to toxic concentrations (333 J,g/plate) in a
preincubation assay either in the presence or absence of an exogenous metabolIc system (S9)
from the liver of Aroc1or-induced rats or hamsters (Haworth et al., 1983). ln an abstract,
Douglas et al. (1985) reported that pentachloroethane was mutagenic to S. typhimurium in

a plate assay, but provided no indication of the strains used, the need for an exogenous
metabolIc system or the magnitude of the response.
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et aL. (1985) reported that pentachloroethane failed to induce
SCEs or micronuc1ei in Chinese hamster ovary cells; however, experimental details and data
ln an abstract, Douglas

were not presented.
(b) Humans

No data were available to the Working Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Pentach10roethane was produced commercially as a chemical intermediate, and
occupational exposure may have occurred. Trace levels have been reported in ambient air
and water.

4.2 Experimental data

Technica1-grade pentachloroethane (containing 4.2% hexachloroethane) was tested for
carcinogenicity by oral administration by gavage in one experiment in mice and one

experiment in rats. Hepatocellular carcinomas were induced in mice of each sex and
hepatocellular adenomas in female mice; a marginally increased incidence of kidney
tubular-cell adenomas was observed in male rats but not in female rats.
No data were availab1e to the Working Group on the carcinogenicity of pure
pentachloroethane to experimenta1 animals.

No data were avaIlable to evaluate the reproductive effects or prenatal toxicity of
pentachloroethane to experimental animals.

Pentachloroethane is not mutagenic to Salmonella typhimurium.

4.3 Human data

No data were available to evaluate the reproductive effects or prenatal toxicity of
pentachloroethane to humans.
No case report or epidemio10gical study of the carcinogenicity of pentachloroethane to
humans was avaIlable to the W orking Group.
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Overall assessment of data from short-term tests: Pentachloroethanea
Genetic activity
DNA da

mage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

-

Fungij Green plants
Insects

Mammalian cells
(in vitro)

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate

Cell transformation:
No data

aThe groups into which the table is divided and the symbol '-' are defined on pp. i 9-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of technica1-grade pentach10roethane
(containing hexachloroethane) to experimental animals.
No evaluation could be made of the carcinogenicity of pentachloroethane to humans.
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1,3-DICHLOROPROPENE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 542-75-6; cis isomer: 10061-01-5; trans isomer: 1006102-6
Chem. Abstr. Name: 1,3-Dich10ro-1-propene

IUPAC Systematic Name: 1,3-Dichloropropene
Synonyms: 3-Chloroallyl chloride; y-chloroallyl chloride; 3-chloropropenyl chloride;
DCP; 1,3-dichloro-2-propene; 1,3-dichloropropylene; a, y-dichloropropylene
Trade Names: 1,3-D; Telone; Telone II
1.2 Structural and molecular formulae and molecular weight

CI H

H, /H
/C= C

'c = C""

CI 'CHz - CI

H/ 'CHz - CI

( cis)

(Irons)

C3H4Clz

MoL. wt: 110.97

1.3 Chemical and physical properties of the pure substance (isomeric composition not
specified, except when noted), unless otherwise specified

(a) Description: Liquid with chloroform-like odour (Windholz, 1983); clear, light
straw-coloured liquid with sharp, sweet, penetrating and irritating odour (Verschueren,
1983)
(b) Boilng-point: 104.3°C(cisisomer)(Weast, 1985); 112°C(transisomer)(Verschueren,

1983; Weast, 1985)
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(c) Density: d¡O 1.217 (cis isomer); 1.224 (trans isomer) (Weast, 1985)

(d) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980; prism (23675;
23676 for cis isomer), grating (28450)), nuclear magne

tic resonance (Sadtler

Research Laboratories, 1980; proton (14414), C-13 (3063)) and mass spectral data

(cis and trans isomers) (Grasselli & Ritchey, 1975) have been reported.

(e) Solubilty: The technical product (92% pure) is slightly soluble in water (1 gjl)
(Worthing, 1983); the pure product is soluble in acetone, toluene and octane
(Hawley, 1981), diethyl ether, benzene and chloroform (Weast, 1985)
(j Va

tility: Vapour pressure, 43 (cis isomer); 34 (trans isomer) mm Hg at 25°C;
relative vapour density (air = 1), 3.83 (Verschueren, 1983)
la

(g) Stability: Flash-point, 35°C (open-cup), inflammable (Hawley, 1981); emits toxic

fumes when heated to decomposition (National Fire Protection Association, 1984;
Sax, 1984)

(h) Conversionfactor: mg/ m3 = 4.54 x ppmb

1.4 Technical products and impurities

Commercial 1,3-dichloropropene is produced as a mixture of cis and trans isomers,
normally in an approximate1y 1: 1 ratio. Impurities in 1,3-dichloropropene resulting from
the production process include isomers of dich12r~pr()Pc:ne (see monograph, p. 131), other

dichloropropene isomers, and epichlorohýdi'in (see IARè,J976, 1982), used as a stabilizer
(Worthing, 1983; Osterloh et al., 1984; National Toxico10gy Program, 1985). 1,3-Dichloropropene products containing significant amounts of 1 ,2-dichloropropane and other dichlo-

ropropene isomers have been marketed in the USA and in Europe (Sittig, 1980; Tuazon et
al., 1984). One such product (D-D) contains 27.7% cis- and 27.4% trans-1,3-dichloropropene, in addition to 30% 1 ,2-dich10ropropane (H utson et aL., 1971) or 52% 1,3-dichloro-

propene, 29% 1,2-dich10ropropane and minor components (Yang, 1986). Subsequent
developments in distilation techno10gy resulted in commercial products of higher purity
(e.g., Te10ne II, 92% 1,3-dichloropropene) (Tuazon et al., 1984; Miler, 1985; Yang, 1986).
1 ,3-Dich10ropropene has also been marketed in mixtures with ch10ropicrin (trichloronitromethane) or methyl isothiocyanate (Tuazon et al., 1984; Anon., 1985; Miler, 1985; Yang,
1986).

QIn square brackets, spectrum number in compilation
bCaIculated from: mgl m3 = (molecular weightl24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

1,3-Dichloropropene was first synthesized in 1872 by the reaction of 1,2,3-trichloro-

propane with sodium hydroxide (Windholz, 1983). The industrial preparation of 1,3dichloropropene, described in 1936, involved dehydration of 1,3-dichloro-2-propanol

(Hurd & Webb, 1936; Windholz, 1983).
1,3- Dichloropropene is currently synthesized by vapour-phase chlorination of propylene

at high temperatures (?300°C). The initial product is a mixture of aByl chlorides (see lARe,
1985) and 1 ,3-dichloropropene, which are separated by fractional distillation (DeBenedictis,

1979).

Currently, only one US manufacturer produces 1,3-dichloropropene, but production
statistics are not published by the US International Trade Commission. The US
Environmental Protection Agency estimated US consumption at 16.3 milion kg annually
(Holtorf, 1984). Statistics for use in California indicate a dramatic increase from 1978 (2.5
milion kg) to 1981 (7.5 milion kg), with a drop to 5.6 million kg in 1982 (Tuazon et al.,
1984).

ln Europe, the two primary producers of 1,3-dichloropropene are located in the Federal

Republic of Germany. One of these firms, as well as one manufacturer in France, also
produce the dichloropropene-dichloropropane mixture. ln 1972, more than 2 million kg
1,3-dichloropropene were produced in Italy (De Lorenzo et al., 1977).
One Japanese manufacturer of 1,3-dichloropropene has been identified (The Chemical
Dai1y Co., 1984).

(b) Use

1,3-Dichloropropene was introduced in 1956 for use as a soil fumigant in vegetable and
tobacco production (Hayes, 1982). All commercially avaIlable products, including the
dich10ropropene-dichloropropane mixture, have been used as soil fumigants, typically for

the control of soil-borne nematodes (Anon., 1985). ln the USA, 125 1,3-dichloropropene

products have been registered for use on soil in the cultivation of a variety of crops,
including cotton, grapes, sugar beets, tobacco, potatoes and other vegetab1es. Approxi-

mate1y 36% of US cropland devoted to potato production is treated with 1,3-dichloropene (Ho1torf, 1984). Use of 1,3-dichloropropene fumigants in the USA is expected to
increase, since the US Environmental Protection Agency placed restrictions on use of two
other fumigants, dibromochloropropane and ethylene dibromide (Ho1torf, 1984; US
pro

Occupational Safety and Health Administration, 1985).

Registrations of 1,3-dichloropropene for pesticide use have also been reported in the
Federal Republic of Germany, Sweden and the UK (International Register of Potentially
Toxic Chemicals, 1984).
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(c) Regulatory status and guidelines

Occupational exposure limits for 1 ,3-dichloropropene in five countries are presented in
Table 1.

Table 1. Occupational exposure lImits for 1,3-dichloropropenea
Country

Year

Concentration

Interpretationb

(mg/ m3)

Bulgaria

1971

5

Norway

1981

25

TWA

UK

1985

5

TWA
STEL

50

USA
ACGIH

USSR

Ceiling

1985

50

TWA
STEL

5

Ceiling

5

1977

aFrom International Labour Office (1980); Direktoratet for Arbeidstilsynet (1981); American

Conference of Governmental Industrial Hygienists (ACGIH) (1985); Health and Safety Executive
(1985)

bTW A, time-weighted average; STEL, short-term exposure limit

No tolerance limit or allowable daily intake (ADI) for residues of 1 ,3-dichloropropene in
food commodities has been established by FAO/WHO (Vettorazzi, 1984).
2.2 Occurrence

(a) Naturaloccurrence

1,3-Dich10ropropene is not known to occur as a natura1 product.
(b) Occupational exposure

During soil fumigation, concentrations in workers' breathing zone, measured in
personal samples, ranged from 0.6 to 1.9 mg/ m3 (time-weighted average). ln workers

exposed to 1,3-dichloropropene, a good correlation was found between urinary N-acetylS-(3-chloroprop-2-enyl)cysteine concentration and the product of ambient air concentra-

tion (personal monitoring) and duration of exposure (Osterloh et aL., 1984).
(c) Air
Fort

y residences in suburban Knoxville, TN, USA, were monitored for volatile organic
ter was

compoumls. The mean concentration of 1,3-dichloropropene in indoor air in win

Il?

1,3-DICHLOROPROPENE

52.4 p.g/ m3; the mean concentration in the air surrounding the houses was 5.0 p.g/ m3 (Gupta
et al., 1984).

(d) Water

1 ,3-Dichloropropene was detected in tap-water in New Orleans, LA, USA (Dowty et al.,
1975).
(e) Sail

1,3-Dichloropropene does not persist in soil and is hydrolysed to the corresponding
3-chloroallyl a1cohols (Worthing, 1983).
2.3 Analysis

Selected methods for the analysis of 1,3-dich10ropropene in air and water are identified
the US Environmental Protection Agency (l984a,b,c) for water
have also been applied to liquid and solid wastes (US Environmental Protection Agency,
1982a,b). Volatile components in solid-waste samples are first extracted with polyethylene
glycol or methanol prior to purge/ trap concentration and analysis (limit of detection, 5 p.g/ g

in Table 2. The methods of

for the trans isomer).

Table 2. Methods for the analysis of 1,3-dichloropropene
Sam

pIe matrix

Sample preparation

Limit of
detection

Reference

procedurea

Assay

Air

Adsorb (Tenax-GC); desorb
(isooctane); inject aliquot

Ge¡ EC

2.3 mg/ m3

Leiber & Herk
(l984)

Water

Purge (inert gas); trap (OV-i on

Ge¡ ECO

0.34 ¡ig/l (cis isomer);

US Environmental
Protection Agency

0.20 ¡ig/ 1 (trans

Chromosorb- W / T enax/ silica

(l984a)

onto GC column

isomer)
5.0 ¡ig/l (cis isomer);
NO (trans isomer)

Add internaI standard (isotope- Ge¡MS
labelled cis- or trans-I,3-dichloro-

NO (cis isomer);
io ¡ig/l (trans isomer)

US Environmental

gel); desorb as vapour (heat to
1800C, backtlush with inert gas)

Ge¡MS

propene); purge, trap and desorb
as ab

US Environmental
Protection Agency
(1984b)

Protection Agency
(l984c)

ove

Purge (400C, nitrogen); trap
directly on Tenax GC column

Ge¡FIO or
Ge¡ ECO

0.5 ¡ig/l

Otson & Willams
(1982)

(400C); temperature-programme

for analysis
QAbbreviations: GC/EC, gas chromatography/electron capture detection; GClECD, gas chromatography/electrolytic

conductivity detection; GCIMS, gas chromatography/mass spectrometry; ND, not determined; GC/FID, gas chromatography / fIame ionization detection
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US EP A Method 624 (US Environmental Protection Agency, 1984b) has also been
adapted for the analysis of 1 ,3-dichloropropene in fish, with an estimated limit of 10 ¡.g/ kg
for the trans isomer (Easley et al., 1981).

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs
(a) Oral administration

Mouse: Groups of 50 male and 50 female B6C3Fi mice, six to ten weeks of age, were
administered 0, 50 or 100 mg/ kg bw Telone II (1,3-dichloropropene, 88-90% (cis isomer,
41.6%; trans isomer, 45.9%); 1,2-dichloropropane, 2.5%; trichloropropene isomer, 1.5%; a
second trichloropropene isomer; epichlorohydrin, 1.0%; and nine other impurities, 7.5%) in

corn oil by gavage three times a week for 104 weeks (dose in volume, 5 ml/ kg bw). Survival
at 105-107 weeks in males was: vehic1e-control, 8/50; low-dose, 28/50; high-dose, 31/50;

and that in females was: 46/50,45/50 and 36/50. A dose-related increase in the incidence of
epithelial hyperplasia of the urinary bladder was observed: males - 0/50, 9/50 and 18/50
(p.: 0.001); females - 2/ 50, 15/50 and 19/48 (p.: 0.001). The incidence oftransitional-cell
carcinoma of

the urinary bladder was: males - 0/ 50,0/50 and 2/50; females - 0/ 50,8/50

and 21/48 (p .: 0.001). The incidence of alveolar / bronchial adenomas was: males - 1/50,
11/50 (p = 0.026, incidental tumour test) and 9/50; females - 0/50, 3/50 and 8/50
(p.: 0.001). An increase in the incidence of epithelia1 hyperplasia of the forestomach was
observed in high-dose males and females compared to controls (males: 0/50,0/50 and4/ 50
(p = 0.0 Il); females: 1/50, 1/50 and 21/50 (p .: 0.001)). Squamous-cell papilomas of the
forestomach were observed in males: 0/50,2/50 and 3/50. ln females, combined squamouscell papilomas and carcinomas were observed in 0/50, 1/50 and 4/50 animaIs (p = 0.021)

(National Toxicology Program, 1985; Yang et aL., 1986). (The Working Group noted the
poor survival of the male vehicle-control animaIs and the presence in the test compound of
1 % epichlorohydrin, which is carcinogenic to experimental animaIs (see IARC, 1982).)

Rat: Groups of 52 male and 52 female Fischer 344/N rats, six weeks of age, were
administered 0, 25 or 50 mg/kg bw Telone II (1,3-dich10ropropene, 88-90% (cis isomer,
41.6%; t,ans isomer, 45.9%); 1,2-dichloropropane, 2.5%; trich10ropropene isomer, 1.5%; a
second trich10ropropene isomer; epichlorohydrin, 1.0%; and nine other impurities, 7.5%) in

corn oil by gavage three times a week for 104 weeks (dose in volume, 5 ml/ kg bw). Survival

at 106-108 weeks in males was: vehic1e-control, 43/52; low-dose, 38/52; and high-dose,
40/52; that in females was: 34/52, 35/52 and 38/52. An increased incidence of epithelial
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hyperplasia of the forestomach was observed in treated animals (males: 2/52, 5/52 and
13/52 (p': 0.001); females: 1/52,0/52 and 16/52 (p ':0.001)). ln the forestomach, the
incidences of squamous-cell papilomas, of carcinomas, and of papillomas and carcinomas

combined showed a significant, positive trend in male rats: papilomas - 1/52, 1/52 and
9/52 (p = 0.002); carcinomas - 0/52,0/52 and 4/52 (p = 0.014); papillomas and carcinomas
combined - 1/52, 1/52 and 13 /52 (p': 0.001). There was a1so a significant positive trend in
the incidence of liver neoplastic nodules in males: 1/52, 6/52 and 7/52 (p = 0.023);
additionally, one carcinoma ofthe liver was seen in the high-dose group. An ancillary study
was conducted in which 28 rats of each sex were assigned to each dose group, and five male
and five female rats were killed in each dose group after receiving 0, 25 or 50 mg/ kg bw

the
two-year study. ln addition, the combined incidences of squamous-cell papiloma of the
forestomach in female rats in the two-year and ancillary studies showed a significant (p =
0.002) dose-re1ated increase (0/75,2/77,8/77) (National Toxicology Program, 1985; Yang
Telone II for nine, 16,21,24 or 27 months. The results ofthis study supported those of

et al., 1986). (The W orking Group noted the presence in the test compound of 1 %
epichlorohydrin, which has been shown to produce forestomach tumours in rats (see IARC,
1982). )

(b) Skin application

Mouse: ln an experiment invo1ving repeated skin applications, groups of 30 female
Ha:ICR mice, six to eight weeks of age, received thrice-weekly applications of 41 or 122 mg

cis-1,3-dichloropropene ('compound distiled and purity checked by NMR (nuclear
tic resonance) spectrometry') in 0.2 ml acetone for 440-594 days. No skin tumour was

magne

observed in the low-dose group; three mice in the high-dose group developed skin

papilomas and two had carcinomas. No tumour was observed in 30 acetone-treated
controls; the difference was not, however, statistically significant (Van Duuren et al., 1979).

(c) Subcutaneous application

Mouse: A group of 30 female Ha:ICR mice, six to eight weeks old, received weekly
subcutaneous injections of 3 mg cis-1,3-dichloropropene ('compound was distiled and
purity checked by NMR (nuclear mägnetic resonance) spectrometry1 in 0.05 ml trioctanoin
for 77 weeks. Six mice developed fibrosarcomas at the site of injection (p': 0.0005). No skin
tumour was observed in 30 vehicle or 100 untreated controls (Van Duuren et al., 1979).

(d) Initiation-promotion

cis-1 ,3-Dichloropropene did not have initiating activity in a two-stage mouse-skin assay

with 12-0-tetradecanoy1phorbol13-acetate in fema1e Ha:ICR mice (Van Duuren et al.,
1979).
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3.2 Other relevant biological data

. (a) Experimental systems
Taxie effects

The toxicity of 1,3-dichloropropene has been reviewed (Torkelson & Oyen, 1977;
Torkelson & Rowe, 1981; Yang, 1986).
Oral LDso values for 1,3-dichloropropene (technical product, 92% pure mixture of

the

two isomers) have been reported to be 710 mg/kg bw in male and 470 mg/kg bw in female
rats (Torkelson & Oyen, 1977). ln an abstract, an oral LDso of 325 mg/ kg bw and an
intraperitoneal LDso of 175 mg/ kg bw were reported in male rats (Jeffrey et al., 1985). The
dermal LDso for 1,3-dichloropropene (92% technical product) has been reported to be~504
bits. Exposure to 400 ppm (1800 mg/ m3) 1 ,3-dichloropropene for 7 h was
mg/ kg bw in rab

reported to be lethal to guinea-pigs (T orke1son & Oyen, 1977). ln rats, the 4-h LCso for D- D

(see section 1.4) was 1000 ppm (4500 mg/ m3); the dermal LDso was 2.1 g/ kg in rabbits (Hine
et al., 1953).

Liver and kidney injury have been reported following acute oral administration of
1,3-dichloropropene (92% technical product) in corn oi1 to rats (Torkelson & Oyen, 1977).
ln an abstract, depression of renal organic ion transport was reported after oral treatment of
rats with 175-325 mg/ kg bw 1 ,3-dichloropropene and after intraperitoneal treatment with

75-200 mg/ kg bw (Jeffrey et al., 1985).
se (~1 000
ppm; 4500 mg/m3), 1ung and liver (2700 ppm; 12300 mg/m3) and death (1000 ppm; 4500
Exposure of rats by inhalation to 1 ,3-dich10ropropene caused injury to the no

mg/m3) (Torkelson & Oyen, 1977).

1,3-Dichloropropene is reported to cause oedema and necrosis of the skin of rabbits
(Torkelson & Rowe, 1981).

As reported in abstracts, dep1etion of glutathione by 1,3-dichloropropene has been
observed in several organs in rats and mice (Dietz et aL., 1984a; Jeffrey et aL., 1985).

Rats and guinea-pigs exposed by inhalation to 50 ppm (230 mg/ m3) 1,3-dichloropropene (92% technical product) for 7 h per exposure over a 28-day period (19 exposures)
developed lIver and kidney necrosis. Exposure ofboth species to Il ppm (50 mg/ m3) over a

39-day period (27 7-h exposures) induced changes in the liver and kidney in rats, but only in
the kidney in guinea-pigs (Torkelson & Oyen, 1977).
When rats and mice were exposed by inhalation to 12, 32 or 93 ppm (55, 145 or 420
mg/ m3) Telone II (47% cis- and 45% trans-l,3-dich10ropropene) for 7 h per day on five days
per week for 13 weeks, failure to gain weight was observed among high-dose animaIs; some

high- and mid-dose animals developed alterations of the nasal epithe1ium (Torkelson &

Rowe, i 981). Exposure of rats, rabbits, guinea-pigs and dogs by inhalation to 1 and 3 ppm
(4.54 and 13.6 mg/ m3) 1 ,3-dichloropropene (46% cis and 53% trans isomer) for 7 h per day

on five days per week for six months induced slight changes in the kidneys ofhigh-dose male

rats (Torkelson & Oyen, 1977).
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Rats administered oral doses of 10 and 30 mg/ kg bw 1,3-dichloropropene on six days

per week for 13 weeks had increased relative kidney weights; no such effect was observed
with doses of 1 or 3 mg/kg bw (Torkelson & Rowe, 1981).
Mice exposed by inhalation to 50 ppm (230 mg/ m3) D-D (25% cis- and 27% trans-1 ,3-

dichloropropene, 29% 1,3-dichloropropane) for 6 h per day on five days per week for 12
weeks developed slight to moderate hepatocytic en1argement; rats receiving the same
treatment had increased liver: body weight and kidney: body weight ratios. No treatmentre1ated effect was reported following simi1ar exposure to 5 or 15 ppm (23 or 68 mg/ m3) D- D

(Parker et al., 1982).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
As reported in an abstract, when rats were exposed by inhalation to 30-900 ppm
(135-4100 mg/m3) Telone II (91% cis- and trans-1,3-dichloropropene), an initial rapid
elImination from blood, with a half-time of 2-3 min, was observed, followed by a second,
slower phase with a half-time of about 40 min (Stott et al., 1985).
Following oral administration of 8.3-13.5 mg/ kg bw cis- or trans-(2-14C)-1,3-dich1oropene to rats, 80% ofthe radioactivity ofthe cis isomer and 57% ofthe radioactivity ofthe
trans isomer was excreted in the urine within 24 h. Little further urinary excretion occurred
pro

over the next 72 h. After 96 h, 2-5% of the cis isomer and 23-24% of the trans isomer were

expired as 14C-COÚ exhalation of other radioactive compounds was minor. Little faecal
excretion was observed. Recovery of both isomers was about 90% (Hutson et aL., 1971). ln
another experiment, reported in an abstract, rats and mice administered a mixture of cis-

and trans-(14C)-1 ,3-dichloropropene excreted 51-61 % and 63-79% of the dose, respectively,
in the urine within 48 h (Dietz et al., 1984b).
The major urinary metabolite (about 90% of the radioactivity) of cis-1,3-dichloropene in rats is N-acetyl-S-( cis-3-chloroprop-2-enyl)cysteine. 1 ,3-Dichloropropene f orms
a conjugate with glutathione in the presence of rat-liver cytosol in vitro; the glutathione- and
pro

cytosol-dependent degradation of the cis isomer occurs four to five times faster than that of

the trans isomer (ClImie et al., 1979).
Studies with 4-(para-nitrobenzyl)pyridine have shown that L ,3-dichloropropene is an
alkylating agent and that the trans isomer is less reactive than the cis isomer (Neudecker et
aL., 1980).

Mutagenicity and other short-term tests
The mutagenicity of 1,3-dichloropropene has been reviewed (Yang, 1986).

ln a standard plate assay, commercial preparations of D-D soil fumigant (40% 1,3dichloropropene, 40% 1 ,2-dichloropropane and 20% other unknown che

mi

cals ) and T elone

(30% cis-1,3-dichloropropene, 30% trans-1,3-dichloropropene, 20% 1,2-dichloropropane,
5% 2,3-dich10ro-1-propene, 2% ally1 chloride and about 15% unknown compounds) were

mutagenic to Salmonella typhimurium TA1978, TA1535 and T A100, but not to T A1537 or
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T A98, both in the presence and absence of rat-1iver homogenates. Mutagenicity of both
preparations to strain T A1978 was significantly higher in the presence of the liver
homogenate. Tested dose ranges were 0.5-25 mg/plate for D-D soi1 fumigant and 0.1-10
mg/ plate for Telone. Purified cis and trans isomers of 1 ,3-dichloropropene were mutagenic

100 and only weakly mutagenic to strain T A1978, both in the
presence and absence of rat-liver homogenates (tested dose range: 20-100 j.g/ plate). The
authors considered that the mutagenicity of D-D soil fumigant and Telone was higher than
could be accounted for by the mutagenicity ofthe identified components (De Lorenzo et al.,
to strains T A1535 and T A

1977).

The cis and trans isomers of 1,3-dichloropropene (99.97% and 97.46% pure, respec-

tively) were mutagenic to S. typhimurium T A1535 both in the presence and absence ofliver
homogenates from Aroc1or-treated rats when tested at 0.1-1 J-l/ml top agar (Neudecker et
al., 1977).

ln a standard plate assay, 1 ,3-dichloropropene (purity unspecified) was mutagenic to
S. typhimurium TA 1 00 when tested at 0.1-10 J-mol/ plate. The presence of Aroc1or-induced

rat lIver S9 reduced the mutagenic effect (Stolzenberg & Hine, 1980).
ln a preincubation assay, 1 ,3-dichloropropene (95.5% pure (Valencia et al., 1985)) was
mutagenic to S. typhimurium T A1535 and T A100, but not to strains T A1537 and T A98

(tested dose range, 3-3333 J-g/ plate). Addition of Aroc1or-induced rat or hamster S9
reduced the mutagenic effect (Haworth et al., 1983).

A single dose (100 J-g) of 1,3-dichloropropene (purity unspecified) induced both his+
revertants and forward mutations to rifampicin resistance in S. typhimurium T A98 in the
absence of S9 (Vithayathil et aL., 1983).

Ta1cott and King (1984) reported that, after removal of polar impurities by silicic acid
chromatography, none of four commercial preparations of 1,3-dichloropropene retained
mutagenic activity when tested at the highest nontoxic doses in S. typhimurium T A

100 in

the absence ofS9. The purities ofthe four preparations were reported to be 85%, 77%, 75%

and 88% before, and 92%, 85%, 86% and 95% after purification, respectively. The first
sample was not mutagenic either before or after purification. The iso1ated impurities from
aIl four samples were mutagenic to strain T A

100.

Both the cis (purity, 98%) and the trans (purity, 98%) isomers of 1,3-dich10ropropene
(tested dose range, 10-2000 j.g/ plate) were mutagenic to S. typhimurium TA 100 in the
presence and absence of Aroclor-induced rat-liver S9. Addition of a physio10gical

concentration (5 mM) of glutathione markedly reduced the mutagenicity of both isomers
(Creedy et al., 1984).

Sex-lInked recessive lethal mutations, but not reciproca1 translocations, were induced in
Drosophila melanogaster Canton-S stock flies fed 5750 j.g/ mIl ,3-dich10ropropene (95.5%
pure) (Valencia et aL., 1985). (The sample tested in this study was the same as that used by

Haworth et al. (1983) cited above.)
It was reported in an abstract that i ,3-dichloropropene (purity unspecified) induced
significant increases in the incidence of sister chromatid exchanges in cu1tured Chinese
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hamster ovary cells, both in the presence and absence of rat-liver homogenates. The
maximum dose reduced the proportion of cells in their second division to 50% (Tomkins et
al., 1980).

(b) Humans

Taxie effects

Twenty-six cases of eye and skin injuries associated with accidental exposure to
pesticides containing 1,3-dichloropropene were collected by the health authorities of the

State of California in 1976-1977. The most common findings were conjunctivitis and burns;
six patients developed systemic ilness, characterized by weakness, difficulty in breathing,
headache and nausea (Maddy & Edmiston, 1978).

ln 46 people examined after accidental exposure to fumes leaking from a tank
containing the pesticide Telone II (92% 1,3-dichloropropene and 8% other chlorinated
hydrocarbons), the most common symptoms were headache, chest discomfort, mucous
membrane irritation, dizziness, nausea and vomiting. Slightly elevated levels of serum
transaminases were observed in 1 i persons. One to two weeks after the accident, 28 persons

interviewed still had headache, abdominal discomfort, chest discomfort and malaise. Of 21
persons examined two years after the accident, ten had headaches, ten had chest pain and 13
reported psychological changes (Flessel et aL., 1978).

Of an unspecified number of firemen exposed to 1 ,3-dichloropropene, nine were treated

for headache, neck pain, nausea and difficulty in breathing; they were subsequently
discharged from hospital (Markovitz & Crosby, 1984).

Effects on reproduction and prenatal toxicity
ln a study of 64 men employed in the production of chlorinated compounds (timeweighted average exposures, ~1 ppm (4.5 mg/m3) 1,3-dichloropropene, 3.1 mg/m3 allyl
chloride and 3.8 mg/ m3 epichlorohydrin), sperm counts and percentages of normal sperm

were similar in the study group and among 63 controls. The volunteer participation rate for
the study group was 64% (Venable et al., 1980).

Absorption, distribution, excretion and metabolism
N-Acetyl-S-(3-chloroprop-2-enyl)cysteine has been identified in the urine of workers
exposed to 1,3-dichloropropene (Osterloh et al., 1984).
Mu

tagen

icit

y and chromosomal effects

No data were availab1e to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

Two cases of malignant histiocytic 1ymphoma were reported among the nine firemen
accidentally exposed to 1,3-dichloropropene (see section 3.2(b)). The two men were 32 and
38 years old at the time of diagnosis, six years after the accident. (The W orking Group noted
that firemen are exposed to a large number of chemica1s.) A case of acute myelomonocytic
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leukaemia was reported in a farmer less than one year after accidental exposure to 1,3-

dichloropropene employed as a nematocide (Markovitz & Crosby, 1984).

4. Summary of Data Reported and Evaluation
4.1 Exposure data

1,3-Dichloropropene has been used since the 1950s as a soIl fumigant. Occupational
exposures may occur during its production, formulation and application.

4.2 Experimental data

Technical-grade 1,3-dichloropropene (containing 1.0% epichlorohydrin) was tested by
periment in mice and in one experiment in rats. ln
mice, it produced dose-re1ated increases in the incidences of benign and/ or malignant
oral administration by gavage in one ex

tumours of the urinary b1adder, lung and forestomach. ln male rats, it produced doserelated increases in the incidences of benign and malignant forestomach tumours and
benign 1iver tumours; in female rats, it produced benign forestomach tumours. ln one

experiment by subcutaneous administration in female mice, the cis isomer produced
malignant tumours at the injection site. ln a two-stage skin application study, the cis isomer
was not active as an initiator. A study to evaluate cis-1 ,3-dich10ropropene as a carcinogen by
skin application was inconc1usive.

No data were available to eva1uate the reproductive effects or prenatal toxicity of
1,3-dich10ropropene to experimental animals.

Both the cis and trans isomers of 1,3-dich10ropropene and a mixture of the two are
mutagenic to bacteria in the presence and absence of an exogenous metabo1ic system. It was

found in one investigation that purification of 1,3-dichloropropene resulted in loss of
mutagenic activity, although samp1es of higher purity were mutage

nie in other studies.

1,3-Dich10ropropene induces sex-linked recessive letha1 mutations, but not reciprocal

translocations, in Drosophila melanogaster.

4.3 Human data
No relevant data were available to evaluate the reproductive effects or prenatal toxicity
of 1,3-dichloropropene to humans.
Two cases of ma1ignant histiocytic lymphoma were reported in firemen previous1y
treated for acute symptoms after exposure to 1,3-dich10ropropene.
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Overall assessment of data from short-term tests: i,3-Dichloropropenea
Genetic activity

DNA damage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

+

Fungij Green plants
Insects

+

-

Mammalian cells
(in vitro)

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Limited

Cell transformation:
No data

aThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl
There is suffcíent evidence2 for the carcinogenicity of technica1-grade 1,3-dich10ropro

pene to experimental animaIs.
There is inadequate evidence for the carcinogenicity of 1 ,3-dich10ropropene to humans.
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1,2-DICHLOROPROP ANE

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 78-87-5

Chem. Abstr. Name: 1,2-Dichloropropane

IUPAC Systematic Name: 1,2-Dichloropropane
Synonyms: ENT 15 406; propylene chloride; propy1ene dich10ride
1.2 Structural and molecular formulae and molecular weight

H CI H

1 1 1
1 1 1

CI - C - C - C - H

ii H H
C)H6Cli

MoL. wt: 112.99

1.3 Chemica1 and physical properties of the pure substance
(a) Description: Colourless 1iquid with chloroform-like odour (Hawley, 1981;

Verschueren, 1983; Windholz, 1983)
(b) Ba

ilng-point: 96.4°C (Weast, 1985)

(c) Me/ting-point: -100.4°C (Weast, 1985)

(d) Density: d~o 1.1560 (Weast, 1985)
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(e) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980; prism (3208),
grating (10981)), nuclear magnetic resonance (Sadtler Research Laboratories,
1980; proton (10492), C-13 (541)) and mass spectral data (Grasselli & Ritchey,
1975) have been reported.

Cf Solubilty: Slightly soluble in water (2.7 g/ 1 at 20°C (Verschueren, 1983); soluble in

ethanol, diethyl ether, benzene and chloroform (Weast, 1985)
(g) Va

la

t ilt

y: Vapour

pressure,

40

mm Hgat 19.4°C(Sax, 1984; Weast, 1985); relative

vapour density (air = 1), 3.9 (Verschueren, 1983; National Fire Protection
Association, 1984; Sax, 1984)

(h) Stabilty: Flash-point, 21°C (open-cup); inflammable (Windholz, 1983)

(1) Octanol/water partition coeffcient (P): log P, 2.00 (Hansch & Leo, 1979)
(¡) Conversion factor: mg/ m3 = 4.62 x ppmb
1.4 Technical products and irnpurities

Commercial 1,2-dichloropropane is marketed as a high-purity liquid (99-99.5%) for
indus

trial use. Water and oxygenated organic impurities comprise a maximum of

0.05% and

0.1 % of the product, respectively (Bayer AG, 1977; Dow Chemica1 Co., 1985). Trace levels

of low molecular-weight chlorinated hydrocarbons, such as chloropropenes and ch10ropropanes, also occur. Fumigant products based on 1,3-dichloropropene also contain
varying amounts of 1,2-dichloropropane. One such product (D-D) contains approximately
30% 1,2-dichloropropane, while another (Telone Il) contains approximately 2% (Yang,
1986).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

1 ,2-Dichloropropane, marketed as a solvent, is obtained as a byproduct ofthe synthesis

of propylene oxide (see IARC, 1985) by the chlorohydrin reaction (Mannsville Chemical
Products Corp., 1984). 1,2-Dichloropropane may a1so be produced by the reaction of
QIn square brackets, spectrum number in compilation
bCaIculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)

1,2-DICHLOROPROP ANE

133

propylene and chlorine in the presence of an iron oxide catalyst at moderate temperature
(45°C) and pressure (25-30 psi; 1.75-2.1 atm). The pesticide products that contain 1,2dichloropropane (see monograph on 1,3-dichloropropene, p. 113) are distilates from the
chlorination of propy1ene (Sittig, 1980).
Currently, there is only one US producer of 1,2-dichloropropane. Although the number

of producers has decreased from five in 1975, the production volume in the USA remained

relatively stable until 1984 (Table 1), when a major US manufacturer discontinued
production (Mannsvile Chemical Products Corp., 1984; Anon., 1985).

Table 1. US production of 1,2-dichloropropane (milions of kg)a
1975

1977

1978

1979

1980

1981

1982

1983

1984

38.2

26.5

33.7

31.7

34.9

31.8

25

27.2

27.2

°From US International Trade Commission (1976,1978,1979, 1980,1981); Anon. (l984b)

ln Europe, four manufacturers of 1,2-dichloropropane have been identified in the
Federal Republic of Germany, as well as one each in France and the Netherlands. Five
producers of 1,2-dichloropropane have been reported in Japan (The Chemical Daily Co.,
1984).
(b) Use

1,2-Dich10ropropane is a component of two insecticidal soil fumigants containing
1,3-dichloropropene, D-D mixture and Telone II (see monograph on 1,3-dichloropropene,
p. 113) (Worthing, 1983). These fumigants have been used in the cultivation of a variety of
crops, inc1uding citrus fruits, pineapple, soya beans, cotton, potatoes and tomatoes (Anon.,
1985). This compound is registered for use as an insecticide in Japan.

trial solvent for oils, fats, resins, waxes and
rubber. Because of its ability to dissolve bitumens and coal-tars, it is used as a solvent in
impregnation techno10gy (Bayer AG, 1977). It is also used as a chemical intermediate in the
synthesis of tetrachloroethylene and carbon tetrachloride (Mannsvile Chemical Products
Corp., 1984), and as a 1ead scavenger in gasoline (Sittig, 1985).
1,2- Dichloropropane is used as an indus

Other uses of 1,2-dichloropropane are as a textile stain remover, oil and paraffin
extractant, scouring compound, and as a metal degreaser, especially prior to electrop1ating
(Bayer AG, 1977).
(c) Regulatory status and guidelines

Occupational exposure limits for 1,2-dichloropropane in 14 countries are shown in
Table 2.
No tolerance lImit or acceptable daIly intake (AD 1) has been established by F AO / WH 0
for residues .of 1,2-dichloropropane in food commodities (Vettorazzi, 1984).
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Table 2. Occupational exposure limits for t,2-dichloropropanea
Year

Country

Concentration

Interpretationb

(mg/ m3)

Australia

1978

350

TWA

Belgium

1978

350

TWA

Bulgaria

1971

10

Finland

1981

350
515

TWA
STEL

German Democratie Republic

1979

50
150

TWA
STEL

Ceiling

Germany, Federal Republic of

1985

350

TWA

The Netherlands

1978

350

TWA

Norway

1981

350

TWA

Poland

1976

50

Ceiling

Romania

1975

200
300

TWA
Ceiling

Switzerland

1978

350

TWA

USA

1985

350
510
350

TWA
STEL
TWA

ACGIH

OSHA
USSR

1977

10

Ceiling

Yugoslavia

1971

350

Ceiling

aprom International Labour Office (1980); Direktoratet for Arbeidstilsynet (1981); TyösuojeluhalIitus

(1981); American Conference of Governmental Industrial Hygienists (ACGIH) (1985); Deutsche
P orschungsgemeinschaft (1985); US Occupational Safety and Health Administration (OS HA) (1985)
bTW A, time-weighted average; STE

L, short-term exposure limit

2.2 Occurrence

(a) Naturaloccurrence

1,2-Dichloropropane is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure leve1s were available to the Working Group.
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(c) Air

The primary mechanism for the removal of 1 ,2-dichloropropane from the atmosphere is

believed to be reaction with hydroxyl radicals at a daiIy rate (12 sunlit hours) of about
10.2%. Mean levels in air in selected US cities range from 0.11-0.37 ¡.g/ m3 (Singh et al.,

1982). Estimated atmospheric levels ranged from trace to 2.2 ¡.g/ m3 at seven of Il sample

sites in the USA where industrial activity included the production, use or storage of
halogenated hydrocarbons (Pellizzari, 1982).

Exposures to 15 volatile organics in ambient air in a petrochemical manufacturing area
in Texas and in a nonindustrial area in North Carolina were determined by personal air
sampling with thermal desorption and gas chromatography / mass spectrometry analysis.
The concentration of 1 ,2-dichloropropane in air averaged 0.10 ¡.g/ m3 at both sites (Wallace
et

aL., 1982).

ne houses
at the Old Love Canal, Niagara Falls, NY, chemical dump site (Barkley et al., 1980).
1 ,2-Dichloropropane was found at trace levels in ambient air outside two of ni

(d) Water and sediments

1,2-Dichloropropane was detected at levels up to 55 ng/l in 9 of 17 water samples taken
from the lower Niagara River and at 1evels up to 440 ng/l in 20 of 82 sites in Lake Ontario
(Kaiser et aL., 1983). The compound was detected at a 1evel of":l ¡.g/l in one drinking-water
sample from 30 Canadian potable water-treatment facilities (Otson et al., 1982).
ln another Canadian study, the concentration of 1,2-dichloropropane in selected

surface-, well- and treated water was determined in nine areas. Quantifiable levels (210 ng/1)

were detected only in tap-water from one station, and traces (,,30 ng/l) in three well-water
samples (Comba & Kaiser, 1983).

Dichloropropane (isomer unspecified) was detected at 1200 ng/l in 1978 in drinkingwater in one of eight houses that bordered a chemical dump site, the Old Love Canal in
Niagara Falls, NY (Bark1ey et al., 1980).
1 ,2-Dichloropropane was found at levels of:? 1 ¡.g/l in three of 30 water samples from
unpolluted upstream reaches and polluted sections near wastewater discharges in the
Delaware River Basin (1976) (DeWalle & Chian, 1978).
Mean levels of 1,2-dichloropropane in sediment samples collected during May-June
1980 from Lake Pontchartrain in New Orleans, LA, ranged from 0.2 to 0.4 ¡.g/I (Ferrario et
al., 1985).

2.3 Ana1ysis

Selected methods for the ana1ysis of 1,2-dichloropropane in air and water are identified
in Table 3. The methods of

the US Environmenta1 Protection Agency (1984a,b,c) for water

have also been applied to liquid and solid wastes (US Environmental Protection Agency,
1982a,b). Volatile components in solid-waste samples are first extracted with polyethylene
glycol or methanol prior to purgejtrap concentration and analysis.
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Table 3. Methods for the analysis of 1,2-dichloropropane
Sample mat

Air

ri x

Sample preparation

Assay
procedurea

Limit of
detection

Reference

Adsorb on charcoal; desorb

GCl FID

1.7 mg/m3

ElIer (1 984a)

Adsorb on charcoal; desorb
(15% acetone in cyclohexane);
inject aliquot

GCl ECO

0.03 mg/m3

ElIer (1984b)

Adsorb on Tenax-GC; desorb
(heat, purge with helium or
nitrogen); trap (liquid nitrogen
cooled); vaporize (heat, purge
with helium or nitrogen) onto

GCl MS

0.1-1.0 ¡.g/m3

Riggin (1985)

GCl ECO

0.04 ¡.gll

US Environmental
Protection Agency

GCl MS

6.0 ¡.g/I

(carbon disulphide); inject

aliquot

GC column

Water

Purge (inert gas); trap (OV-I on
Chromosorb- W jTenax/ silica
gel); desorb as vapour (heat to
180oC, backnush with inert gas)
onto GC column

(1 984a)

US Environmental
Protection Agency
(1 984b)

Add internaI standard (isotope-

GClMS

labelled i ,2-dichloropropane);

US Environmental
Protection Agency

purge, trap and desorb as above

( 1984c)

Purge (400C, nitrogen); trap
directly on Tenax GC column

GCl FID
GCl ECO

10 ¡.gll

O. i ¡.gll

~O.I ¡.g/I

Otson & Williams
(1982)

(400C); temperature-programme

for analysis
a Abbreviations: Ge¡ FID, gas chromatography / flame ionization detection; Ge¡ ECD, gas chromatography / electrolytic

conductivity detection; GC/ MS, gas chromatography / mass spectrometry

US EPA Method 624 (US Environmental Protection Agency, 1984b) has also been
adapted for the analysis of 1 ,2-dichloropropane in fish, with an estimated limit of 10 ¡.g/ kg
(Easley et aL., 1981).

Exposures to 1,2-dichloropropane have also been monitored in air by a direct-reading
infrared gas analyser, at minimum concentrations of 3.7 mg/m3 (The Foxboro Co., 1985).
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3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais

Oral administration
Mouse: Groups of 50 male and 50 female B6C3F¡ mice, seven to nine weeks old, were

administered 0, 125 or 250 mg/ kg bw 1 ,2-dichloropropane (99.4% pure; identified impurity,
0.24% toluene; dose in volume, 3 ml/ kg bw) in corn oil by gavage on five days per week for
103 weeks. Survival at 105-107 weeks in males was: vehic1e-control, 35/50; low-dose, 33/50;

and high-dose, 35/50; that in females was 35/50, 29/50 and 26/50. The incidence of liver

adenomas was increased in high-dose male mice (7/50, 10/50 and 17/50; p = 0.017 in the
three groups, respectively). The incidences of liver carcinomas in males were IL/50, 17/50
and 16/50; a significantly increased incidence of combined liver adenomas and carcinomas
was observed in the high-dose group (18/50, 26/50 and 33/50;p = 0.002). ln females, the
incidences of1iver adenomas (1/50,5/50 and 5/50) and ofliver carcinomas (1/50,3/50 and
4/50) were marginally increased in treated animals, and a significantly increased incidence
of combined adenomas or carcinomas was observed (2/50,8/ 50,p = 0.046; 9/ 50,p = 0.026)

(N ational T oxicology Program, 1986).
Rat: Groups of 50 Fischer 344/N rats, seven to nine weeks old, were administered 0,62
or 125 mg/ kg bw (males) or 0, 125 or 250 mg/ kg bw (females) 1,2-dichloropropane (99.4%
pure; identified impurity, 0.24% toluene; dose in volume, 3 ml/ kg bw) in corn oil by gavage
on five days per week for 103 weeks. Survival in males at 105-108 weeks was: vehic1e-control,
39/50; low-dose, 42/50; and high-dose, 41/50; that in females was 37/50,43/50 and 16/50.

There was a dose-related increase (p 0: 0.05, adjusted for survival) in females in the incidence

of mammary-gland adenocarcinomas (1/50, 2/50 and 5/50), but not of mammary-gland
fibroadenomas (15/50,20/50, 7/50). There was no effect on tumour incidences in male rats
(National Toxicology Program, 1986). (The Working Group noted the poor survival of
high-dose females and that the authors reported that three of the five mammary-gland
tumours were of low-grade ma1ignancy that sorne pathologists would diagnose as a highly

cellular variant of fibroadenoma or as adenofibroma.)
3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
The toxicity of 1,2-dichloropropane has been reviewed (T orkelson & Rowe, 198 i).

The oral and derma1 LDso values for 1,2-dichloropropane in rats are approximately
2 and 9 m1/ kg bw (2 and 10 mg/ kg bw), respectively (Smyth et al., 1969). The LCso in rats
was 14000 mg/m3 for an 8-h exposure (Pozzani et aL., 1959); two to four of six rats died
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following a 4-h exposure to 2000 ppm (9200 mg/ m3) (Carpenter et al., 1949). An LCso of720
ppm (3325 mg/m3) was reported in mice after a 1O-h exposure (Torkelson & Rowe, 1981).

Signs of acute 1,2-dichloropropane toxicity include central nervous system depression
and irritation of the eyes and respiratory tract (T orkelson & Rowe, 1981).

Acute inhalation of 1,2-dichloropropane increases the levels of serum glutamateoxalacetate transaminase and glutamate-pyruvate transaminase (Drew et al., 1978;
Torkelson & Rowe, 1981).

When mice, rats, guinea-pigs, rabbits and dogs were exposed repeatedly to up to 2200
ppm (10 200 mg/ m3) 1,2-dich10ropropane for 7 h per day, deaths occurred among all
species; mi

ce were the most susceptible and rabbits the least susceptible (Heppel et al., 1946).

When groups of mice, rats, guinea-pigs and dogs were exposed to 400 ppm (1850 mg/ m3)

1 ,2-dichloropropane for 7 h per day on five days per week for 25-28 weeks, there was high
mortality in mice and decreased weight gain in rats, but no compound-related toxic effect
was observed in guinea-pigs or dogs (Heppel et al., 1948).

Liver damage was reported in rats following short-term exposure by inhalation to
1,2-dichloropropane (Sidorenko et al., 1976), and in female Fischer 344/N rats and male
B6C3F¡ mice following administration by gavage for 103 weeks (see section 3.1) (National
Toxicology Program, 1986).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
Male and female rats were administered single oral doses of 3.5-5.3 mg/ kg bw (1-14C)-

1,2-dichloropropane. After 96 h, approximately 5% of the radioactivity was present in the
gut, skin and carcass. Within 24 h, approximately 50% of the radioactivity was excreted in
the urine and 5% in the faeces. Little additional excretion was observed within the following

72 h. A total of 19% of the dose was expired as 14C-COi and 23% as other volatile
radioactivity (H utson et al., 1971). The parent compound was detected in expired air of rats
following intraperitoneal administration of 1 ,2-dichloropropane (100 mg/ kg bw) (Jones &
Gibson, 1980).

The major urinary metabolite (at least 25-35% of a single dose) following oral dosing of
male rats with 1 ,2-dich10ropropane (20 mg/ kg bw per day for four days) was N-acetyl-S-(2hydroxypropyl)cysteine; ß-chlorolactate and N-acetyl-S-(2,3-dihydroxypropyl)cysteine

were identified as minor metabo1ites. No parent compound was detected in the urine
following daily oral treatment (Jones & Gibson, 1980).
Dechlorination of 1,2-dichloropropane has been demonstrated in rat-liver micros

in the presence of oxygen and NADPH (Van Dyke & Wineman, 1971).

ornes

Mutagenicity and other short-term tests
1,2-Dichloropropane (practica1 grade) was tested in two 1aboratories in preincubation
assays in Salmonella typhimurium in the presence and absence of a metabo1ic system (S9)
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from the livers of Aroclor-induced rats or hamsters at doses of 10- 10 000 j.g/ plate. ln both
laboratories, a low, but reproducible increase in mutation frequency was obtained with
100 in the absence ofS9. Results with strain T A1535 were equivocal, and negative
results were obtained with strains T A1537 and T A98 (Haworth et aL., 1983).
strain T A

ln a plate assay, 1,2-dichloropropane (purity unspecified) (tested at doses up to 100
¡.mol/ plate) was not mutagenic to S. typhimurium T A

100 in the presence or absence of S9

from Aroclor-induced rats (Stolzenberg & Hine, 1980).
ln a standard plate assay, commercial preparations of D-D soil fumigant (40% 1,3dichloropropene,40% 1 ,2-dichloropropane and 20% other unknown chemicals) and Telone
(30% cis-l ,3-dichloroprene, 30% trans-1 ,3-dich10ropropene, 20% 1,2-dichloropropane, 5%

2,3-dichloro-1-propene, 2% allyl chloride and about 15% unknown compounds) were
mutagenic to S. typhimurium T A1978, T A1535 and T A100, but not to T A1537 or T A98,

both in the presence and absence of rat-liver homogenates. Mutagenicity of both preparations to strain T A1978 was significantly higher in the presence of

the 1iver homogenate.

The doses tested were 0.5-25 mg/ plate D-D soil fumigant and 0.1- 10 mg/ plate Telone. ln the

same study, purified 1,2-dichloropropane was mutagenic to S. typhimurium TA1535 and
100 both in the presence and absence ofrat-liver S9, when tested at 10-50 mg/plate (De

T A

Lorenzo et aL., 1977).

ln a plate assay, 1,2-dichloropropane (analytical grade; tested at 1-10 ¡.l/plate) was
mutagenic to S. typhimurium T A1535 and T A

100. The presence of Aroclor-induced

rat-liver S9 reduced the mutagenic effect. Similar results were obtained with one dose (10
¡.l/plate) in strains TA1535 and TA100 in a spot test; strains TA1537, TA1538 and TA98

gave negative responses. The same sample (tested at 2-100 ¡.l/ plate) did not induce
streptomycin-resistant mutants in Streptomyces coelicolor in either a plate as

say or a spot

test. 8-Azaguanine-resistant mutants were induced in Aspergilus nidulans in both a plate
assay and a spot test at concentrations of 100-400 ¡.l/ plate (Principe et al., 1981).

Crebelli et al. (1984) reported that 1,2-dichloropropane (?99% pure) did not induce

crossing-over, mitotic nondisjunction or haploidization in Aspergilus nidulans in a plateincorporation assay. (The W orking Group noted that only a single, nontoxic dose (154 mM)
was tested.)

(The W orking Group noted that high concentrations of 1,2-dichloropropane were
generally required to give positive responses in bacteria and Aspergilus.)
No sex-linked recessive lethal mutation was induced in adult Drosophila melanogaster
treated by injection (4200 ¡.g/ ml) or inhalation (7200 ppm; 33 250 ¡.g/l) of 1,2-dichloropropane (practical grade) (Woodruff et al., 1985).
(b) Humans

Taxie effects

The toxicity of 1,2-dichloropropane has been investigated mainly with respect to
accidental ingestion, self-poisoning and sniffing. Fatalities have been reported among
subjects who were exposed occupationally by ingestion or inhalation of mixtures containing

1,2-dichloropropane (Gosse1in et al., 1976). The main target organs in cases exposed to
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solvents (mainly as domestic stain removers) containing 60-98% 1,2-dichloropropane were
the liver and kidney. The severity oftoxicity ranged from temporary elevation of serum liver
enzymes to death from liver fai1ure; tubular necrosis of the kidney and, in some cases, renal

failure occurred. Disseminated intravascular coagulation and haemolytic anaemia were
also reported (Chiappino & Secchi, 1968; Ponticelli et aL., 1968; Secchi et al., 1968; Locatelli

& Pozzi, 1983; Pozzi et aL., 1984; Perbellini et al., 1985; Pozzi et aL., 1985).

Two cases of allergie dermatitis were attributed to 1 ,2-dichloropropane in workers in the
plastics industry with exposure to commercial preparations containing 7.4-12.7% 1,2dichloropropane (Grzywa & Rudzki, 1981).
Effects on reproduction and prenatal toxiczty

No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
No data were available to the W orking Group.

Mutagenicity and chromosomal effects

No data were avai1able to the Working Group.
3.3 Case reports and epidemioIogicaI studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

1,2-Dichloropropane has been used as an industrial solvent, as a chemical intermediate
and in soil fumigants. Human exposure may occur during its production and industrial and
domestic use, and due to the presence of low levels in ambient air and in water.
4.2 Experimental data

1,2-Dich10ropropane was tested for carcinogenicity by oral administration by gavage in
one experiment in mice and one experiment in rats. A dose-related increase in the incidence
ofhepatocellu1ar tumours was observed in male and female mice. Inconclusive results were
obtained with regard to female rats, and no effect was seen in male rats.

No data were available to evaluate the reproductive effects or prenatal toxicity of
1,2-dichloropropane to experimental animaIs.
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1,2-Dichloropropane is mutagenic to Salmonella typhimurium but not to Streptomyces
coelicolor. It induces mutations but not chromosomal effects in Aspergilus nidulans. It
does not induce sex-linked recessive lethal mutations in Drosophila melanogaster.

Overall assessment of data from short-term tests: 1,2-Dichloropropanea
Genetic activity

DNA damage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

+

Fungil Green plants

+

Insects

-

-

Mammalian cells
(in vitro)

Mammals
(in vivo)
H umans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Limited

Cell transformation:
No data

aThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.3 Human data

No data were available to evaluate the reproductive effects or prenatal toxicity of
1,2-dichloropropane to humans.
No case report or epidemiological study on the carcinogenicity of 1,2-dichloropropane
to humans was available to the W orking Group.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of 1 ,2-dichloropropane to experimental

animals.
No evaluation could be made of the carcinogenicity of 1 ,2-dich10ropropane to humans.

¡For definition of the italicized term, see Preamble, p. 18.
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BIS(2-CHLO R 0- i - METHYLE

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 108-60-1

Chem. Abstr. Name: 2,2'-Oxybis(l-chloropropane)
iu P AC Systematic Name: Bis(2-chloro-1-methylethyl) ether
Synonyms: BCMEE; bis(ß-chloroisopropyl)ether; bis(2-chloroisopropyl)ether; bis( 1chloro-2-propyl) ether; DCIP; dichlorodiisopropyl ether; 2,2' -dichlorodiisopropyl
ether; ß,ß' -dichlorodiisopropyl ether; dichloroisopropylether; 2,2' -oxybis(2-chloro-

propane)
1.2 Structural and molecular formulae and molecular weight

CH) CH)

1 1

i 1 1

CI - CH - C - 0 - C - CHi - CI

H H

C6H12CliO

MoL. wt: 171.07

1.3 Chemica1 and physical properties of the pure substance
(a) Description: Colourless liquid

(b) Boilng-point: 187°C (Weast, 1985)
(c) Melting-point: -100°C (Verschueren, 1983)
(d) Density: d~o 1.103 (Weast, 1985)
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(e) Spectroscopy dataa: Infrared spectral data (Sadtler Research Laboratories, 1980;
prism (120, 13382), grating (10994)) have been reported.
(f Solubilty: Slightly soluble in water (1700 mgjl) (Verschueren, 1983); soluble in

ethanol, diethyl ether, acetone and benzene (Weast, 1985)
(g) Volatility: Vapour pressure, 1 mm Hg at 29.6°C (Weast, 1985); relative vapour

density (air = 1), 6.0 (Verschueren, 1983)
(h) Octanoljwaterpartitioncoeffcient (P): 10gP, 1.76

(ISHOW); 2.58 (ENVIROFA TE)

(ICIS Chemical Information System, 1985)

(i) Conversion factor: mg/ m3 = 7.00 X ppmb

1.4 Technical products and impurities

Bis(2-chloroo 1-methylethyl)ether is available in commercial quantities only in Japan

(The Chemical Daily Co., 1984). It has also been available in research quantities as a
mixture containing approximately 30% of the isomeric 2-chloro-1-methylethyl(2-chloro-npropyl)ether and smaller amounts of other isomers as impurities (National Toxicology
Program, 1982).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Bis(2-chloro-1-methylethyl)ether is no longer commercially produced in the USA or

western Europe. It is formed as a byproduct in the manufacture of propylene oxide (see
IARC, 1985) and propylene glycol (National Toxicology Program, 1982) by the chlorohydrin process in amounts estimated at 1-2% (by weight) of propy1ene oxide. It can be

isolated and purified by fractional distillation; however, it appears that most of this
byproduct is incinerated on-site instead of being purified (US Environmental Protection
Agency, 1983).

GIn square brackets, spectrum number in compilation
bCaIculated f~om: mg/ m3 = (molecular weight/ 24.45) X ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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ln the USA, the total capacity for propylene oxide production in 1975 was approximately 1.2 million tonnes; production during that year was 680 million kg. Five companies

produced propylene oxide; four of them, accounting for 65% of capacity, used the
chlorohydrin process (Khan & Hughes, 1979). One ofthese plants closed down in 1981 (US
Environmental Protection Agency, 1983), making the current total capacity of propylene
oxide production by the chlorohydrin process in the USA 717 million kg per year. Sampling
at propylene oxide plants showed that 2.03 g bis(2-chloro-2-methylethyl)ether were emitted
for every kg of propylene oxide produced (Khan & Hughes, 1979). (The Working Group
noted that this value is a calculated approximation. However, using this approximation, it
can be estimated that 1.45 millon kg bis(2-chloro-1-methylethyl)ether would be emitted

each year in the USA if all plants were producing at full capacity. On the basis of the

estimated production of 900 million kg propylene oxide in the USA in 1983 (US
International Trade Commission, 1984), approximately 1.8 million kg of the ether would

have been released as atmospheric emissions or in wastewater.)

ln 1977,324000 kg bis(2-chloro-1-methylethyl)ether were used in Japan (US Environmental Protection Agency, 1983).

(b) Use

Bis(2-chloro-1-methylethyl)ether has been used as a solvent for fats, waxes and greases;
as an extractant; as an ingredient in paint and varnish removers; as an ingredient in spotting

and c1eaning solutions; and as a component in textile processing (US Environmental
Protection Agency, 1983). There is no evidence that it is currently being used in any ofthese

applications in the USA. It has also been marketed and used in Japan as a nematocide
(Mitsumori et al., 1979; US Environmental Protection Agency, 1983).
(c) Regulatory status and guidelines

No specifie regulation or guideline has been promulgated for the use of, or occupational
exposure to, bis(2-chloro-1-methylethyl)ether.
ln the USA, a provisional occupationallimit of 15 ppm (105 mg/ m3) has been suggested.

To protect aquatic life, the maximum permissible concentration of ch10roalkyl ethers in
fresh water is 238 mg/1. The ambient water criterion for bis(2-chloro-1-methylethyl)ether is
34.7 Mg/l (Sittig, 1985).
2.2 Occurrence

(a) Naturaloccurrence

Bis(2-chloro-1-methylethyl)ether is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure 1evels were avai1ab1e to the Working Group.
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(c) Water
Bis(2-chloro-1-methylethyl)ether was identified in 1971 in effluents from industrial

plants, in raw intake water downstream from these plants (2.0 ¡.g/ 1), and in tap-water (0.8
¡.g/1) from the Ohio River, lN, USA, in which concentrations of 0.5-5 ¡.g/l were detected
(Kleopfer & Fairless, 1972). This compound has also been found in the Kanawha River at
Nitro, WV, USA (Rosen et aL., 1963), in the Mississippi River at New Orleans, LA, USA,
and in the Rhine and Scheldt Rivers in The Netherlands (National Toxicology Program,
1982).

2.3 Analysis

Selected methods for the analysis of bis(2-chloro-1-methylethy1)ether in water and in
solid wastes are identified in Table 1.

Table 1. Methods for the analysis of bis(2-chloro-l-methylethyl)ether
Sample matrix

Water

Sam

pIe preparation

Extract (dichloromethane); dry
(anhydrous sodium sulphate);

Assay
procedurea

detection

GCj ECO

0.8 Mg/l

Limit of

concentrate (60°C); add hexane and

US Environmental
Protection Agency

(l984a)

concentrate

Extract, dry and concentrate as above

GCj MS

5.7 Mg/l

US Environmental
Protection Agency
(1984b)

Add stable isotope-Iabelled bis(2-chloro1 -methylethyl)ether; extract (dichloromethane); dry (sodium sulphate);

GCj MS

io Mg/l

US EnvIronmental
Protection Agency

(l984c)

concentrate (heat)

Solid wastes

Reference

Extract (polyethylene glycol or
methanol) and dilute (water); purge

(nitrogen or helium); trap (OV-i on
Chromosorb- W / T enax/ silica gel);

GCjMS

5.7 Mg/l

US Environmental
Protection Agency
(1982)

desorb as vapour (heat to 180°C,

backtlush with inert gas) onto GC column
a Abbreviations: GCI ECD, gas chromatography 1 electrolytic conductivity detection; Gei MS, gas chromatography 1 mass
spectrometry
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3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais

Oral administration
Mouse: Groups of 56 male and 56 female SPF ICR mice, five weeks old, were fed diets

containing 0, 80, 400, 2000 or 10 000 mgl kg bis(2-chloro-1-methylethyl)ether (purity,
98.5%) for 104 weeks. Seven males and females from each group were killed at weeks 13,26
and 52; six males and females from each group were killed at week 78; and aH surviving
animals were kiled at week 104. Food and water consumption decreased and body-weight
gain was reduced in the highest-dose group. Survival at week 104 was: males - 8 controls; 5
fed 80 mgl kg; 8 fed 400 mgl kg; 5 fed 2000 mgl kg; and 6 fed 10000 mgl kg; females - 5, 9,9,

7 and l, in the respective groups. No significant increase in the incidence of any tumour type
was found in the treated groups as compared to controls (Mitsumori et al., 1979). (The
W orking Group noted that the experiment was designed to test chronic toxicity and had
limited sensitivity for detecting carcinogenicity. J

Groups of50 male and 50 female B6C3F1 mice, eight weeks old, were administered 0, 100
or 200 mg/kg bw per day technical-grade bis(2-chloro-1-methylethyl)ether (containing
about 30% 2-chloro-1-methylethyl(2-chloro-n-propyl)ether J in corn oil at 5 mIl kg bw per
day by stomach tube on five days per week for 103 weeks, and were kiHed at weeks 104-110.
Two batches oftest material were used: the first for the first 94 weeks and the second for the
final nine weeks; both were a mixture of three isomers, bis(2-chloro-1-methylethyl)ether

(69.4% and 71.5%, respectively), bis(2-chloro-n-propyl)ether (2.1 and 2.6%) and 2-chloro-1methylethyl(2-chloro-n-propyl)ether (28.5 and 25.9%). The total percentages of test
material were 98.1 and 97.6-98.2%, confirmed by gas chromatography; the numbers of
unspecified impurities were 32 and 16-17. Mean body weights of treated and control mice
were comparable. Survival at 104-110 weeks was: males -41/50 controls; 44/50 given the
low dose; and 37/50 given the high dose; females - 31/50,34/50 and 28/50, respectively.

There was a positive dose-related trend in the incidence of alveolar 1 bronchiolar adenomas
in males (vehic1e-control, 5/50; low-dose, 13/50; high-dose, 11/50, po: 0.05) and females

(Ii 50,4/50 and 8/50, p 0: 0.02). Alveolar/bronchiolar carcinomas were observed in 1/50,
2/50 and 2/50 males and 0/50, 0/50 and 2/50 females. ln males, significant (p 0: 0.01)

dose-related increases in the incidences of hepatocellular carcinomas (5/50, 13/50 and
17/50) and in the combined incidencesofhepatocellular adenomas and carcinomas (13/50,

23/50 and 27/50) were observed; no significant increase was observed in females (National
Toxicology Program, 1982).

Rat: Groups of 50 male and 50 female Fischer 344 rats, five to seven weeks old, were
administered 0, 100 or 200 mgl kg bw per day technical-grade bis(2-chloro-1-methylethyl)ether in corn oil at 1 mIl kg bw per day by stomach tube on five days per week for 103
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weeks and observed for one to two weeks. A group of 50 male and 50 female rats served as
untreated controls. The test material was obtained from three different sources, and each
was a mixture of three isomers: bis(2-chloro-1-methylethyl)ether (~65%), 2-chloro-1methylethyl(2-chloro-n-propyl)ether (~31 %) and bis(2-chloro-n-propyl)ether (~4%) (confirmed by nuclear magne

tic resonance spectrometry). The total percentage of the three

isomers varied between 92.1 and 98.2%; the number of unspecified impurities ranged from
4-32 per batch per measurement. Survival at weeks 104-105 was: males - 32/50 untreated

controls; 33/50 vehic1e controls; 34/50 low-dose; and 3/50 high-dose; females - 37/50,
41/50,28/50 and 1/50, respectively. Dose-related decreases in body weight were observed in

males and females. The incidences of tumours in treated animals of either sex were not
significantly higher than those in vehicle-control groups (National Cancer Institute, 1979).
3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
The toxicity of bis(2-chloro-1-methylethyl)ether has been reviewed (Kirwin & Sandmeyer,
1981 ).

Oral LDso values of 240 and 450 mg/ kg bw have been reported for rats and guinea-pigs,
respectively (Smyth et al., 1951; Spector, 1956). The dermal LDso in rabbits was estimated to

be 3 ml/ kg bw. Rats exposed by inhalation for 4 h to 1000 ppm (7000 mg/ m3) bis(2-chloroi -methylethyl)ether survived the exposure period but 1/6 died two weeks later (Smyth et aL.,
1951). Dose- and time-dependent fatalities in rats have been reported folIowing exposure by
inhalation; the lowest dose at which deaths were observed has been reported to be 175 ppm

(1225 mg/m3) for 8 h (Kirwin & Sandmeyer, 1981). Other effects reported folIowing
inhalation exposure inc1ude irritation of the eyes, nose and lung as well as hepatic and renal

injury (Gage, 1970; Kirwin & Sandmeyer, 1981). Bis(2-ch10ro-l-methylethyl)ether is
reported to be a relatively weak skin irritant (Kirwin & Sandmeyer, 1981).
Rats administered 22 oral doses of 200 mg/ kg bw bis(2-chloro-1-methylethyl)ether over
31 days had decreased weight gain and increased weights of liver, kidney and spleen. Oral
doses of 10 mg/ kg bw caused reductions in weight gain only (Kirwin & Sandmeyer, 1981).
Exposure of rats by inhalation to 350 ppm (2450 mg/ m3) bis(2-chloro-1-methylethyl)ether
for 5 h per day for eight exposures caused respiratory distress, reduced weight gain and
congestion of the liver and kidneys. Twenty 6-h exposures to 20 or 70 ppm (140 or 490
mg/ m3) resu1ted in reduced weight gain in the higher-dose group only (Gage, 1970).

AlI B6C3F¡ mice administered daily doses of 562 mg/kg bw bis(2-chloro-1-methylethy1)ether (~70% pure) by gavage for two weeks died, whereas administration of doses of

17.8-316 mg/kg bw caused few toxic effects. No death occurred in a group of mice
administered 10-250 mg/kg bw bis(2-chloro-1-methylethy1)ether by gavage on seven days
per week for 13 weeks, although morphological changes were observed in the lungs of sorne
animals treated with doses over 50 mg/kg bw (National Toxicology Program, 1982).
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ln a bioassay (see section 3.1), administration of bis(2-chloro-l-methylethyl)ether

(~70% pure) by gavage to Fischer 344 rats or B6C3F¡ mice for up to two years resulted in
reduced weight gain in rats and in high-dose female mice (National Cancer Institute, 1979;
National T oxicology Program, 1982). F ollowing exposure of mice to bis(2-chloro-1-methylethyl)ether at doses of 2000-10000 mg/ kg in the diet for up to two years, anaemia and
reduced body-weight gain were observed. Mortality in the high-dose group was greater than
among controls (Mitsumori et al., 1979).
Effects on reproduction and prenatal toxiczty

No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
0.2 ¡.g/ kg-300 mg/ kg bw(2-14C)-bis(2-ch10ro1-methylethyl)ether (:/95% pure), peak blood levels of radioactivity were reached 2-4 h after
treatment. After administration of 300 mg/ kg bw, the disappearance of radioactivity from
ln rats administered a single oral dose of

the blood showed saturation kinetics. ln monkeys receiving 30 mg/ kg bw orally, two blood

elimination phases were observed, with half-lives of 5 h and two days, whereas only one
half-life of two days was observed in rats (Smith et aL., 1977).
/

F ollowing administration to rats of 14C-bis(2-chloro-1-methylethyl)ether orally (90
mg/ kg bw; (1-14C) label) (Lingg et al., 1982) or intraperitoneally (30 mg/ kg bw; (2_14C)

label) (Smith et al., 1977), urinary excretion of radioactivity accounted for approximately
48% within 48 h and 60% within 24 h, respective1y. After intravenous administration of 30
mg/ kg bw (2-14C)-bis(2-chloro-1-methylethyl)ether to a rhesus monkey, 30% of the
radioactivity was excreted in the urine within 24 h (Smith et al., 1977). Following parenteral
administration to the rat and monkey, urinary excretion did not increase after 24 h within a
seven-day observation period. Faeca1 excretion amounted to approximately 4% of the
radioactivity within 48 h following oral administration to rats, and total faecal excretion
amounted to 6% and 1 %, respectively, in seven days, in rats treated intraperitoneally and in
a monkey treated intravenously. Following oral administration of(1-14C)-bis(2-chloro-1-

methylethyl)ether to rats, approximately 20% of the radioactivity was exhaled as 14C-COi
within 48 h, and approximately 2% of the radioactivity was retained. ln rats, total recoveries

of radioactivity were 75% following oral administration ((1-14C) label) and 90% following
intraperitoneal administration ((2_14C) label) (Smith et al., 1977; Lingg et al., 1982). (The
W orking Group noted that two different 14C-radiolabelled compounds were used in these
studies, which may exp1ain the differences in urinary excretion observed.)
ln rats given an intraperitoneal injection of (2-14C)-bis(2-ch1oro-1-methylethyl)ether,

1 % of the radioactivity recovered in the urine was unchanged compound; the urinary
metabolites were 1-ch10ropropan-2-01, propylene oxide and 2-(2-chloro-1-methylethoxy)propanoic acid (Smith et al., 1977). Following oral administration of

(1-14C)-bis(2-

chloro-1-methylethy1)ether (90 mg/ kg bw) to rats, 2-(2-chloro-1-methylethoxy)propanoic
acid was recovered in the urine as approximate1y 17% of the dose, and N-acetyl-S-(2-

hydroxypropyl)cysteine as approximately 9% of the dose (Lingg et al., 1982).
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Mutagenicity and other short-term tests

Bis(2-chloro-1-methylethyl)ether was mutagenic to Salmonella typhimurium TA100
treated with 1 ml in a dessicator for 3-9 h, both in the presence and absence of homogenates
from uninduced mouse, hamster, human and rat liver. Mutation frequencies were higher
when metabolic systems were present (Simmon, 1978; Simmon & Tardiff, 1978).
Bis(2-chloro-1-methylethyl)ether (purity, 34.3% (impurities unspecified)) was tested in
two laboratories, in a preincubation assay with S. typhimurium, at doses of 10-3333

¡.gj plate. ln the presence of Aroc1or-induced hamster-liver S9, it induced a low but
dose-re1ated increase in mutation frequency in strains T A

100 and T A1535 (Mortelmans et

aL., 1986).

A commercial preparation of bis(2-chloro-1-methylethyl)ether was reported to be
nonmutagenic in S. typhimurium TA1535, TA1537, TA1538, TA98 and TAIOO and in
Escherichia coli WP2 hcr (Moriya et al., 1983). (The W orking Group noted that values were

not given and no precaution was taken to prevent volatilization of the compound.)
When Drosophila melanogaster Canton-S stock flies were treated with bis(2-chloro- imethylethyl)ether (purity, 34.3% (impurities unspecified)) by feeding (250 or 283 ¡.gj g) or
injection (1600 ¡.gj ml), no statistically significant increase in the incidence of sex-linked

recessive lethal mutations was found (Valencia et al., 1985).
It was reported in an abstract that bis(2-chloro-1-methylethyl)ether did not induce
unschedu1ed DNA synthesis in hepatocytes of male mice treated in vivo (details not given)
(Mirsalis et al., 1985).

(b) Humans

No data were available to the Working Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were availab1e to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Bis(2-chloro-1-methylethyl)ether has been produced as a solvent and soil fumigant and
is a1so formed in large quantities as a by-product in some propylene oxidej propyle

ne glycol

production processes. Low 1evels have been found in water. Thus, both occupational and
environmental exposures may occur.
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4.2 Experimental data

Bis(2-chloro-1-methylethyl)ether, containing 2-chloro-1-methylethy1(2-chloro-n-

propyl)ether and bis(2-chloro-n-propyl)ether, was tested for carcinogenicity by oral
administration by gavage in one experiment in mice and in one experiment in rats. ln mice,
increased incidences of lung ad

en

ornas in males and females and of hepatocellu1ar

carcinomas in males were observed. ln rats, no increase in tumour incidence was observed.
No data were available to evaluate the reproductive or prenatal effects of bis(2-ch10ro-1-

methylethyl)ether to experimental animaIs.
Bis(2-chloro-1-methylethyl)ether is mutagenic to Salmonella typhimurium. It does not

induce sex-lInked recessive lethal mutations in Drosophila melanogaster.
Overall assessment of data from short-term tests: Bis(2-chloro- i -methylethyl)ethera
Genetic activity
DNA da

mage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

+

Fungi/ Green plants
Insects

-

Mammalian cells
(in vitro)

Mammals
(in vivo)
H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate

Cell transformation:

No data
OThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.3 Human data

No data were available to evaluate the reproductive effects or prenatal toxicity of
bis(2-chloro-1-methylethyl)ether to humans.
No case report or epidemiological study of the carcinogenicity of bis(2-chloro-1methy1ethy1)ether to humans was available to the W orking Group.
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4.4 Evaluationl

There is limited evidence for the carcinogenicity of bis(2-chloro-1-methylethyl)ether to
experimental animals.
No evaluation could be made of the carcinogenicity of bis(2-chloro-1-methylethyl)ether
to humans.
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METHYL CHLORIDE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 74-87-3

Chem. Abstr. Name: Chloromethane
IUPAC Systematic Name: Chloromethane
Synonym: Monochloromethane

Trade Names: Artic; R 40
1.2 Structural and molecular formulae and mo1ecular weight

H
1

H - C - CI
1

H
CH3CI

MoL. wt: 50.49

1.3 Chemical and physical properties of the pure substance
(a) Description: Colourless gas with ethereal odour and sweet taste (Hawley, 1981;
Windholz, 1983)

(b) Boilng-point: -24.2°C (Weast, 1985)

(c) Melting-point:-97.1°C (Weast, 1985)
(el Density: d¡O 0.9159 (Weast, 1985)
(e) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980; prism (842),

grating (15290)), nuclear magnetic resonance and mass spectral data (Grasselli &

Ritchey, 1975) have been reported.

QIn square brackets, spectrum number in compilation
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(j Solubilty: Slightly soluble in water (303 mIl 100 ml at 20°C) (Verschueren, 1983;

Windho1z, 1983); soluble in ethanol (3740 ml/100 ml at 20°C), diethyl ether,
acetone, chloroform, benzene (4723 mll 100 ml at 20°C), carbon tetrachloride (3756

mll 100 ml at 20°C) and glacial acetic acid (3679 mIl 100 ml at 20°C) (Hawley, 1981;
Windholz, 1983; Sax, 1984; Weast, 1985)
(g) Volatilty: Vapour pressure, 5.0 atm (3800 mm Hg) at 22°C (Weast, 1985); relative

vapour density (air = 1), 1.8 (National Fire Protection Association, 1984; Sax,
1984)
(h) Stability: Flash-point, -45.5°C (National Fire Protection Association, 1984);

decomposes in water with a half-time of 4.66 h at ioo°c (Davis et al., 1977)

(i) Reactivity: Reacts with active metals (aluminium, magnesium, potassium, sodium,
zinc) (Haw1ey, 1981; Sax, 1984)

U) Octanol/water partition coefficient (P): log P, 0.91 (Hansch & Leo, 1979)
factor: mg/m3 = 2.07 X ppma

(k) Conversion

1.4 Technical products and impurities

Methyl chloride is marketed as a 1iquefied gas under pressure, generally in 99.5-99.95%
purity. Impurities (maximum concentrations in ¡.gl g) may inc1ude: water (40-100), acid (as
hydrochloric acid, 5-10), dimethyl ether (20), methanol (50-100), acetone (25-50), acetylene
(200), dimethyl ether plus dichloromethane (see monograph, p. 43) (25), ethyl chloride
(10-125), and vinyl chloride (see IARC, 1979a, 1982a) (70-100). Higher chlorides may be

present in trace amounts in methyl chloride produced by the chlorination of methane
(Ahlstrom & Steele, 1979; Air Products & Chemicals, 1981; Linde, 1982; ICP Chemicals &

Plastics, 1983; Matheson, 1985; ARC Chemical Corp., undated; Ethy1 Corp., undated;
Vista Chemical Co., undated).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Methyl chloride was synthesized as early as 1835. A purified form, prepared in 1874, was

ride with methanoL. The major
commercial routes for the production of methyl chloride inc1ude ch10rination of methane
produced by reaction of hydrogen chIo

ride and zinc chIo

°Calculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard tempe

rature (25°C) and pressure (760 mm Hg)

METHYL CHLORIDE

163

and hydrochlorination of methanol. ln the latter, more common reaction, equimolar
portions ofvaporized methano1 and hydrogen chloride are reacted at approximately 350°C
over alumina gel or other suitable catalysts. ln 1974,98% of methy1 chloride produced in the

USA was by methanol hydrochlorination (Ahlstrom & Steele, 1979; Walas, 1985). A
low-temperature reaction method has also been described (Akiyama et al., 1981).

The other, lesser used procedure, methane ch10rination, may be accomplished thermally
and through light-mitigated and catalytic reactions. ln addition to methyl chloride, a typical
reaction of this type yie1ds substantial quantities of dichloromethane (see monograph, p.

43), chloroform (see IARC, 1979b, 1982b) and a small amount of carbon tetrachloride (see
IARC, 1979c, 1982c) (Ahlstrom & Stee1e, 1979).

Methyl chloride may also be produced by reaction of methyl ether and hydrogen
chloride with water; the reaction of dimethyl sulphate (see lARe, 1974, 1982d) with
aluminium chloride or sodium chloride; decomposition of monochlorodimethyl ether with
zinc; and the heating of methanol with chloroform or carbon tetrachloride (Ahlstrom &
Steele, 1979).

Estimates for world production of methy1 chloride are given in Table 1.

Table 1. Estimate of world production of methyl
chloride (milion kg)a
1960

1965

1970

1975

1980

63

142

318

232

360

aFrom Edwards et al. (1982)

The figure for 1980 reflects contributions of 150, 180 and 30 milion kg per year by
European countries, the USA and Japan, respectively (Edwards et al., 1982). Production
capacities in 1984 were estimated to be 320, 256 and 48 milion kg per year in Europe, the
USA and Japan, respective1y (Matsushima, 1986).

ln 1983, there were eight major US producers of methyl chloride (Anon., 1983). Five

Japanese companies have also been reported to produce this compound (The Chemical
Daily Co., 1984). ln Europe, five manufacturers have been identified in the Federal
Repub1ic of Germany, as well as two each in France and the UK, and one each in Belgium,

Greece, Italy, Spain and Switzerland.
(b) Use

Methyl ch10ride was first used as a refrigerant and dye intermediate in Europe in the late
1800s. It began to be widely used in the USA during the 1920s and in the UK in the 1930s,
primarily as a refrigerant (Ahlstrom & Steele, 1979).
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ride is in the production of methyl silicone
polymers and resins, and in the manufacture of tetramethyl- and mixed tetramethylethyllead (see IARC, 1980, 1982e) antiknock compounds for gaso1ine. It is used to a lesser extent
as a chemical intermediate and as a solvent. Methyl cellulose, a water-so1uble resin used as a
The current principal use of methyl chIo

paint thickener, as a protective colloid and in paper processing, is produced by the
etherification of cellulose with methyl chloride. Polymerization of isobutylene with isoprene

to produce butyl rubber (see IARC, 1982f) is carried out in methyl chloride solvent. Methyl
ride and fluorocarbons is used as a blowing agent
in the production ofpolystyrene foams (see IARC, 1979d). ln addition, methyl ch10ride has
chloride or a combination of methyl chIo

plastics, pharmaceuticals, herbicides (such

been used as an intermediate in the production of

as dimethyl arsenates), dyes, surfactants and disinfectants, methyl ethers, commercial

Grignard reagents, methyl mercaptan and dichloromethane (Ah1strom & Steele, 1979;
Sittig, 1980; American Conference of Governmenta1 Industria1 Hygienists, 1984; Mannsvile
Chemica1 Products Corp., 1984).

Methyl chloride has been used to a limited extent as a local anaesthetic, alone or in
combination with ethyl chloride. It was also used in the early 1900s as a general anaesthetic
agent, but this application was discontinued due to its toxic side-effects (Browning, 1965;

American Conference of Governmental Industrial Hygienists, 1984).
Regional use estimates for 1978-1979 are presented in Table 2. ln a more recent analysis

of US use patterns, 80% of the methyl chloride produced was used in the production of
methy1 silicone po1ymers and only 7% in lead antiknock compounds (Mannsvile Chemical
Products Corp., 1984). Use of methyl chloride in lead antiknock compounds will probably
continue to dec1ine with increasing restrictions on lead additives in gasoline (Anon., 1983;
Mannsvile Chemical Products Corp., 1984).

Table 2. Regional use estimates for methyl chloride (%)0
Use

USA

Europe

lapan

Silcones

50
30
4
4

45
28

71

7

3

4

14

12

16

12

T etramethyllead
But
yI rubber

Methyl cellulose
Miscellaneous
aFrom Edwards et aL. (1982)

(c) Regulatory status and guidelines

Occupational exposure limits for methyl chloride in 21 countries are presented in Table
3.
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Table 3. Occupational exposure limits for methyl chloridea
Country

Year

Concentration

Interpretationb

(mg/ m3)

Australia

1978

210

TWA

Belgium

1978

210

TWA

Bulgaria

1971

5

Ceiling

Czechoslovakia

1976

100

200

TWA
Ceiling

105
160

TWA
STEL

105

TWA
STEL

Finland

1981

France

1985

210

German Democratie Republic

1979

200

TWA
STEL

100

Germany, Federal Republic of

1985

105

TWA

H ungary

1974

20

TWA

Italy

1978

200

TWA

Japan

1978

210

TWA

The Netherlands

1978

210

TWA

Norway

1981

105

TWA

Poland

1976

20

Ceiling .

Romania

1975

100

TWA
Ceiling

200

Sweden

1984

200

TWA
STEL

100

Switzerland

1978

105

TWA

UK

1985

210
260

TWA
STEL

USA

1985
105

205
210
420
630

TWA
STEL
TWA
Ceiling
STEL

ACGlH
OSHA

USSR

1977

5

Ceiling

Yugoslavia

1971

50

Ceiling

QFrom International Labour Offce (1980); Direktoratet for Arbeidstilsynet (1981); TyösuojeluhalItus

(1981); Arbetarskyddsstyrelsens Författningssamling (1984); American Conference of Governmental
Industrial Hygienists (ACGIH) (1985); Deutsche Forschungsgemeinschaft (1985); Health and Safety
Executive (1985); Institut National de Recherche et de Sécurité (1985); US Occupational Safetyand
Health Administration (OS
HA) (1985)
bTW A, time~weighted average; STE

L, short-term exposure limit
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2.2 Occurrence

(a) Naturaloccurrence
Methyl ch10ride is produced by a va

ri

et

y of marine organisms (Lovelock, 1975).

(b) Occupational exposure

Four US chemical plants were selected by the National Institute for Occupational Safety
and Health for surveys of worker exposure to methyl chloride in 1978-1979. Plant A was a
multi-chemical production facility where methyl chloride was produced and also used in the
production of tetramethyllead. Plant B was a major producer of methyl chloride. Plant C
produced methyl chloride and used it in the production,of methyl chlorosilanes. Plant D was
a large chemical facility where methyl chloride was used as a blowing agent in the
production of polystyrene foam. Personal, 8-h time-weighted average concentrations of

methyl chloride in the methyl ch10ride production facility at Plant A ranged from 8.9 to 12.4
ppm (18.4-25.7 mg/m3); in the tetramethyllead facility, the range was from ':0.16 to 12.1
ppm (':0.33-25.1 mg/ m3); the average (geometric mean) for all workers surveyed was 1.3

ppm (2.7 mg/m3). At Plant B, personal exposure levels ranged from ':0.2 to 7.5 ppm
(':0.4-15.5 mg/ m3); the average exposure for all workers in the survey was 1.1 ppm (2.3

mg/ m3). Personal exposures at Plant C varied from ':0.1 (detectable limits) to 12.7 ppm
(':0.2-26.3 mg/ m3), with a mean of

0.4 ppm (0.8 mg/ m3). At Plant D, personal exposures ta

methyl chloride ranged from 2.98 to 21.4 ppm (6.2-44.3 mg/m3), with a mean of 6.75 ppm
(14 mg/ m3) for all the jobs monitored (Cohen et al., 1980).

W orkplace concentrations were measured by continuous monitoring at 12 sampling
points in a Dutch methyl chloride production plant. The calculated 8-h average exposures of
six workers ranged from 30 to 90 ppm (62-186 mg/ m3) during one working week (van Doorn
et al., 1980).

( c) Air
Methyl chloride is probably the most abundant halocarbon in the atmosphere. The
average global atmospheric concentration is estimated to be in the order of 1 ppb (2.1
¡.g/ m3), with lower concentrations (0.6-0.8 ppb (1.2-1.7 ¡.g/m3)) (Cronn et aL., 1977; Singh

et al., 1979; Rasmussen et aL., 1980; Singh et aL., 1982; Rasmussen & Khalil, 1983; Singh et
al., 1983) in rural areas and higher concentrations in urban areas and near localized sources.
The principal sources are formation in the oceans by seaweeds and marine microorganisms
ride
and by the combustion of organic matter. Combustion processes in which methyl chIo

has been detected inc1ude forest fires (1-80 ppb (2.1-166 ,ug/ m3)); slash-and-burn
agriculture; cigarettes (0.5-100'ppb (1-207 ¡.g/ m3)); burning of fossil fuels; incineration of

domestic, municipal and industria1 rubbish; and accidental fires (Lovelock, 1977; Edwards
et aL., 1982).

The major source of atmospheric methyl chloride is believed to be the oceans, which
release 1000-8000 milion kg per year; urban sources and the combustion of vegetation are

estimated to release 150-600 milion kg per year (Tassios & Packham, 1985). Industrial
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emissions from the manufacture, processing and distribution of methyl chloride were
estimated to contribute only about 20 million kg in 1980 (Edwards et al., 1982).
Average levels in air at ten urban sites in the USA ranged from 0.7-3.0 ppb (1.4-6.2

¡.g/m3) (Singh et aL., 1981, 1982). Singh et aL. (1981) calculated that average human
exposures to methyl chloride at these sites ranged up to 140 ¡.g/ person per day. The

background concentration at surface level from natural sources at 400N latitude was
estimated to be 650 ppt (1.3 ¡.g/ m3) (Singh et al., 1982).

The primary mechanism for the removal of methyl chloride froID the atmosphere is
believed to be reaction with hydroxyl radica1s. On this hypothesis, the residence time of
methyl chloride in an urban atmosphere was estimated to be 231 days with a daily rate ofloss
urs) of 0.4% (Singh et al., 1981).
The average tropospheric background concentration of methyl chloride in March 1976
over the Pacifie N orthwest region of the USA was reported to be 569 ppt (1.2 ¡.g/ m3) and

(12 sunlit ho

accounted for about 24% of the total atmospheric burden of carbon-bound chlorine
measured. The concentration in the 10wer stratosphere was only 5% lower than in the
troposphere (Cronn et al., 1977).

Methyl chloride measurements from 1979 to 1981 showed fairly uniform atmospheric
concentrations over the eastern Pacifie, from 400N to 32°S latitude, with a mean of 622 ppt
(1.3 ¡.g/ m3) (Singh et al., 1979, 1983). ln other measurements over the Pacifie, from about
65°N to 900S latitude, Rasmussen et al. (1980) reported slightly higher average concentrations within the tropospheric layer of815 ppt (1.7 ¡.g/ m3) in 1977 and 755 ppt (1.6 ¡.g/ m3) in

1978. Lower concentrations were found above the boundary layer, with average values of
629 ppt (1.3 ¡.g/ m3) and 618 ppt (1.3 ¡.g/ m3) in 1977 and 1978, respectively. ln May 1982, the

average concentration of methyl chloride in the lower troposphere over Point Barrow,
Alaska (700N), was reported to be 647 ppt (1.3 j.g/ m3) (Rasmussen & Khalil, 1983).

Air samples collected in 1980 over the State of Washington in the vicinity of Mt St
Helens during a period of vo1canic activity were analysed for severa1 trace gases. Methyl
chloride concentrations in the volcanic plumes ranged from 1.1 to 3.3 ppb (2.3-6.8 ¡.g/ m3) in

the troposphere and from 0.5 to 2 ppb (1-4.1 j.g/ m3) in the stratosphere (Cronn &
Nutmagul, 1982; Hobbs et al., 1982). Leifer et aL. (1981) reported non-plume concentrations

of methyl chloride in the same vicinity during this time period of approximately 0.7 ppb (1.5
j.g/ m3) in the troposphere and 0.4-0.6 ppb (0.8- 1.2 ¡.g/ m3) in the stratosphere.

Measurements of methyl chloride in the air of southern England between December
1975 showed a mean concentration of 1.1 ppb (2.3 ¡.g/ m3) (Lovelock, 1975).
The average concentration in the stratosphere over France in June 1978 was calculated to be
1974 and April

approximately 0.7 ppb (1.5 ¡.g/ m3), as determined from balloon-probe measurements
(Penkett et al., 1980).
(d) Water

Methyl chloride concentrations in seawater have been reported as ranging from 0.010.05 ¡.g/1. Traces (in the order of 1 j.g/l) have been detected in sorne samples of drinkingwater treated by chlorination (Edwards et al., 1982).
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Concentrations of methyl chloride in seawater collected at Kimmeridge, Dorset, UK, in
1975 ranged from 5.9 to 21 ¡.gjl (Lovelock, 1975). The near-shorewater concentration of

methyl chloride at Point Reyes, CA, USA, was 1.2 ¡.g/l (Singh et al., 1977). Seawater
concentrations of methyl chloride in the Pacifie Ocean in 1977, from 9° to 33°S latitude, were

reported to range from 1.4 to 85.8 ng/ l, with an average of 26.8 ng/ 1 (0.0268 ¡.g/ 1) (Singh et
aL., 1979).
ln groundwater and surface-water in New Jersey, USA, sampled during 1977-1979,

methy1 chloride was detected in 3/1058 groundwater samples and in 24/605 surface-water
samples. The highest reported concentrations were 6.0 ¡.g/1 and 222.4 ¡.g/ l, respectively
(Page, 1981).

(e) Tobacco smoke

Tobacco smoke contains 150-840 ¡.g methyl chloride per cigarette (Wynder &
Hoffmann, 1967; see IARC, 1986). An average nonfilter US cigarette was found to contain
650 ¡.g in the mainstream smoke, and the ratio in sidestream smoke: mainstream smoke was

approximately 2.1 (US Department of Health and Human Services, 1982).
2.3 Analysis

Selected methods for the analysis of methyl chloride in air and water are identified in
984a,b) for analysing
water have also been applied to 1iquid and solid wastes (US Environmental Protection
Agency, 1982a,b). Volatile components of solid-waste samples are first extracted with
polyethylene glycol or methanol prior to purge/ trap concentration and analysis.
Method 624 (US Environmenta1 Protection Agency, 1984c) has also been adapted to the
Table 4. The methods of

the US Environmental Protection Agency (1

analysis of methyl chloride in fish, with an estimated detection limit of250 ¡.g/ kg (Eas1ey et

al., 1981).
Exposures to methyl chloride can be monitored in air by a direct-reading infrared
analyser, at minimum detectable concentrations of

0.8-3.1 mg/ m3 (The Foxboro Co., 1985;

Goelzer & O'Neill, 1985).

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs

Inhalation exposure
M ouse: It was reported in an abstract on a two-year inhalation study that male and
fema1e B6C3F¡ mice(numbers and age unspecified) were exposed by inhalation to 0,51,224
or 997 ppm (0, 106, 464 or 2064 mg/ m3) methyl chloride for 6 h per day on five days per
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Table 4. Methods for the analysis of methyl chloride
Sample matrix

Air

Sample preparation

Limit of

procedurea

detection

Adsorb on charcoal; desorb
(dichloromethane); inject aliquot

GCj FIO

Adsorb (porous glass beads,

GCl EC

- 173°C); desorb (heat, purge

Reference

122-455 mgjm3

Taylor (1978);

(range)

Peers (1985)

GClPIO
GCjFIO

6 ngj m3
10 ngj m3
103 ngjm3

(1983)

Adsorb on charcoal; desorb (heat,
purge with nitrogen) onto GC
column

GClMS

21 ¡.gjm3

Wilkes et aL. (1982)

Adsorb (polymeric beads); desorb
(heat, purge with helium) onto GC
column

GClMS

2 mgj m3

Krost et aL. (1982)

Inject air sample (5 ml) directly

GCl EC

21 ¡.gj m3

Pellizzari et al.
(1978)

Adsorb on charcoal; desorb
(heat, purge with helium); dry
(calcium sulphate); readsorb
(Tenax GC); desorb as before;
trap (liquid nitrogen cooled);
vaporize onto GC

GCjMS

138-357 ngj m3

Purge (inert gas); trap (OV-l on

GCl ECO

0.08 tigjl

US Environmental
Protection Agency
(1984a)

Add internaI standard (isotopelabelled methyl chloride); purge,
trap and desorb as above

GCj MS

50 ¡.gj 1

US Environmental
Protection Agency
(1984b)

Purge (80°C, nitrogen); trap
(Ambersorb or Porapak N); desorb
(flash-heat) and trap in 'mini-trap'

GCl EC

0.05 tigj 1

Piet et al. (1 985a)

GCj MS

(tap-water)
0.01 tigjl
(tap-water)

with nitrogen) onto GC column

Water

Assay

Pellizzari et aL.

(1978)

Chromosorb- W j Tenaxj silica gel);
desorb as vapour (heat to 180°C,

backflush with inert gas) onto GC
column

(Ambersorb or Porapak N, -30°C);

'desorb (flash-heat) onto GC column

Rudolph & Jebsen

GClMS

0.05 ¡.gj 1

(surface-water)
Equilibrate sealed sample at 30°C;

GCl EC

3-15 tigjl

Piet et al. (1 985b)

inject aliquot of head-space vapour
aAbbreviations: GC/FID, gas chromatography/flame-ionization detection; Ge¡EC, gas chromatography/electron capture
detection; Ge¡ PID, gas chromatography 1 photoionization detection; Ge¡ MS, gas chromatography 1 mass spectrometry;

GCI ECD, gas chromatography 1 electrolytic conductivity detection
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week. The reported analysis indicated an increase in the incidence of renal cortical
adenomas and adenocarcinomas and cortical tubular cysts in males receiving the highest

dose. Renal cortical adenomas were also seen in males exposed to 224 ppm (Pavkov et al.,
1982). (The W orking Group noted the inadequate reporting of the study.)

Rat: It was reported in an abstract on a two-year inhalation study that male and fema1e
Fischer 344 rats (numbers and age unspecified) were exposed to 0, 51, 224 or 997 ppm (0,
106,464 or 2064 mg/ m3) methyl chloride for 6 h per day on five days per week. No increase
in tumour incidence was reported in the treated animals (Pavkov et al., 1982). (The W orking
Group noted the inadequate reporting of the study.)

3.2 Other relevant biological data
(a) Experimental systems

Taxie effects

The toxicity of methyl chloride has been reviewed (von Oettingen, 1964; Repko &
Lasley, 1979; Torkelson & Rowe, 1981).
The LCso value for methyl ch10ride in mice is about 6300 mg/ m3 (7-h exposure) (von
2250 ppm (4600 mg/m3) and 8500
ppm (17 500 mg/ m3) were reported for male and female mice, respectively; the LCso of
methy1 chloride is increased in mice treated with buthionine su1phoxime, an inhibitor of
Oettingen et al., 1950). ln an abstract, 6-h LCso values of

glutathione synthesis (White et al., 1982). The average survival time of dogs exposed to
15000 ppm (31000 mg/ m3) was 6 h (von Oettingen et aL., 1950). Exposure of guinea-pigs to

3000 ppm (6200 mg/ m3) for 6 h was lethal to most animals (Smith & von Oettingen, 1947a).
Mice exposed to 2500 ppm (5150 mg/ m3) methyl chloride exhaled ethane, an index of lipid

peroxidation, 3 h after the start of exposure (Kornbrust & Bus, 1984).
Similar toxic effects have been reported following both short- and long-term exposure to
methyl chloride and inc1ude apathy, drowsiness, staggering gait, paralysis of
anorexia, spasticity, convulsions, renal damage, hyperaemia and haemorrhages of

the hind limbs,

the lung

and death (Schwarz, 1926; Dunn & Smith, 1947; Smith & von Oettingen, 1947b; von
Oettingen, 1964; Landry et aL., 1985).

Exposure to methyl chloride by inhalation decreased non-protein thiol concentrations
in rodent liver, kidney, lung, brain, testis and epididymis (Dodd et aL., 1982; Landry et aL.,
1983; Chapin et aL., 1984; Kornbrust & Bus, 1984). A simIlar effect was reported in tissues of
dams and fetuses of mice and rats (as reported in an abstract) following exposure to methyl
chloride during gestation (Bus et al., 1980; W olkowski- Tyl et al., 1983a).

Following exposure to 2000 ppm (4100 mg/m3) methyl chloride for 6 h per day on six
days per week, 50% of guinea-pigs, mice and dogs died within three to four days, and 50% of
monkeys, rats, rabbits, cats and chic

kens died after 10, 15,23,27 and 38 days, respectively

(Smith & von Oettingen, 1947a).
The major morphological finding in mice exposed to 500-2000 ppm (1030-4100 mg/ m3)
methy1 chIo

ride for 6 h per day for up to 12 days was degeneration ofthe liver, kidneyand
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cerebellum. Rats exposed to 2000-5000 ppm (4100-10 300 mg/ m3) for up to nine days out of
Il developed similar lesions and, in addition, degeneration of the adrenal glands,

seminiferous tubules and the epididymis (Morgan et al., 1982). ln several other studies,
mage have been reported in rats following exposure to methyl
ride by inhalation (Chapin et al., 1984; Hamm et al., 1985; Working et al., 1985a,b).
Lesions in the cerebellum have been reported in mice following continuous or intermittent exposure to methyl chloride (Jiang et al., 1985; Landry et al., 1985). Degenerative
testicular and epididymal da
chIo

changes in the cerebellum have also been found following exposure of guinea-pigs to 20000
ride for 10 min per day on six days per week for up to 70
days (Kolkmann & Volk, 1975).
As reported in an abstract, mice (B6C3Fi) and rats (Fischer 344) were exposed to 51,
224 and 997 ppm (106,464 and 2064 mg/ m3) methyl chloride for 6 h per day on five days per
week for 24 months. Survival and growth rates were reduced in all animaIs exposed to the
highest dose, and nearly all mice in this exposure group showed neurofunctional impairment, cerebellar degeneration and hepatocellular necrosis. Male mice also developed renal
and testicular damage. Male rats exposed to 997 ppm showed only testicular changes; no
ppm (41 200 mg/ m3) methyl chIo

lesion was observed in female rats (Pavkov et al., 1982).

Effects on reproduction and prenatal toxicity
Exposure of male Fischer 344 rats to methy1 ch10ride (pu

rit

y, 99.98%) by inhalation of

1500 ppm (3090 mg/ m3) for 6 h per day on five days per week for ten weeks, and for 6 h per

day on seven days per week for a further two weeks, resulted in severe atrophy of the
seminiferous tubules in all animaIs necropsied and in epididymal granulomas in 3/10
animals. Fewer litters were born to females bred to males similarly exposed to 475 ppm (980
mg/ m3), and no litter resulted from breeding of males exposed to 1500 ppm (3090 mg/ m3).

No such effect was observed following exposures to 150 ppm (310 mg/m3) (Hamm et al.,
1985).

ln a classical teratology study, groups of25 Fischer 344 rats were exposed by inhalation
to 0, 100,500 or 1500 ppm (0,206, 1030 or 3090 mg/ m3) methyl chloride (purity, ):99.99%)
for 6 h per day on gestation days 7-19. MaternaI food consumption and body weight were

significantly lower following exposure to 1500 ppm, and fetal body weights and skeletal
maturity were also reduced. No exposure-related skeletal or visceral abnormality was seen
(Wolkowski-Ty1 et al., 1983a).
ln a classical teratology study, groups of 33 female C57BL/ 6 mIce were mated with C3H
males, and the dams were then exposed by inhalation to 0, 100, 500 or 1500 ppm (0, 206,

ride (purity, ):99.9%) for 6 h per day on gestation days
6-17. After five days of exposure, vaginal bleeding and an exudate from the eyes were
ne days of treatment, signs of overt
neurotoxicity were observed in the group receiving the highest dose, and treatment was
stopped. No fetal skeletal abnormality was detected, but a low, significant incidence ofheart
defects (reduction in size or absence of the atrioventricular valves, chordae tendinae and
papilary muscles) was observed in the 500-ppm group (Wolkowski-Tyl et al., 1983a).
1030 or 3090 mg/ m3) methyl chIo

observed in a high-dose fema1e. After six to ni

T 0 examine further these cardiac defects, groups of74-77 female C57BL/ 6 mice that had

been mated to C3H males were exposed byinhalation toO, 250, 500 or750 ppm(O, 515,1030
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or 1545 mg/m3) methyl chloride (purity, 99.97%) for 6 h per day on gestation days 6-17.
Sorne of the dams exposed to 500 and 750 ppm became ataxic, and seven of the dams
exposed to 750 ppm died or were kiled during the exposure period. Dams exposed to 750
ppm had a greater number of affected (defined as nonlive implantation sites plus malformed
embryos) fetuses per lItter and a greater percentage of litters thus affected than did controls.
The incidence of cardiac defects was 0.7% of the fetuses in controllitters, 1.3% at 250 ppm,
2.5% at 500 ppm and 4.3% at 750 ppm (significant at the two higher exposures) (W olkowskiTyl et al., 1983b).

Absorption, distribution, excretion and metabolism
Following inhalation of methyl chloride by rats, biphasic elimination kinetics were
observed, with both saturable and first-order components (Andersen et aL., 1980). After
exposure of rats (6 h) and dogs (3 h) to 50 and 1000 ppm (103 and 2060 mg/m3) methy1

chloride, the steady-state levels of the parent compound in blood were rapidly reached and
were similar in both species. ln rats exposed by inhalation to 14C-methyl chloride (50-1000

ppm; 103-2060 mg/ m3 for 6 h), total (nonvolatile) radioactivity was highest in liver and
kidney and lower in testes (Landry et al., 1983). Mice c1eared 14C-methyl chloride from a

c10sed system two to three times faster than rats (Peter et al., 1985). It was reported in an
abstract that, following exposure of rats to 1500 ppm (3090 mg/ m3) 14C-methyl chloride for

6 h, about 64% of the radioactivity was recovered within 24 h in the exhaled air, 32% in urine
and approximately 4% in faeces (Bus, 1978).
After exposure of rats by inhalation to 14C-methyl chloride, about 50% ofthe radiolabe1
was expired as 14C-COi (Kornbrust et al., 1982; Landry et aL., 1983).
ln rats exposed by inhalation, the reported urinary metabolites of methyl chloride were
S-methylthioacetic acid sulphoxide, N-acetyl-S-methy1cysteine and N-(methylthio-

acetyl)glycine (Landry et al., 1983), which are known metabolites of S-methy1cysteine
(Sk1an & Barnsley, 1968).
14C-Methyl-S-methylglutathione and 14C-methyl-S-methy1cysteine were found after

incubation of 14C-methyl chloride with rat and guinea-pig liver, brain and kidney

homogenates; heat inactivation of the homogenates reduced tissue binding. Little
methylation of protein thiols occurred (Redford-Ells & Gowenlock, 1971a).
The methyl group of methy1 chloride is metabo1ized via S-methy1cysteine to formate.
Elevated formate levels were found in blood and urine of rats exposed to methyl chloride by
inhalation and treated either with nitro

us oxide or methotrexate, compounds known to

inhibit folate-dependent formate metabolism (Kornbrust & Bus, 1982). Formaldehyde has

also been detected in the blood of mice and rabbits exposed intraperitoneally or by
ornes
incubated with methyl ch10ride and NADPH (Kornbrust & Bus, 1983).
Immediately following exposure of rats by inhalation to 14C-methyl chloride, up to 20%
of the total radioactivity was incorporated into tissue proteins,. 1ipids and nucleic acids
ride, radioactivity in hepatic protein was associated with methionine and serine (Reynolds & Yee,
rats and mice by inhalation
inhalation to methyl chloride (Evtushenko, 1967; Sujbert, 1967) and in rat-1iver micros

(Kornbrust et al., 1982). Following oral dosing of rats with 14C-methyl chIo

1967). Methylated DNA bases were not found after exposure of
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ta 14C-methyl chloride (Kornbrust et al., 1982; Peter et al., 1985), although, as reported in an
abstract, methyl chloride has been shown to methy1ate 4-(para-nitrobenzyl)pyridine in vitro
(Kornbrust & Bus, 1980).

Mutagenicity and other short-term tests
Methyl chloride (2.5-20%) was mutagenic to Salmonella typhimurium T A

100 both in

the presence and absence of a metabolic system (S9) from the 1ivers of Aroc1or-induced rats
(Simmon et al., 1977). It was also mutagenic (at concentrations of 0.5-20.7%) to strain
T A1535 both in the presence and absence of S9 (Andrews et al., 1976). A dose-dependent

increase in the number of 8-azaguanine-resistant mutants was found after exposure of
S. typhimurium TM677 to 5-30% methyl chloride for 3 h (Fostel et al., 1985). AIl the above
studies were performed in closed vessels.
Chromatid breaks were induced in pollen grains of Tradescantia paludosa following
exposure to gaseous methyl chloride for 5 min (Smith & Lofty, 1954).

ln studies with TK6 human lymphoblasts, no increase in the incidence of DNA damage
(as measured by alkaline elution) was found following treatment with 1-5% methyl chloride
for 3 h; dose-dependent increases in the numbers of trifluorothymidine-resistant mutants
and sis

ter chromatid exchanges were observed after exposure to 1-5% and 0.3-3% methyl

chloride, respectively, for 3 h (Fostel et al., 1985).

It was reported in an abstract (Working & Butterworth, 1984) that exposure of male
Fischer 344 rats to 3500 ppm (7245 mg/ m3) methyl ch10ride by inhalation for 6 h per day for
one to nine days or to 15000 ppm (31050 mg/ m3) for 3 h did not induce unscheduled DNA

synthesis in pachytene spermatocytes. However, a dose-related increase in unscheduled
DNA synthesis (measured by autoradiography) was seen following in-vitro exposure of
pachytene spermatocytes to 30-100000 ppm (62-207 000 mg/ m3) methyl chloride for 3 h.
Male Fischer 344 rats exposed to 0, 1000 or 3000 ppm (0, 2070 or 6200 mg/ m3) methyl
ch10ride for 6 h per day on five consecutive days were used in an as

say for dominant 1ethal

mutations. Treatment with the high dose resulted in increased preimplantation 10ss
throughout the eight weeks following exposure (i.e., after treatment of spermatogonia,
spermatocytes, spermatids and spermatozoa). Also at the high dose, a slight increase in
postimplantation loss was found only during the first week after exposure (i.e., after
treatment of spermatozoa), indicating induction of dominant 1ethal mutations at the highest
concentration tested (Working et al., 1985a). The same authors, in a subsequent abstract,
rideinduced inflammation of the epididymis (Chellman et al., 1986).
Transformation of Syrian hamster embryo cells by SA 7 adenovirus was enhanced after
suggested that the postimplantation loss was a secondary effect due to methyl chIo

exposure of cells to 3-50 parts per thousand (6.2-103.5 g/m3) methyl ch10ride in sealed
chambers for 20 h (Hatch et aL., 1983).
(b) Humans

Taxie effects
The odour threshold for methyl chloride in humans has been reported to be 10 ppm (21
mg/ m3) (Stahl, 1973). Methyl chIo

ride poisonings have occurred both in industry and as a
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consequence ofleakages from domestic refrigerators. A review reported 263 severe cases of
poisoning, observed mainly between the 1940s and the 1960s, 21 of which were fatal (von
Oettingen, 1964).

The symptoms associated with fatal poisoning include nausea, vomiting and abdominal
pain (Kegel et aL., 1929; McNally, 1946), followed by headache, mental confusion, loss of
balance and, eventually, loss of consciousness (Kegel et al., 1929; McNally, 1946; Baird,
the lungs and kidneys
1954). Pathological examination of cases has revea1ed congestion of

and fatty degeneration of the liver (Kegel et aL., 1929; McNally, 1946).

Non-fatal cases develop simIlar but milder symptoms, which include nausea and
vomiting, vertigo, tremor, visual disturbances and 1ack of coordination (Baker, 1927;
Weinstein, 1937; Morgan Jones, 1942; Verrière & Vachez, 1949; Hansen et al., 1953;
Hartman et al., 1955; MacDonald, 1964; Borovská et al., 1976; Spevak et al., 1976; Lanham,
1982).

Renal damage (e.g., nephritis), detected by proteinuria, oliguria and uraemia, has a1so
been reported (Kegel et al., 1929; Verrière & Vachez, 1949; Mackie, 1961; Spevak et al.,

1976). Cirrhosis of the liver was described in one case after long-term exposure to methy1
chloride fumes (Wood, 1951).

Neurological damage (Kegel et al., 1929; Morgan Jones, 1942) and severe personality
changes have been reported as late effects of toxie exposure (MacDonald, 1964; Thordarson
et al., 1965; Borovská et al., 1976). Mild neurological or psychiatrie sequelae were still
evident several years after poisoning (Gudmundsson, 1977).

Efects on reproduction and prenatal toxiczty
In-a tabulation of case reports of agenesis of the sacrum, one concerned a baby who died
at birth whose mother had been exposed to 'vapours of methyl chloride and ammonia'.
Further details concerning the exposure were not given (Ku~era, 19(8).

Absorption, distribution, excretion and metabolism
F ollowing inhalation of 38Cl-methyl chloride by volunteers as a single breath, 29% of the

total inhaled radioactivity was excreted in expired air within 1 h (Morgan et al., 1970).
F ollowing exposure of six male vo1unteers (25-41 years old) to 50 ppm (i 03 mg/ m3) or 10
ppm (20.6 mg/ m3) methyl chloride for 6 h on two days separated by two weeks, the

concentration in blood and expired air was proportional to the exposure concentration. The
concentration in two of the volunteers was two to three times higher than in the others, and,
following the exposures, both the clearance from the blood and the decrease in expired air
concentrations were slower in these individuals. A five-fold difference in the rate constant
for methy1 chloride metabo1ism was ca1culated between the two groups (No1an et al., 1985).
Similar findings were reported in an abstract (Hake et al., 1977). (The W orking Group noted
the small number of subjects reported.)

S-Methylg1utathione was identified in human erythrocytes following incubation with
14C-methy1 chloride; heating decreased the binding of radio

label in whole blood. No
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methylation of haemoglobin was detected. After incubation of human plasma with 14C_

methyl chloride, the small amounts of radioactivity associated with albumin were identified
as S-methy1cysteine (Redford- Ellis & Gowenlock, 1971 b).

Increased excretion of urinary S-methy1cysteine has been reported in persons occupationally exposed to methyl chloride (up to 90 ppm; 185 mg/m3) (van Doorn et al., 1980). No
correlation was found between exposure of volunteers to 10 and 50 ppm (20.6 and 103
mg/ m3) methyl chloride and urinary excretion of S-methy1cysteine (N olan et aL., 1985).
Mutagenicity and chromosomal effects
No data were availab1e to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

A cohort study was conducted of 852 male workers employed for at 1east one month
between 1943 and 1978 in a butyl rubber manufacturing plant using methyl chloride
(Holmes et aL., 1986). There was a total of30 deaths from cancer. ln comparison with the US
population, the standardized morta1ity ratios for white men were 82 (120 observed) for all

causes of death, 66 (19 observed) for deaths from all cancers and 70 (seven observed) for

deaths from respiratory cancers; among non-white men, the corresponding figures were 59

(59 observed), 63 (11 observed) and 120 (statistically nonsignificant; six observed). Further
analyses, by tIme of first emplpyment, duration of employment and level of exposure to
methyl chloride, provided no indication of an Increase in standardized mortality ratio or a
dose-response relationship for all cancers taken together. (The W orking Group noted that
the small number of deaths providesan insufficient basis for assessing site-specific cancer
risk. )

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Methyl chloride is formed extensively in the oceans and during combustion processes. It
is also produced commercially in large quantities for use as an intermediate in the

production of methyl silicone polymers, tetramethyllead and methy1 cellulose, and as a

solvent in the preparation of butyl rubber. It has been used as a refrigerant. Human
exposure occurs in production and process plants, from cigarette smoke and from
ubiquitous low-level concentrations in the ambient air and water.
4.2 Experimental data

A study in which methyl chloride was tested for carcinogenicity in mice and rats by
inhalation exposure was reported only in an abstracto Although an excess of kidney tumours
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was reported in male mice exposed to the highest dose, the incomplete reporting precluded
an eva1uation of this finding. The studies in female mice and in male and female rats were
reported to give negative results.

Inhalation exposure to methyl chloride causes fetal growth retardation and impaired
male reproductive capacity in rats and malformations of the heart in fetal mice.

Methyl chloride is mutagenic to bacteria and induces chromosomal aberrations in
plants. It induces DNA damage in mammalIan cells in vitro but not in vivo. ln cultured
ter chromatid exchanges and enhances viral
cell transformation. It induces dominant lethal mutations in rats.
mammalian cells, it induces mutations and sis

Overall assessment of data from short-term tests: Methyl chloridea
Cell transformation

Genetic activity

DNA damage

Mutation

Chromos

omal

effects

+

Prokaryotes
Fungi/ Green plants

+

Insects

Mammalian cells
(in vitro)

+

Mammals
(in vivo)

-

+

+

+

+

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient

Cell transformation:
Positive

aThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.3 Huma" data
No evaluation of the effects of methy1 chloride on reproduction or prenatal toxicity
could be made on the basis of the available data.
A small cohort study of but

yI rubber manufacturing workers exposed to methyl chloride

was uninformative with regard to the carcinogenic hazard of this chemicaL.
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4.4 Evaluationl

There is inadequate evidence for the carcinogenicity of methyl chloride to experimental
animaIs.

There is inadequate evidence for the carcinogenicity of methyl chloride to humans.
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METHYL BROMIDE
-1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 74-83-9

Chem. Abstr. Name: Bromomethane
iu PA C Systematic Name: Bromomethane
Synonyms: Monobromomethane

Trade Names: Brom-O-gas; Curafume; Dowfume MC-2; Dowfume MC-33; Embafume;
Halon 1001; Haltox; Iscobrome; Meth-O-gas; Methyl Fume; R40B1; Terabol; Terr-Ogas 67

1.2 Structural and molecular formulae and molecular weight

H
1

H - C - Br
1

H
CH3Br

MoL. wt: 94.94

1.3 Chemical and physical properties of the pure substance
(a) Description: Colourless gas with chloroform-like odour and burning taste
(Hawley, 1981; Verschueren, 1983; Windholz, 1983)

(b) Boilng-point: 3.6°C (Weast, 1985)
(c) Me/ting-point: -93.6°C (Weast, 1985)

(d) Density: d~o 1.6755 (Weast, 1985)
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(e) Spectroscopy dataa: Ultraviolet (Grasselli & Ritchey, 1975), infrared (Sadtler
Research Laboratories, 1980; prism (1098), grating(10972)), C-13 nuc1ear magnetic

resonance and mass spectral data (Grassell & Ritchey, 1975) have been reported.
(j Solubilty: Slightly soluble in water (0.9 gj 1 at 20°C) (Verschueren, 1983); soluble in

ethanol, benzene, carbon disu1phide, carbon tetrachloride, chloroform and diethyl
ether (Windholz, 1983; Weast, 1985)
(g) Va

la

tilit

y: Vapour pressure, 2 atm (1520 mm Hg) at 23.3°C (Weast, 1985); relative

vapour density (air = 1), 3.3 (Verschueren, 1983; National Fire Protection Association, 1984; Sax, 1984)
(h) Stabilty: Noninflammable in air but burns in oxygen (Hawley, 1981; Windholz,

1983); decomposes in water with a half-time of 67.8 h at 100°C (Davis et al., 1977)
(i) Reactivity: Reacts with sorne metals (aluminium); alkylating agent (Stenger, 1978;
Sax, 1984)

U) Octanoljwater partition coeffcient (P): log P, 1.19 (Hansch & Leo, 1979)
(k) Conversionfactor: mgjm3 = 3.88 X ppmb

1.4 Technical products and impurities

Methyl bromide is typically avai1able as a liquefied gas with a minimum purity of99.5%
(Union Carbide Corp., 1982; Matheson Gas Products, 1985; Ethyl Corp., undated a). Water

content and acidity (as hydrobromic acid) are less than 0.01% and 0.001%, respectively
(Ethyl Corp., undated a,b). Methyl bromide is also available in formulations containing 2%
(Ethyl Corp., undated b) or 32-33% chloropicrin, added at low levels as a sensory warning
and at higher levels as a fumigant (Gosse1in et al., 1984).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Commercial and laboratory methods for methyl bromide production involve the
reaction of methanol with hydrobromic acid, which is generated by addition of sulphuric
acid to a solution of sodium bromide and methano1 in a reactor. The methyl bromide

QIn square brackets, spectrum number in compilation
bCalculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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product is removed through distilation, and is then dried, condensed and fractionated to
remove impurities (Stenger, 1978).

Methyl bromide can also be produced by the action of bromine on methanol in the
presence of phosphorus (Hawley, 1981) or sulphur (Sittig, 1980), the direct addition of
hydrobromic acid to methanol, the reaction of hydrogen bromide with excess methy1

chloride at 400-500°C, or the therma1/ photochemical reaction of bromine chloride with

methane (Stenger, 1978). Methyl bromide has been produced by the direct catalytic
bromination of methane at elevated temperatures, but this reaction produced polybrominated methanes as undesirable byproducts (Considine, 1974).

Two manufacturers in the USA currently produce methyl bromide, with a combined
annual capacity of 19.5 millon kg. One other producer, with a capacity of 9.5 milion kg,
ceased operation in 1983. The smaller of the two current producers opened a plant with a
capacity of3 millon kg in 1984(Anon., 1985a). Current US demand is estimated to be 17-22
milion kg annually (Holtorf, 1985). Data on the production, imports and exports of methyl
bromide in the USA are given in Table 1.
Table i. US production, imports and exports of methyl bromide

(milions of kg)a

Production
Imports
Exports

1977

1978

1979

1980

1981

1982

15.8

19.3

22.3

ND

21.0

ND

0.59

0.45

0.71

ND

3.18

4.96

0.96
5.48

0.97

0.74

4.25

2.78

aFrom Opresko and Daugherty (1985)

ND, no data

There are currently seven major manufacturers of methyl bromide in Japan (The
Chemical Daily Co., 1984a). Japanese production in 1982 was approximately 5.3 milion kg
(ATOCHEM,1984).
Several European producers of methyl bromide have been identified, inc1uding one each
in Spain and Italy, and three in France (ATOCHEM, 1984; Anon., 1985b).
(b) Use

Methy1 bromide, used primarily as a soi1 fumigant for the control of nematodes, fungi
and weeds, was introduced for use as a pesticide in 1932 (Hayes, 1982) and 65% of the methyl
bromide used in the USA is for this purpose (Anon., 1985a). As a soi1 fumigant, methyl

bromide is applied prior to planting, often by injection into the soil followed by tarping
(Mannsvile Chemical Products Corp., 1979). It is used to fumigate plant beds primarily for
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tomatoes and strawberries and to sterilize soil in tobacco seed beds and plant and tree
nurseries; only a a small percentage is used to fumigate soil for other fruits and ornamental
plants (Holtorf, 1985).

Methyl bromide is also used as a space fumigant in warehouses, mills, ships, freight cars,
vaults and grain elevators to control insects and rodents. It has been used as a fumigant for

stored tobacco, peanuts, tree nuts and some fruits, and for structural pest control against
wood-damaging insects such as termites (Mannsvile Chemical Products Corp., 1979).

Approximately 15% of the methyl bromide currently used in the USA is for this purpose
(Anon., 1985a). It is used in the poultry industry as a fumigant, both on chicken feed and in
animal

living areas (Tucker et aL., 1974; Davis et aL., 1977).
Other miscellaneous applications account for approximately 20-25% of methyl bromide

use. These inc1ude use as a solvent for the extraction of oils from nuts, seeds and flowers; as a

wool-degreasing agent; and as a methylating agent, especially for the preparation of aniline
dyes and antipyrine and other pharmaceuticals (Hawley, 1981; Windholz, 1983; Opresko &

Daugherty, 1985; Sittig, 1985).
Methyl bromide was used in fire extinguishers in Europe and the USA from the 1920s
through the 1940s and may stil be found in sorne aircraft fire-extinguishing. systems
(Alexeeff & Kilgore, 1983; Opresko & Daugherty, 1985).
(c) Regulatory status and guidelines

Occupational exposure limits for methyl bromide in 18 countries are presented in Table
2.

ln 1979, methyl bromide was re-evaluated by the Joint Meeting of the Food and
Agriculture Organization Panel of Experts on Pesticide Residues in Food and the
Environment and the WHO Expert Group on Pesticide Residues (Food and Agriculture
DI) was set. Levels of methyl
bromide that are not to be exceeded in products that have been fumigated are as follows: (1)
in raw agricultura1 products at point of entry into a country - nuts and peanuts, 10 mg/ kg;
raw cereals and cocoa beans, 5 mg/ kg; and dried fruits, 2 mg/ kg; (2) in milled cereal
Organization, 1980), but no admissible dietary intake (A

products that wil be subject to cooking - 1 mg/ kg; (3) in foods when offered for

a products, dried
fruit, 0.01 mg/ kg. Levels of bromide ion from all sources should not exceed 50 mg/ kg in
cereal grains and wholemeal flour and 100 mg/ kg in lettuce and cabbage.
The tolerances set by the US Environmental Protection Agency for methyl bromide in or
consumption - nuts, peanuts, bread, other cooked cerea1 products, coco

on raw agricultura1 commodities vary between 5 and 240 mg/ kg, according to the products.

Tolerances for bromide ion in animal feed resu1ting from fumigation with methyl bromide
vary from 25 to 400 mg/kg (Sittig, 1980).
2.2 Occurrence

(a) Naturaloccurrence

Methyl bromide is produced by a variety of marine organisms (Lovelock, 1975).
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Table 2. Occupational exposure IImits for methyl bromidea
Country

Year

Concentration

Interpretation

(mg/ m3)

Australia

1978

60

TWA

Belgium

1978

60

TWA

Finland

1981

60
90

TWA
STEL

France

1985

20

TWA

German Democratie Republie

1979

50
50

TWA
STEL

Germany, Federal Republic of

1985

20

TWA

H ungary

1974

10

TWA

Italy

1978

60

TWA

The Netherlands

1978

60

TWA

Norway

1981

60

TWA

Poland

1976

5

Ceiling

Romania

1975

50
80

TWA
Ceiling

Sweden

1984

60
80

TWA
STEL

Switzerland

1978

60

TWA

UK

1985

60

TWA

USA
ACGIH

1985
20
60

TWA
STEL

80

TWA

OSHA
USSR

1977

Yugoslavia

1971

80

Ceiling

Council of Europe

1974

80

Not given

Ceiling

QProm International Labour Offce (1980); Direktoratet for Arbeidstilsynet (1981); Työsuojeluhalltus

(1981); Arbetarskyddsstyrelsens Pödattningssamling (1984); American Conference of Governmental
Industrial Hygienists (ACGIH) (1985); Deutsche Forschungsgemeinschaft (1985); Health and Safety
Executive (1985); Institut National de Recherche et de Sécurité (1985); National Institute for Occupational Safety and Health (1985); US Occupational Safetyand Health Administration (OS

bTW A, time-weighted average; STEL, short-term exposure limit

HA) (1985)
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(b) Occupational exposure
ln a me

th

yi bromide plant, workplace air concentrations of 20-30 ppm (78-116 mg/ m3)

have been recorded (Evans et al., 1979).

ln a fruit processing and packing plant, methyl bromide values ranging up to 100 ppm
(388 mg/ m3) were measured in the general workroom air and up to 1000 ppm (3880 mg/ m3)
at the breathing zone of workers entering a fumigation cham

ber (Ingram, 1951).

During soil disinfection in greenhouses, methyl bromide concentrations varied between
30 and 3000 ppm (116.4-11640 mg/ m3). The exposure levels of applicators were greatly
fumigation techniques and equipment (Roosels et al., 1981; Van
dependent on the type of
Den Oever et al., 1982).

Blood bromine content of 33 workers engaged in soil fumigation inside greenhouses
ring the fumigation season (Verberk et

varied from 4 to 23 mg/1. The samples were taken du

aL., 1979). A serum sample from a worker suspected of methy1 bromide poisoning contained
412 mgjl of bromine 13 days after exposure (Ohmori & Hirata, 1982).

Serum or plasma bromide ion concentrations ranged from 40 to 656 mg/lin four
persons who died and from 17.9 to 321 mg/l in three persons who survived following
accidental exposure to methyl bromide used in fumigation (Marraccini et al., 1983).

( c) Air
Both man-made and natural sources contribute to the concentrations of methyl bromide
in ambient air. Average levels in air at ten urban sites in the USA ranged from 41 to 259 ppt
(159-1005 ng/ m3); average human exposures to methyl bromide at these sites were

ca1culated to be up to 25 ¡.g/ person per day. The background concentration from natural
sources at surface level at 400N latitude is estimated to be 78 ng/ m3 (20 ppt) (Singh, H. B. et
al., 1981, 1982).

The primary mechanism for the removal of methyl bromide from the atmosphere is
believed to be reaction with hydroxy1 radicals. On this hypothesis, the residence time of
methy1 bromide in an urban atmosphere was estimated to be 289 days, with a daily rate of
loss (12 sunlIt hours) of 0.4% (Singh, H.B. et al., 1981).

Measurements over the eastern Pacifie (400N and 32°S latitude) showed mean air
concentrations of 23 ppt (89 ng/m3) (Singh, H.B. et al., 1983). Measurements of five

bromine-containing trace gases in Point Barrow, AK, showed that the monthly average
concentration ofmethy1 bromide was higher in the summer(15 ppt; 58.2 ng/ m3) than in the
winter (9 ppt; 35 ng/m3) (Rasmussen & Kha1il, 1984).
(d) Water
Concentrations ofmethy1 bromide in seawater collected off

Dorset, UK, in 1975 ranged

from 1.5 to 3.9 ¡.g/l (Lovelock, 1975). The near-shorewater concentrationat Point Reyes,

CA, USA, was 0.14 ¡.g/l(Singh, H.B. et 01.,1977). Mean concentrations in surface seawater
in the eastern Pacifie at 400N to 32°S latitude were approximately 1.2 ngj 1 (Singh, H.B. et
al., 1983).
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Surface-water in a greenhouse crop-growing region of Malines-Antwerp, Belgium, was

sampled for levels of bromide ion before, during and after soil treatment with methyl
bromide. Accumulation of bromide ion was noted downstream of sorne brooks; however,
the maximum concentration was 9.6 mg/l. ln rivers, only a very slight increase ofbromide
ion was noted during periods of intensive leaching, and concentrations did not exceed
pt at one site where levels ranging from 1.1 to 4.4 mg/ 1 were thought to be due to
the presence of seawater (Vanachter et al., 1981).
1 mg/l ex

ce

(e) Sail

Decomposition of methyl bromide in soil results in the production of bromide ion. The

rate of bromide production is influenced by soil type: it is greatest in peaty manure,
intermediate in 10am (clay soil), and least in sand. Bromide ion in soil can be absorbed and
concentrated by plants and may be ingested subsequently by humans and animals (Brown &
Rolston, 1980).

Retention of bromide ion in soil after fumigation with methyl bromide is related to the
organic content of the soil. The total bromide ion content of soil containing 2.81 and 0.93%
organic carbon was 9 and 5 mg/ kg when untreated and 63 and 25 mg/ kg foBowing

fumigation with 500 mg/ kg methyl bromide for 24 h, respectively (Brown & Jenkinson,
1971 ).

(f Food products

Surveys of bromide ion residues in commercial vegetable crops in the UK following soil

sterilization with methyl bromide showed leve1s ranging from 1 to 109 mg/ kg in 29
late-season cucumbers sampled, 5 to 326 mg/ kg in 242 tomato samples, and 2 to 521 mg/ kg
in 38 samples of celery (Roughan & Roughan, 1984).

Vegetables grown at Metaponto, Italy, in an experimental field treated with 60 g/m2
methyl bromide, contained bromide ion at levels of 20-51 mg/ kg (tomatoes), 8-44 mg/ kg
(string beans), 25-149 mg/ kg (radishes), 18-60 mg/ kg (aubergines), 6-16 mg/ kg (cucumbers),

13-46 mg/ kg (courgettes) and 3-27 mg/ kg (peppers) (Basile & Lamberti, 1981).
ory
fumigation of 32 g/ m3 methyl bromide for 2 or 4 h at 20°C. ln a study duplicating this
procedure, methyl bromide and inorganic bromide residues were determined in green and
ripe avocados. Methy1 bromide was detected in all fumigated fruit immediately after 30 min
Fruit imported into Australia from the USA is treated upon arrival with a mandat

aeration and after one day's storage, but after two days only 0.1 mg/ kg was detected in green

fruit. Bromide ion residues were within the maximum residue level of 75 mg/ kg
recommended by the Australian National Health and Medical Research Council at aB times
tested (Singh, G. et al., 1982).

ln an earlier study, bromide ion residues over seven days in avocados fumigated with
43 g/m3 methyl bromide ranged from 39 to 68 mg/kg (niature green fruit) and 74 to 79
mg/ kg (full ripe fruit). These values were close to, and in ~.~~ case exceeded, the maximum
residue level recommended in Australia (Hargreaves et al., 1978).
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Dried fruit, cereals, nuts and spices imported into New Zealand in 1977 and 1978 were

analysed for total bromide as residues of the fumigants methyl bromide and ethylene
dibromide. About one-half of nut and spice samples contained 1evels above the permissible
limit of 50 mg/ kg, and occasional high bromide levels were found in cereals (Love et al.,
1979).

Methyl bromide levels in dry cocoa beans and cocoa products from a chocolate factory
in Takoradi, Ghana, ranged from 3 to 257 mg/ kg (as total bromide on a wet-weight basis)

(Owusu-Manu, 1977).
Three methyl bromide fumigation treatments effective in controlling the Mediterranean
fruit fly were tested on fruits obtained from production areas of

the San Joaquin Valley in

California, USA. Pears, plums, cherries, nectarines and peaches were fumigated at a
concentration of 48 g/ m3 for 2 or 3 h, or 32 g/ m3 for 4 h. Pears and plums had relatively
higher methyl bromide residues and retained the residues longer (30-60 mg/ kg at 2 h
post-fumigation; 0.6-3.5 mg/ kg at 48 h) than did cherries, nectarines or peaches (7-31 mg/ kg

at 2 h post-fumigation; ':0.01-0.03 mg/ kg at 48 h). Desorption of methy1 bromide was rapid
in the first 24-48 h, even when the fruit was in cold storage. Bromide ion residues ranged
from 5 to 9 mg/ kg (Tebbets et al., 1983). Simi1ar results were obtained after the aeration of

grapefruit with methy1 bromide (King et al., 1981).
Patches of discolouration (scorching) developed on winter wheat grown in a field treated
with methyl bromide (980 kg/ha) during late September 1967. Scorching developed in

wheat sown near methyl bromide injection sites and appeared to be associated with bromine

uptake by the plants. The total bromide ion content in parts of plants above ground,
sampled in July 1968, August 1968, July 1969, and July 1970, was 6100, 4200,2500, and 940
mg/kg, respectively, for scorched plants grown in treated soil, and 14,5,10, and 14 mg/ kg

for plants grown in untreated soil (Brown & Jenkinson, 1971).

2.3 Analysis

Selected methods for the analysis of methyl bromide in air, water and various foods are
identified in Table 3. The methods of the US Environmental Protection Agency (l984a, b)
for analysing water have also been applied to 1iquid and solid wastes (US Environmenta1
Protection Agency, 1982a, b). V nlatile components of solid waste samples are first extracted
with polyethylene glycol or methanol prior to purge/trap concentration and ana1ysis.

the US Environmental Protection Agency (1984c) has a1so been adapted to
the analysis of methy1 bromide in fish, with an estimated detection lImit of 200 ¡ig/ kg
Method 624 of

(Easley et al., 1981).

Exposures to methyl bromide can be monitored in air by a direct-reading infrared
analyser, at minimum concentrations of 9 mg/ m3 (The Foxboro Co., 1985).
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Table 3. Methods for the analysis of methyl bromide
Sam

pIe mat

ri x

Air

Sample preparation

Assay
procedurea

detection

Adsorb on charcoal; desorb
(carbon disulphide); inject aliquot

Ge¡ FID

1 mg/ m3

ElIer (1985);
Peers (1985)

Adsorb (polymerie beads); desorb
(heat, purge with helium); trap
directly on GC column

Ge¡ MS

500 ng/ m3

Krost et aL. (1982)

Inject sample directly (5 ml)

Ge¡ EC

2 p.g/ m3

Pellizzari et aL.

Limit of

Reference

(1978)

Adsorb on charcoal; desorb (heat,
purge with helium); dry (calcium

Ge¡MS

8-24 ng/ m3

Pellzzari et aL.

(1978)

sulphate); readsorb (Tenax GC);

desorb as before; trap (Iiquid
nitrogen cooled); vaporize onto GC

Water

Purge (inert gas); trap (OV-I on

Ge¡ ECD

U8 p.g/I

US Environmental
Protection Agency
(1984a)

Add internaI standard (isotopelabelled methyl bromide); purge,
trap and des
orb as above

Ge¡ MS

50 p.g/I

US Environmental
Protection Agency
(1984b)

Purge (80°C, nitrogen); trap
(Ambersorb or Porapak N); desorb

Ge¡ EC

0.05 p.g/I

Piet et al. (1985)

Ge¡MS

0:0.05 p.g/I

Chromosorb-W /Tenax/ silica gel);
desorb as vapour (heat to 180°C,

backflush with inert gas) onto GC
column

(flash-heat) and trap in 'mini-trap'

(tap-water)

(Ambersorb or Porapak N, -30°C);

(tap-water)

desorb (flash-heat) onto GC column

0.1 p.g/I

(surface-water)
Cereal grains
and other

foods

Serum, plasma

Extract with acetone:water; add
Ge¡ EC
ride; separate layers;
dry acetone solution over anhydrous
calcium chIo
ride; inject aliquot

150 p.g/kg

Scudamore (1985a)

sodium chIo

Extract with acetone:water; inject
aliquot of head-space vapour

Ge¡ EC

10 p.g/ kg

Scudamore (1985b)

Analyse 5-ml sample directly

NAA

0:5 p.g/ g

Ohmori & Hirata

and blood

(1982)

a Abbreviations: GCj FID, gas chromatographyjflame-ionization detection; Ge¡ MS, gas chromatographyj mass spectrometry;
Ge¡EC, gas chromatographyjelectron capture detection; GCjECD, gas chromatographyjelectrolytic conductivity detection;
NA

A, neutron activation analysis
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3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies iD animaIs.
Oral administration

Rat: Groups of 10 male and 10 female weanling Wistar (Riv:Tox/ M) rats, weighing

40-60 g, were administered 0, 0.4, 2, 10 or 50 mg/ kg bw methy1 bromide (purity, :?98%)
chis oil by gavage five times per week for 13 weeks. AH animals were kiled on
day 90 except for one female receiving 2 mg/ kg that died after eight days of treatment and

dissolved in ara

one high-dose male that was kiled in week 10. Incidences of hyperplasia and hyperkeratosis
of

the forestomach squamous epithelium were: males - control, 0/ 10; OA-mg, 0/10; 2-mg,

2/10; 1O-mg, 6/10; 50-mg, 10 /10; females - control, 1/10; OA-mg, 1/10; 2-mg, 1/10; 1O-mg,
9/10; 50-mg, 10/10. Papilomas ofthe forestomach were observed in 2/ 10 50-mg males; no
such tumour was found In the other groups. ln the high-dose groups, 7/10 males and 6/ 10

females deve10ped squamous-cell carcinomas of the forestomach. (These differences are
statistically significant: p = 0.002 for males and p = 0.005 for females (Fisher exact test)) No

such tumour was found in the other groups (Danse et al., 1984). The incidence of
forestomach tumours in animals of this strain is very low even in aged rats (Kroes et aL.,
1981).

It was reported in an abstract that oral administration of 25 and 50 mg/ kg bw methy1

bromide (purity unspecified) in peanut oi1, administered by gavage for periods of 30,60, 90

and 120 days, caused ulceration and epithelial hyperplasia of the forestomach in rats
(number, strain, age, weight and sex unspecified) without evidence ofmalignancy(Hubbs &
Harrington, 1986). (The W orking Group noted that the leve1 of detail provided was
inadequate for an evaluation of carcinogenicity.)
3.2 Other relevant bio1ogical data
(a) Experimental systems

Taxie effects

The toxicity of methyl bromide has been reviewed (von Oettingen, 1964; Torkelson &
Rowe, 1981; A1exeeff & Kilgort, 1983).
The oral LDso for methyl bromide in rats was reported to be 214 mg/ kg bw (Danse et al.,
1984). An 8-h LCso of 300 ppm (1160 mg/m3) has been estimated in rats (Honma et aL.,
1985), and a 1-h LCso of 4680 mg/m3 has been estimated in mice (Alexeeff et al., 1985).

Previous results (summarized by A1exeeff & Kilgore, 1983) indicated a 30-min LCso of
lThe Working Group was aware of one study in progress in rats and one in mice by inhalation exposure (lARe, 1984).
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Il 000 mg/ m3 and a 24-h LCso of 50 mg/ m3 methyl bromide for rats. Rabbits were less

sensitive than rats following single exposures by inhalation. Signs of toxicity in rats
following acute exposure inc1uded drowsiness, dyspnoea, lachrymation, irritation, congestion and oedema of the lung, pneumonia and kidney damage. Although similar symptoms
bits, most animaIs that survived exposure to 1000 mg/ m3 became
were not observed in rab

paralysed (Irish et aL., 1940).

Other symptoms reported in various species following acute exposure to methyl
the central nervous
system and convulsions, depending on the exposure concentrations applied (von Oettingen,
bromide inc1ude tremor, incoordination, staggering gait, depression of

1964).

Death following exposure to methyl bromide may occur hours or days 1ater (Irish et al.,
1940; Alexeeff & Kilgore, 1983; Alexeeff et aL., 1985).
A decrease of 70% or more in liver glutathione concentrations has been found in mice
exposed by inhalation to 4700 and 5930 mg/m3 methyl bromide for 1 h (Alexeeff et aL.,
1985).

Rats and guinea-pigs were exposed to 130-850 mg/ m3 methyl bromide, rabbits to 65-850
mg/ m3 and monkeys to 130-420 mg/ m3 for 7.5-8 h per day on five days per week for up to six
months. All rats and most guinea-pigs died after very few exposures to 850 mg/ m3, whereas
sorne survived up to approximately 100 exposures to 420 mg/ m3. ln rats, the signs of
toxicity were poor genera1 appearance, body-weight loss, pulmonary congestion and renal
and hepatic 1esions. No toxic effect was observed in rats or guinea-pigs following repeated
bits exposed to 130 or 250 mg/ m3 developed
characteristic paralysis of the legs and died after several exposures, although they tolerated
exposures to 130 or 250 mg/ m3; but rab

repeated exposures to 65 mg/ m3. ln monkeys, exposure to 250 mg/ m3, but not to 130

mg/ m3, led to hyperexcitability, loss of equilbrium, inability to stand, convulsions and
para1ysis (Irish et al., 1940).

As reported in an abstract, high mortality was observed among mice exposed to 200 ppm

(800 mg/ m3) methyl bromide for 6 h per day for 10 days (Haber et al., 1985). Rabbits
exposed to 65 ppm (250 mg/ m3) methyl bromide for 7.5 h per day on four days per week for
one month (total exposure time, 100 h) lost weight and had reduced eyeblink responses and
reduced nerve-conduction velocity; no effect was observed in rats (Anger et aL., 1981).

Effects on reproduction and prenatal toxicity
Groups of about 36 Wistar rats were exposed by inhalation to 0, 20 or 70 ppm (0, 78 or
272 mg/ m3) methyl bromide (purity, ::99.5%) during either pregestational or gestational

periods, or both. Pregestational exposure lasted 7 h per day, five days per week for three
weeks; gestational exposures began immediately after breeding and continued daily through
day 19 of gestation. Maternal body weights were reduced during gestation ifi the group
receiving pre- and gestational exposure to 70 ppm (272 mg/ m3). Fetal growth was not

affected by any exposure regimen, and no significant treatment-related visceral or skeletal
abnormality was found (Sikov et al., 1980; Hardin et al., 1981).
Groups of 24 New Zealand rabbits were exposed by inhalation to 0,20 or 70 ppm (0, 78
or 272 mg/ m3) methyl bromide (purity, ::99.5%) for 7 h per day for a period planned to
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consist of days 1-24 of gestation; however, exposure of all groups was stopped after 15 days
because of toxicity, and excessive maternal morta1ity prevented examination of fetuses in
the high-dose group. No maternal or fetal toxicity was observed in rabbits exposed to 20
ppm (Sikov et aL., 1980; Hardin et al., 1981).

Absorption, distribution, excretion and metabolism
Absorption of methyl bromide by the lung was rapid and exhibited first-order kinetics
without a saturable component following exposure of rats to 100-3000 ppm (390-11 640

mg/ m3) (Andersen et al., 1980). During a 6-h exposure of rats to 50-10 400 mmoi¡i
(4.75-9874 mg/m3) 14C-methyl bromide, approximately 27-50% of the compound inhaled

was absorbed (Medinsky et aL., 1985). After oral administration of 100 mg/ kg bw methyl
bromide to rats, approximately 4% was exha1ed within 2 h. Following intraperitonea1
administration of 120-180 mg/ kg bw in hourly divided doses, a total of 24-45% was exha1ed
(Miler & Haggard, 1943). Following either oral or intraperitoneal administration of 250

tLmol/kg bw (24 mg/kg bw) 14C-methyl bromide to rats, 14-17% of the radioactivity
remained in the body after 72 h. Expiration of 14C-carbon dioxide amounted to 32% and
45%, respectively, and the respective urinary excretion of 14C-radioactivity was 43% and
the radioactivity was e~creted in the faeces. ln animaIs with bile-duct
the radioactivity of an oral dose appeared in the bile over a 24-h period

16%. Less than 3% of
cannulations, 46% of

(Medinsky et al., 1984). Similar excretion patterns were seen after inhalation exposure
(Bond et aL., 1985; Medinsky et al., 1985).
Bromide ion has been identified as a metabo1ite of methyl bromide in rab bits (Irish et al.,
1941). Following exposure of rats by inhalation, similar first-order rate constants have been
reported for methyl bromide uptake and plasma bromide formation (Gargas & Andersen,
1982), and a linear relationship has been observed between exposure concentrations and

b100d bromine levels (Honma et al., 1985).
Methyl bromide-induced cytotoxicity to HeLa cells was reduced by the addition of
glutathione (Nishimura et aL., 1980).

Following in-vitro treatment with radio1abelled methyl bromide, methylation of
cysteine-S and histidine-.N and -NTresidues of haemog10bin in suspended erythrocytes, of
guanine-N-7 of DNA in solution and of DNA in CBA mouse spleen-cell suspensions was

seen. After CBA mice were exposed by inhalation, alkylation of cysteine-S residues in
haemoglobin and liver proteins, and of guanine-N-7 in DNA from liver and spleen cells was
reported (see be10w) (Dja1ali-Behzad et al., 1981).
Mu

tagen

iczt

y and other short-term tests

Methyl bromide was mutagenic to Salmonella typhimurium T A

100 when tested at

concentrations of 0.02-0.2% in desiccators in the absence of an exogenous metabolic system
(Simmon et al., 1977). Positive results were also obtained in strain TA 100 in a liquid assay
(tested at 10-1000 mg¡i) and a plate assay (tested in closed containers at concentrations of
500-50 000 mg/ m3); activity in the plate assay was unaffected by the presence of liver

homogenates from Aroclor-induced rats (Kramers et al., 1985). A commercial preparation
of methyl bromide (tested at 0.5-5 g/ m3 in a closed container) was mutage

nie to
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S. typhimurium TA1535 and TA100 (but not to TA1537, TA1538 or TA98) and to
Escherichia coli WP2 hcr in the absence of an exogenous metabolic system (Moriya et al.,
1983). An aqueous solution of methyl bromide (tested at 0.5-6 mM) induced mutations to
streptomycin independence in E. coli Sd-4 (Djalali-Behzad et al., 1981). ln a fluctuation test,
methyl bromide (tested at 950-19 000 mg/ m3) induced mutations to streptomycin resistance

in Klebsiella pneumoniae (Kramers et al., 1985).

A few chlorophyll mutations were induced in barley after treatment of kernels with 1.4
mM methyl bromide for 24 h in cIosed vessels (Ehrenberg et al., 1974).

ln a sex-lInked recessive lethal test in Drosophila melanogaster, flies of the Berlin K
strain were exposed to methyl bromide at concentrations of 70-750 mg/ m3 for increasing

periods; mutation frequencies were significantly increased at the highest nontoxic
concentrations (Kramers et al., 1985). It was reported in an abstract that the incidences of
wing twin spots (indicating somatic recombination) and wing single spots (indicating a
variety of somatic genetic alterations, incIuding mutation, deletion, recombination,

nondisjunction and chromosome loss) were increased after exposure of D. melanogaster
larvae to 0-20 mg/l for i h (Katz, 1985).

As measured by autoradiography, methyl bromide (tested at 10-30 mg/ 1) did not induce

unscheduled DN A synthesis in primary cultures of rat hepatocytes treated in air-tight
boules (Kramers et al., 1985).

Treatment of L5178Y mouse lymphoma cells with 0.03-30 mg/I methyl bromide in

air-tight boules resulted in a dose-related increase in 6-thioguanine- and bromodeoxyuridine-resistant mutants (Kramers et aL., 1985).
it was reported in an abstract that exposure of human lymphocyte cultures to 4.3%
methyl bromide for 100 sec increased the frequency of sister chromatid exchanges from 10.0
to 16.8 per cell (Tucker et aL., 1985).

Alkylation of guanine-N-7 in DN A of liver and spleen was observed after treatment of
male CBA mice with 14C-methyl bromide (4.9-5.0 mCi/mmol) by inhalation (80 ¡.Ci/ 11-1
box forA h, corresponding to 340 /-Ci/ kg bw) or intraperitoneal injection (4.4 /-mol/ kg bw)

(Djalali-Behzad et al., 1981).
it was reported in an abstract that micronuc1ei were induced in bone-marrow cells of

Fischer 344 rats and BDF1 mice and in peripheral blood cells of BDF1 mice exposed to
methyl bromide by inhalation for 6 h per day on five days per week for two weeks. ln mice,
the incidence of polychromatic erythrocytes with micronuclei in the bone marrow increased
by ten fold in males (200 ppm; 776 mg/ m3) and by six fold in females (154 ppm; 600 mg/ m3),

and those in peripheral blood increased by 32 fold in males (200 ppm) and by three fold in
females (154 ppm). ln rats, the increases were ten fold in males (338 ppm; 1311 mg/ m3) and

three fold in females (338 ppm) (Ikawa et al., 1986).
Transformation of Syrian hamster embryo cells by SA 7 adenovirus was not enhanced by
exposure of cells to 1000-8000 ppm (4-16 g/ m3) methyl bromide in sealed chambers (Hatch
et al., 1983). (The W orking Group noted that the corn

dose range.)

pound was tested only over a nontoxiç
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(b) Humans

Taxie effects

An odour threshold of 65 mg/ m3 has been reported for methyl bromide (Worthing,
1983).

The first cases of methyl bromide poisoning were reported in the late 1800s. Since then,
mage to

over 950 cases, involving fata1ities, systemic poisoning, skin and eye injury, and da

If of this century, most
poisonings were due to accidents that occurred during chemical manufacture and fillng
the central nervous system, have been reported. ln the first ha

operations, or were associated with the use of methyl brQmide as a fire extinguisher; in the

1ast 30 years, the use of this agent as a fumigant has been the main source of poisoning (von
Oettingen, 1946, 1964; GosselIn et al., 1976; Torkelson & Rowe, 1981; Alexeeff & Kilgore,
1983),

After inhalation exposure to methy1 bromide, lachrymation due to eye irritation,
blurred vision, diplopia and transient blindness have been reported, and retina1

haemorrhages were found in several instances both clinically and at autopsy (Morton
Grant, 1962).

Deaths from inhalation of methyl bromide have generally occurred after short
exposures to very high concentrations or after an exposure that was higher than usua1 after a
history of 10ng-term exposure to low doses (Alexeeff & Kilgore, 1983). Wyers (1945)

reported a fatal case after exposure to over 60 000 ppm (233 000 mg/ m3) for 2 h; AstIey
Clarke et al. (1945) stated that inhalation of 10000 ppm (38 800 mg/ m3) for more than a few
minutes cou1d be fataL.

Acute respiratory-tract symptoms include chest pain and diffculty in breathing, and are
consistent with post-mortem findings of pulmonary oedema, bronchopneumonia, congestion and haemorrhage (Hollng & Clarke, 1944; AstIey Clarke et al., 1945; Viner, 1945;
Wyers, 1945; Mazel et al., 1946; Ravau1t et al., 1946; Miler, 1948; Prain & Harvey Smith,
1952; Hine, 1969; Marraccini et al., 1983).

Acute gastrointestinal-tract symptoms include gastric and abdominal pain, nausea and

vomiting; patho10gical examinations revea1ed stomach congestion and submucous
haemorrhages (Wyers, 1945; MacDonald et al., 1950).

Other pathological findings in fatal cases were congestion ofthe kidneys and glomeruli,
degenerative changes in the tubuli and congestion of the lIver (Hollng & Clarke, 1944;
AstIey Clarke et al., 1945; Mazel et al., 1946; Wyers, 1945; MacDonald et al., 1950; Prain&

Harvey Smith, 1952; Hine, 1969; Davay, 1972; Marraccini et al., 1983). Reported
neurological symptoms include headache and dizziness, followed by muscu1ar pain,
numbness and, in the most severe case, convulsions and unconsciousness. Autopsy revea1ed
congestion of the brain with multiple haemorrhages associated with degenerative changes,
such as necrosis (Hollng & Clarke, 1944; AstIey Clarke et al., 1945; Viner, 1945; Wyers,
1945; Mazel et aL., 1946; MacDonald et al., 1950; Prain & Harvey Smith, 1952; Davay, 1972;
Gou10n et al., 1975; Marraccini et al., 1983).
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Non-fatal exposure to methyl bromide has given rise to respiratory symptoms, such as
chest pains and dyspnoea (Hine, 1969), and gastrointestinal symptoms, including pain,
nausea and vomiting (Drawneek et al., 1964; Longley & Jones, 1965; Hine, 1969; Zatuchni

& Hong, 1981). The neurological symptoms reported in these cases include headache,
weakness, speech impairment, visual difficulties, tremors and convulsions; permament
brain damage can follow (Johnstone, 1945; Rathus & Landy, 1961; Drawneek et al., 1964;
Longley & Jones, 1965; Hine, 1969; Greenberg, 1971; Shield et al., 1977; Zatuchni & Hong,
1981). Slight electroencephalographic alterations were observed in 10/33 fumigators using
methyl bromide, even in the absence of subjective symptoms (Verberk et al., 1979).

Watrous (1942) studied the prevalence of skin lesions among 90 workers filing and
sealing glass ampoules containing methyl bromide. As a consequence of accidental contact,
blisters, dermatitis and vesicles similar to those in second-degree burns appeared. Butler et
al. (1945) described similar lesions. The systemic symptoms reported by a proportion of
these patients were similar to those observed in subjects poisoned after inhalation; derma1
absorption of methyl bromide has been associated with severe poisoning and even fatality
(Schifferli, 1942).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
Methyl bromide is absorbed through the lungs and the skin (Alexeeff & Kilgore, 1983).

Bromide ion has been identified in human blood following methy1 bromide poisoning
(for review see Alexeeff & Kilgore, 1983). See also the section on occupational exposures,
p. 192.

Mutagenicity and chromosomal effects
No data were available to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

Wong et al. (1984) studied the mortality of a cohort of 3579 white male workers with
potential exposure to brominated compounds at three chemical manufacturing plants and
at a research establishment between 1935 and 1976. The exposures inc1uded 1,2-dibromo-3-

chloropropane (D BCP; see IARC, 1979a), tris(2,3-dibromopropyl)phosphate (Tris; see
IARC, 1979b), polybrominated biphenyls (PBB; see this volume, p. 261), various organic
and inorganic bromides and DDT (see IARC, 1974, 1982). Among a subgroup of 655 men

exposed to organic brominated compounds other than DBCP, Tris and PBB, and with
potential exposure to methyl bromide, 51 deaths occurred versus 44.77 expected. Ten deaths

from cancer were observed versus 7.86 expected, yielding a standardized mortality ratio
(SMR) of 127 (95% confidence interval, 61-234). ln this group ofworkers, there were two
deaths from testicular cancer versus 0.11 expected (SMR, 1799;p-c 0.05). An investigation
the work histories showed that methyl bromide was the only common potential exposure
of
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ofthese two cases. However, these men died at the ages of 17 and 33 years, respectively. (The
W orking Group noted that no information is available on duration of exposure or on time

between first exposure and death from testicular cancer.)
ln a mortality study on 4411 pesticide applicators licensed in Florida in 1965-1966,2210
subjects had worked at sorne time as fumigators, and therefore had potential exposure to
methyl bromide: 17 lung cancer deaths were observed versus 12.7 expected (Blair et al.,
1983).

(The W orking Group noted that in both these studies, methyl bromide was only one of
many potential exposures.)

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Methyl bromide is formed in the oceans and is produced industrially as a soil, fruit and
space fumigant and as a chemical intermediate. Its use as a fumigant is the major potential
source of high-level exposure to this compound. There is ubiquitous low-level exposure in
ambient air and in water.

4.2 Experimental data

ln one 90-day study, methyl bromide was tested in rats by oral administration by gavage.
An increased incidence of squamous-cell carcinomas of the forestomach was observed in
animaIs of each sex.

Methyl bromide did not cause prenatal toxic effects in rats or rabbits exposed by
inhalation. No data were available to evaluate the reproductive effects of methyl bromide.

Methyl bromide is mutagenic to bacteria and plants. It induces sex-linked recessive
lethal mutations in Drosophila melanogaster and mutations in cultured mammalian cells. It

does not induce unscheduled DN A synthesis in cultured mammalian cells. Methyl bromide
alkylates DN A in liver and spleen of mice treated by various routes. It induces micronuc1ei
in bone-marrow and peripheral blood cells of rats and mice.

4.3 Human data
No data were available to evaluate the reproductive effects or prenatal toxicity ofmethyl
bromide to humans.

The two available cohort studies mentioning exposure to methyl bromide were
uninformative with regard to the carcinogenic hazard of this chemical.
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Overall assessment of data from short-term tests: Methyl bromidea
Genetic activity
DN A damage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

+

Fungij Green plants

+

Insects

+

Mammalian ce

Ils

(in vitro)

-

+

Mammals
(in vivo)

+

+

Rumans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient

Cell transformation:
No data

aThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of methyl bromide to experimental
animaIs.
There is inadequate evidence for the carcinogenicity of methyl bromide to humans.
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METHYL IODIDE
This substance was considered bya previous W orking Group, in February 1977 (IARC,
1977). Since that time, new data have become available and these are incorporated in the

present monograph and taken into consideration in the evaluation.

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 74-88-4

Chem. Abstr. Name: lodomethane
IUPAC Systematic Name: Iodomethane
1.2 Structural and molecular formulae and molecular weight

H

H-C-I
1

1

H
CH)I

MoL. wt: 141.94

1.3 Chemical and physical properties of the pure substance
(a) Description: Colourless, transparent liquid (Windholz, 1983) with a pungent odour

(Mazac, 1981; National Institute for Occupational Safety and Health, 1984)
(b) Boilng-point: 42.4°C (Weast, 1985)

(c) Me/ting-point: -66.4°C (Weast, 1985)

(d) Density: d~o 2.279 (Weast, 1985)
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(e) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980; prism (59),

grating (28502)), nuclear magnetic resonance (Sadtler Research Laboratories,
1980; proton (7872), C-13 (13)) and mass spectral data (Grassell & Ritchey, 1975)
have been reported.
(j Solubilty: Soluble in water (14 gll at 20°C) (Verschueren, 1983); very soluble in

acetone, ethanol, benzene, diethyl ether (Weast, 1985) and carbon tetrachloride
(Mazac, 1981)
(g) Volatilty: Vapour pressure, 400 mm Hg at 25.3°C (Weast, 1985); relative vapour

density (air = 1), 4.9 (Verschueren, 1983)
(h) Stability: Turns brown on exposure to light (Haw1ey, 1981; Windholz, 1983);

decomposes in water with a half-time of 23.9 h at 100°C (Davis et al., 1977)
(i) Reactivity: Noninflammab1e (Hawley, 1981); a1kylating agent (Mazac, 1981)
(j) Octanoljwater partition coeffcient (P): log P, 1.51-1.69 (Hansch & Leo, 1979)

(k) Conversionfactor: mgjm3 = 5.81 x ppmb

1.4 Technica1 products and impurities

Technical-grade methyl iodide is generally ;;99% pure. N onvolatile matter, or evaporation residue, is limited to less than 0.01 % and water content to 1ess thanO.1 % (Fairmount

Chemical Co., 1984; ACF Chemiefarma NV, undated; RSA Corporation, undated).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Methyl iodide was prepared in 1909 by electrolysis of an aqueous solution of potassium

acetate with iodine or potassium iodide (Prager & Jacobson, 1918). Methyl iodide is

currently produced by the reaction of methanol, iodine and phosphorus. Another
production method involves use of dimethyl sulphate with an aqueous slurry of iodine in the
presence of a reducing agent such as powdered iron or sodium bisu1phite (Mazac, 1981;
Windho1z, 1983).

aln square brackets, spectrum number in compilation
bCaIculated from: mg/ m3 = (molecular weightl 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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Methyl iodide is produced in the USA, western Europe and Japan. The USA has four
companies, three of which produced a total of 46 800 kg in 1983 and less than 23 000 kg in
1979 (Mazac, 1981; US International Trade Commission, 1984). There are two manufacturers of methyl iodide in France, one each in the Netherlands and Spain, and three in the
UK. There are two producers of methy1 iodide in Japan (The Chemical Daily Co., 1984).
(b) Use
Methyl iodide is used primarily as a methy1ating agent in pharmaceutical (e.g,

quarternary ammonium compounds) and chemical synthesis, although its cost in comparison with that of methyl chloride (see monograph, p. 161) or methyl bromide (see

monograph, p. 187) limits its use in other large-scale industrial methylations (Mazac, 1981;

ACF Chemiefarma NV, undated). .
Methyl iodide is used in microscopy, because of its high refractive index, as an
rial for diatom examination and as a reagent in testing for pyridine

embedding mate

(American Conference of Governmental Industrial Hygienists, 1984).
Other reported uses are as a catalyst in the production of tetramethyl- and tetraethyllead,
boron and magnesium hydrides, and some rubber antioxidants and ion-exchange materials;
as a light-sensitive etching agent for micronized electronic circuits; and as a compone

nt in

fire extinguishers (ACF Chemiefarma NV, undated).
Methyl iodide has been used as a soil disinfectant for tobacco (International Technical

Information Institute, 1979) and as a fumigant to control fungi in grain sorghum
(Ragunathan et aL., 1974), but is reported to be no longer used in agricultural applications
(Meister, 1985).

(c) Regulatory status and guidelines

Occupational exposure limits for methyl iodide in 12 countries are presented in Table 1.
2.2 Occurrence

(a) Naturaloccurrence

Methyl iodide is produced by a variety of marine organisms (Lovelock, 1975).
(b) Occupational exposure

No data on exposure levels were available to the Working Group.
(c) Air

The major sources of methyl iodide in the environment are considered to be the oceans.
Global measurements of methyl iodide showed concentrations of 5.8-17.4 ngl m3 in the

tropospheric boundary layer and half of these values above the boundary 1ayer. Near three
oceanic regions characterized by high biomass productivity, atmospheric levels of methyl
iodide ranged from 40-128 nglm3. The global flux fromthe oceans was ca1culated to be
about 1.3 milion tonnes per year (Rasmussen et al., 1982).
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Table 1. Occupational exposure limits for methyl iodidea
Country

Year

Concentration

Interpretationb

(mg/ m3)

Australia

1978

28

TWA

Belgium

1978

28

TWA

Finland

1981

28
56

TWA
STEL

The Netherlands

1978

28

TWA

Norway

1981

28

TWA

Poland

1976

io

Romania

1975

15

Ceilng
TWA

25

Ceiling

Sweden

1984

30

TWA
STEL

6

Switzerland

1978

28

TWA

UK

1985

28
56

TWA
STEL

USA
ACGIH

1985

io
30
28

TWA
STEL
TWA

28

Ceiling

OSHA
Yugoslavia

1971

aFrom International Labour Offce (1980); Direktoratet for ArbeidstiIsynet (1981); Työsuojeluhallitus

(1981); Arbetarskyddsstyrelsens Författningssamling (1984); American Conference of Governmental
Industrial Hygienists (ACGIH) (1985); Health and Safety Executive (1985); National Institute for
Occupation
al Safety and Health (1985); US Occupational Safety and Health Administration (OS
HA)
(1985)

bTW A, time-weighted average; STEL, short-term exposure limit

The primary mechanism for removal of methyl iodide from the atmosphere is photolysis
urs) of about 12.2% (Singh et al., 1982). The
atmospheric residence time of methy1 iodide has been estimated as 50 h (Lovelock et al.,
1973). At 400N latitude, the surface 1eve1 background concentration is approximately 12
in the troposphere, at a daily rate (12 sunlIt ho

ng/m3 (2 ppt) (Singh et aL., 1983).

Mean levels in air at seven urban sites in the USA ranged from 6-21 ng/ m3 (Singh et al.,
1983).

Radioactive methyl iodide (CH3131 1) is produced as an off-gas by sorne nuc1ear reactors
(boiling-water reactors, 1ight-water reactors, pressurized-water reactors). Hypoiodous acid
and organic iodides, inc1uding methyl iodide, constitute at least 50% of the radioactive
iodine re1eased from boiling-water reactors (V oileque, 1979).
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(d) Water and sediments

Methyl iodide has been found in all ocean waters examined and is a COffmon product of
marine algae. Surface seawater concentrations near land have been reported to be 0.04 in
California, USA, and 3.4 ¡.g/ 1 in Ire1and, in head-space gas equilibrated with seawater, with

one report of 120 ¡.g/l near kelp beds in Ireland (Lovelock, 1975; Singh et al., 1977).
Concentrations of methyl iodide in the open ocean have been reported to average 0.14 ng/l
(as vapour) in the Atlantic, Antarctic and Caribbean Oceans (Lovelock, 1975) and 1.6 ng/l
in the eastern Pacifie Ocean (Singh et al., 1983).

(e) Animais

Marine organisms collected from the Irish Sea in the vicinity of Port Erin, Isle of Man,
contained methyl iodide (Table 2). Levels were highest in the brain of coa1fish (Pollachius
birens) and lowest (0.4 ¡.g/ kg) in the skeletal tissue of cod (Gadus morhua) (Dickson &
Riley, 1976).

Table 2. Methyl iodide concentrations in marine organisms
(¡.g/kg)a
Species
Eel ( Conger conge0

Cod (Gadus morhua)
Coalfish (Pollachius birens)
Dogfsh (Scyllorhinus canicula)
Bib (Trisopterus luscus)

Mollusc (Modiolus modolus)
Mollusc (Pecten maximus)

Brain

Liver

32
54

42

Il

17

166
103
137

100

4
4

24
4

Muscle

31

12
15

9

QFrom Dickson and Riley (I976)

2.3 Analysis

Selected methods for the analysis of methy1 iodide in air and cereal grains are identified
in Table 3.
Gas chromatography with microwave emission detection, in conjunction with standard
purge-and-trap techniques, has also been used for the analysis of methyl iodide in water

(Quimby et al., 1979). This detection method increased se1ectivity and provided good
sensitivity (0.1 ¡.g/l for methyl iodide).
Minimum concentrations of 10.4 mg/ m3 methyl iodide can be monitored in air by a
direct-reading infrared analyser (The Foxboro Co., 1985).
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Table 3. Methods for the analysis of methyl iodide
pIe matrix

Sam

Sam

pIe preparation

Assay

Limit of

procedurea

detectIon

Reference

Air

Adsorb on charcoal; desorb
(toluene); inject aliquot

GCj FID

0.2 mg/ m3

Elier (1985)

Cereal grains

Extract with acetone:water; add
sodium chloride; separate layers;

GCj EC

0.002 mg/ kg

(Scudamore 1985)

dry acetone solution over anhydrous
calcium chIo

ride; inject aliquot

a Abbreviations: GC/ FlD, gas chromatography / fIame ionization detection; GC/ EC, gas chromatography / electron capture
detection

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais
(a) Subcutaneous administration

Rat: Groups of BD rats (substrain and sex unspecified), about 100 days old, received
weekly subcutaneous injections of 10 (16 animals) or 20 mg/kg bw (eight animaIs) methyl
chis oil for about one year (total dose, 500 or 900 mg/ kg
bw), or a single subcutaneous injection of50 mg/ kg bw (14 animaIs), and were observed for
iodide (purity unspecified) in ara

life. Four and two animals in the first two groups, respectively, died of pneumonia.
Subcutaneous sarcomas occurred in 9/12 rats injected with 10 mg/kg bw, in 6/6 rats
injected with 20 mg/kg bw and in 4/14 rats given a single injection of 50 mg/kg bw. No
subcutaneous tumour was reported to have occurred in control rats (number unspecified)
injected with arachis oi1 alone. Local tumours occurred more than one year after the first

injection; histologically, these were fibrosarcomas and spindle-cell and round-cell sarcomas.
ln most cases (number unspecified), pulmonary and lymph-node metastases were observed
(Druckrey et aL., 1970).
(b) lntraperitoneal administration

Mouse: ln a screening assay based on the production of lung tumours in strain A mice
(Shimkin & Stoner, 1975), groups of 10 male and 10 female A/ He mice, six to eight weeks
old, were injected intraperitoneally thrice weekly with three dose levels (the highest being the
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maximum tolerated dose) of methyl iodide ()'98% pure) in tricaprylin for a total of 24
injections (total doses, 8.5, 21.3 and 44.0 mg/kg bw). A group of 30 untreated mice and a
group of 160 tricaprylIn-treated mice were used as controls. AlI survivors were kiled 24
weeks after the first injection. Survival was 29/30 and 154/160 in the untreated and
vehic1e-treated control groups and 19/20 in the low-dose, 20/20 in the mid-dose and 11/20
in the high-dose groups. The proportions of mice with lung tumours were 6/29, 34/154,
4/ 19, 6/20 and 5/ Il in the five groups, respectively (p = 0.048; one-sided Cochran-Armitage
trend test using vehicle controls only). The average numbers of lung tumours per mouse
were 0.21, 0.22, 0.21, 0.30 and 0.55. ln positive-control groups receiving a single
intraperitoneal injection of 10 or 20 mg urethane, all animals developed 1ung tumours; the

average number of 1ung tumours per animal was 8.1 in the low-dose and 17.8 in the
high-dose group (Poirier et al., 1975).
3.2 Other relevant biological data
(a) Experimental systems

Taxie effects

The toxicity of methyl iodide has been reviewed (von Oettingen, 1964; Torkelson &
Rowe, 1981).

The oral LD50 for methyl iodide in rats was 76 mg/ kg bw (Johnson, 1966a). The
subcutaneous LD50 was 110-220 mg/kg bw in rats (Buckell, 1950; Druckrey et aL., 1970) and

0.78 mmo1/kg (110 mg/kg) bw in mice (Kutob & Plaa, 1962). Exposure by inhalation to
85000 mg/m3 methyl iodide was lethal to all exposed mice within 85 min (Buckell, 1950).
Mice exposed continuously to 3 X 10-6 - 3 X 10-5 mol/l (426-4260 mg/ m3) methy1 iodide

died within 24 h (Bachem, 1927). A 15-min exposure to 22 000 mg/1 methyl iodide was
reported to be letha1 to rats (Torkelson & Rowe, 1981).
Toxic effects (which may be de1ayed) observed after exposure to methyl iodide inc1ude
narcosis, congestion of the 1ungs, and lIver and kidney damage (Buckell, 1950; Kutob &
Plaa, 1962; von Oettingen, 1964). No death was observed after daIly administration of oral
doses of 30-50 mg/ kg bw methyl iodide to rats on five days per week for a month (J ohnson,
1966a).

Oral administration to rats of methyl iodide reduced nonprotein thiol concentrations in
lIver and kidney (Johnson, 1966a).
Effects on reproduction and prenatal toxiczty

No data were avaIlable to the Working Group.

Absorption, distribution, excretion and metabolism
Approximately 1 % of an oral dose of 76 mg/ kg bw methyl iodide given to rats was

expired unchanged within 30 min of administration (Johnson, 1966a). The urinary
metabolItes (2% of the total dose) detected after subcutaneous injection of rats with 50
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mgl kg bw methyl iodide were S-methy1cysteine, N-acety1-S-methy1cysteine, S-methylthio-

acetic acid and N-(methylthioacetyl)glycine. The authors conc1uded that these metabolites
originated from S-methylglutathione (Barnsley & Young, 1965). S-Methylglutathione was
isolated from livers of rats treated orally with 90 mgl kg bw methyl iodide; approximately
25% of an oral dose of 50 mgl kg bw was excreted into the bile as S-methylglutathione
(Johnson, 1966a).

Liver and kidney homogenates catalysed the disappearance of methyl iodide in the
presence of glutathione (J ohnson, 1966b). S- Methylglutathione was converted to S-methylcysteine by kidney homogenate (Johnson, 1966a).
Methyl iodide reacted in vitro with 4-(para-nitrobenzyl)pyridine and N-7-deoxy-

guanosine (Hemminki et aL., 1980).

Mutagenicity and other short-term tests
Methyl iodide (10 ¡iJI plate) gave a positive result in the Escherichia coli polA spot test in
the absence of an exogenous metabolic system (S9) (Rosenkranz & Poirier, 1979).

Methyl iodide (tested at 10-50 ¡.dl plate) was mutagenic to Salmonella typhimurium
TA 1 00 when assayed in dessicators in the absence of S9 (Simmon et al., 1977). McCann et
al. (1975) also reported that methyl iodide was weak1y mutagenic to S. typhimurium TA 100

(details not given) when assayed under similar test conditions. The compound was
mutage

nie to S. typhimurium TA 1535 (2-10 ¡..dl plate), but not to TA 1538 (10 ¡.ll plate), both

in the presence and absence of uninduced rat-liver S9 (Rosenkranz & Poirier, 1979).
However, Simmon (l979a) reported that methyl iodide (tested at up to 500 ¡.g/plate) was
not mutagenic to S. typhimurium T A1535, T A1536, T A1537, T A1538, T A98 or T A

100 in a

plate incorporation assay, but was positive in TAI 00 when tested in a desiccator. It was
reported to be mutagenic to E. coli WP2 uvrA (details not given) (Hemminki et al., 1980).
Methyl iodide (0.01-0.1 M) was reported to be nonmutagenic to Aspergilus nidulans

(Moura Duarte, 1972). (The W orking Group noted that the experimenta1 design was not
adequate in view of the volatility of the compound, because survival was 100%.)
Methyl iodide (0.1 %, v Iv) induced mitotic recombination in Saccharomyces cerevisiae
D3 both in the presence and absence of Aroc1or-induced rat-liver S9 (Simmon, 1979b).

It was reported in an abstract that methyl iodide induced DN A repair synthesis in

cultured human lymphob1astoid cells, as measured by caesium chloride-gradient centrifugation (details not given) (Andrae et aL., 1979).
ln the L5178Y ITK+/- mouse lymphoma assay, methy1 iodide (7.5-15 ¡.gl ml) induced a

dose-dependent increase in trifluorothymidine-resistant colonies in the absence of a.
metabolIc system (Moore et al., 1985a). Analysis of resistant colonies suggested that they
were the result ofboth mutations and chromosomal rearrangements (Moore et al., 1985b).
ln earlier studies, the sa

me authors had reported induction ofbromodeoxyuridine-resistant

mutants (Clive et al., 1979), but no (Clive et al., 1979) or 10w-level (Moore & Clive, 1982)

induction of 6-thioguanine-resistant mutants at doses of 30-70 ¡.gl ml or 10 ¡.gl ml,
respectively; Aroc1or-induced rat-1iver S9 was used in the study in which negative results

were obtained. A dose-dependent increase in the frequency of ouabain-resistant mutants
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Ils treated with 1.9-3.6 ¡.gj ml methy1 iodide in the absence of a
metabolic system (Amacher & Dunn, 1985). ln the absence of a metabolic system, 6-thioguanine-resistant mutants were induced in a dose-dependent manner in Chinese hamster
ovary cells treated with 0.1-1.5l.gjml methyl iodide (Amacher & Zelljadt, 1984).
was reported in L5178Y ce

Treatment of

Syrian hamster embryo cells with methyl iodide (tested at doses of

0.1-100

l.gj ml) for eight days induced morphological transformation (Pienta et al., 1977).
Treatment ofC3H 10T1j2 mouse cells with 100-250 ¡.gj ml methyl iodide for three days did
not induce cell transformation (Oshiro et aL., 1981).
(b) Humans

Taxie effects

Garland and Camps (1945) described a fatal case of poisoning in a worker exposed to
methyl iodide fumes during its manufacture: severe neurological symptoms preceded death;
all organs showed congestion at autopsy.
Non-fatal poisónings affecting workers in methyl iodide manufacture were characterized by the onset of neuro10gical symptoms (such as vertigo, visual disturbances and
weakness); these were followed by psycho10gica1 disturbances and intellectual impairment,

which had not been resolved entirely even after several months or years (Jaquet, 1901;
Baselga-Monte et aL., 1965; Appel et al., 1975).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
After inhalation of trace amounts of 1321-methy1 iodide, the disappearance of

radioactivity from the plasma, uptake in the thyroid and excretion Ìn the urine resembled
that of orally administered inorganic iodide (Morgan et aL., 1967).
Mutagenicity and chromosomal effects
No data were avai1able to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Methyl iodide is formed principally in the oceans. Smaller amounts are produced
industrially for use as a chemical intermediate. Exposures occur from occupational use and
from ubiquitous low-level exposure in ambient air and in water.
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4.2 Experimental data

Methyl iodide was tested for carcinogenicity in one experiment in rats by subcutaneous
administration and in a screening test for lung adenomas in strain A mice by intraperitoneal
injection. It induced local sarcomas in rats after single or repeated subcutaneous injections;
a marginally increased incidence of lung tumours was observed in mice.
No data were available to evaluate the reproductive effects or prenatal toxicity of methy1
iodide to experimental animals.

Methyl iodide induces DNA damage and is mutagenic to bacteria in the presence or
absence of an exogenous metabolic system. It induces mitotic recombination in yeast and
mutations in cultured mammalian cells. It induces transformation in Syrian hamster
embryo cells but not in C3H 1OT1/2 cells.
Overall assessment of data from short-term tests: Methyl iodidea
Cell transformation

Genetic activity
DNA da

mage

Mutation

Chromosomal
effects

Prokaryotes

+

Fungi/ Green plants

+

+

Insects

Mammalian cells
(in vitro)

+

+

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Sufficient

Cell transformation:
Positive

aThe groups into which the table is divided and the symbols '+' and '-' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.3 Human data
No data were available to evaluate the reproductive effects or prenatal toxicity of methyl
iodide to humans.
No case report or epidemiological study of the carcinogenicity of methy1 iodide to
humans was available to the W orking Group.
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4.4 Evaluation 1,2

There is limited evidence for the carcinogenicity of methyl iodide to experimental
animaIs.

No evaluation could be made of the carcinogenicity of methyl iodide to humans.
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CHLOROFLUOROMETHANE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 593-70-4

Chem. Abstr. Name: Chlorofluoromethane
IUPAC Systematic Name: Chlorofluoromethane
Synonyms: CFC 31; FC 31; R 31
1.2 Structural and molecular formulae and molecular weight

H
1

CI - C - F
1

H
MoL. wt: 68.48

CHiC1F

1.3 Chemical and physical properties of the pure substance
(a) Description: Gas (Weast, 1985)

(b) Boilng-point: -9.1°C (Weast, 1985)

(c) Melting-point: -133°C (Smart, 1980)

(c) Spectroscopy data: Ultraviolet (Hubrich & Stuh1, 1980); infrared (Raman)

(Grassell & Ritchey, 1975); C-13 nuclear magnetic resonance (Somayajulu et al.,
1979) and mass spectral data (Grassell & Ritchey, 1975) have been reported.

(d) Sa

lub

ilty: Soluble in ch10roform (Weast, 1985)
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factor: mgjm3 = 2.80 x ppma

(e) Conversion

1.4 Technical products and impurities

Chlorofluoromethane is not currently avai1able as a commercial product.

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Chlorofluoromethane is not produced in commercial or bulk quantities. The laboratory-

scale synthesis of chlorofluoromethane can be accomplished by treatment of dichloromethane with potassium fluoride, sodium fluoride and ethylene glycol at 180-200°C for 2 h.

This process yields 20% chlorofluoromethane as well as 17% difluoromethane (Hudlický,
1962).
(b) Use

There is no reported commercial use for chlorofluoromethane (Aviado & Micozzi,
1981).
(c) Regulatory status and guidelines

No specifie regulation or guideline has been promulgated for the use of, or occupational
exposure to, chlorofluoromethane.
2.2 Occurrence

(a) Naturaloccurrence

Chlorofluoromethane is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure levels were available to the W orking Group.
(c) Air
On the basis of its calculated rate of reaction with hydroxy1 radical, the estimated

tropospheric lifetime of chlorofluoromethane is reported to be 1.6 years (Makide &
Rowland, 1981).

aCaIculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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(d) Other
Chlorofluoromethane has been identified as an impurity (3.8%) in commercial

dichlorofluoromethane (Fe-21) (Ratc1iffe & Targett, 1969).
2.3 Ana1ysis

No specifie method for the ana1ysis of chlorofluoromethane has been reported, but gas

chromatographie methods developed for halocarbons may be applicable (Fishbein &
O'Neill, 1985).

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais

Oral administration

Rat: Groups of 36 male and 36 female SPF Alpk/ Ap (Wistar-derived) rats, six weeks
old, received 300 mg/kg bw chlorofluoromethane (FC 31; purity, 99.5%) as a 3% w/v
solution in corn oil by gavage on five days per week for 52 weeks. Two control groups, one of
which was housed separately, received corn oil alone, and a third control group received no

treatment. All treated males had died by 100 weeks and females by 108 weeks; surviving
controis were kiled after 125 weeks. Mortality was greater in chlorofluoromethane-treated

rats than in the control groups. The incidence of malignant forestomach and stomach
neopIasms, probably all arising from the nonglandu1ar region, was: males - combined
controls, 1/104 (1 fibrosarcoma); chlorofluoromethane-treated, 33/36 (p 0: 0.0001) (13
squamous-cell carcinomas, five fibrosarcomas, 15 fibrosarcomas with squamous-cell

carcinomas); females - combined controls, 1/104 (one papilloma); chlorofluoromethanetreated, 34/36 (p 0: 0.0001) (15 squamous-cell carcinomas, nine fibrosarcomas, eight

fibrosarcomas with squamous-cell carcinomas, one poorly-differentiated sarcoma with

squamous-cell carcinoma, one carcinoma not otherwise specified). The five chlorofluoromethane-treated rats that did not develop stomach neoplasms died between week 8 and
week 79; aIl showed sorne degree of hyperplasia of the epithelium of the nonglandular
stomach (Longstaff et al., 1982, 1984).
3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
It was reported in an abstract that rats exposed by inhalation to 1% (28 000 mg/ m3)
ch10rofluoromethane for 6 h per day on five days per week for two weeks showed moderate

232
da

IARC MONOGRAPHS VOLUME 41

mage to the kidneys, adrenal glands, testes, epididymis and haematopoietic tissues

(Trochimowicz et al., 1977).
ln a study reported in an abstract, rats and cynomolgus monkeys were exposed by
inhalation to 2% v j v (56 000 mgj m3) and 1 % v j v (28 000 mgj m3) chlorofluoromethane,

respectively, for 4 h. Central nervous system depression was observed in both species; one of
the two monkeys died as a result of the exposure. ln the same abstract it was reported that

5j 8 monkeys exposed by inhalation to 0.5% (14 000 mgj m3) chlorofluoromethane for 19-20
days died with severe epistaxis, and five had centrolobu1ar to diffuse hepatocytic swelling
(Coate et aL., 1979).

Ejects on reproduction and prenatal toxicity
ln a study reported in an abstract, when rats were exposed to 0.1 % (2800 mgj m3)

chlorofluoromethane for 6 h per day on days 6-15 of gestation, cervical ribs were found in
8j208 treated fetuses. (The Working Group noted that no information was provided on

maternal toxicity or on the incidence of cervical ribs in the control pups.) ln the same
abstract, it was reported that rats but not monkeys exposed to 0.5% vjv (14000 mgjm3)
chlorofluoromethane for 6 h per day for 20 days exhibited minimal to slight hypospermatogenesis. No such effect was observed in rats after exposure to 0.1 % (2800 mgj m3)

chlorofluoromethane. After 65 exposures (13 weeks) to 0.1% (2800 mgjm3) ch10rofluoromethane, rats exhibited hypospermatogenesis, which was not reversed during a four-week
recovery period (Coate et aL., 1979).

Absorption, distribution, excretion and metabolism
Chlorofluoromethane is metabolized to carbon monoxide by Aroc1or-induced rat
ornes and to formaldehyde by rat hepatic cytosolic fractions in the presence

hepatic micros

of glutathione (Green, 1983).

Mutagenicity and other short-term tests
Chlorofluoromethane (2.5-10%) was mutagenic to Salmonella typhimurium TAlOO in
the presence and absence of various exogenous metabolIc systems (S9, cytosol and
micros
ornes) from the liver of Aroc1or-induced rats (Green, 1983). Longstaff et al. (1984)
also reported a mutagenic effect in S. typhimurium T A1535 and T A100 in the presence and
absence of a metabolic system (details not given J.

Chlorofluoromethane (41 % for 1,2 or 3 h or 10-40% for4 h) induced concentration-and
time-dependent increases in 6-thioguanine-resistant mutants in Chinese hamster ovary cells
in the presence and absence of S9 (Krahn et al., 1982).

It was reported in an abstract that no cytogenetic effect was observed in bone marrow

harvested from rats exposed to 0.1 % v j v chlorofluoromethane for 6 h per day for 13 weeks
(65 exposures). ln the same abstract, it was reported that 'no unequivocal dominant lethal
effect was observed in rats exposed to 0.1 % chlorofluoromethane for 10 weeks (week1y
matings of exposed males to unexposed fema1es for 16 weeks). However, pregnancy rate was

reduced throughout this period (Coate et al., 1979).
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(b) Humans

No data were available to the Working Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Chlorofluoromethane has been reported as an impurity in dichlorofluoromethane, and
thus limited exposures may occur.
4.2 Experimental data

Chlorofluoromethane was tested for carcinogenicity in one study in rats by oral
administration by gavage at one dose leveL. High incidences of squamous-cell carcinomas
the forestomach and stomach were induced in animals of each sex.
No evaluation of the effects of ch10rofluoromethane on reproduction or on prenatal
toxicity in experimental animals could be made on the basis of the available data.
Chlorofluoromethane was mutagenic to Salmonella typhimurium and to cultured mammalIan cells in the presence and absence of an exogenous metabolic system.
and offibrosarcomas of

4.3 Human data

No data were available to eva1uate the reproductive effects or prenatal toxicity of
chlorofluoromethane to humans.
No case report or epidemiological study of the carcinogenicity of chlorofluoromethane
to humans was available to the Working Group.
4.4 Eva1uationl

There is limited evidence for the carcinogenicity of chlorofluoromethane to experimental animaIs.

No evaluation could be made of the carcinogenicity of chlorofluoromethane to humans.

lFor definition of the italicized term, see Preamble, p. 18.
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Overall assessment of data from short-term tests: Chlorofluoromethanea
Cell transformation

Genetic activity

DNA damage

Mutation

Chromosomal
effects

Prokaryotes

+

Fungij Green plants
Insects

Mammalian cells
Un vitro)

+

Mammals
Un vivo)

Humans
Un vivo)

Degree of evidence in short-term tests for genetic activity: Limited

Cell transformation:
No data

aThe groups into which the table is divided and the symbol '+' are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.
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CHLORODIFL UOROMETHANE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 75-45-6

Chem. Abstr. Name: Chlorodifluoromethane
iu PA C Systematic N ame: Chlorodifluoromethane
Synonyms: CFC 22; difluorochloromethane; difluoromonochloromethane; F 22; Fe
22; monochlorodifluoromethane
Trade N ames: Algeon 22; Algofrene 22; Algofrene Type 6; Arcton 4; Arcton 22; Daiflon
22; Dyme122; Electro-CF 22; F1ugene 22; Forane 22; Freon 22; Frigen 22; Genetron 22;
Haltron 22; Isceon 22; Isotron 22; Khaladon 22; R 22; U con 22
1.2 Structural and molecular formu1ae and molecular weight

H.
1

Ci - C - F
1

F
MoL. wt: 86.47

CHCIFi

1.3 Chemical and physical properties of the pure substance
(a) Description: Colourless, nearly odourless gas (Hawley, 1981; Sax, 1984; Weast,

1985)
(b) Boilng-point: -40.8°C (Weast, 1985)
(c) Melting-point: -146°C (Weast, 1985)

(el Density: d-69 1.4909 (Grassell & Ritchey, 1975); 4.82 g/l (gas at boiling point)
(Haw1ey, 1981)
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(e) Spectroscopy dataa: Ultraviolet (Hubrich & S tuhl, 1980), infrared (Sadtler Research

tic
resonance (Somayajulu et aL., 1979) and mass spectral data (Grasselli & Ritchey,
Laboratories, 1980; prism (3701), grating (42670P)), C-13 nuc1ear magne

1975) have been reported.

(j Solubilty: Partly soluble in water (Hawley, 1981); soluble in acetone, chloroform
and diethyl ether (Weast, 1985)
(g) V olatility: Vapour pressure, 10 atm (7600 mm Hg) at 24.0°C (Weast, 1985); vapour

density, 3.87 (inair at O°C) (Sax, 1984)
(h) Stability: Noninflammable (Hawley, 1981)
(i) Reactivity: Reacts with sorne metals (e.g., aluminium) (Sax, 1984)

(j) Octanol/water partition coefficient (P): log P, 1.08 (Hansch & Leo, 1979)

(k) Conversion factor: mg/ m3 = 3.54 x ppmb

1.4 Technical products and impurities
Chlorodifluoromethane is typically available as a 1iquefied gas with a minimum purity of

99.9%. It is also available as a liquefied gas in an azeotropic mixture of 48.8% chlorodifluoromethane with 51.2% chloropentafluoroethane; this mixed gas is designated fluorocarbon-502 (Airco, 1982; Union Carbide Corp., 1982; American Chemical Society, 1985;
Matheson Gas Products, 1985).

Dichlorofluoromethane (fluorocarbon 21) has been reported to be a contaminant of
commercial chlorodifluoromethane (A viado & Micozzi, 1981).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Chlorodifluoromethane is produced commercially by the reaction of chloroform with
anhydrous hydrogen fluoride in the presence of an antimony chloride catalyst (Hawley,

1981). The traditionalliquid-phase process for chlorodifluoromethane production is being

rep1aced by a vapour-phase process that combines gaseous hydrogen fluoride with
chloroform. Chromium oxide, ferric chloride and thorium tetrafluoride are used as
QIn square brackets, spectrum number in compilation
bCaIculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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cata1ysts for the vapour-phase process (Smart, 1980). The maJority (85-90%) of the
chloroform used in the USA is in the production of chlorodifluoromethane (Anon., 1981).
The cumulative worldwide production of chlorodifluoromethane from 1967 through
1977 was estimated to be 941 milion kg (Panel on Stratospheric Chemistry and Transport,

1979). Worldwide production since 1950 is shown in Table 1.
Table 1. W orldwide production of ch1orodifuoromethane
(milions of kg)a

1950

1955

1960

1965

1970

1975

1977b

0.5

3.7

12.2

25.1

58.8

73.7

97.0

QFrom Barbour (1979), except when noted
bFrom Panel on Stratospheric Chemistry and Transport (1979)

ln 1984, the US International Trade Commission (1985) reported the production of
approximately 116 milion kg of chlorodifluoromethane by five major manufacturers.
Production in the USA Increased by 8% annually between 1964 and 1974 and by 25% since

1974 (Smart, 1980), although it has remained relatively stable over the past five years (Table
2).

Table 2. US production of chlorodifuoromethane
(milions of kg)a
1979

1980

1981

1982

1983

1984

96

103

1I4

79

107

116

aFrom US International Trade Commission (1980, 1981, 1982, 1983,
1984, 1985)

Chlorodifluoromethane is produced by two manufacturers each in France, the Federal
Republic of Germany, Spain and the UK, and one in the Netherlands. ln Japan, five
producers of ch10rofluorocarbons have the capacity to manufacture chlorodifluoromethane (The Chemical Daily Co., 1984); one producer has been reported in AustralIa
(Benn Business Information Services, 1985).
(b) Use

Ch10rodifluoromethane is used primarily as a refrigerant gas, and air-conditioning and
refrigeration applications have been reported to account for 75% to over 90% of its use
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(Smart, 1980; Anon., 1981). Such applications inc1ude portable air conditioners, central air
motive air conditioning.
mer tetrafluoroethylene (see IARC, 1979) by pyrolysis at 650-700°C (Smart, 1980; Anon., 1981). The
tetrafluoroethylene monomer forms homopolymers or copolymers with other chlorofluoroconditioning, home freezers / refrigerators and auto

Chlorodifluoromethane is also used to produce the fluorocarbon mono

carbons used in plastics and resins (Anon., 1981).

Unlike other chlorofluorocarbons, chlorodifluoromethane is not currently used to a
large degree as a blowing agent for polyurethane resins or as an industria1 solvent, but these
applications have been reported previously (Hawley, 1981; US Environmenta1 Protection
Agency, 1981). The azeotropic mixture (F-502) of chlorodifluoromethane/chloropenta-

fluoroethane (F-115) is also used as a refrigerant, primarily in food display cases, ice makers,
home freezers and heat pumps (American Chemical Society, 1985).
(c) Regulatory status and guidelines

Occupationa1 exposure limIts for chlorodifluoromethane in Il countries are presented
in Table 3.
Table 3. Occupational exposure Iimits for chlorodifluoromethanea
Country

Year

Concentration

Interpretationb

(mg/ m3)

Australia

1978

3500

TWA

Belgium

1978

3500

TWA

Finland

1981

3500
4375

TWA
STEL

German Democratie Republic

1979

3000
9000

TWA
STEL

The Netherlands

1978

3500

TWA

Norway

1981

3500

TWA

Sweden

1984

1800

2500

TWA
STEL

Switzerland

1978

3500

TWA

UK

1985

3500
4375

TWA
STEL

USA (ACGlH)

1985

3500
4375

TWA
STEL

USSR

1977

3000

Ceiling

°From International Labour Office (1980); Direktoratet for Arbeidstilsylen (1981); Työsuojeluhallitus (1981);
Arbetarskyddsstyrelsens Författingssamling (1984); American Conference of Governmental Industrial Hygienists
(ACGIH) (1985); Health and Safety Executive (1985)
bTW A, time-weighted average; STEL, short-term exposure limit
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2.2 Occurrence

(a) Naturaloccurrence

Chlorodifluoromethane is not known to occur as a natural product.
(b) Occupational exposure

met

ln a fluorocarbon packaging and shipping plant, worker exposures to chlorodifluorone were found to be 4.7-13.5 ppm (17-48 mgjm3) (Bales, 1978).
ha

(c) Air

the estimated 941 milion kg produced throughout the world between 1967 and 1977,
approximately 44% (418 milion kg) had been released to the atmosphere by 1978 (Panel on
Of

Stratospheric Chemistry and Transport, 1979). Emissions of chlorodifluoromethane to the

troposphere in 1978 were calculated to be 50 million kg per year (21 million kg per year
chlorine equivalents), with 40% reaching the stratosphere (Edwards et al., 1982). ln 1972,
the atmospheric release rate in the northern hemisphere as a result of human activity was
estimated to be 33 million kg per year (Derwent & Eggleton, 1978).
On the basis of its reaction with hydroxyl radicals, the estimated tropospheric lifetime
for chlorodifluoromethane is reported to be 17 years (Makide & Rowland, 1981).
Analysis of the atmospheric burden of chlorodifluoromethane by gas chromato-

graphy j mass spectrometry gave an average global concentration of approximately 45 ppt
(159 ngj m3) in mid-1979; the northern hemisphere ambient concentration was 50 ppt (177

ngj m3) and the southern hemisphere, 42 ppt (149 ngj m3) (Rasmussen et aL., 1980). ln May
1982, the average atmospheric concentration of chlorodifluoromethane in the lower

troposphere measured over Point Barrow, Alaska was 73.2 ppt (259 ngj m3) (Rasmussen &
Khalil, 1983).
A study by Leifer et al. (1981) showed that leve1s of chlorodifluoromethane in air sam

pIes

(31-55 ppt (110-195 ngj m3)) collected over the State of Washington were not elevated two

days after the eruption of the Mount St Helens volcano.
2.3 Analysis

Several methods have been reported for the analysis of chlorodifluoromethane in air,
inc1uding gas chromatography j mass spectrometry (Bruner et aL., 1981), gas chromatography with electron capture detection (Shimohara et aL., 1979) and photothermal

deflection spectrophotometry (Long & Bialkowski, 1985). Limits of detection are in the
range of

0.1 ppb (0.4 J-gj m3) for the first two methods and of 1.3 ppb (4.6 ¡igj m3) for the last.
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs
(a) Oral administration

Rat: Groups of 36 male and 36 female SPF Alpkl Ap (Wistar-derived) rats, six weeks
old, received 300 mgl kg bw chlorodifluoromethane (FC 22; purity, 99.5%) as a 3% solution
in corn oil by gavage on five days per week for 52 weeks. The study was terminated after 125

weeks. Two control groups, one ofwhich was housed separately, received corn oil alone and
a third control group received no treatment (total numbers of control animals, 104 males
and 104 females). No difference in body-weight gain or mortality was observed between

chlorodifluoromethane-treated and control rats. No increase in the incidence of tumours
was observed in any organ from treated rats when compared to either vehic1e or untreated
controls (Longstaff et al., 1982, 1984).
(b) Inhalation
Mo

use: Groups of 80 male and 80 female A1derley Park Swiss-derived mice (age

unspecified) were exposed by inhalation to 0 (two groups), 1000, 10000 or 50 000 ppm (0,
3540,35400 or 177000 mgl m3) chlorodifluoromethane (CFC 22; purity, ?99.8%) for five
hours per day on five days per week for up to 83 (males) or 94 (females) weeks, by which time
approximately 80% of animaIs had died. There was no significant increase in the overall
incidence of benign or ma1ignant tumours in treated male or female animals compared to

concurrent controls. A small but statistically significant dose-related increase (p = 0.006) in
the incidence ofhepatocellular carcinomas was observed in males (control, 0/74 and 1/77;
low-dose, 0/78; mid-dose, 3/80; high-dose, 4/80). The tumour incidences in treated groups

were all within the range of those in historical controls (2-10%) for this strain of mouse
(Litchfield & Longstaff, 1984).

Rat: Groups of 60 male and 60 female Sprague-Dawley rats, eight weeks old, were
exposed by inhalation to 0, 1000 or 5000 ppm (0, 3540 or 17 700 mgl m3) chlorodifluoro-

methane (FC 22; purity unspecified) for four hours per day on five days per week for 104
the brain was observed (Maltoni et al., 1982). (The

weeks. No treatment-related tumour of

W orking Group noted that histopathology only of the brain was described and that other

details were inadequately reported.)
Groups of 80 male and 80 female Alderley Park Wistar-derived rats (age unspecified)
were exposed by inhalation to 0 (two groups), 1000, 10 000 or 50 000 ppm (0,3540,35400 or
177000 mgl m3) chlorodifluoromethane (CFC 22; purity, ?99.8%) for five hours per day, on
five days per week for up to 118 (females) or 131 (males) weeks, by which time approximately 80% of animals had died. Body-weight gain was reduced in high-dose males up to

week 80. Treatment did not affect the number of animaIs with benign tumours. Among
males, the proportions of animaIs with malignant tumours were higher in treated groups
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(controls, 16/80 and 18/80; low-dose, 27/80; mid-dose, 22/80; high-dose, 33/80), due
primarily to increases in the incidences of fibrosarcomas (controls, 5/80 and 7/80; law-dose,
8/80; mid-dose, 5/80; high-dose, 18/80). The numbers of animals in which such tumours
involved the sa1ivary glands were l, 0, l, 0 and 7, respectively. The increase in the overall

incidences of fibrosarcomas occurred between weeks 105 and 130. ln addition, four highdose males had Zymbal-gland tumours, whereas no such tumour was found in males of the
other groups. No increased incidence of malignant tumours was observed in treated females
(Litchfield & Longstaff, 1984).
3.2 Other relevant biological data
(a) Experimental systems

A comprehensive review on the toxicology of chlorodifluoromethane is available
(Litchfield & Longstaff, 1984).
Taxie effects

Exposure of rats, mice, guinea-pigs, dogs and rabbits by inhalation to concentrations of
):20% v/v (708 g/ m3) chlorodifluoromethane for 0.5-4 h induced central-nervous-system

depression and sorne deaths. Dogs were more resistant to these effects than rodents.
Concentrations ::20% (708 g/ m3) were not lethal in any species tested (Poznak & Artusio,
1960; Karpov, 1963; Weigand, 1971; Sakata et al., 1981; Clark & Tinston, 1982).
Cardiac toxicity (decreased heart rate and changes in electrocardiograms) was 0 bserved
in rats exposed by inhalation to 15-60% (530-2120 g/ m3) chlorodifluoromethane for 2 min
(Pantaleoni & Luzi, 1975). Myocardial depression was observed in monkeys exposed to 10
and 20% (354 and 708 g/ m3) chlorodifluoromethane (Belej et al., 1974). Epinephrineinduced cardiac arrythmias were observed in dogs exposed by inhalation to 5% (177 g/ m3)

chlorodifluoromethane and in mice exposed to 40% (1400 g/ m3) (Reinhardt et al., 1971;
Aviado & Belej, 1974). The ECso for cardiac sensitization in dogs was 14%(500 g/ m3) (Clark
& Tinston, 1982).

No compound-related adverse effect was observed following inhalation exposure of
rats, guinea-pigs, dogs or cats to 5% (177 g/ m3) chlorodifluoromethane for 3.5 h per day on
five days per week for four weeks (Weigand, 1971) or of rats to 50 000 ppm (177 g/m3)
ch10rodifluoromethane for 5 h per day for eight weeks (Lee & S uzuki, 1981).

As reported in an abstract, mild liver changes were observed in rabbits exposed to 6%
(212 g/ m3) chlorodifluoromethane for 5 h perday on fivedays per week for 8-12 weeks; one
of 14 rabbits deve10ped supraventricular arrythmia (Van Stee & McConnell, 1977).
Exposure of dogs andrats by inhalation to 5000 and 10000 ppm (17.7 and 35.4 g/ m3)

ch10rodifluoromethane for 6 h per day for 90 days had no effect on behaviour, body weight,
haematology, biochemistry, organ weight or morphology; no effect was observed on the
electrocardiogram or circulatory function of dogs (Leuschner et al., 1983).
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ln chronic inhalation studies, no effect was observed on mortality, haematology or
biochemistry in mice or rats exposed to 1000-50000 ppm (3.54-177 g/ m3) chlorodifluoromethane for 5 h per day on five days per week for up to 94 weeks (mice) or 131 weeks (rats). A
decrease in body-weight gain up to week 80 was observed in rats, and hyperactivity in mice,

exposed to 50000 ppm (177 g/ m3) chlorodifluoromethane (Litchfield & Longstaff, 1984).
Effects on reproduction and prenatal toxiczty
Male Sprague Dawley rats were exposed to 0 or 50 000 ppm (0 or 177 g/ m3)
chlorodifluoromethane (pu

rit

y unspecified) for 5 h per day for eight weeks and examined

for testicular-weight changes and morphology, serum gonadotropins and sperm function.
The weight of the prostate and coagulating glands were reduced in treated males. No other

adverse effect was observed; the growth and development of embryos resulting from the
breeding of the treated males were normal (Lee & S uzuki, 1981).

Studies to assess the teratogenic potential of chlorodifluoromethane in rats and rabbits
have been reviewed (Litchfield & Longstaff, 1984).

CD rats were exposed to 0, 100, 1000 or 50 000 ppm (0, 0.354, 3.54 or 177 g/ m3)

chlorodifluoromethane for 6 h per day on days 6-15 of gestation. About one-half of the
fetuses were selected for detaIled histological observations of the eye and related structures.
There were 646 rats (?6000 fetuses) in the control group and 418 (::4000 fetuses) in each
exposure group. The highest dose level induced maternal (decreased body-weight gain) and
fetal (slightly reduced body weight) toxicity and elevated the incidence of anophthalmia.

The incidence of litters containing a fetus with anophthalmia increased from 1.65 per
thousand litters in the control group to 15.67 per thousand at 50 000 ppm (177 g/ m3)
(Litchfield & Longstaff, 1984).
ln a teratology study in rab

bits, which was also described in the review article, groups of

14-16 New Zealand rabbits were exposed by inhalation to 0, 100, 1000 or 50 000 ppm (0,
0.354, 3.54 or 177 g/ m3) chlorodifluoromethane for 6 h per day during days 6-18 of

pregnancy. The high-dose level exerted maternal toxicity (lowered weight gain) during the
first four days oftreatment, but no other effect was noted in the does or fetuses (Litchfield &
Longstaff, 1984).

Absorption, distribution, excretion and metabolism
Rats were exposed by inhalation to 10 000 and 50 000 ppm (35.4 and 177 g/ m3)

chlorodifluoromethane. The half-life for the clearance of chlorodifluoromethane from the
blood, immediate1y after termination of exposure, was approximately 3 min (Litchfield &
Longstaff, 1984). Within 1 min after rabbits wereexposed to 10 and 20%(354 and 708 g/ m3)
chlorodifluoromethane, the blood concentration dropped by up to 50% (Sakata et aL.,
1981 ).

Approximately 0.1 and 0.06% of an inha1ed dose was recovered as 14COi after exposure
ofrats to 500 and 10000 ppm (1.77 and 35.4 g/ m3) 14C-chlorodifluoromethane, respectively,
for 15-24 h by inhalation. The amount of radioactivity excreted in the

urine was

approximately 0.03 and 0.01 % of the inhaled doses, respectively (Litchfie1d & Longstaff,
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1984). Similar findings have been reported recently, indicating that there is little or no
metabolism of chlorodifluoromethane in rats (Peter et al., 1986).
After incubation of 36Cl-chlorodifluoromethane with Aroclor-induced rat-liver homogenates, no release of chloride was detected (Litchfield & Longstaff, 1984).

Mutagenicity and other short-term tests
Both 'pure' and 'crude' samples of chlorodifluoromethane were mutagenic to Salmonella

typhimurium T A1535 when tested at a single dose level (50% in air) in the presence or
absence of a metabolic system (S9) from Aroclor-induced rat liver (Longstaff & McGregor,
1978). (Results reported in this study for strain TA 100 could not be evaluated.) Litchfield
and Longstaff (1984) reported in a review that ch10rodifluoromethane was mutagenic to
strains TA 1535 and TA 1 00 in the presence and absence of S9 (details not given), and Bartsch
et aL. (1980) reported an increase in mutation frequency in S. typhimurium T A

100 exposed

to a concentration of 50% in air for 24 h (details not given). However, Longstaff et al. (1982)
reported that the compound was mutagenic to S. typhimurium T A1535, but not to T A1538,
T A98 or TA 100 (details not given).

Chlorodifluoromethane (20 mM solution generated at 500 ml/ min; 1: 1 air) was tested in
assays for forward mutation in Schizosaccharomyces pombe and for mitotic gene

conversion in Saccharomyces cerevisiae, in the presence and absence of mouse-liver S 10; no
activity was shown in either test system. Chlorodifluoromethane also gave negative results
in a host-mediated assay in CD-1 mice administered a single dose of8l6 mg/ kg bw in oil by
gavage, in which S. pombe or S. cerevisiae were injected into the venous orbital sinus and
incubated for 5 or 15 h before harvesting and scoring (Loprieno & Abbondandolo, 1980).
(The W orking Group noted that the site of recovery of the cells was not indicated.)

Chlorodifluoromethane did not induce unscheduled DNA synthesis in human heterop10id EUE cells treated with a 20 mM solution generated at 500 ml/min (1:1 air) in the
presence or absence of S 10. At the same concentrations, the compound did not induce
6-thioguanine-resistant mutants in Chinese hamster V79 cells (Loprieno & Abbondandolo,
1980). It was reported in a review by Litchfield and Longstaff (1984) that chlorodifluoromethane (calculated concentrations of 33,67 and 100%) did not induce reverse mutations at

the hypoxanthine-guanine phosphoribosyl transferase (HGPRT) locus in Chinese hamster
ovary cells in the presence or absence of metabolIc activation.
No chromos

omal damage was observed in the bone-marrow cells of CD 1 mice receiving

a single dose of 816 mg/kg bw chlorodifluoromethane in oil by gavage (Loprieno &

Abbondandolo, 1980) nor in bone-marrow cells of rats following their exposure to
concentrations of up to 150000 ppm (531 g/ m3) by inhalation (data reported in a review by

LItchfield & Longstaff, 1984). Several experimental regimes, employing different exposure
and sampling times, were used; no consistent time- or treatment-related effect was observed.
There was no evidence for dominant 1etha1ity in a study in male Sprague-Dawley rats

exposed to 50000 ppm (177 g/ m3) ch10rodifluoromethane for 5 h per day for eight weeks
and then mated serially for 10 weeks (Lee & Suzuki, 1981).
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Ch10rodifluoromethane was tested in two studies of dominant lethal mutations in mice,
in which male mice were exposed to various concentrations (10-100 000 ppm; 35.4-354000
mg! m3) for 6 h per day for five consecutive days. No consistent time- or treatment-related

effect was observed (data reported in a review by Litchfield & Longstaff, 1984).
(b) Humans

Taxie effects

Heart palpitation was 3.6 times more common among hospital personnel using
chlorodifluoromethane as a tissue-freezing agent than among other personnel in the same

hospital (Speizer et aL., 1975). (The Working Group noted that there may have been
over-reporting, since the study was prompted by a death believed to be associated with
exposure to chlorodifluoromethane.)
An epidemiological study of 539 refrigeration workers exposed to a combination of
ch10rofluorocarbons, including chlorodifluoromethane, revealed five deaths due to heart or
circulatory disorders compared with 9.62 expected (Szmidt et aL., 1981).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
No data were available to the W orking Group.

Mutagenicity and chromosomal effects
No data were available to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

An epidemiological study was made of 539 refrigeration workers exposed to a
combination of chlorofluorocarbons, inc1uding chlorodifluoromethane, for at least six
months between 1950-1980 and followed up until1980. There were six deaths due to cancer
versus 5.7 expected, with two deaths from lung cancer versus 1.0 expected (Szmidt et al.,
1981). (The W orking Group noted that the study was small and there were few deaths from
cancer. )

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Ch10rodifluoromethane is produced extensively for use in refrigeration and air

conditioning; significant quantities are subsequently released into the atmosphere, resulting
in widespread, 10w-Ievel human exposure. Occupational exposure to chlorodifluororing its production and use.
methane occurs du
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4.2 Experimental data

Chlorodifluoromethane was tested for carcinogenicity in one experiment in rats by oral
administration by gavage and in experiments in rats and mice by inhalation exposure. No
increase in tumour incidence was observed in rats after oral administration. The inhalation
study in mice was inconc1usive for males, and negative results were obtained for females. ln

the inhalation study in rats, males receiving the high dose had increased incidences of
fibrosarcomas and Zymba1-g1and tumours; negative results were obtained for female rats.
Chlorodifluoromethane causes malformations of the eyes of fetal rats, but has no
bits following
exposure by inhalation.
Chlorodifluoromethane is mutagenic to Salmonella typhimurium in the presence and
absence of an exogenous metabolic system. It does not induce mutation or gene conversion
reproductive effect in male rats and does not cause prenatal toxicity in rab

in yeast, or DNA damage or mutation in cultured mammalian cells. It does not induce
chromos

omal damage in bone marrow or dominant lethal mutations in mice or rats treated

in vivo.

Overall assessment of data from short-term tests: Chlorodifuoromethanea
Cell transformation

Genetic activity

DNA damage

Mutation

Chromosomal
effects

Prokaryotes

+

Fungi/ Green plants

-

Insects

Mammalian cells
(in vitro)

-

Mammals
(in vivo)

-

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate

Cell transformation:
No data

QThe groups into which the table is divided and the symbol '+' and - are defined on pp. 19-20 of the Preamble; the
degrees of evidence are defined on pp. 20-21.

4.3 Ruman data
No data were available to eva1uate the reproductive effects or prenatal toxicity of
chlorodifluoromethane to humans.
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A small study of workers exposed to a mixture of chlorofluorocarbons, including
chlorodifluoromethane, was uninformative with regard to the carcinogenic hazard of this
chemical.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of ch10rodifluoromethane to experimental animals.
There is inadequate evidence for the carcinogenicity of chlorodifluoromethane to

humans.
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2-CHLO R 0-1,1,1- TRIFL U 0 R 0 ETHANE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 75-88-7
Chem. Abstr. Name: 2-Chloro-1, l, 1-trifluoroethane
iu P AC Systematic Name: 2-Chloro-1, l, 1-trifluoroethane
Synonyms: l-Chloro-2,2,2-trifluoroethane; CFC 133a; FC 133a; R 133a; 2,2,2-trifluoroch10roethane; l,l, 1-trifluoro-2-chloroethane; l,l, 1-trifluoroethyl chloride
1.2 Structural and molecular formulae and molecular weight

F H
1 1
F - C - C - Ci

1 1

F H
C2H2CIF3

MoL. wt: 118.49

1.3 Chemical and physical properties of the pure substance
(a) Description: Co10urless gas

(b) Boilng-point: 6.93°C (Weast, 1985)
(c) Melting-point: -105.5°C (Weast, 1985)
(d) Density: d~ 1.389 (Weast, 1985)
(e) Spectroscopy datoO: Ultraviolet (Hubrich & Stuhl, 1980), infrared (Sadtler Research

Laboratories, 1980; prism (7457), grating (44459P)) and mass spectral data
(Grassell & Ritchey, 1975) have been reported.

QIn square brackets, spectrum number in compilation
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1.4 T echnical products and impurities

As 2-chloro-l,1,1-trifluoroethane is used primarily as an intermediate, no information
was available on technical products and impurities.

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

The synthetic route for the preparation of 2-chloro-1, l, l-trifluoroethane involves the

fluorination of trichloroethylene with hydrogen fluoride in the presence of an antimony
fluoride catalyst (MeN eill, 1979). Commercial production of2-chloro-1, l, 1-trifluoroethane

as an end-product is limited to one primary producer in the UK.
(b) Use

2-Chloro-1, l, 1-trifluoroethane is used as intermediate in the synthesis of halothane (see
1-trifluoroethane) is commonly used as a
general anaesthetic; it was first prepared by Suckling in 1953 and introduced into clinical
practice by J ohnstone in 1956. The industrial-scale liquid-phase process for the production
IARC, 1976). Halothane (2-bromo-2-chloro-1,l,

of halothane involves direct bromination of 2-chloro-1, l, 1-trifluoroethane at 500°C. Other
synthetic routes for the industrial preparation of halothane do not utilize 2-chloro-l, 1,1trifluoroethane as an intermediate (Hudlický, 1971; Daley, 1972; Banks, 1982).

The acetolysis of 2-chloro-1, l, l-trifluoroethane, followed by hydrolysis, yields 2,2,2trifluoroethanol. This alcohol has been used as a solvent for ionic reactions and as a working
fluid in Rankine-cycle engines, which recover energy from waste heat sources (Astrologes,
1980a).

Trifluoroacetic acid can be prepared from 2-chloro-1,1,1-trifluoroethane by photochemical oxidation and hydrolysis (Astrologes, 1980b).
(c) Regulatory status and guidelines

No specifie regulation or guideline has been promu1gated for the use of, or occupational
exposure to, 2-chloro-l, l, l-trifluoroethane.
2.2 Occurrence

(a) Naturaloccurrence

2-Chloro-1, l, 1-trifluoroethane is not known to occur as a natura1 product.
(b) Occupational exposure

No data on exposure leve1s were avai1able to the Working Group.
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(c) Air

On the basis of its calculated rate of reaction with hydroxyl radical, the estimated
tropospheric lifetime of 2-chloro-1, l, 1-trifluoroethane is reported to be five years (Makide
& Rowland, 1981).
(d) Other

2-Chloro-1, 1,1-trifluoroethane is both an impurity (at 1 ml/ m3) (Chapman et aL., 1967)
and a major mammalian metabolite of

Trudell et al., 1982).

the anaesthetic agent halothane (Mukai et al., 1977;

2.3 Analysis

Gas chromatography (with flame ionization detection) has been used to determine
2-chloro-1,1,1-trifluoroethane intissues (headspace analysis) and in commercial products
(Chapman et al., 1967; Fiserova-Bergerova & Kawiecki, 1984).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs

Oral administration

Rat: Groups of 36 male and 36 female SPF Alpk/ Ap (Wistar-derived) rats, six weeks
old, received 300 mg/kg bw 2-chloro-1,1 ,1-trifluoroethane (FC 133a; purity, 99.5%) as a 3%
w / v solution in corn oil by gavage on five days per week for 52 weeks. Two vehicle-control

groups (one of which was housed separately) and one untreated control group were
available. The study was terminated after 125 weeks. Body-weight gain was significantly

reduced in treated males; mortality rates were comparable between the groups. The
incidence of uterine carcinomas was 1/104 in the combined controls and 15/35 in treated
females (p -: 0.001). The incidence of benign (often bilateral) interstitial-cell neoplasms of
the testes was 16/104 in the combined controls and 29/36 in treated males (p ~ 0.001)
(Longstaff et al., 1982, 1984).

3.2 Other relevant biological data
(a) Experimental systems

Taxie e./ects
Groups of 36 male and 36 female Alpk/ Ap rats were exposed to 0 or 300 mg/ kg bw

2-chloro-1,1,1-trifluoroethane by gavage on fIve days per week for one year. Reduced

lARe MONOGRAPHS VOLUME 41

256

growth and increased aggressive behaviour, arrest of spermatogenesis and seminiferous
tubular atrophy were observed in males (Longstaff et aL., 1984).

Effects on reproduction and prenatal toxiczty

No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
No data were available to the Working Group.

Mutagenicity and other short-term tests
2-Chloro-1, l, 1-trifluoroethane was not mutagenic to Salmonella typhimurium T A98 or

TA 100, in the presence and absence of a rat-liver metabolIc system (S9) when incubated at
concentrations of

0.1-50% for 48 h (Waskell, 1979) or at 0.5-10% for 8 h (Edmunds et aL.,

1979). Longstaff et aL. (1984) reported no mutagenic effect in S. typhimurium TA1535 or
100 in the presence or absence of S9, when incubated for 72 h at concentrations up to

T A

50%.

(b) Humans
No data were available to the W orking Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were avai1able to the W orking Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

2-Chloro-1, l, 1-trifluoroethane is used as a chemica1 intermediate in the production of
the anaesthetic halothane. Human exposure occurs due to its presence as a 10w-1evel
impurity in, and as a metabolite of, ha10thane.

4.2 Experimental data

periment in rats
by oral administration by gavage at one dose leveL. Increased incidences of uterine carcinomas and benign testicular tumours were observed.
2-Chloro-1, l, 1-trifluoroethane was tested for carcinogenicity in one ex

No data were available to evaluate the reproductive effects or prenatal toxicity of
2-chloro-l, l, 1-trifluoroethane to experimental animaIs.
2-Chloro-1, l, 1-trifluoroethane is not mutagenic to Salmonella typhimurium in the
presence or absence of an exogenous metabo1ic system.
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Overall assessment of data from short-term tests: 2-Ch1oro-l,1,1-trifluoroethanea
Genetic activity

DNA damage

Cell transformation

Mutation

Chromosomal
effects

Prokaryotes

-

Fungij Green plants
Insects

Mammalian cells
(in vitro)

Mammals
(in vivo)

Rumans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate

Cell transformation:

No data
aThe groups into which the table is divided and the symbol - are defined on pp. 19-20 of the Preamble; the degrees of
evidence are defined on pp. 20-21.

4.3 "uman data
No data were available to evaluate the reproductive effects or prenatal toxicity of
2-chloro-l, l, 1-trifluoroethane to humans.
No case report or epidemiological study of the carcinogenicity of 2-chloro-1, 1,1trifluoroethane to humans was available to the W orking Group.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of 2-chloro-1, l, 1-trifluoroethane to
experimental animals.

No evaluation could be made ofthe carcinogenicity of 2-chloro-1, l, 1-trifluoroethane to
humans.

IFor definition of the italicized term, see Preamble, p. 18.
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POL YBROMINA TED BIPHENYLS

These substances were considered by a previous W orking Group, in June 1978 (lARe,
1978). 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. Chemical and Physical Data
1.1 Identity and general characteristics

Polybrominated bipheny1s (PBBs) are synthetic chemicals that have found use as flame

retardants. The technica1-grade products are mixtures of brominated biphenyls of the
general formula shown in Table 1. Also listed in Table 1 with their Chemical Abstracts
Registry Numbers are sorne of the most important technical products and their major
isomeric component. The composition of these products is discussed in more detail in
section 1.2. There are 209 possible structural congeners of the brominated biphenyl
structure containing two or more bromines; only a few of these have been synthesized

individually and characterized (Di Carlo et al., 1978).
PBBs with three or more bromines are solids (Norris et aL., 1973; De Kok et al., 1977;

Neufeld et al., 1977; Di Carlo et al., 1978), with low volatility decreasing with increasing
bromine number. PBBs are virtually insoluble in water, soluble in fat (Kay, 1977) and
slightly to high1y soluble in various organic solvents, solubility also decreasing with

increasing bromine number. These compounds are relatively stable and chemically
unreactive, although several of the common isomers reportedly photodegrade with
reductive debromination upon exposure to ultraviolet light (Norris et al., 1973; Sundström
et al., 1976; Kay, 1977; Neufeld et al., 1977).

The thermal degradation ofhexabromobiphenyl (FireMaster FF-1) has been shown to
produce polybrominated dibenzofurans, inc1uding the 2,3,7 ,8-tetra-substituted isomer
(O'Keefe, 1978).

Ultraviolet, nuclear magnetic resonance and mass spectral data for various PBBs have
been reported (De Kok et al., 1977; Erickson et al., 1977; Robertson et al., 1984).
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Table 1. Identifcation of polybrominated biphenyls
Structural and molecular formulae and molecular weights:

3

i

l

4

4'

(m, n= 1-5)

C12H(IO-m-n)Br(m+n)

MoL. wt: 154.21 + 78.90 (m+n)

Chemical Abstracts Names and Registry Numbers:

Hexabromobiphenyl
Technical grades: FireMaster BP-6 (CAS No.: 59536-65-1)

FireMaster FF-I (CAS No.: 67774-32-7)
Major isomer: 2,2',4,4',5,5'-Hexabromo-l,l-biphenyl (CAS No.: 59080-40-9)

Octabromobiphenyl
Technical grade: Bromkal 80 (CAS No.: 61288-13-9)
Major isomer: U nknown

Decabromobiphenyl
Pure substance: 2,2',3,3',4,4',5,5',6,6'-Decabromo-l,l-biphenyl (CAS No.: 13654-09-6)
Technical grades: Adine 0102; Berkt1am B 10; F1ammex B 10 (CAS No.: 13654-09-6)

1.2 Technica1 products and impurities

PBBs are produced by the direct bromination of biphenyl; as would be expected, a
number of different isomers are formed by this reaction. FireMaster BP-6 was marketed as
technica1-grade hexabromobiphenyl, although up to 22 different biphenyl isomers have
been identified in this product (Robertson et al., 1984). The quantity ofhexabromobipheny1
in commercial FireMaster BP-6 has been reported to range from more than 60% to 90%, but
the principal hexabromobipheny1 is the 2,2',4,4',5,5'-isomer (Sundström et al., 1976; Di
Carlo et al., 1978). Three published analyses of FireMaster BP-6 are given in Table 2.
FireMaster FF-1 (white powder) is FireMaster BP-6 (brown flakes) to which 2% calcium

silcate has been added as an anticaking agent (Di Carlo et al., 1978).
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Table 2. Composition (%) of FireMaster BP-6
Bromobiphenyl

Reference
Norstroum et aL.
(1

Tribromobiphenyl
Tetrabromobiphenyl
Pentabromobiphenyl
Hexabromobiphenyl
Heptabromobiphenyl

976)a

Neufeld et aL.

Hass et al.

Robertson et aL.

(1977)b

( 1978)C

(1

984)a,c,d
0.1

2
lO

io

90

63
14

4.0
62.6
33.4

0.3
5.7
78.2
7.6

aGas chromatography
bi 1% other bromobiphenyl
cGas chromatography 1 mass spectrometry

dTotal,91.9%

Technical-grade octabromobiphenyl has also been shown to contain a number of

brominated isomers. A sample of octabromobiphenyl obtained from a US producer (who
synthesized PBBs only in experimental q uantities (N eufeld et al., 1977)) contained primarily

nonabromobiphenyl (60%), with 33%,6% and 1 % of the octabromobiphenyl, decabromobiphenyl and heptabromobiphenyl isomers, respectively (Waritz et aL., 1977). A firm in the

Federal Republic of Germany developed an octabromobiphenyl product, Bromka180, with

72% octabromobiphenyl (mixture of three isomers at 14, 16 and 46%; structures not
specified), 27% heptabromobiphenyl, 1 % hexabromobiphenyl and traces of nonabromo-

biphenyl (Norström et al., 1976). Another sample of commercial octabromobiphenyl was
found to contain 45.2% octabromobiphenyl, 47.4% nonabromobiphenyl, 5.7% decabromobiphenyl and 1.8% heptabromobiphenyl (Norris et al., 1973).
Decabromobiphenyl products have been assayed at 96.8% decabromobiphenyl, 2.9%
nonabromobiphenyl and 0.3% octabromobiphenyl (Di Carlo et al., 1978). The primary US
producer of decabromobiphenyl reported a purity of more than 98%, with nonabromobiphenyl making up the remainder (Neufeld et al., 1977).
A number ofbrominated naphthalenes have been found as impurities in PBB mixtures.
O'Keefe (1979) reported the presence of approximately 25 mg/ kg hexabromonaphthalene

and 1 mg/kg pentabromonaphthalene in FireMaster FF-1. FireMaster BP-6 has been
found to contain 150 mg/ kg pentabromonaphthalene and 70 mg/ kg hexabromo-

naphthalene (Hass et al., 1978).

Neither bromodibenzofurans nor bromodibenzo-para-dioxins have been identified as
contaminants of

FireMaster FF-1 (at levels above 0.5 mg/kg) (O'Keefe, 1979) or FireMaster

BP-6 (Hass et al., 1978) by gas chromatography / mass spectrometry.
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Contaminants of the initial biphenyl feedstock may ultimately appear in commercial
PBB mixtures. The bipheny1 grade used for bromination by one producer contained less
than 0.5% impurities, inc1uding toluene, naphthalene, methylene biphenyl (fluorene) and

various methyl biphenyls (Neufeld et aL., 1977).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

The synthesis of PBBs generally involves the bromination of biphenyl. Patents were
obtained by a firm in the Federal Republic of Germany in 1964 (Windholz, 1983) and in
1966 (Neufeld et al., 1977) for the bromination ofbiphenyl. A US firm patented a process for

PBB production in 1973 which involves the reaction of an aromatic compound with
bromine in the presence of a Lewis acid catalyst, such as aluminium chloride or aluminium
bromide, and of solvent quantities of dibromomethane. Another process, patented by a US
firm in 1974, consists of the bromination of biphenyl with bromine chloride in the presence
of iron or a Friedel-Crafts cata1yst in a closed vessel (Mumma & Wallace, r975; Neufeld et

al., 1977). The synthesis of research quantities (Neufeld et al., 1977) of PBBs has been
described by Robertson et al. (1984) using the diazo coup1ing of a brominated aniline with
an excess of a brominated benzene.
Hexabromobiphenyl
ln 1970, a US firm began commercial production of a flame-retardant additive that
contained various isomers of hexabromobipheny1 as the principal constituents. Approxi-

mately 9.5 thousand kg hexabromobiphenyl were manufactured in the first year of
production (Neufeld et al., 1977). US production figures are presented in Table 3.

Table 3. Estimated US production of polybrominated biphenyls (thousands of kg)a
Polybrominated biphenyl

Hexabromobiphenyl

Octabromobiphenyl and
decabromobiphenyib
aFrom Neufeld et al. (1977)

bMainly decabromobiphenyl

1970

9.5

14.1

1971

1972

1973

1974

84

1008

1766

2216

14.1

14.5

163

48.1

1975

0

77.2

1976

0

366
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After producing a total of 5.1 million kg of hexabromobiphenyl from 1970 to 1974
(Neufeld et al., 1977), the sole US manufacturer of hexabromobiphenyl ceased production

in November 1974 (Archer et al., 1979). This action was precipitated by an incident in May

1973 in which about 295 kg of hexabromobiphenyl, as FireMaster FF-l, were added to
animal feed in Michigan (Fries, 1985). The resulting contamination of farm animals resulted
in the destruction ofthousands of cattle, hogs and sheep, and millions of chickens (Di Carlo

et al., 1978). AlI of the remaining inventory of the manufacturer of FireMaster BP-6 and
FFl had been depleted by April

1975 (Neufeld et aL., 1977).

Octabromobiphenyl and decabromobiphenyl
Commercial quantities of these compounds were produced in the US until 1979

(National Toxicology Program, 1982). One US firm initiated production of both octabromobiphenyl and decabromobiphenyl in 1970 (Archer et aL., 1979). Another US
manufacturer produced decabromobiphenyl from 1973 to prior to 1977. ln the period from

1970 to 1976, an estimated combined total of 697 thousand kg decabromobiphenyl and
octabromobiphenyl were produced in the USA (see Table 3). Ofthis total, 366 thousand kg
were produced in 1976 (352 thousand kg decabromobiphenyl and 14 thousand kg

octabromobiphenyl), aIl of which was exported to Europe (Neufeld et al., 1977).

One firm in the Federal Republic of Germany produced commercial quantities of
octabromobiphenyl (Norström et al., 1976; Neufeld et al., 1977). ln the UK, one firm made
available octabromobiphenyl, and another produced 'polybromodiphenyl' as of 1980

(Baker et aL., 1980). A third producer in the UK discontinued production of decabromobiphenyl prior to 1977 (Neufeld et al., 1977). One company in France currently produces
commercial quantities of decabromobiphenyL.
(b) Use

PBBs were introduced as flame retardants for synthetic fibres and moulded thermoplastic parts in the early 1970s (Archer et aL., 1979). Prior to November 1974, hexabromobiphenyl, the most commercially significant PBB in the USA, was incorporated into ABS

(acrylonitrile-butadiene-styrene) plastics, coatings and lacquers, and polyurethane foam
(Neufeld et al., 1977).

the total hexabromobiphenyl produced (as FireMaster
BP-6) was used in flame retardant ABS resins (Mumma & Wallace, 1975). These plastics,
ln 1974, approximately 55% of

which have a PBB content of about 10%, were used primarily for small appliance and

automotive applications (Neufeld et al., 1977). Typical end-product uses of hexabromobiphenyl are summarized in Table 4 (Mumma & Wallace, 1975). Thermoplastics that
contained hexabromobiphenyl as a flame retardant were not used in products intended for
contact with food or feed (Neufeld et aL., 1977).
One plant in the USA used an average of 34 thousand kg hexabromobiphenyl

(FireMaster BP-6) per year as a flame retardant for cable coatings, until 1974, when they
stopped using it; they had depleted their remaining stock by 1977 (Neufeld et al., 1977).
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Table 4. Use of hexabromobipheDYI iD the USA a
Industry

Approximate allocation
of total FireMaster

Examples

BP-6 produced (%)

Business machines and
industrial equipment

48

Electrical

35

Typewriters, calculators, microfilm readers
and business machine housings

Radio and television parts, thermostats,
shavers and hand-tool housings

Fabricated products

12

Transportation

Projector housings and film equipment cases

Miscellaneous small automotive parts, e.g.,
electrical wire connectors, switch connectors,
speaker grills

Miscellaneous

4

Small parts for electrical applications, motor

housings and components for industrial
equipment
aFrom Mumma and Wallace (1975)

Hexabromobiphenyl was used as a flame retardant in polyurethane foam for automobile upholstery. One US firm stopped using PBBs in polyurethane foams in 1972 due to

the concern by automobile manufacturers over the environmeDtal persistence of these
rial from automobiles were
compounds. Temperatures used during recyc1ing of scrap mate

not sufficient to decompose the PBBs (Neufeld et aL., 1977).

During the late 1960s and early 1970s, a number of US, German (Federal Republic),
British and French patent applications were received for various PBB isomers. The majority
of these pertained to the use of brominated biphenyls as flame retardants in polymerie
materials. Other proposed applications included use in light-sensitive compositions to act as

colour activators, as mo1ecular-weight control agents for polybutadiene, as wood preservatives and in electrical insulation (Neufeld et aL., 1977).

PBBs have been added to fibre polymers during spinning and finishing operations
(Archer et al., 1979) but were not used in fabrics for c10thing (Neufe1d et al., 1977).

Octabromobiphenyl was present as the principal component of a flame retardant
mixture manufactured by a firm in the Federal Repub1ic ofGermany (Norström et al., 1976)
and was used as a flame retardant in ABS and polyolefin resins in the USA (Archer et aL.,
1979). Decabromobipheny1 was presumably used in simi1ar flame retardant products
(Neufeld et al., 1977).
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(c) Regulatory status and guidelines

The US Food and Drug Administration (FDA) set guidelines of 1.0 mg/ kg PBBs in the
fat of milk, meat and poultry, 0.1 mg/ kg in whole eggs and 0.3 mg/ kg in animal feeds, in
May 1974. ln November 1974, the FDA reduced these guidelines to 0.3 mg/kg in the fat of
mi1k, meat and poultry, and 0.05 mg/ kg in whole eggs and animal feed. The FDA regulates

PBBs as inadvertant environmental contaminants under the Food, Drug and Cosmetic Act
(Di Carlo et al., 1978; National Toxicology Program, 1982).
The US Environmental Protection Agency (1984) requires notification of the manufac-

ture or importation of PBBs under the Toxic Substances Control Act. Canada prohibited
the manufacture and use of PBBs under the Environmenta1 Contaminants Act (Anon.,
1979).
2.2 Occurrence

(a) Naturaloccurrence

PBBs are not known to occur as natural products.
(b) Occupational exposure

No data on exposure levels were available to the W orking Group.
(c) Water and sediments
PBBs were measured in effluents from the plant of

the major US manufacturer and in the

water and sediments of the river receiving the effluent. Concentrations in various plant
effluents were as high as 104 ¡ig/ l, resu1ting in a discharge of an estimated 122 g PBBs/ day.

ln the river-water, PBB concentrations ranged from 3.2 ¡ig/l at 69 m downstream of the
plant to 0.01 ¡ig/l about 12.8 km downstream. Concentrations in samp1es taken 19.3 and
32.2 km downstream were below the sensitivity level of 0.0 1 ¡ig/1. Sediment concentrations
ranged from 77 000 ¡ig/ kg in the area of

the plant outfalls to 100 ¡ig/kg 38.4 km downstream

(Hesse, 1975).

(d) Sail and plants

Only slight biodegradation in soil of any of six isomers studied (two pentabromobiphenyl, three hexabromobiphenyls and one heptabromobiphenyl) was found after 24
weeks (Jacobs et al., 1976).

Soil from a Michigan farm on which a dairy herd had 'moderate' PBB contamination
(0.2-0.3 mg/lin the milk) was analysed to determine the concentration and persistence of
PBBs under actual field conditions. Manure from the contaminated herd (PBB levels
unknown) was spread in December 1974 or January 1975, and soil samples were taken the
following October. The major PBB isomer, 2,2',4,4',5,5'-hexabromobiphenyl, was found in
concentrations of 4.1, 5.7 and 4.4 ¡ig/ kg in samp1es from three different locations in the
on time to six PBB components were found,
indicating their persistence in soil (Jacobs et al., 1976).
field, and peaks corresponding in retenti
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ln a greenhouse experiment, carrots and orchard grass were grown in soi1 with five
concentrations of PBB (0, 0.1, 1.0, 10 and 100 mg/ kg). No PBB was detected in the orchard

grass cuttings or carrot tops, but detectable quantities were found in carrot roots grown in
soil containing 10 and 100 mg/ kg PBB, although the concentrations found (20-40 ¡.g/ kg)

were too low to be quantified with precision (Jacobs et aL., 1976).
(e) Food, beverages and animalfeeds

F ollowing the accidental contamination of at least 865 000 kg of animal feed (Di Carlo et
al., 1978) with FireMaster FF-1 in Michigan, USA, in 1973, PBB levels ranging from 4000 to
13 500 mg/kg were detected in cattle feed supplement samples (Kay, 1977).

The average concentrations of PBB in milk fat of four Holstein cows that consumed 10
mg/ day PBB (FireMaster BP-6) for 60 days reached a maximum steady state in 20 days, and
1eve1s of2.78-3.39 mg/ kgwere maintained from day 30 to 60; these levels dec1ined by65-77%
15 days after feeding of PBB was stopped (Fries & Marrow, 1975).

Milk containingO.1-0.3 ¡.g/l (fat basis) PBBs was pasteurized and then analysed for PBB
levels; the processing did not significantly affect the level in lipids (Murata et al., 1977).

(f AnimaIs

Elevated PBB levels (up to a maximum of 1.33 mg/ kg) were found in fish in a river in the

vicinity ofthe major US manufacturing plant. Carp captured 4.8 km downstream showed a
concentration of 1.26 mg/ kg, and still measurable concentrations (0.09 mg/ kg) were found
in carp caught as far as 12.9 km downstream. Ana1ysis offathead minnows held in cages for
one- and two-week intervals in the river showed that PBB uptake occurred rapidly: caged

fish near the manufacturing plant outfalls and 1.6 km downstream accumulated 1.0 mg/ kg
PBB after only two weeks' exposure. Concentrations of PBBs in the flesh of three duck
species (mallards, teal and wood ducks) collected within 3 km of

the plant ranged from 5.3 to

29 mg/kg (fat basis) (Hesse, 1975).

(g) Human tissues
Human exposure to PBB has occurred through occupational contact and as a result of
the accidental contamination of livestock feed in Michigan, USA, in 1973 (Wiliams et al.,
1984).

Gas chromatographie analyses of blood samp1es from 110 Michigan subjects who were
exposed to PBB-contaminated farm products for more than six months since the accident of
1973 showed PBB 1evels ranging from 0.002 to 2.26 mg/ l, with median values of

0.014 mg/ 1

for adults and 0.035 mg/l for children. ln comparison, unexposed adults and chi1dren had
median values of 0.003 mg/land 0.006 mg/ l, respectively. Five exposed women had breast
milk concentrations of PBB ranging from 0.21 to 92.66 mg/l; their corresponding blood
levels of PBB ranged from 0.003 to 1.068 mg/1. ln 13 exposed persons, adipose tissue 1evels
of PBB ranged from 0.1 to 174 mg/ kg and blood levels ranged from ':0.002 to 1.07 mg/l
(Humphrey & Hayner, 1975).
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ln 1976,524 Michigan dairy farmers had a median concentration of 2.6 ¡.g/l PBBs in
serum, which was lower than that found in workers manufacturing PBBs (9.3 ¡.g/ 1). ln 56

Wisconsin farm residents examined as a control population, only two had detectable levels
of PBBs (0.5 and 1.1 ¡.g/ 1) (Wolff et aL., 1978). An independent study conducted in
1976-1977 in Michigan on 3639 subjects (mainly farm residents and chemical workers)
showed a median value of 3.0 ¡.gll PBBs in serum; the highest values were found among
chemical workers and their families (4.5 ¡.g/l) (Landrigan et al., 1979).

ln 46 persons exposed to PBBs in the Michigan accident, serum PBB levels three years
later ranged from 1 to 180 ¡.g/ 1 with an average of 14 ¡.g/ l, while fat levels ranged from 30 to

34400 ¡.g/kg with an average of 3260 ¡.g/kg (Stross et al., 1979).
ln 1977, PBB levels in serum were measured in 3683 pers

ons, consisting of residents of

quarantined farms with high-level PBB contamination after the 1973 Michigan accident,
recipients of food products from quarantined farms, workers at the PBB manufacturing
plant and their family members, and residents of farms with low-level PBB contamination.
Levels ranged from .( 1 to 3150 ¡.g/ l, with a geometric mean of 4.1 ¡.g/l and an arithmetic
mean of 23.2 ¡.g/ 1. ln each age group, males had higher PBB 1evels than females (geometric

mean values 5.8 ¡.g/ 1 and 2.8 ¡.g/ l, respectively). ln 1978 and 1979, serum samples collected

the 3683 individuals ranged from'(l to 57 ¡.gll, with a geometric mean of6.4
¡.gll and an arithmetic mean of 7.7 ¡.gll (Kreiss et al., 1982).
from 1631 of

2.3 Analysis

Typical methods of analysis for PBBs in environmental samples are summarized in
Table 5.
The analysis of PBBs by high-performance liquid chromatography, gas chroma-

tography / mass spectrometry, ultraviolet spectrometry and nuclear magnetic resonance
spectrometry has been reviewed (De Kok et aL., 1977; Erickson et al., 1977). An AOAC
(Association of Official Analytical Chemists) extraction technique for pesticides, followed
by ge1-permeation chromatography and gas chromatography / electron-capture detector has

been used to determine PBBs in milk and dairy products (Fehringer, 1975). Ultraviolet
irradiation of extracts followed by gas chromatography or mass spectrometry has been
proposed to confirm the presence of PBBs (Erney, 1975; Murata et aL., 1977; Trotter, 1977).

Gas chromatography with detection/ analysis by microwave-induced plasma spectrometry
has been reported to show se1ectivity for PBBs at an absolute detection limit in the range of
3-19 ng (Mulligan et al., 1980; Eckhoff et al., 1983).

Gas chromatography with electron capture detection has been the primary analytical
technique used for biological monitoring of body burden of PBBs in body fluids and fatty
tissues (Wilett et al., 1978; Burse et al., 1980; Roboz et al., 1985). Individual PBBs in serum

can be quantified by selective-ion monitoring of bromide anions by mass spectrometry
(Roboz et aL., 1982, 19R5).
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Table 5. Methods for the analysis of PBBs
Sample matrix Sample preparation

Milk

Add ethanol; extract (petroleum

Assay

Limit of

procedurea

detection

Reference

GCl EC

1.4 ¡.g/ kg

Wilett et aL. (1978)

GCl EC

7 ¡.g/ kg

Fehringer (1975)

Plant extracts

Extract (benzene, 2-propanol); wash GCl EC
with water to remove 2-propanol;
dry; column chromatography;
confirm identity by MS

10 ¡.g/ kg

Blood

Add methanol; extract (hexane:
GCl EC
diethyl ether); concentrate; wash
(hexane); Florisil column chromatography

ether and diethyl etherh centrifuge;
evaporate ether phase to dryness;

column chromatography
Dairy products

Add water, potassium oxalate and
ethanol; extract (diethyl ether and
petroleum ether); evaporate to
dryness; gel permeation chromatography; evaporate PBB fraction to
dryness; dilute with isooctane;
inject aliquot onto GC; Florisil

column chromatography; confirm
identity by TLC

Bile, faeces and
plasma

Jacobs et aL. (1976)

1 ¡.g/l

Burse et aL. (1980)

1.4 ¡.g/kg
(faeces)

Wilett et al. (1978)

extract (petroleum ether:diethyl

ether); centrifuge; recover ether

1 ¡.g/ kg

phase; evaporate to dryness;

(plasma, bile)

Add ethanol (except for faeces);

GCl EC

column chromatography

Soil

Extract (benzene:2-propanol);

GCl EC

0.1 ¡.g/kg

Jacobs et al. (1976)

wash with water to remove 2propanol; dry; column chromatography; confirm identity by MS

aAbbreviations: GClEC, gas chromatography/electron capture detector; TLC, thin-layer chromatography; MS, mass
spectrometry
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animais
(a) Oral administration
Mouse: Groups of

22-27 male and 8-19 female B6C3F¡ mice, seven to eight weeks old,

were administered 0 (control), 0.1, 0.3, 1.0, 3.0 or 10.0 mg/ kg bw FireMaster FF-1
(FireMaster BP-6 plus 2% calcium trisilicate, lot No. 1312 FT, Batch 03) in 0.1 ml corn oil by
gavage daily on five days per week for 25 consecutive weeks (for a total of 125 doses over a
six-month period). Mice were held for an additiona124 months after treatment, and then the
remaining 10% were killed. Male mice treated with the highest dose had a statistically significant

(p -: 0.05) reduction in survival (average survival, 688 days, compared with 784 days in
controls). The incidence of hepatocellu1ar carcinomas was significantly increased in mice
receiving 10 mg/kg bw (males - control, 12/25; 10 mg/kg bw, 21/22;p -: 0.01; females0/13, 7/8, p -: 0.01) (Gupta et al., 1983a; National Toxicology Program, 1983).
Rat: Groups of 20 male and 20 female Sherman (derived from Osborne-Mendel;

Kimbrough et al., 1981) rats, two or 2.5 months of age, were fasted for 15 h then
0 (controls) or 1000 mg/ kg bw FireMaster FF-1 (lot
No. FH 7042) as a 5% solution in peanut oil. Groups of five animals were killed two, six, ten
administered a single dose by gavage of

and 14 months after treatment. An increase in the incidence of neoplastic liver nodules was

o bserved in treated animaIs (3/5 in females and 2/5 in males at 14 months) (Kimbrough et
al., 1977, 1978). (The Working Group noted that this was a preliminary study.)
Two groups of 65 female Sherman rats, two months of age, were fasted for 15 h and then
received a single gastric intubation of 0 (controls) or 1000 mg/ kg bw FireMaster FF-1 (lot
No. 7042) as a 5% solution in corn oil. At terminal sacrifice at 25 months of age, 36 controls
and 48 treated animals were stil alive. The incidences of liver tumours were: trabecular
hepatocellular carcinomas - controls, 0/53; treated, 24/58 (p -: 0.001); neoplastic nodules
- controls, 0/53; treated, 42/58 (p 0: 0.001); foci or altered areas - controls, 1/53; treated,

57/58 (p -: 0.001) (Kimbrough et al., 1981).
Groups of 19 and 16 female Sherman rats, four months old, received a single gastric
0 (controls) or 200 mg/ kg bw FireMaster FF-1 (lot No. 7042) as a 5% solution
in corn oH, respectively. Surviving rats were kiled 22 months after treatment. The
incidences of neoplastic nodules of the liver were: control, 0/ 19; treated, 5/ 16 (p = 0.013);
intubation of

and those of altered areas: control, 1/19; treated 8/ 16 (p = 0.004) (Kimbrough et al., 1981).

Two groups of 30 female Sherman rats, two months of age, received twice-weekly gastric
0 (controls) or 100 mg/ kg bw FireMaster FF-1 (lot No. 7042) as a 5% solution
in corn oil every three weeks for a total of 12 doses. At terminal sacrifice at 26 months of age,
13 contro1s and 20 treated animaIs were stil alive. The incidences of liver tumours were:
intubations of

trabecular hepatocellular carcinomas - controls, 0/25; treated, 17/28 (p 0: 0.001);

neoplastic nodules - contro1s, 1/25, treated, 24/28 (p 0: 0.001); foci or altered areas
-controls, 1/25; treated, 23/28 (p 0: 0.001) (Kimbrough et al., 1981).
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Groups of 31-40 male and 11-21 fema1e Fischer 344 rats, seven to eight weeks old, were
administered 0 (control), 0.1, 0.3, 1.0, 3.0 or 10.0 mg/ kg bw FireMaster FF-1 (FireMaster
BP-6 plus 2.0% calcium trisilicate, lot No. 1312 FT, Batch 03) in 0.2 ml corn oil by gavage
daily on five days per week for 25 consecutive weeks (total of 125 doses over a six-month
period). Rats were maintained for an additional 23 months after treatment, and then the
remaining 10% were killed. A dose-dependent reduction in survival time was observed in
treated male rats (averagesurvivaltime in days, 762, 744, 733, 677, 680, 615 in the six groups,

respective1y). No hepatocellular carcinoma was observed in male (0/33) or female (0/20)
male rats
treated with 0.1,0.3, 1.0,3.0 and 10 mg/ kg bw FireMaster FF-1, respectively, and 3/ 19 and

control rats. ln contrast, 2/39, 0/40,1/33,7 /33 (p~ 0.01) and 7 /31 (p~0.01) of

7/20 (p ~ 0.01) of female rats treated with 3.0 and 10.0 mg/ kg bw, respectively, had

hepatocellular carcinomas; none was seen with lower doses in females. Cholangiocarcinomas were seen only in the highest-dose groups of males and females: 2/31 and 7/20
(p ~ 0.01). Statistically significant increases (p ~ 0.0 1) in the incidence of neoplastic nodules
in the liver were found in females in the two highest-dose groups (5/19 and 8/20) and in
males receiving 1.0 mg/ kg bw (4/31), compared to 0/20 and 0/33 in female and male control

rats, respectively. ln addition, statistically significant increases (p ~ 0.01) in the incidence of
atypical foci were observed in the livers of females in the highest dose group (8/20) and in

males in the four highest dose groups (12/40, 11/31, 13/33 and 12/31, respectively)(Gupta
et aL., 1983a; National Toxicology Program, 1983).
(b) Perinatal exposure

Groups of 15 and 16 pregnant female Sherman rats were administered oral doses of 0
and 200 mg/ kg bw FireMaster FF-1 (lot No. 7042) in corn oil on days 7 and 14 of gestation.
AlI females were allowed to litter, and approximate1y 50 pups of each sex from each group

were kept with the dams until weaning and thereafter maintained for a two-year folIow-up
period. The survival rate to weaning was significantly lower in the PBB-exposed group (due
to loss of two and six pups in two litters); almost all pups survived to weaning in the other
litters. Growth of treated male and female offspring was significantly lower than that of

control offspring throughout the experiment. At two years of age, the incidences of
trabecular hepatocellu1ar carcinomas were 3/51 and 4/41 in female and male offspring
exposed transplacentally and through milk; no such lesion was observed in control offspring
(0/48 females, 0/42 males) (Groce & Kimbrough, 1984). (The Working Group noted that
neither of these differences was statistically significant.)
(c) Combined treatment

PBBs (or constituent isomers) have been tested in combination with known carcinogens:
with dietary 2-acety1aminofluorene in rats (Schwartz et aL., 1980), by partial hepatectomy
plus intraperitonea1 administration of N-nitrosodiethy1amine in rats (Jensen et al., 1982,
1983; Jensen, 1984; Sleight, 1985) and with 7,12-dimethylbenz(a)anthracene by skin
application in mice (Berry et al., 1978). The PBBs had varied effects on the tumour-inducing
effect of the carcinogen administered.
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3.2 Other relevant biological data
(a) Experimental systems

Taxie effects
The toxicity of PBBs has been reviewed (Safe, 1984; Fries, 1985).
The LDso value for a single oral dose of PBBs to rats was reported to be 21.5 g/ kg bw
0.03, 0.1

(Michigan Chemical Corp., i 971). When rats were administered daily oral doses of

0.3 or 1 g/kg bw FireMaster FF-l on five days per week (for a total of 22 doses) and
observed for 90 days, the LDso values were 149 mg/kg bw per day (total, 3.28 g/kg bw) for
males and 65 mg/ kg bw per day (total, 1.43 g/ kg bw) for females (Gupta & Moore, i 979).

The dermal LDso for hexabromobiphenyl was reported to be 5 g/ kg bw in rabbits (Waritz et
aL., 1977) and in the range of 2.15-10 gj kg bw in rats (Michigan Chemical Corp., 1971). A
diet containing 6.25 mg/ kg FireMaster FF-1 was lethal to 9/10 mink within an average of
210 days (Aulerich & Ringer, 1979). Pregnant Holstein heifers fed 25 g per day FireMaster

BP-6 became moribund within 33-66 days (Durst et al., 1977). Guinea-pigs fed a diet
containing 500 mg/ kg FireMaster BP-6 died within 15 days; at 100 mg/ kg, only 2/6
survived for 30 days (Sleight & Sanger, 1976).

The acute oral LDso for a technical preparation of octabromobiphenyl (containing 33%
octabromobiphenyl and 60% nonabromobiphenyl) was reported to be more than 17 g/ kg
me preparation to male

bw in male rats. Dermal administration of 10 g/ kg bw of the sa

rabbits produced no sign of toxicity (Waritz et al., 1977). A single oral dose of 2 g/ kg bw
octabromobiphenyl (highest dose tested, containing 45.2% octa- and 47.4% nonabromoring a 14-day follow-up in rats (Norris et al., 1975). No
sign of toxicity was observed in rats after inhalation exposure to 0.96 mg/l octabromobiphenyl dust for 4 h (Waritz et al., 1977).
biphenyls) caused no toxic effect du

No mortality was observed after oral or cutaneous administration of 5 g/ kg bw
decabromobiphenyl (96.8% pure) to rats during an observation period of 14 days, or in rats
after inhalation exposure to 5 mg/l decabromobiphenyl dust for 6 h per day on five days per
week for four weeks (Millscher et aL., 1979).
The main signs of chronic PBB poisoning in various animal species are weight loss,
decrease in body-weight gain and loss of appetite (Jackson & Halbert, 1974; Durst et al.,
1977; Allen et aL., 1978; Aulerich & Ringer, 1979; Gupta et al., 1981, 1983b).

ln rats, morphological changes induced by FireMaster FF-l (30-1000 mg/kg bw per
the thymus and spleen.

day, up to 22 doses) inc1uded enlargement of

the liver and atrophy of

Microscopie degenerative changes were seen in the liver, kidney, prostate and thyroid of
male rats, and in the liver offemales (Gupta & Moore, 1979; Gupta et al., 1981). Increased
tissue accumulation and urinary excretion of porphyrins have been reported in mice and
rats (Kimbrough et al., 1978; Goldstein et al., 1979; Gupta & Moore, 1979; Gupta et al.,
1981; McCormack et al., 1982; Gupta et aL., 1983b). Chronic progressive nephropathy was
reported in male rats administered FireMaster FF-1 (1-10 mg/ kg bw) on five days per week

for six months and followed for life; gastric u1cers and hyperplastic gastropathy were also
observed at the higher doses (Gupta et al., 1983a).
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Toxic effects in dairy caUle fed PBBs (either accidentally in the Michigan incident, or
experimentally) included decreased milk production, excessive lachrymation and salivation, increased frequency in urination, abnorma1 hoof growth, thickening and wrinkling
of the skin, matting and loss of hair, protracted delivery and underdevelopment of udders
(Jackson & Halbert, 1974; Durst et aL., 1977). Morphological changes included enlargement

of the thymus and lymphocyte infiltration in several organs. Hepatocellular damage and
degenerative changes in the kidney and testis, with decreased sperm counts, were a1so
reported (Cook et aL., 1978; Rob1 et al., 1978).

Weight loss and prolongation of menstrual cycles occurred within seven months in adult

rhesus monkeys fed 0.3 mg/ kg FireMaster FFI in the diet. Diets containing 25 and 300
mg/ kg caused alopecia, subcutaneous oedema, leukopenia, erythropenia, hypoproteinaemia, hyperplastic gastroenteritis with ulcerations, and an increase in serum alanine
aminotransferase activity (Allen et al., 1978; Lambrecht et al., 1978).
ln rats, 3,3',4,4',5,5'-hexabromobiphenyl was more toxic than 3,3',4,4'-tetrabromobiphenyl, which was more toxic than 2,2',5,5'-tetrabromobiphenyl (Robertson et al., 1983;
Milis et al., 1985).

ln rodents, increases in liver size have been demonstrated after administration of PBBs
with a concomitant increase in the smooth endop1asmic reticulum of hepatic cells and

increased activities of cytochrome P450-dependent monooxygenases, epoxide hydrolase
and UDP-glucuronosyltransferases (Dent et aL., 1976; Ahotupa & Aitio, 1978; Moore et al.,

1978; Dannan et al., 1982; Parkinson et al., 1983). Microsomal enzyme induction has also

been observed in rats in the Fi and Fi generations after perinatal exposure of the Fi
generation to PBBs (Dent et al., 1978; McCormack et al., 1981).

Congeners of PBBs differ qualitatively and quantitatively in their capacity to induce
monooxygenases (Dent, 1978; Dannan et al., 1982, 1983; Parkinson et al., 1983).

FireMaster BP-6 enhanced the sensitivity of mice to hepatic and renal damage caused by
chloroform and carbon tetrachloride (Kluwe et al., 1978; Ahmadizadeh et al., 1984).

Administration of FireMaster BP-6 to rats (5-500 mg/ kg in the diet) for five weeks
induced structural changes in the thyroid gland (Kasza et aL., 1978). Decreased concentrations of serum thyroid hormones were observed in rats administered oral doses of 0.3-10
mg/kg bw per day on 125 days over a six-month period (Gupta et al., 1983a; National
Toxicology Program, 1983) and in pigs administered 200 mg/ kg in the diet (Werner &
Sleight, 1981).

ln a bioassay (see section 3.1), chronic administration to rats of FireMaster FF-1 for six
months decreased haemog10bin content and mean corpuscular volume (National Toxicology Program, 1983). Similar findings and decreased erythrocyte counts were also observed

following oral dosing over a 30-day period; however, comparable administration of
2,2',4,4',5,5'-hexabromobiphenyl (99% pure) had no haematological effect (Gupta et aL.,
1981 ).

FireMaster FF-1 (3 and 30 mg/kg bw per day by gavage; 22 doses) suppressed the
mitogen response of splenic lymphocytes in rats and mice (Lus

ter et al., 1978). Mice were
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more resistant than rats to the alterations in immune response induced by PBBs (Luster et
aL., 1980).
Chronic administration of FireMaster FF-1 (3-30 mgj kg bw per day) caused a reduction

in the performance of several neurophysiological and neurobehavioural tests by rats and
mice (Tilson et aL., 1978; Tilson & Cabe, 1979).

Effects on reproduction and prenatal toxicity
White Leghorn chickens were exposed to FireMaster FF-1 in the diet for five weeks
(0.2-3125 mgj kg in one study and 30-120 mgj kg in a second) and were observed for a further
eight weeks. Feed with concentrations? 125 mgj kg was rejected. Egg production,

hatchability and offspring viability were reduced with levels of 45 mgj kg and above.
the abdominal and cervical regions was the predominant morphological finding
in embryos and newly-hatched chicks (Polin & Ringer, 1978a,b).
ln a c1assical teratology study, groups of3-15 Wistar rats were administered a single oral
dose of 40-800 mgjkg bw FireMaster BP-6 on one of days 6-14 of gestation. All treated
Oedema of

females lost weight after treatment, and exposure to 800 mgj kg bw on day 7 of gestation
resulted in maternaI morta1ity. Embryonic death occurred after exposure to 800 mgj kg bw
on days 7-12. The higher doses were reported to reduce fetal weight. Malformed fetuses were

seen in all groups exposed to 800 mgj kg bw, regardless of the day of exposure. The most
prevalent defects were cleft palate and diaphragmatic hernia after treatment on days 11-13

(Beaudoin, 1977). (The Working Group noted the lack of statistical analyses.)

ln a classical teratology study, groups of Wistar rats (numbers unspecified) were
administered FireMaster BP-6 orally on alternate days between day 0 and 14 of pregnancy
(total doses: 0, 8,40, 80 and 160 mgj animal). The highest dose was lethal to half of the dams,
and the two higher doses appeared to interfere with implantation and cause embryonic
death. It was stated that the two 10west doses marked1y increased embryonic death rate, but
no malformed embryo was produced (Beaudoin, 1979). (The W orking Group noted the lack

of statistical analyses.)
ln a c1assical teratology study, Sprague-Dawley rats were given 0,0.25,0.50, 1.0,5.0 or
10.0 mgj kg bw FireMaster BP-6 by oral intubation on days 7-15 of gestation. Group sizes
varied from 30 in the controls to 6-8 in the treated groups. Doses above 0.50 mgj kg bw
resulted in enlarged materna1livers; no other dose-related effect was observed in treated
females or their fetuses. ln a second experiment, eight pregnant rats were given 0 or 10
mgj kg bw PBBs per day on days 7-15 of gestation and offspring were examined postnatally.

No effect on litter size at birth or on birth weight was observed. Pup morta1ity between birth

and 21 days of age was 14.3% in the treated group and 1.5% in the control group. (The
statistical significance of this finding was not indicated.) Growth rates of offspring from
treated dams were inhibited. ln a fostering study, both prenatal and postnatal components
of growth retardation were observed; the greatest effect on growth was observed in pups
exposed to PBBs in utero and nursed by treated dams (Harris et al., 1978).

ln a classica1 teratology study, groups of9-16 Swiss ICR mice and 6-12 Sprague-Dawley
rats were exposed to 0-1000 mgjkg FireMaster BP-6 in the diet on days 7-18 and 7-20 of
gestation, respectively. No indication of maternaI effects was reported. Mean fetal weight
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wise statistica1 comparison was performed.) A
higher incidence of exencephaly and c1eft palate was observed in treated offspring of mice
when compared to a historical control group from another laboratory, but the effect was not
significant when compared to concurrent controls (Corbett et al., 1975).
decreased with increasing dose. (No pair

CD rats (23-27 per group) were fed 0,100,
1000 or 10 000 mg! kg octabromobiphenyl in the diet on days 6-15 of gestation. MaternaI
ln a classical teratology study, four groups of

body-weight gain during the exposure period was reduced in the highest-dose group. No
dose-related trend in embryonic viability, growth or malformations was reported (Waritz et
al., 1977).

Perinatal exposure (day 8 of gestation to day 28 oflactation) ofSprague-Dawley rats to
0, 10 or 100 mg! kg FireMaster BP-6 in the diet did not affect lItter size or weight at birth.
However, postnatal growth and viability ofthe offspring were reduced with the highest dose
(McCormack et aL., 1981).
Groups of 15-16 Sherman rats received FireMaster FF-1 (0 or 200 mg! kg bw per day) by

stomach tube on days 7-14 of pregnancy. The survival rate to weaning was lower in the
PBB-exposed group and, over a two-year observation period, growth of both male and
female exposed offspring was reduced (Groce & Kimbrough, 1984).
Transient effects on development were observed in 1O-day-old cultured embryos taken

from Wistar rats administered 800 mg! kg bw FireMaster BP-6 on day 9 of gestation, but not
in those exposed 4 h prior to dissection on day 10 (Fisher, 1980). Exposure in vivo on day 9
of gestation, 24 h prior to dissection, interfered with axial rotation, neural tube closure, limb
bud development and somite differentiation in embryos cultured in vitro. Fewer effects on
in-vitro development were observed in embryos exposed in vivo 4 h prior to dissection on
day 10. The observed pattern of developmental alterations did not correlate with the effects
of PBBs that had been observed previously in vivo at termination of pregnancy (Beaudoin,
1977; Beaudoin & Fisher, 1981). .
Groups of six pregnant Holstein heifers were given daily oral doses of 0, 0.25, 250 or
25 000 mg FireMaster BP-6 for 60 days or until they became moribund; another pregnant
heifer was given daily oral doses of 250 mg for 180 days. (The days of pregnancy on which
dosing commenced were not specified.) Four non-pregnant heifers were given 250 mg
FireMaster BP-6 for 202 days and bred immediately following dosing. AH heifers fed 25 000
mg became moribund. Sorne treated heifers were rebred over an approximately five-year

period. Fifteen of75 calves born to treated cows or their offspring died or were stilborn; ten
deaths occurred among calves born to heifers treated with 250 mg or to their offspring.
Dystocia was the major cause of calf mortality; no other effect attributable to exposure to
PBBs was observed in the offspring (Durst et al., 1977; Wilett et al., 1982).
Seven rhesus monkeys fed a diet containing 0.3 mg/ kg FireMaster FF-1 were mated
after seven months oftreatment. One animal aborted and one delivered a stilborn infant on
day 154; the remainder delivered offspring at term (Allen et al., 1978).

Absorption, distribution, excretion and metabolism
More than 90% of 14C-2,2',4,4',5,5'-hexabromobiphenyl (99% pure; single 1 mg! kg bw
dose or multiple doses up to 30 mg! kg bw) was absorbed from the gastrointestinal tract in
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rats. Tissue distribution was similar following oral or intravenous administration. After a
single intravenous dose (1 mgjkg bw), 2,2',4,4',5,5'-hexabromobiphenyl was initially
distributed into highly perfused tissues, but later redistributed to adipose tissue; within four
days, adipose tissue contained ")60% of the total body burden. Excretion was slow: after an
intravenous dose, cumulative excretion in the faeces was 6.6% by day 42; excretion in the
urine was 0:0.1 % of the dose (Matthews et al., 1977; Tuey & Matthews, 1978, 1980).
Qualitatively similar results were obtained in rats given FireMaster FF-1 (Domino et al.,
1980, 1982). A half-time for the disappearance of2,2',4,4',5,5' -hexabromobiphenyl from the

blood of rats given a single oral dose of 10 mgj kg bw FireMaster FF-1 was 145 days
(Domino et aL., 1982). Apart from 2,2',4,5,5' -pentabromobiphenyl, for which disappearance
was more rapid, aU the other major components of FireMaster FF-1 closely resembled
2,2',4,4',5,5'-hexabromobiphenyl in their kinetics (Domino et al., 1980). ln dairy cows

exposed to FireMaster BP-6 in the Michigan incident, concentrations of PBBs in adipose
tissue differed in different parts of the body (Fries et al., 1978a).

After oral administration, 3,3',4,4'-tetrabromobiphenyl disappeared from the liver and
fat of rats much faster than did 3,3',4,4',5,5'-hexabromobiphenyl (Milis et al., 1985).

When pregnant guinea-pigs were given an intragastric dose of FireMaster FF-1 on
approximately day 65 of gestation, the concentrations of 2,2',4,4',5,5'-hexabromobiphenyl
in adipose tissue at term (67-68 days) were similar in fetuses and dams. When the dams were

given a dose of FireMaster FF-1 on day 1 after delivery, the concentrations of2,2',4,4',5,5'the pups were similar to those in
hexabromobiphenyl in the lungs, liver, kidneys and fat of

the dams (Ecobichon et al., 1983). When pregnant rats were given 50 mgj kg FireMaster

BP-6 in the diet from day 8-21 of gestation, hepatic concentrations of total hexabromobiphenyls in pups at day 21 of gestation were on average approximately 1/20 of those in the
dams. However, in pups of nontreated dams nursed by dams fed 50 mgj kg FireMaster BP-6

on days 1-14 post partum, hepatic concentrations of total hexabromobiphenyls were on
average approximately eight times higher than those in the dams at day 14 post partum
(Rickert et aL., 1978).
Tissue bromine concentrations were studied in rats fed l, 10, 100 or 1000 mgj kg

technical octabromobiphenyl in the diet for four weeks. The bromine content in the liver
and muscles reached a constant level within two weeks, whereas the content in fat continued
to rise for four weeks. During six weeks after cessation of treatment, bromine concentrations in the liver and muscle graduaUy decreased, whereas the bromine content in the fat of
the highest-dose group continued to increase during 18 weeks of recovery (Lee et al., 1975).

When rats were fed 0.1 mgjkg bw per day technica1 octabromobiphenyl for 180 days, the
bromine concentration increased throughout the treatment period in both the liver and fat.

After treatment of rats with 1 mgj kg bw per day for 90 days, the bromine content in the liver
decreased rapidly, whereas practically no decrease was seen in fat, during 90 days' recovery.
After administration of a single oral dose (1 mgj kg bw) of 14C-octabromobiphenyl to rats,
ring the first 24 h, and a further 7% during the

61.9% ofthe dose was found in the faeces du

next 24 h. After 16 days, 26% of the dose was retained in the body. Less than 1 % of the

radioactivity was detected in urine or expired air (Norris et aL., 1975).
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When dairy cows were fed 10 mg FireMaster BP-6 per day, the concentrations ofhexa-,
hepta- and octabromobiphenyls in the mi1k reached a steady state within 30 days; the level of
hexabromobiphenyl was approximately 25 times higher than that ofhepta- plus octabromo-

biphenyls, whereas the ratio of hexabromobiphenyl:hepta- plus octabromobiphenyl in the
feed was approximately 5. After cessation of treatment, a fast initial disappearance phase
occurred, and the concentration of

hep

ta- and octabromobipheny1s in the milk fell to below

the limit of detection. Following its initial rapid elimination, hexabromobiphenyl disappeared more slowly, with a half-time ofapproximately 60 days (Fries & Marrow, 1975; Fries
et aL., 1978b).

Little metabolism of several tetra-, penta- or hexabromobiphenyls was demonstrated in
ornes from animals treated

rat-liver micros

ornes in vitro (Mils et al., 1985). When micros

with phenobarbital or methylcholanthrene were used, metabolism of some di-, tri- and
tetrabromobiphenyls was demonstrated (Millis et al., 1985; Mills et al., 1985).

ornes, no binding to exogenous
DN A was detected, and the extent of irreversible binding to protein was very small (Dannan
Following incubation of 14C-PBBs with rat-liver micros

et al., 1978).

Mutagenicity and other short-term tests
Hexabromobiphenyl (tested at up to 10000 ¡.g/ plate) was not mutagenic to Salmonella
typhimurium T A1535, T A1537, T A98 or T A

100 (preincubation procedure) in the presence

or absence of an Aroclor-induced rat- or hamster-liver exogenous metabolic system (S9)
(Haworth et aL., 1983).

A commercial PBB flame retardant, 'Decabromobiphenyle' (96.8% decabromobiphenyl, 2.9% nonabromobiphenyl and 0.3% octabromobiphenyl), was not mutage

nie to

S. typhimurium T A1535, T A1537 or T A1538 when assayed in spot tests at up to 1000

¡.g/ plate, both in the presence and absence of Aroclor-induced rat-liver S9. The compound
also gave negative results in the host-mediated assay with strain T A1538, in mice receiving

oral doses of 5, 10 and 20 g/ kg bw (Millischer et al., 1979).
When tested at concentrations of 10-7 to 1O-3M, FireMaster FF-1 did not induce DNA
repair synthesis (as measured by autoradiography) in primary cultures ofhepatocytes from
rats, mice or hamsters. 6- Thioguanine-resistant mutants were not induced by concentrations of 5 X 10-6 to 10-3 M in a rat-liver epithelial-cell1ine, nor by concentrations of 10-5 to

10-4 M in human fibroblasts cocultivated with rat hepatocytes as the metabolic system
(Williams et al., 1984). (No data on survival were given.) Kavanagh et al. (1985) tested
several PBBs for mutation of Chinese hamster V79 cells to 6-thioguanine (HGPRT locus)bain (Na-K A TPase locus)-resistance and for mutation of WB rat-liver cells at the

and ou

HG PR T locus. FireMaster BP-6 (1-40 ¡.g/ ml) was tested for mutation at both loci in V79
cells with and without a postmitochondrial supernatant fraction (S15) from Aroc1orind uced rat liver; 3,3',4,4' -tetrabromobiphenyl (1-10 J.g/ ml) was tested for mutation at the

HGPRT locus in V79 cells with and without S15; 2,2',4,4',5,5'-hexabromobipheny1 was
tested for mutation at the HGPRT locus in V79 cells (20-50 J.g/ml) and in WB cells (5-20
J.g/ ml); and 3,3',4,4',5,5' -hexabromobipheny1 was tested for mutation at the HGPR T locus
in V79 cells (7-12 J.g/ ml) and in WB cells (1-5 J.g/ ml). All the chemicals were tested to 1eve1s
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that reduced cell survival, except FireMaster BP-6, with which survival was unaffected. No

mutagenicity was seen.
It was reported in an abstract (Mirsalis et al., 1985) that PBBs (composition not given)

did not induce unscheduled DNA synthesis (as measured by autoradiography) in an
in-vivo / in-vitro study in B6C3 F i mice (details not given).

No chromosomal abnormality was seen in bone-marrow or spermatogonial cells of rats
fed diets containing 5, 50 or 500 mg/ kg FireMaster BP-6 for 34-37 days (Garthoff et al.,
1977). (The W orking Group noted that an insufficient number of ce

Ils were examined in the

spermatogonial test.) The commercial flame retardant 'Decabromobiphenyle' did not
increase the number of micronuc1ei in polychromatic erythrocytes in mouse bone marrow
after total oral doses of 5, 10 or 20 g/ kg bw given as two doses 24 h apart (Millischer et al.,
1979).

Wertz and Ficsor (1978) studied chromosomal aberrations in bone marrow of mice
administered by gavage 0,50, or 500 mg/ kg bw FireMaster (FF-1) from a bag found in the

grain mill where the contamination occurred in the Michigan accident. No increase in the
incidence of chromosomal or chromatid breaks was observed, but after 24 h and 48 h, 50
mg/ kg bw and 500 mg/ kg bw, respectively, significantly increased the number of gaps.
Intercellular communication between Chinese hamster V79 cells, measured by metabolie cooperation between HGPRr+ and HGPRT- cells, was inhibited by FireMaster BP-6
(Trosko et al., 1981). Tsushimoto et al. (1982) studied seven PBB congeners (2,2',4,5,5'penta, 3,3',4,5,5' -penta, 2,3',4,4',5,5' -hexa-, 2,2',4,4',5,5' -hexa-, 3,3',4,4',5,5' -hexa-,
2,2',3,4,4',5,5'-hepta-, and 2,2',3,3',4,4',5,5'-octabromobiphenyl) purified from commercial
products for their ability to inhibit metabolic cooperation in Chinese hamster V79 cells.

Those congeners with two bromine substitutions on carbons in positions ortho to the
biphenyl bridge carbons (leading to a co-planar configuration of

the phenyl groups) caused

a dose-dependent inhibition of metabolic cooperation at non-toxic concentrations.

Congeners in which only one ortho carbon was brominated were cytotoxic at high leve1s but
appeared to inhibit metabolic cooperation before cytotoxicity occurred. The 3,3',4,5,5'pentabromobiphenyl, with no ortho substitution, showed only a cytotoxic effect. FireMaster
FF-1 (7.5 x 10-5 to 7.5 X 10-4 M) inhibited gap-junctional communication between primary
cultures of rat hepatocytes and a 6-thioguanine-resistant, adult rat-liver epithelial-cellline
(Wiliams et al., 1984). (Assays measuring inhibition of metabolic cooperation are

considered as possible tests to detect promoting activity of chemicals (Griesemer et al.,
1986))
(b) Humans

Taxie effects

Most of the data on the toxicity of PBBs are derived from studies carried out after the
contamination of human food through their unintentional addition (as FireMaster FF-1,
lot no. 7042), instead of magnesium oxide, to farm feed in Michigan in i 973, resulting in
exposure of large numbers of the rural population Michigan.
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Higher rates of dermatological, neurological and musculoskeletal disorders were

reported in a group of933 Michigan farmers and residents than in 229 unexposed Wisconsin
farmers used as controls (Anderson et al., 1978a), and a high prevalence of abnormalliver

function tests (serum glutamic oxaloacetic transaminase and serum glutamic pyruvic
transaminase) was observed among 614 Michigan adults compared with 141 Wisconsin
adults (Anderson et aL., 1978b).

A variety of tests have been used to assess the immune status of PBB-exposed Michigan

farmers. The prevalence of carcinoembryonic antigen titres (:2.5 ngj ml) was slightly
increased in the Michigan populations compared to the Wisconsin population used as
controls and was associated with higher serum levels ofPBBs (Anderson et al., 1978c). ln
addition to reduced numbers of T - and B-lymphocytes in peripheral blood, decreases in the
response to T- and B-lymphocyte mitogens and in a T-lymphocyte proliferation test were

found in up to 40% of the exposed subjects in comparison with control populations of
non-exposed Wisconsin farmers and New York City residents (Bekesi et al., 1978). The
immune status of Michigan farmers was re-examined in 1981: 17 j 40 subjects stil suffered
from an altered immune state, as indicated by lowered number of T-lymphocytes and
reduced response to T-lymphocyte mitogens. Increases in iffmunoglobulin A and G levels

which were seen in 1976 were stil present in 1981. The persistent change in immunocompetence suggests either permanent damage to the immune system or continuing action
of PBBs persisting in the adipose tissues (Roboz et al., 1985).

The toxicity of PBBs in children was studied in 1976-1977 by comparing the symptoms
reported in 343 Michigan chi1dren to those in 72 Wisconsin control children. During the
years prior to 1972, no appreciable difference was observed, whereas an increase in

neurobehavioural, gastrointestinal and immunological disorders was evident in Michigan
children from 1974-1976; they dec1ined somewhat from 1975 to 1976 (Barr, 1978).
A group of 55 workers who had been actively employed in the Michigan plant producing
FireMaster BP-6 from 1970- 1 974 volunteered for medical examination; aB had serum leve1s
of PBBs above 1 mgj 1. An increased prevalence of respiratory symptoffs and skin disorders

was reported in this group compared to the available data on PBB-exposed farmers in
Michigan (Anderson et aL., 1978d).

Among 35 workers in a plant manufacturing decabromobiphenyl and its oxide from
1973-1978 and who volunteered for a comprehensive medical examination, there were four
cases of subc1inical primary hypothyroidism; no such disorder was detected among 89
non-exposed referent subjects (Bahn et aL., 1980).

Effects on reproduction and prenatal toxicity

A study of sperm counts, motility and morphology was conducted on two groups of
subjects exposed to PBBs (11 workers involved in manufacture and 41 Michigan farmers
and users) and a reference group of 52 graduate students. No major difference was found
among the three groups (Rosenman et aL., i 979). (The W orking Group noted the low power
of the study to detect an effect of PBBs on spermatogenesis.)
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Absorption, distribution, excretion and metabolism
ln necropsy analyses of Michigan residents, the highest concentrations of PBBs were
detected in perinephric fat. Ratios of the concentrations in various organs to that in fat were:
0.45-0.56 for adrenal glands, atheromatous aorta and thymus; 0.1-0.28 for pancreas, liver

and left ventricle of the heart; and 0.02-0.09 for kidneys, lung, brain, skeletal muscle, thyroid
gland and nonatheromatous aorta (Miceli et aL., 1985). ln studies on Michigan residents, the

ranges of ratios of PBB leve1s in adipose tissue:blood were 140-260 in women and in male
workers in a chemical plant manufacturing PBBs and 320-329 in male farm workers and
other men; the range of the ratios of cord blood:maternal serum was 0.1-0.14, and that of
milk:maternal serum was 107-119 (Eyster et al., 1983). ln samples collected from Michigan
residents between 1974 and 1977, the range of

the ratios of adipose tissue:serum was 320-358

(W olff et al., 1979; Tuey & Matthews, 1980); ¡n lactating women, the ratio was 100 (Brillant
et al., 1978). ln a population study in Michigan, the serum PBB concentrations were lower in
women than in men (Kreiss et aL., 1982). Faecal and bile PBB concentrations were lower
than serum concentrations in Michigan residents (Eyster et aL., 1983).
No decrease in serum PBB concentrations was detected over a period of 12 months in 92

Michigan farmers exposed during the 1973 accident (Wolff et al., 1979). ln a study on 816
Michigan residents followed for one year (1977-1978) and on 832 followed for two years

(1977-1979), the median serum PBB concentration decreased from 4 to 3 ¡.g/l in both
groups (Kreiss et al., 1982). The half-time for PBBs in human fat has been estimated to be at
least 7.8 years (Miceli et aL., 1985).

For levels of PBBs in human tissues, see also section 2.2(g).

Mutagenicity and chromosomal effects
No data were available to the Working Group.
3.3 Case reports and epidemiological studies of carcinogenicity to humans

The cohort studied by Wong et al. (1984) (described in the monograph on methyl
bromide, p. 187) also had exposure to PBBs. Due to the lack of quantitative data, potential
exposures of workers to PBBs were categorized as 'routine' and 'non-routine'. Of the 91

workers potentially exposed on a 'routine' basis, none died during the study period; among
the 237 'non-routinely' exposed male workers, two deaths were observed vers

us 6.4

expected, one of which was due to cancer of the large intestine (1 observed versus 0.1
expected).

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Polybrominated biphenyls were produced primari1y in the 1970s as flame retardants.
Occupational exposure occurred during their production and use. The accidental addition
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of a hexabromobiphenyl product (FireMaster FF-1) to a large quantity offarm animal feed
in Michigan (USA) in 1973 resulted in widespread population exposure.
4.2 Experimental data

The carcinogenicity of a commercial preparation of polybrominated biphenyls

(FireMaster FF-1, various lots), composed primarily of hexabromobiphenyl with smaller
amounts of penta- and heptabrominated isomers, was tested by oral administration by
gavage in one strain of mice and two strains of rats and by perinatal exposure in one strain of
rats. It produced malignant hepatic tumours in mice of each sex. ln rats of each sex, it
produced benign and malignant hepatic tumours, including cholangiocarcinomas, after

single or multiple administrations.

Short-term exposures of rats to high doses of commercial preparations of polybrominated biphenyls induce embryonic death, growth retardation and malformation;
malformations have not been observed following exposure to lower doses throughout
gestation. Pre- and perinatal exposure of rats to polybrominated biphenyls reduces

postnatal growth and viability.
Various commercial preparations of polybrominated biphenyls are not mutagenic to

bacteria in the presence or absence of exogenous metabolic systems or in a host-mediated
assay. Polybrominated biphenyls do not induce DNA damage, or mutation, in cultured

mammalian cells or chromosomal aberrations in rat or mouse bone marrow, nor
micronuclei in mouse bone marrow, but they do inhibitjunctional intercellular communication in cultured mammalian cells.
Overall assessment of data from short-term tests: Polybrominated biphenylsa
Cell transformation

Genetic activity

DNA damage

Mutation

Chromosomal
effects

-

Prokaryotes
Fungij Green plants
Insects

Mammalian cells
(in vitro)

-

Mammals
(in vivo)

-

H umans

(in vivo) .

Degree of evidence in short-term tests for genetic activity: No evidence

Cell transformation:

No data
QThe groups into which the table is divided and the symbol '-' are defined on pp. 19-20 of

evidence are defined on pp. 20-21.

the Preamble; the degrees of
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4.3 Human data
No relevant data were available to evaluate the reproductive effects or prenatal toxicity
of polybrominated biphenyls to humans.
A small cohort study of chemical workers potentially exposed to po1ybrominated

biphenyls together with other chemicals was uninformative with regard to cancer.
4.4 Evaluationl

There is suffcíent evidence2 for the carcinogenicity of commercial mixtures of
polybrominated biphenyls to experimental animals.
There is inadequate evidence for the carcinogenicity of polybrominated biphenyls to
humans.
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AMITROLE
This substance was considered by previous Working Groups, in February 1974 (IARC,
1974) and February 1982 (IARC, 1982). Since that time, new data have become avai1able,
and these have been incorporated into the monograph and taken into consideration in the
present evaluation.

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 61-82-5

Chem. Abstr. Name: IH-1,2,4-Triazol-3-amine
IUPAC Systematic Name: 3-Amino-s-triazole

Synonyms: Aminotriazole; 2-aminotriazole; 3-aminotriazole; 3-amino-1 H-1 ,2,4triazole; 5-amino-1 H-1 ,2,4-triazole; 2-amino-1,3,4-triazole; 3-amino-1,2,4-triazole; 5-

amino-1,2,4-triazo1e; 1,2,4-triazole-3-amine

Trade Names: Amitrol; Amitrol 90; Amizol; AT; 3,A-T; ATA; Azaplant; Cytrol;
Cytrole; ENT 25445; Herbidal total; Weedazo1
1.2 Structural and molecular formulae and molecular weight

H
1

(1

NHi

MoL. wt: 84.08

CiH4N4
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1.3 Chemical and physical properties of the pure substance
(a) Description: White crystallne solid from water, ethanol or acetoxyethanol
(Haw1ey, 1981; Weast, 1985)

(b) Melting-point: 159°C (Weast, 1985)

(c) Spectroscopy dataa: Infrared (Sadtler Research Laboratories, 1980; prism (8667,

50957), grating (21258, 50957)), nuclear magnetic resonance (Sadtler Research
Laboratories, 1980; proton (9499, 22958), C-13 (6254)) and mass spectral data
(Grasselli & Ritchey, 1975) have been reported.
lub

(d) Sa

ilty: Soluble in water (28 g/ 100 ml at 25°C), ethano1 (26 g/ 100 g at 23°C),

chloroform and methanol; slightly soluble in ethy1 acetate; insoluble in acetone and
diethy1 ether (Anon., 1981; Hawley, 1981; US Environmental Protection Agency,
1982; Windholz, 1983; Weast, 1985)
(e) Reactivity: Weak base; forms chelates with metal ions such as iron and copper
(Anon., 1981)

(f Octanoljwater partition coefficient (P): log P, 0.52 (ICIS Chemical Information

System, 1985 (ISHOW))

1.4 Technical products and impurities

ln the USA, formulations are avaIlable containing amitrole as an active ingredient at
concentrations of 4.9 (with 9.9% simazine), 15.0, 21.6 and 90% (U nion Carbide Agricultural

Products Co., 1984a,b,c, 1985a,b). Technical-grade amitrole of 95 or 97% purity can be
obtained (Steinhoff et al., 1983; Aldrich Chemical Co., 1984; Japan Chemical Week, 1984;
Eastman Kodak Co., 1985). Formulations containing amitrole include combinations with
ammonium thiocyanate and an activator or one or more of the following additional
herbicides: simazine, diuron, Fenac(9 (2,3,6-trichlorophenylacetic acid), atrazine, bromacil,

2,4-D (see IARC, 1977, 1982), linuron and MCPA (see IARC, 1983) (Worthing, 1983;
Anon., 1985). Amitro1e products are marketed as soluble powders and liquids, and are also
avai1able in pressurized containers (Union Carbide Agricu1tura1 Products Co., 1984a,b,c;

Anon., 1985; Eastman Kodak Co., 1985; Union Carbide Agricultural Products Co.,
1985a,b).

QIn square brackets, spectrum number in compilation
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

The synthesis of amitrole was first reported by Thiele and Manchot in 1898, involving

the reaction of aminoguanidine with formic acid (Carter, 1976). The current industrial
production process, described by Allen and Bell (1946) and patented in 1954 by Allen,

involves the same reaction, in which an aminoguanidine salt is heated to ioO-120°C with
formic acid in an inert solvent (Carter, 1976; Sittig, 1980).

Amitrole is currently manufactured or formulated by four European firms (one in the
Federal Republic of Germany, two in the UK and one in France) and by one company in
Israel (Anon., 1985). Two companies in Japan produce approximately 18000 kg annually
(Japan Chemica1 Week, 1984).
Technical-grade amitrole is not produced in the USA, and current annual imports range
from 227 000 to 363 000 kg. Use of amitrole in the USA has changed little in the last ten years

(US Environmental Protection Agency, 1984a).
(b) Use

Amitrole was introduced as a herbicide and plant-growth regulator in the USA in 1954,
and was originally registered in the USA for use in food crop production (Carter, 1976).
Public use of the compound began in 1955 (Hazardous Materials Advisory Committee,
1974), but the US Environmental Protection Agency cancelled all food crop registrations
for amitrole in 1971 (Carter, 1976; US Environmental Protection Agency, 1984a).

N onetheless, amitrole remains an important specialty herbicide in the USA.

Among the foliage-active herbicides, amitrole is unique in its mode of action.
Application of the compound to fo1iage resu1ts in the destruction of chlorophyll, and it is
thus not selective for any one c1ass of weeds (Carter, 1976). Amitrole is therefore used
primarily as a brush killer (US Environmental Protection Agency, 1984a). It is used around
established apple and pear trees between harvest and the following summer, as a
nonse1ective herbicide before planting kale, maize, oi1seed rape, potatoes and wheat, on
fallow land and in other non-crop situations (Worthing, 1983).

Application to roadsides accounts for approximate1y 50% of US use of amitrole,
although amitrole accounts for on1y 5% of all herbicides used on roadsides. It is used on
approximately 41 000 ha of US land, typically at a rate of 2.8 to 4.4 kgf ha. It is used to 1esser

trial, utility and commercial locations (US Environmental Protection
Agency, 1984a,b). Amitrole has also been reported to have been used as a photographic

extents in indus

reagent (Haw1ey, 1981).
(c) Regulatory status and guidelines

A Joint Meeting of the Food and Agriculture Organization Panel of Experts on
Pesticide Residues and the Environment, and the WHO Expert Committee on Pesticide
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Residues (Food and Agriculture Organization, 1978) confirmed in 1977 a conditional
admissible dietary intake (ADI) of 0-0.00003 mg/ kg bw for human exposure to amitrole

me body in 1974. A conditional tolerance of 0.02
mg/ kg for residues of amitro1e in raw agricultural commodities of plant origin was

residues in foods, established by the sa

recommended by the same body in 1974 (WHO, 1975).

Since amitrole may not be used in food production systems, no US tolerance for residues

of amitrole or its metabolites has been established by the US Environmental Protection
Agency. The American Conference of Governmental Ind us

trial H ygienists (1985), however,

has recommended a threshold limit value (TL V) of 0.2 mg/ m3 for occupational exposure
averaged over an 8-h workday. The Federal Republic of Germany has adopted the same
standard for occupational exposure to amitrole (Deutsche Forschungsgemeinschaft, 1985).
2.2 Occurrence

(a) Naturaloccurrence

Amitrole is not known to occur as a natural product.
(b) Occupational exposure

No data on exposure levels were avai1ab1e to the Working Group.
(c) Air

Amitrole was released from the stack of a production plant during dry crushing and
bagging operations, and atmospheric levels of up to 100 ¡.g/ m3 were measured in the vicinity
of the plant (Alary et aL., 1985).

(el Water

Amitrole 1eve1s determined in water samples collected in a river downstream from the

discharge of an aeration pond in the vicinity of a production plant were 0.6-1.2 mg/1. The
concentrations in the wastewaters from the aeration pond were 50-200 mg/l (Alary et al.,
1985).
(e) Foods

Residues of amitrole proportional to the rate of application were found in mature apples
at harvest when amitrole had been applied directly to the foliage and/ or fruit three months
earlier (Table 1). No residue was found on fruit after ground cover applications of amitro1e
(Schubert, 1971).

2.3 Analysis

formulations
and in food crops are identified in Table 2. The spectrophotometric procedure of Alary et al.
Selected methods for the analysis of amitro1e in wastewater, in pesticide

(1985) has a1so been used for the analysis of air samp1es collected on glass-fibre fiters;
detection lImits in air were not reported. The analysis of amitrole in urine has been proposed

for biological monitoring (Archer, 1984).
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Table 1. Amitrole residues in apples at harvest (October) after direct application
(July) of amitro1ea
Amitrole residues (mg/ kg) in apples when applied to:

Rate of amitro1e

application (g/l)

0.0
0.6

Foliage only

Fruit only

Foliage and fruit

0:0.02
0.50

0:0.02
0.38

.00.02
0.92

1.2

1.05

1.08

1.85

2.4
4.8

2.00
3.88

2.25
4.65

4.95
7.00

aFrom Schubert (1971)

Table 2. Methods for the analysis of amitrole
Sample matrix

Sample preparation

Water

Adjust pH to 12.5; chromatograph (Amberlite IRC 50), eluting
amitrole with 0.2 M hydroch10ric
acid; diazotize (NaNOi/ HCl);

Reference

Assay
procedurea

Limit of

Spectrophotometry
(520 nm)

50 p.g/l

Alary et aL. (1985)

Spectrophotometry
(634nm)

not given

US Environmental
Protection Agency

detection

convert to azo dye (sulphamic acid,
N-( 1-naphthyl)ethylenediamine)

Pesticide
formulations

Dissolve sample in water; add
dilute S9dium hydroxide and

potassium ferrocyanide/ sodium
nitroferricyanide/hydrogen peroxide col our reagent

Titrimetry
Dissolve sample in water or
aqueous dimethylformamide; acidify
(dilute HCl); titrate to second endpoint with dilute NaOH
Air

Trap on glass-fibre filter;

add 0.2 M hydrochloric acid;
extract in an ultrasonic bath;

diazotize (NaNOi/ HCI); convert
to azo dye (sulphamic acid,
N-( 1 -naphthyl)-ethylenediamine)

Spectrophotometry
(520 nm)

( 1982)

not given

Gentry et al. (1984)

not given

Alary et aL. (1985)
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Table 2 (contd)
Sam

pIe matrix Sample preparation

Assay

Limit of
detection

Reference

0.025 mg/ kg

Storherr & Burke
(1961)

0.005 mg/ kg

LØkke (1980)

HPLC/UV

0.17 ¡ig/ml

Soulier et aL. (1980)

HPLCj ViS

200 ¡ig/l

Archer (1984)

procedurea
Crops

Blend crop with Celite 545 and
ethanol; fiter; wash with ethanol;

Spectrophotometry

adsorb on Amberlite 120 (H); wash;

(455 nm)

add NH40H; clean (acetonitrile);
add NaNOi, sulphamic acid, N-(1-

naphthyl)ethylenediamine
Potatoes and

beetroots

Extract (ethanol); adsorb on resin;
digest with acetonitrIle and acid;
diazotize (sodium nitrite); react

HPLCjVIS
(546 nm)

with 8-amino- 1 -naphthol-3,6disulphonic acid; chromatograph on

polycaprolactam column
Soil and
vineleaves

Soil sample: extract (acetonitrile
with aqueous ammonia); centrifuge;
boil to remove ammonia; adjust to
pH 6; fil
ter; concentrate; nitrosate
(rinse with water then glacial acetic
acid; add sodium nitrite; dilute)
Leal sample: cut and crush to

a paste; extract (acetonitrile); mix
and decant; centrifuge; evaporate to
dryness; elute (polycar A.T. Ge);
nitrosate as above
Urine

Add HCl and potassium
permanganate; diazotize (sodium
nitrite); react with I-naphthol-3,6disulphonic acid disodium salt; add
sodium acetate

(440 nm)

aAbbreviations: HPLClVIS, high-performance liquid chromatographyjvisible spectrophotometric detection; HPLCjUV,
high-performance liquid chromatography j ultraviolet detection

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs
(a) Oral administration

Mouse: ln a pre1iminary note, it was reported that groups of 18 male and 18 female
(C57BL/6xC3H/ Anf)Fi and (C57BL/6xAKR)Fi mice, seven days of age, were administered 1000 mg/ kg bw (maximum tolerated dose) amitrole (purity unspecified) in distiled
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water daily by stomach tube until four weeks of age. Subsequently, animaIs were fed diets
the observation
period (53-60 weeks). Thyroid tumours were reported to have occurred in nearly all of the
treated mice (64/72). Liver tumours were observed in 34/36 (C57BL/ 6xC3H/ Anf)F1 mice
containing 2192 mg/ kg amitrole (maximum tolerated dose) until the end of

and in 33/36 (C57BL/6xAKR)F1 treated mice. ln pooled control groups, 8/166
(C57BL/ 6XCeH/ Anf)F1 mice and 6/172 (C57BL/6xAKR)F1 mice had liver tumours

(Innes et al., 1969). (The Working Group noted that thyroid tumours are uncommon in
these strains of mice.)
Groups of acatalasemic and normal catalase C3H mice were treated at weaning with
neutron irradiation, or fed a diet containing amitrole (purity unspecified), or both. Dietary
amitrole was administered at a concentration of 1 % (10 000 mg/ kg) during the first four
weeks of a five-week cycle; this cycle was repeated continuously. The groups that received
amitrole alone or amitrole following neutron irradiation had a 100% incidence of liver

tumours (29/29, 33/33), whereas among the group treated with neutrons but not fed
amitro1e in the diet, 2/37 mice had liver tumours. ln another study, among female
acatalasemic C3H mice carrying the murine mammary tumour virus (MMTV), for 28 mice
fed 1 % amitrole for 12 weeks beginning at weaning there was a statistically significant delay
in the initial appearance of mammary tumours, when compared to 29 mice fed the standard

diet. This result was stated to have been confirmed in four of five repetitions of this
experiment (Feinstein et al., 1978). (The W orking Group noted that, in the first experiment,
there was no untreated control group.)
Groups of75 male and 75 female NMRI mice, six weeks of age, were fed diets containing
0, l, 10 or 100 mg/kg amitrole (technical grade, 97% pure) for lifetime. There was no

difference in body weights or survival (average, :?600 days) between amitrole-treated and
control mice and no indication of a carcinogenic effect (Steinhoff et aL., 1983).
Groups of B6C3F ¡ mice were nursed by dams fed diets containing 500 mg/ kg amItrole
(purity unspecified) from delivery unti1 weaning and then maintained on a standard diet for

90 weeks. ln 45 males, six hepatocellular adenomas and four hepatocellu1ar carcinomas
were observed; no liver tumour occurred in 55 females. Among untreated controls observed
for 90 weeks, one hepatocellu1ar adenoma and no carcinoma was observed in a group of98
males; neither was observed among 96 females (Vesselinovitch, 1983). (The W orking Group

noted that the increases in the incidences of carcinomas (p = 0.009) and adenomas
(p = 0.004) were statistically significant.)
Groups of B6C3F¡ mice were fed diets containing 500 mg/ kg amitrole (pu

rit

y

unspecified) continously from weaning until 90 weeks. Among the 55 males, nine
hepatocellular adenomas and IL hepatocellu1ar carcInomas were observed; among the 49

females, there were five hepatocellular adenomas and four hepatocellular carcinomas.

Among untreated controls held for 90 weeks, one hepatocellular adenoma and no
carcinoma was observed in a group of 98 males; neither was observed among 96 females
(Vesse1inovitch, 1983). (The W orking Group noted that the increases in the incidences of

carcinomas in males (p c: 0.001) and females (p = 0.012) and of adenomas in males
(p c: 0.001) and females (p = 0.004) were statistically significant.)
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Rat: Groups of rats (numbers, sex, strain and age unspecified) were fed diets containing

0, 10,50 or 100 mgl kg amitrole (purity unspecified) for 104 weeks. Thyroid adenomas were
observed in 1/10,2/15 (one 'adenocarcinomatous') and 17/26 (four'adenocarcinomatous')
rats in the low-, mid- and high-dose groups, respectively. No thyroid tumour was found in
the five controls examined (Jukes & Shaffer, 1960).

Male and female white rats (weighing 100-120 g) were each administered 20-25 mg
amitrole per day in the drinking-water or were fed diets containing 250 or 500 mg amitro1e
per day for life (5-23 months). Of the group receiving amitrole in the drinking-water, eight
the first thyroid tumour, and three thyroid and six
liver tumours were seen. Of the groups receiving amitrole in the diet, 10 and Il rats,
respectively, were alive at the time of the first tumour in the two groups; two thyroid and
eight liver tumours were seen in the group fed 250 mg amitrole; five thyroid and ten liver
were alive at the time of appearance of

tumours were seen in the group receiving 500 mg amitrole (Napalkov, 1962). (The Working
Group noted that no data on controls were reported.)
Groups of rats (initial numbers, sex, strain and age unspecified) were fed diets containing

0, 10,50 or 100 mgl kg amitrole (purity unspecified) for 104 weeks. Thyroid adenomas were
observed in 15/27 rats in the high-dose group and in 1-3/27 in the other two groups.

Mammary and other tumours were distributed in a random fashion (Hodge et al., 1966).
(The W orking Group noted that the experiment was inadequately reported and that control
data were not inc1uded.)

Six groups of female Wistar rats, weighing approximately 200 g, received the following

treatments: Group 1 (40 rats) received 2500 mg/l amitrole(purity unspecified) in the
drinking-water for 70 weeks; Group 2 (30 rats) received a partial thyroidectomy plus, two
weeks 1ater, 2500 mg/l amitrole in the drinking-water; Group 3 (30 rats) received a partial
thyroidectomy followed by autoimp1antation of the resected thyroid tissue and, two weeks
later, administration of amitrole in the drinking-water; Group 4 (10 rats) served as untreated
controls; Group 5 (10 rats) received a partial thyroidectomy with no further treatment; and
Group 6 (10 rats) received a partial thyroidectomy with autoimplantation but no other
treatment. Rats surviving more than 30 weeks comprised the effective animaIs. Premature
deaths were 1argely a result of infection; survival at 30 weeks ranged from 70-80% of rats not
receiving amitrole and 47-65% of amitrole-treated rats. No gross or microscopie pathology

was observed among rats not treated with amitrole. Goitres developed in aU amitroletreated rats in Groups l, 2 and 3, including the ten autografts which 'took' in Group 3.

the thyroid were found in 19/26, 14/14 and 10110 rats in Groups 1,2
and 3, respectively. These results were significantly different (p .: 0.001) from those in
controls (0/7, 0/7 and 018). Papilary adenoma nodules were observed in the thyroid in
Invasive tumours of

3/26, 1/14 and 1110 rats in Groups 1,2 and 3, respectively (Tsuda et al., 1976).
Groups of female Wistar rats, weighing approximately 200 g, received the following

treatments: Group 1 (20 rats) received 2500 mgjl amitrole (purity unspecified) in the
drinking-water and a standard diet; Group 2 (20 rats) was a fed a low-iodine (0.25 mgl kg)

diet; and a further group (20 rats) was fed a standard diet (containing 5 mg/kg iodine) and
served as untreated controls. The experiment was terminated at 60 weeks; rats surviving 30

weeks or more were considered to be the effective animaIs. Body-weight gain was reduced in
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Groups 1 and 2. Follcular carcinomas ofthethyroid were observed in 9/13 rats treated with
amitro1e only, in 4/9 rats fed the low-iodine diet and in 0/ 16 untreated controls (Tsuda et al.,
1978).

Two groups of 12 male Wistar rats, ten and 14 weeks of age, respectively, were fed a diet
containing 2000 mg/kg

amitrole

(purity unspecified) for 12 weeks; a further group of 12 rats

was fed a standard diet and served as untreated controls. All animaIs were sacrificed after 26
weeks of age. No thyroid tumour was found (Iwata, 1981; Hiasa et aL., 1982). (The Working

Group noted the small numbers of animals used, the short duration of the study and that
these groups were controls to a combined treatment study; see section 3.1(e).)
Groups of 75 male and 75 female Wistar rats, six weeks of age, were fed diets containing
0, l, 10 or 100 mg/ kg amitrole (technical grade, 97% pure) for 1ifetime. No difference was
observed in body-weight gain, and average survival exceeded 900 days in all groups. Marked
increases in the incidences of pituitary and thyroid tumours were observed in the high-dose

group: benign pituitary tumours in females (36/75 high-dose; 14/74 controls), benign
thyroid tumours in males (45/75; 5/75) and females (44/75; 7/74), and malignant thyroid
tumours in males (18/75; 3/75) and females (28/75, 0/74) (Steinhoff et al., 1983).
Hamster: Groups of76 male and 76 female golden hamsters, six weeks old, were fed diets
containing 0, l, 10 or 100 mg/kg amitrole (technical grade, 97% pure) for lifetime. No

difference was observed in the body-weight gains or survival of control and low- or mid-dose
animals. Reduction in body-weight gain and a statistically significant (p ~ 0.0002) reduction

in survival was observed in the high-dose groups. There was no indication of a carcinogenic
effect (Steinhoff et al., 1983).

(b) Skin application

Mouse: Groups of 50 male and 50 female C3H/ Anf mice, two to four months old,
received weekly skin applications of 0.1 or 10 mg analytical-grade amitrole in 0.2 ml
acetone:methanol mixture (65:35) for life. The median survival times ranged from 44-57
weeks. No skin tumour was observed (Hodge et al., 1966).
(c) Subcutaneous administration

Rat: A group of 12 male and female random-bred white rats, weighing 100-120 g,
received twice-weekly subcutaneous injections of 125 mg amitrole (purity unspecified) in
water for Il months and were observed up to 23 months. ln the seven rats alive at the

appearance of the first tumour, five liver and five thyroid tumours were observed
(Napa1kov, 1962). (The Working Group noted that no data on controls were reported.)
(d) Transplacental exposure
Mouse: Female B6C3Fi mi

ce were fed diets containing 500 mg/kg amitro1e (purity

unspecified) from the 12th day of gestation until delivery, and the offspring were maintained

on a standard diet for 90 weeks. Four hepatocellu1ar adenomas and two hepatocellu1ar
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carcinomas were observed in 74 males, but no such tumour occurred in 83 females. These
results were considered to be not significantly different from those seen with untreated
B6C3Fi mice held for 90 weeks, in which one hepatocellu1ar adenoma and no carcinoma
was observed in 98 males and neither was observed in 96 females (Vesselinovitch, 1983).
(e) Combined treatment

Rat: Two groups of 30 male albino rats, two to three months of age, were fed 0.06%
4-dimethylaminoazobenzene (DAB) in the diet, and one group also received intraperitoneal

injections of 1000 mg/ kg bw amitrole (purity unspecified) every second day as a 10%
solution in water. The surviving 16 DAB-treated and 19 DAB-plus-amitrole-treated rats
were kiled at 21 weeks. The incidences ofliver tumours were 12/16 in the group receiving
DAB alone and 4/19 in the group that received DAB plus amitrole (p c: 0.01). Liver
carcinomas produced by DAB alone were mostly hepatocellular carcinomas, whereas those
in the group treated with DAB plus amitrole were hepatocellular carcinomas and

cho1angiocarcinomas (Hoshino, 1960).

Groups of 12 six-week-old male Wistar rats received the following treatments: Group 1
700 mg/ kg bw N-bis(2-hydroxypropyl)nitros-

received four weekly subcutaneous injections of

amine (DHPN) followed by a diet containing 2000 mg/ kg amitrole (purity unspecified) for a
total of 12 weeks; Group 2 received four weekly injections ofDHPN only; Group 3 was fed a
diet containing 2000 mg/ kg amitrole beginning at week 4 for 12 weeks; Group 4 received
eight weekly injections ofDHPN followed by a diet containing 2000 mg/ kg amitro1e for 12

weeks; Group 5 received eight weekly injections of DHPN only; Group 6 was fed a diet
containing 2000 mg/ kg amitrole beginning at week 8; and Group 7 was fed a standard diet
and served as untreated controls. All animals were kiled after 20 weeks. No thyroid tumour
was found in rats in Groups 2,3,6 or 7, but a significantly increased incidence (p -( 0.05) of
thyroid tumours compared with that in controls was observed in rats in Group 1 (9/11) and
in rats in Group 4 (12/12) and Group 5 (7/12) (Iwata, 1981; Hiasa et aL., 1982).
A group of75 male Wistar-Furth rats was castrated at 40 days of age and divided into six
groups: Group 1 (five rats) received no further treatment and served as controls; Group 2

y unspecified) in the drinking-water starting at
47 days after castration; Group 3 (ten rats) received subcutaneous implantation of a pellet
on the back containing 5 mg diethylstilboestrol (DES) plus 45 mg cholesterol, which was
replaced every two months; Group 4 (11 rats) received implantation of the DES pellet plus
amitrole in the drinking-water; Group 5 (20 rats) received implantation of the DES pellet
followed by administration of 5 mg N-nitrosobutylurea (NBU) per day in the drinkingwater for 30 days starting at 50-55 days of age; and Group 6 (19 rats) received implantation
of the DES pellet followed by administration of NBU and, subsequently (seven days after
NBU treatment), amitrole in the drinking-water. Rats surviving beyond 230 days of age
were considered to be effective animals; all survivors were kiled at 14 months of age.Rats in
Groups 3 and 5 developed numerous hepatocellular carcinomas and neoplastic nodules (4/9
and 15/17 animaIs) and pituitary tumours (7/9 and 12/17). Addition of amitrole to these
regimens (Groups 4 and 6, respectively) had no effect on the incidence of pituitary tumours
(ten rats) was given 1500 mg/ 1 amItrole (pu

rit
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(8/ Il and 10 /14) but slightly (Group 4; 2/ Il) and significantly (Group 6; 3/14) reduced the
incidences ofhepatocellular carcinomas and neoplastic nodules. No such tumour was found
in controls (Group 1) or in rats receiving amitrole only (Group 2) (Sumi et al., 1985).

3.2 Other relevant biologica1 data

(a) Experimental systems

Taxie effects
Amitrole generally has little acute toxicity to experimental animaIs. Acute oral LDso
values have been reported to be 14.7 g/ kg bw in mice and 25 g/ kg bw in male rats (Kröller,
1966). An oral dose of2 g/ kg bw administered to sheep was fatal (details not given) (Hapke
et aL., 1965). No pronounced toxicity was seen in mice, cats or dogs after intravenous
injections of 1.6, 1.7 or 1.2 g/ kg bw, respectively; mice tolerated an intraperitoneal injection

of 4 g/ kg bw amitro1e (Kröller, 1966). No sign of acute toxicity was seen in specific
pathogen-free adult male or female rats given amitrole (99% pure) in aqueous solution by
mal application (2.5 g/kg bw) (Gaines et al., 1973).

stomach tube (4.0 g/kg bw) or by der

Intraperitoneal administration of 4.0 g/ kg bw amitrole every 4 h for 24 h to male rats did not
induce toxic effects (Kato, 1967).

Adult specifie pathogen-free rats given 500, 1000 or 5000 mg/ kg amitrole (99% pure) in
the diet for 107-110 days gained 14-26% less body weight than did controls. No reduction in
weight gain was observed in rats fed 25 or 100 mg/ kg amitro1e in the diet for 240-247 days

(Gaines et aL., 1973). The weight gain of specifie pathogen-free rats, mice and golden
hamsters was not affected by life-long administration of 10 mg/ kg technical-grade amitrole
(97% pure) in the diet. However, administration of 100 mg/ kg amitrole in the diet to golden
hamsters resu1ted in a slight reduction in body weight (Steinhoff et al., 1983).
Amitrole is goitrogenic, apparently by inhibition of peroxidase-dependent iodide

ministered 0.04% (400 mg/1) amitrole in the drinking-water deve10ped goitre within seven days
oxidation in the thyroid (Alexander, 1959; Strum & Karnovsky, 1971). Male rats ad

(Strum & Karnovsky, 1971). ln female rats administered 2.5 mg/ ml amitro1e in the
the thyroid was visible after three days, and its
size had doubled by ten days (Tsuda et al., 1973). Continuous feeding of 100 mg/ kg amitrole
drinking-water, a small increase in the size of

in the diet caused goitre in rats of each sex within three months, 25 mg/ kg caused goitre in

4/10 females sacrificed at 240 days, while 10 mg/ kg were without goitrogenic effect within
24 months (Gaines et al., 1973; Steinhoff et al., 1983). Continuous feeding(up to 18 months)
of 100 mg/ kg amitrole in the diet caused goitre in mice but not in golden hamsters; 10 mg/ kg

were without effect in either species (Steinhoff et al., 1983).

ln rats fed 0, 0.25, 0.5, 2, 10 or 50 mg/kg amitrole in the diet for 11-13 weeks, several
measures of thyroid function were affected: reduced serum protein-bound iodine concentrations and thyroid iodine uptake were observed in groups receiving ~2 mg/ kg in the diet.
Morpho10gica1 changes in the thyroid were observed at the two higher doses (Fregly, 1968).
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Amitrole inhibits catalase in rat liver andkidney (Heim et al., 1955). Large doses of
amitrole (1 g! kg bw intraperitoneally) reduced rat hepatic triglyceride concentrations (Ishii
et aL., 1976).

Effects on reproduction and prenatal toxicity

Mallard eggs were immersed on day 3 of incubation in one of a series of graded
concentrations of amitrole in aqueous emulsion. Amitrole reduced embryonic growth at
concentrations below the LCso level, but was teratogenic on1y at concentrations above the

LCso level (Hoffman & Albers, 1984).

ln a breeding study, groups of ten male and female Sherman rats were exposed to 0,500
or 1000 mg! kg amitrole (99% pure) in the diet for 55 days prior to breeding. Litter size and

weight as well as postnatal viability of the offspring were reduced in both treated groups.
the thymus and spleen were observed in weanling pups
Reductions in the relative weights of

from the group exposed to 500 mg! kg (Gaines et al., 1973).

No effect on offspring growth or viability was observed when groups ofmale and female
Sherman rats were exposed to 0, 25 or 100 mg! kg amitrole in the diet for two generations
(Gaines et aL., 1973).

Groups of eight Sherman rats received 0,20 or 100 mg! kg bw amitrole orally by gavage
on days 7-15 of gestation. No effect on postnatal growth or viabi1ity was observed in the

offspring (Gaines et al., 1973).

Absorption, distribution, excretion and metabolism
Amitrole is rapidly and almost completely absorbed from the gut and 1ungs (Fang et al.,
1964, 1966; Burton et aL., 1974; Tjälve, 1975; Brown & Schanker, 1983). After intravenous
and intragastric administration of radiolabelled amitro1e to mice, radioactivity accumulated in the bone marrow, spleen, liver and gut mucosa (Tjälve, 1975; Fujii et al., 1984).
Following administration of an intravenous dose of radiolabelled compound to mice, the
vary glands and brain
radioactivity disappeared from the blood, heart, lung, muscle, sali

with a half-time of approximately 1.2 h (Fujii et al., 1984). After oral administration to rats,

disappearance of amitrole from different organs followed first-order kinetics with a halftime of2-4 h. It was excreted mainly in the urine; a small, variable amount was found in the

faeces (Fang et al., 1964). Amitrole was also found in the faeces after both oral and
parenteral administration to mice (Tjälve, 1975). This compund is excreted mostly
unchanged (Fang et al., 1966); 6% of a 50 mg! kg bw oral dose was excreted in the urine of
rats as 3-amino-5-mercapto-1 ,2,4-triazole and 3-amino-1 ,2,4-triazoyl-(5)-mercapturic acid
(Grunow et al., 1975).
When mice were given an intravenous dose (3.4 mg/ kg bw) of 14C-amitro1e, approxi-

mately 10% (estimated from data presented by Fujii et al. (1984)) of the radioactivity
appeared to be irreversibly bound to lIver tissue. The bound radioactivity was apparently
localized main1y centri10bularly and the amount decreased very 1ittle du

al., 1984).

ring 24 h (Fujii et
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Mutagenicity and other short-term tests
The amitrole used in the studies described in this section was of reagent grade, unless
otherwise stated.

Amitrole gave negative results in the Escherichia coli K12 prophage induction test at
doses of up to 2000 ¡.g/ plate in the presence of a metabolic system (S9) from Aroc1orinduced rat liver (Mamber et aL., 1984). It induced prophage À cIts857 (at 15000 ¡.g/ ml) but

not wild-type prophage À (at up to 40 000 ¡.g/ ml) in E. coli in the presence and absence of

phenobarbital-induced rat-liver S9 (Ho & Ho, 1979). ln an International Collaborative
Program studyl, amitrole was tested in two laboratories using two different À phage
induction assays; in one assay, a questionable result was obtained in a spot test with 250 ¡.g,

in the presence of Aroc1or-induced rat S9; a negative result (dose not given) was obtained
with and without S9 in the second assay (de Serres & Ashby, 1981).

Amitrole (25 and 50 ¡.g/ plate) did not induce rll mutants in T4 bacteriophage, nor, at
400 ¡.g/ plate, reversion ofbacteriophages AP72 and N17 to T4 phenotype (Andersen et al.,
1972).

Amitrole gave negative results in the Bacillus subtils rec assay (assumed dose, 20
¡.g/ dise) (Shirasu et al., 1976). It also gave negative results in a spot test (1 mg) in aB. subtils

rec assay in the presence of polychlorinated biphenyl-induced rat-liver S9. ln a parallel
study, four laboratories tested amitrole in repair tests in E. coli using a number of different

isogenic repair-deficient strains both with and without Aroc1or-induced rat-liver S9. No
positive effect was seen (de Serres & Ashby, 1981). Negative results were obtained in an
E. coli WP2/ WP 100 rec assay when amitrole was tested in a quantitative spot test at up to

4000 ¡.g/ ml in the presence of Aroc1or-induced rat-liver S9 (Mamber et al., 1983). Amitrole
gave negative results in the E. coli polA assay at 5 mg/ dise (Bamford et aL., 1976) and at 250
¡.g/ plate (Rosenkranz & Poirier, 1979).

Mutagenicity tests were carried out with a variety of E. coli WP2 strains (wild-type,
uvrA, uvrA pKM101) in different laboratories using plate, suspension and fluctuation
assays, with and without S9. Positive results were obtained in one laboratory using the uvr A

pKM101 strain and 30% Aroc1or-induced rat S9, but not in another which used 10%
Kanechlor-induced rat S9. The other strains gave negative results. It was noted in a
summary evaluation of the tests that all other investigators evaluated the responses in E. coli
as negative (de Serres & Ashby, 1981).

ln a four-laboratory collaborative study, amitrole (98% pure) was tested in E. coli WP2

uvrA at doses of up to 333 ).g/ plate with and without S9 from Aroc1or-induced and
uninduced B6C3Fi mice, Fischer 344 rats and Syrian hamsters. No mutage

obtained (Dunkel et al., 1984).

nie response was

IAmitrole was studied in the International Collaborative Program for the evaluation of short-term tests for carcinogenicity (de
Serres & Ashby, 1981). Thirty assay systems were incIuded, and more than 50 laboratories contributed data. Data from this

programme is derived from the reports ofthe working groups, supplemented, in most cases, with data from the reports ofindividual
investigators.
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Amitrole (20 J,gj dise) gave negative results in a reversion assay with two tryptophanrequiring strains of E. coli (Bjr try WP2 and WP2 try hcr) (Shirasu et aL., 1976).
This compound has been tested extensively for mutagenicity in Salmonella typhimurium,

consistently yielding negative results. Plate incorporation assays were performed with
strains T A1535, T A1536, TA1537, TA1538, T A98 and T AlOO in the presence and absence

ofvarious metabolic systems (Aroclor-induced and uninduced rat, mouse and hamster S9)
at concentrations of up to 5000 J,gj plate. It also gave negative results in spot tests (Andersen

et al., 1972; McCann et al., 1975; Shirasu et al., 1976; Carere et al., 1978; Rosenkranz &

Poirier, 1979; Simmon, 1979a; Dunkel et al., 1984; Mamber et al., 1984). Amitrole was also
tested in 15 different laboratories, using various combinations of S. typhimurium T A1535,

100 with and without induced rat-1iver S9 or a primary
cols (plate test, preincubation test,
nie activity was seen in any of the tests. A suspension assay
using S. typhimurium TM677 (mutation to 8-azaguanine resistance) also gave negative

T A1537, T A1538, T A98 and T A

culture of rat hepatocytes in a number of proto
fluctuation test). No mutage

results when amitrole was tested at doses of up to 100 J,gj ml with Aroclor- and
phenobarbital-induced S9 (de Serres & Ashby, 1981).

This chemical was assayed in a host-mediated assay in mice, using S. typhimurium and
Saccharomyces cerevisiae D3 as indicator organisms. Doses of 12, 125, and 250 mgjkg bw
were administered by intramuscular injection in experiments with S. typhimurium TA 1530

and T A1538; an oral dose of 1585 mgj kg bw was given in experiments with S. typhimurium
T A1535; and 5000 mgj kg bw were given orally with the yeast. The authors reported that, at
low doses, amitrole 'appeared' to be mutagenic to strains T A1530 and T A1538 and showed

borderline activity toward the yeast (Simmon et al., 1979). Amitrole (2900 J,moljkg bw)
alone was not mutagenic in a host-mediated assay with S. typhimurium T A1950 when

administered by gavage to male NMRI mice (Braun et al., 1977).

(The W orking Group noted that since amitrole inhibits histidine synthesis in
S. typhimurium (Hilton et al., 1965), mutation assays measuring histidine revers

ion in these

bacteria are not suitable for testing this compound.)
Amitrole (0.4%) failed to induce reverse mutation in three tryptophan-requiring strains

of S. typhimurium L T2 trp (A8, B4, C3) (Bamford et al., 1976).
Amitro1e was tested in a number of yeast assays. ln one laboratory, it gave positive
results in a DN A-repair assay using rad mutants of S. cerevisiae without S9 at
concentrations of 100 and 300 J,gj mL. No effect was seen with Aroclor-induced S9. Four
laboratories using different strains of S. cerevisiae (XV185-14C, D4, D7, PG-154, PG-155)

obtained no mutation, mitotic recombination or mitotic gene conversion, withor without
S9, at doses of up to 12.5 mg/ mL. ln one laboratory, a positive response was obtained for

mitotic gene conversion in S. cerevisiae JD 1 at 300 J,gj ml, with and without S9. Amitro1e
induced mitotic aneuploidy in S. cerevisiae at 50 J,g/ ml, with and without S9 (de Serres &
Ashby, 1981). Concentrations of up to 5% w/v failed to induce mitotic recombination in
S. cerevisiae D3 (Simmon, 1979b).

Amitro1e (1000 ¡.g) was weakly mutagenic in a spot test in Streptomyces coelicolor

(forward mutation to streptomycin resistance) (Carere et al., 1978). ln a spot test in
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Aspergilus nidulans, this compound (2000 ¡.g) failed to induce forward mutation to
8-azaguanine resistance in strain 35; weak induction of mitotic recombination (spot test
with 2000 ¡.g) and mitotic nondisjunction (with 0.4 mg/ ml) was found with strain P
(Bignami et al., 1977).

Amitrole gave negative results in assays with Drosophila melanogaster for sex chromosome nondisjunction (females reared on medium containing 10 ¡.g/ ml amitrole) and

sex-linked recessive letha1 mutations (males reared on medium containing 10 t.g/ ml
amitrole). Amitrole was highly toxic at early larva1 stages (LDso, 40 ¡.g/ ml in medium), and

prolongation of development time was observed even with 10 ¡.g/ ml (Laamanen et al.,
1976). Amitrole did not induce sex-linked recessive lethal mutations in D. melanogaster fed
2000 ¡.g/ ml (de Serres & Ashby, 1981). Treatment of adult male Canton-S D. melanogaster

with amitrole by feeding (10 000, 20 000 and 35 000 ¡.gl ml) or injection (0.2-0.3 t.l of a
10 OOO-¡.g/ ml solution) did not induce sex-linked recessive letha1 mutations (W oodruff et
al., 1985).

Amitrole induced unscheduled DN A synthesis, measured by scintillation counting of
incorporated 3H-thymidine, in HeLa cells in the presence ofphenobarbital-induced rat-liver
S9. A dose-response relationship was reported, but dose levels and response values were not
given (de Serres & Ashby, 1981). It was reported in an abstract that amitrole induced
tfnscheduled DNA synthesis in EUE cells (details not given) (Benigni & Dogliotti, 1980).

Concentrations of 0.3-10 ¡.gl ml amitrole induced a dose-dependent increase in the
incidence of ouabain- and 6-thioguanine-resistant mutants in cultured Syrian hamster
embryo cells (Tsutsui et al., 1984).
Sister chromatid exchanges were reported in Chinese hamster ovary cells treated with up
to 10 ¡.g/ ml amitrole in the presence of S9 (de Serres & Ashby, 1981). (The W orking Group
was unable to evaluate this study due to inadequate presentation of the data.)
Amitrole was tested in cultured human lymphocytes at concentrations of 0.2% w / v for

72 h and 1.0% for 6 and 24 h; no significant difference between test cultures and controls was

observed with respect to aneuploidy or structural chromosomal aberrations (Meretoja et
aL., 1976).

The induction of micronuc1ei in B6C3Fi and CD1 mouse bone-marrow cells was
investigated in two laboratories. Two intraperitoneal injections of 2800 ¡.g/ mouse and 125,
250 or 500 mg/ kg bw were given to the two strains, respective1y. Micronuclei were not
Ils analysed (de Serres & Ashby, 1981).
induced in any ofthe 500 (B6C3Fi) or 1500 (CD

1) ce

Amitrole (tested at 0.1, 1.0, 10.0 and 100.0 ¡.gl ml) transformed Syrian hamster embryo
cells in culture, only with the two intermediate doses, although suffcient survivors were
observed at the highest dose (Pienta et aL., 1977). Positive results were also obtained by
Inoue et al. (1981) and Tsutsui et al. (1984). ln Rauscher murine leukaemia virus-infected

Fischer 344 rat embryo cells, a dose-response relationship for cell transformation was
observed when amitrole was tested at 10,80, 100 and 1200 t.g/ml (Dunkel et al., 1981).
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Amitrole, administered as a single gavage dose of Il.9 mmol/ kg bw to male SpragueDawley rats, did not induce unscheduled DNA synthesis (assayed in vitro), as measured by
autoradiography, in an in-vivo/in-vitro test of rat hepatocytes (Kornbrust et aL., 1984).

The commercial herbicide, Cytrol (which contains amitrole as its active ingredient),
induced a statistically significant increase in the incidence of chromosomal abnormalities
(mainly fragments and anaphase bridges) in root tips ofbarley after treatment of seeds for 2,
4 or 6 h with solutions containing 100, 200 or 300 t-g/ ml Cytrol (Wuu & Grant, 1966).
omal aberrations (mainly fragments and anaphase bridges) were induced in root
Chromos

tips of Viciafaba exposed to solutions of 10, 50 and 100 ¡.g/ ml Cytrol for 3,6 and 12 h. The
intermediate dose produced the highest percentage of chromosome abnormalities (Wuu &
Grant, 1967).

(b) Humans

Taxie effects

No sign of intoxication was observed in a 39-year-old woman who ingested a
commercial preparation containing 30% amitrole (about 20 mg/ kg bw) and 56% 3,4dichlorophenyl-N,N'-dimethylurea (diuron) (Geldmacher-von Mallinckrodt & Schmidt,
1970).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
U nchanged amitrole (1 g/1) was found in the urine of a 39-year-old woman who had
ingested a commercial preparation containing 30% amitrole (estimated dose, 20 mg/ kg bw)

and 56% 3,4-dichlorophenyl-N,N'-dimethylurea (diuron). Fifty percent of the estimated
dose was excreted in the urine within a few hours after ingestion, but no metabolite was
detected (Geldmacher-von Mallnckrodt & Schmidt, 1970).
Mutagenicity and chromosomal effects
An analysis of lymphocyte chromosomes of agricultural workers in Idaho, USA, with
extensive occupational exposure to pesticides was reported by Yoder et al. (1973). A group

of 26 herbicide-exposed workers was compared with 16 contro1s. The 1ist of the most
commonly used herbicides comprised 14 formulations, but the predominant exposures were

to amitrole, 2,4-D and atrazine. Blood samples were drawn both off-season and mid-season
and cu1tured for 48 h. Only 25 metaphases were examined from each. From off-season to
mid-season the mean number of chromatid gaps in the herbicide-exposed group increased

four fold (from 0.38 + 0.10 to 1.38 :! 0.22 per person per 25 cells). ln the same group
chromatid breaks increased 25 fold (from 0.07 :! 0.05 to 1.81 + 0.35). The off-season
aberration frequencies were, however, very low as compared with the control group (offseason, 0.63 + 0.22 for gaps and 0.31 + O. 12 for breaks), although it is possible to use subjects
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as their own controls. The authors conc1uded that the increased incidence of chromos

omal
aberrations was probably due to exposure to herbicides, although it was not possible to

distinguish which herbicide formulations were responsible. (The W orking Group noted the
small number of cells examined and that possible confounding factors were not taken into

consideration.)
Sister chromatid exchange (SCE) frequency was studied in 57 herbicide and pesticide
sprayers in New Zealand (Crossen et al., 1978). Amitrole was mentioned as one of the 30

formulations most commonly encountered in the study. Overall, there was no difference in
SCE frequency between the control group and the sprayers (mean rates, 7.65 versus 8.48).
The sprayers were divided into three groups: those with no protection, those with sorne
protection (either clothing, gloves or respirator) and those with full protection. Those with
no protection had a significantly higher mean SCE rate than the control group (mean rate,
9.03 versus 7.65), but the authors noted that the length and level of exposure could also have

influenced the findings. There was no difference in SCE rate between those who used
herbicides exc1usively and those using both herbicides and other pesticides. (The W orking

Group noted that confounding factors such as smoking were not taken into consideration.)

ans
A cohort of 348 Swedish railroad workers exposed for 45 days or more to amitrole,
2,4-D or 2,4,5-T were investigated in a follow-up study from 1957-1972 and again in 1978
3.3 Case reports and epidemiological studies of carcinogenicity to hum

(Axelson & Sundell, 1974; Axelson et aL., 1980). There was a deficit of deaths from all causes
(45 observed, 49 expected) but an excess from ma1ignant neoplasms (17 observed, 11.9
expected). ln a subcohort exposed to amitrole but not 2,4-D or 2,4,5- T, there were five

deaths from cancer (two lung cancers, one pancreatic cancer, one reticulum-cell sarcoma
and one maxilary sinus cancer), with 3.3 expected; three of the deaths (with 2.0 expected)
occurred in those first exposed ten years or more before death. ln a subcohort exposed to

both amitrole and chlorophenoxy herbicides (2,4-D or 2,4,5-T), there were six deaths from
cancer with 2.9 expected, of which aIl six (with 1.8 expected; p.c 0.005) occurred in those

first exposed ten years or more before death. The men were also exposed to other organic
(e.g., monuron and diuron) and inorganic chemicals (e.g., potassium chlorate). The results
obtained during the follow-up period 1972-1978, in which the exposure assessment could
not be related to know1edge of the disease, are consistent with the resu1ts from the whole

ove, i.e., a statistically significant excess of all tumours was
observed in the subcohort exposed to both amitrole and chlorophenoxy herbicides but not
period 1957-1978, reported ab

in the subcohort exposed to amitrole but not to 2,4-D or 2,4,5- T.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Amitrole has been widely produced since the 1950s for use as a herbicide. Occupational

exposures occur during production, formulation and application of this herbicide, and
nonoccupational exposures may occur from residues in food.
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4.2 Experimental data

Amitrole was tested in mice by oral administration, skin application and transplacenta1

exposure, in rats by oral and subcutaneous administration, and in hamsters by oral
administration. ln mice, thyroid and liver tumours were produced after oral administration;

no skin tumour was observed after topical application. The study by transp1acental
exposure yielded inconclusive results. ln rats, amitrole induced thyroid and pituitary
tumours after oral administration. No carcinogenic effect was observed in hamsters.
Dietary exposure of breeding pairs of rats to amitro1e reduces growth and viability of
offspring.
Amitrole does not induce DN A damage in bacteria but may have an effect in yeast. It is
not mutagenic to Salmonella typhimurium or Escherichia coli. Amitrole induces aneuploidy
in yeast, but not mutation in yeast or Aspergilus nidulans. However, conflcting results
were obtained in assays for mitotic gene conversion and recombination. It is weak1y
mutage

nie to Streptomyces coelicolor. It does not induce sex-linked recessive lethal

mutations or nondisjunction in Drosophila melanogaster. Amitrole induced mutations at
two loci in one mammalian cell line. Amitrole does not induce unscheduled DN A synthesis
in hepatocytes of rats exposed in vivo. No aneuploidy or chromosomal aberration is found
in cultured human lymphocytes. Micronuclei are not induced in mouse bone marrow. Cell
transformation is induced in mammalian cells. A commercial preparation of amItrole
induces chromosomal abnormalities in plants.
Overall assessment of data from short-term tests: Amitrolea
Cell transformation

Genetic activity

DNA damage

Mutation

Chromosomal
effects

Prokaryotes

-

-

Fungi/ Green plants

?

?

+

Insects

-

-

Mammalian cells
(in vitro)

+

-

Mammals
(in vivo)

-

+

-

H umans
(in vivo)

?

Degree of evidence in short-term tests for genetic activity: Limited

Cell transformation:
Positive

QThe groups into which the table is divided and the symbols '+', '-, and? are defined on pp. 19-20 ofthe Preamble; the
degrees of evidence are defined on pp. 20-21.
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4.3 Human data
Two cytogenetic studies of occupational exposure to a number of herbicides, inc1uding

amitrole, were available. A possible increase in the frequency of chromosomal aberrations
ter chromatid exchanges occurred in
one group ofworkers in the other. The role of amitrole itself cannot be eva1uated from these
studies.
was seen in one study, and an increased frequency of sis

No data were available to evaluate the reproductive effects or prenatal toxicity of
amitrole to humans.
ln a small cohort study of Swedish railroad workers who had sprayed herbicides, there
was a statistically significant excess of all cancers among those exposed to both amitrole and
chlorophenoxy herbicides, but not among those exposed mainly to amitrole.
4.4 Evaluationl

There is sujjìcient evidence2 for the carcinogenicity of amitro1e to experimental animals.
There is inadequate evidence for the carcinogenicity of amitrole to humans.
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OCCUPATIONAL EXPOSURES TO CHLOROPHENOLS
These exposures were considered by a previous Working Group, in February 1982

(IARC, 1982a). Individual compounds - pentachlorophenol and 2,4,5- and 2,4,6trichlorophenol - were also evaluated earlier (IARC, 1979a, 1982b). 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. Historical Perspectives
Although all of the 19. possible chlorinated phenol structural isomers are available
commercially (Freiter, 1979), only five have been of major significance, primarily as
intermediat,es in the production ofherbicidal chlorophenoxy acids. These are 2,4-dich10ro-,
2,4,5-trichloro-, 2,4,6-trichloro-, 2,3,4,6-tetrachloro- and pentachlorophenol; the last has
been used since the late 1930s as a wood preservative, with greatest use d uring the 1970s.
Earlier products contained high levels of higher chlorinated dibenzodioxins and

dibenzofurans. Due to concern over the health effects of these contaminants, efforts were

made in the late 1970s and 1980s to control and minimize these levels.

2. Production, Use, Occurrence and Analysis

2.1 Production

The chlorophenols to which there are important occupational exposures are given in
Table 1.
(a) Pro

cesses

Although pentachlorophenol, 2,3,4,6-tetrachlorophenol and 2,4,6-trichlorophenol have

been produced by the direct chlorination of phenol since the 1800s, variations in the
catalysts, solvents and process conditions used that have been introduced since then may
affect the type and levels of impurities (see section 2.2). ln one process, molten phenol is
chlorinated at 1.3 atm pressure and at temperatures of 65-130°C (optimum, 105°C) for

approximately 3 h, until the melting-point of the product reaches 95°C. This product is a
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Table 1. Identifcation of chlorophenols
Chernical narne
(Chern. Abstr. Services

Reg. No.)

2,4-Dichlorophenol
(120-83-2)

Chern. Abstr. and IUPAC

Structural and rnolecular forrnulae and

Systernatic N ames
(Synonyrn)

molecular weight

2,4-Dichlorophenol
(DCP)

~ci
OH

CI

C6H4CliO

2,4,5- T richlorophenol
(95-95-4)

2,4,5- Trichlorophenol
(TCP)

MoL. wt: 163.00

OH
&Cl

cW
CI

C6H3Cl30

2,4,6- T richlorophenol
(88-06-2)

2,4,6- Trichlorophenol

MoL. wt: 197.46

C~(
OH

CI

C6H3CI3û

2,3,4,6- T etrachlorophenol

(58-90-2)

2,3,4,6- Tetrachlorophenol
(TECP)

MoL. wt: 197.46

OH

CYêCI

~Cl
CI

C6HiCl4û

MoL. wt: 231.89
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Table 1 (contd)
Chemical name
(Chem. Abstr. Services
Reg. No.)

Pentachlorophenol
(87-86-5)

Chem. Abstr. and IUP AC

Systematic Names
(Synonym)

Structural and molecular formulae and
molecular weight

Pentachlorophenol
(PCP)

OH
C~CI

(~ci
Ci

C6HClsO

MoL. wt: 266.35

mixture of tri- and tetrachlorophenols. Further chlorination is effected by adding an
aluminium chloride catalyst and gradually increasing the temperature until the reactor
product reaches a melting point of 174°C. The total reaction time is generally 8-10 h. The

reaction product is technical-grade pentachlorophenol. If the desired products are tri- or
tetrachloropheno1s, the reactor contents are batch distilled when the product melting-point
is 95°C. Vacuum distilation is carried out at approximately 60 mm pressure (0.08 atm);
2,4,6-trichlorophenol is removed at about 160°C, and 2,3,4,6-tetrachlorophenol distils at
about 190°C (Herrick et al., 1979). The tri- and tetrachlorophenols may be used without
further purification. ln other processes for the chlorination of phenol, solvents (e.g., carbon
tetrachloride; Rappe et al., 1978a; see IARC, 1979b, 1982c) and catalysts (such as iron,
potassium and tellurium salts) have been used (Freiter, 1979).

Because the 5-position in phenol is not activated for electrophilic chlorination, 2,4,5trich10rophenol is produced by hydrolysis oftetrachlorobenzene. ln one procedure, 1,2,4,5tetrachlorobenzene is treated with methanolic sodium hydroxide in an autoclave at 160°C
for several hours. This synthetic process was patented in Germany in 1925 and is the basis
for current production processes for 2,4,5-trich10rophenol (Windholz, 1983), although

higher temperatures (l80-200°C) and other solvents (ethylene glycol) have also been used
(Milnes, 1971; Holmstedt, 1980). Hydrolysis has been used to transform hexachlorobenzene

to pentachlorophenol (Sittig, 1980).

2,4-Dichlorophenol is produced in the same basic way as the penta-, tetra- and 2,4,6trichlorophenols. Off-gases from the primary reactor, which contain chlorine and hydrogen
ch10ride, are bubbled into a scrubber-reactor containing phenol at a temperature of
approximate1y 120°C. Within the scrubber-reactor, 2,4-dichlorophenol and 2,6-dichlorophenol are formed, which are separated by vacuum distilation (Herrick et al., 1979).
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(b) Production volumes and producers

Pentachlorophenol has been manufactured in many countries, inc1uding Canada,
Czechoslovakia, the Federal Republic of Germany, France, Japan, the UK and the USA. ln
the USA, demand has been declining due to health concerns, and aIl but one producer have
c10sed their plants. Production of pentachlorophenol in the USA peaked in 1974 and 1979 at
21.4 and 22.2 milion kg, respectively. The current annual demand, at 15-20 million kg,

exceeds the current capacity of the sole manufacturer in the USA and requires sorne
importation (Mannsville Chemica1 Products Corp., 1983; Lee, 1985). There have been three
producers in the Federal Republic of Germany; however, at least one plant is expected to

cease pentachlorophenol production in 1986 (Anon., 1985a). France currently produces
pentachlorophenol at two production sites (Herrick et al., 1979). A plant in Wales (UK) with

a capacity of3 milion kg ceased production in 1978 (Mannsvile Chemical Products Corp.,
1983). Commercial production of pentachloropheno1 was started in Japan in 1960. ln 1966,
production was reported to be 14.5 millon kg. ln 1984, there were five manufacturers of

pentachlorophenol (The Chemical Daily Co., 1984), but production volumes were not
available.

Compared to pentachlorophenol, significantly less 2,3,4,6-tetrach10rophenol is produced
worldwide. The chemical was produced in the USA and in Finland, but its production was
discontinued in the la

te 1970s or early 1980s. One company in France also produced

2,3,4,6-tetrachlorophenol (Herrick et al., 1979).

2,4,6- Trichloropheno1 production was first reported in the USA in 1950 (US Tariff

Commission, 1951). ln 1979, the TSCA inventory listed two US companies, which
manufactured 25 thousand kg of the compound (National T oxicology Program, 1984). The

USA imported 250 kg of 2,4,6-trichlorophenol in 1980 (US International Trade
Commission, 1981). There is currently no producer of the chemical in the USA. 2,4,6Trichlorophenol is produced by one manufacturer in the Federal Republic of Germany and
one in the UK. It was produced in Denmark and Sweden, and there were two producers in
Japan (The Chemical Daily Co., 1984).
Commercia12,4,5-trichlorophenol production in the USA was first reported in 1950 (US
Tariff Commission, 1951), and in the late 1970s there were two producers. Due to the health
hazards associated with 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) present in 2,4,5trich10rophenol, however, the chemica1 and pesticide products derived from it have been

banned in many countries. The one manufacturing plant in the UK and the only one in Italy
ceased production in 1976 (Anon., 1977; Holmstedt, 1980). There has been no manufacture
of2,4,5-trich10ropheno1 in the USA since 1983 (Lee, 1985). There was one producer each in
Austria and the Federal Republic of Germany, but both governments have ordered
cessation of 2,4,5-trichlorophenol production (Lee, 1985).

2,4-Dichlorophenol was produced by three companies in the USA in 1982 (Anon.,

1985b). The US International Trade Commission (1984) reported the existence of two
manufacturers during 1983; based on the Commission's reporting criterion, this implies that
at least 2300 kg of 2,4-dichlorophenol were produced during that year. US production in
1974 was estimated at 24 000 tonnes (Freiter, 1979). The Federal Republic of Germany,
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France, Spain and the UK each have one producer of2,4-dichloropheno1, and it is produced
by two companies in Japan (The Chemical Daily Co., 1984).
2.2 Technical products and impurities
(a) Major chemical components

The structures of the chlorophenols considered are given in Table 1. These chemicals are
generally marketed as unmodified phenols or as their sodium salts.
Pentachlorophenol is generally sold as a technical grade of 85% minimum purity.
Specifications for pentachloropheno1 and sodium pentachlorophenate products from one

manufacturer in 1984 are given in Table 2. (Chlorinated dibenzodioxin and dibenzofuran
impurities are discussed in detail in section 2.2( b).) A higher purity product, containing 98%
pentachlorophenol, was produced in the USA, but production has been discontinued (Lee,
1985). Pentachlorophenol is sold as a dry product, as a concentrated (40%) solution in
petroleum hydrocarbons, and as a 5% ready-to-use solution in petroleum hydrocarbons.
The sodium salt is sold as a dry powder and is readily soluble in water.
The tri- and tetrachlorophenols produced by direct chlorination of phenol have

essentially similar chlorophenol contaminants, varying in concentrations with source and
batch. 2,4-Dichlorophenol produced by the chlorination of phenol would be expected to
contain the ortho- and para-monoch10rophenols as well as 2,6-dichlorophenol. The

compound is available in the USA in a 99% pure form; the levels of impurities in the typical
product were not available (Aldrich Chemical Co., 1984).

The exact composition of commercial grade 2,4,5-trichlorophenol was not avai1able.
However, the composition of the chlorophenoxy herbicide derivative, 2,4,5-trichlorophenoxyacetic acid (2,4,5- T) made from 2,4,5-trichlorophenol, indicates that low levels of
dichlorophenol isomers are present (Sundström et aL., 1979). The nature of the impurities

may depend upon the solvent and reaction conditions used in the production process.
(b) Chlorinated dibenzodioxin and dibenzofuran impurites

Commercial formulations of ch10rophenols contain a series of nonpolar impurities
including polychlorinated dibenzodioxins (PCDDs) (see IARC, 1977, 1982d) and dibenzofurans (PCDFs). There are 75 possible structural congeners of PCDDs (Esposito et al.,
1980) and 135 of PCDFs (Rappe, 1984). The individual isomers that have been tested vary
greatly in biological action and toxicity. Special attention has been given to C14-C16

congeners in which the 2, 3, 7 and 8 positions are substituted with chlorine. The 1evels of

PCDDs and PCDFs found in technical products depends on the production process,
production conditions and purification processes used and may vary from batch to batch.
ln the 1970s, a series of studies was performed to investigate the levels of PCDDs and
PCDFs in various chlorophenol products (Firestone et al., 1972; Firestone, 1977). ln these
ear1y studies, a non-va1idated analytical method was used, and, due to lack of reference
compounds and standards, isomer-specific analyses could not be performed, so that 1eve1s
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Table 2. Specifications for technical pentachlorophenol and sodium pentachlorophenate productsa

Pentachlorophenol (or Na salt)

Tetrachlorophenol (or Na salt)
Trichlorophenol (or Na salt)
Chlorophenoxyphenols
Hexachlorobenzene

Pentachlorophenol

Sodium pentachlorophenate

85% min
10% max

82 :t 3%
4.5 :t 2%

0.1% max
7% max

0.1% max

50 mg/ kg max

40 mg/ kg max

2:t1%

aFrom Dynamit Nobel Chemicals (1984)

were reported as, e.g., total hexa-CDDs and total hepta-CDDs. The values reported are
summarized in Tables 3, 4 and 5.
Buser and Bosshardt (1976) surveyed the PCDD and PCDF contents of pentachlorophenol and its sodium salt from commercial sources in Switzerland (Table 6). The samples
were grouped into two series: those containing ,(1 ¡.gj g and those containing :?3 ¡.gj g

hexa-CDD. Samples with high levels of PCDDs also had high levels of PCDFs. For most

samples, these contaminants occurred in the order tetra-.(penta-.:hexa-.(hepta-.(octaCDD and tetra-=penta-'(hexa-':hepta-=octa-CDF. The combined 1evels of PCDDs and
PCDFs were in the ranges 2-16 and 1-26 ¡.gj g, respective1y, for the first series of samples,
and 120-500 and 85-570 ¡.gj g, respectively, for the second series of samples. The maximum

levels of octa-CDD and octa-CDF were 370 and 300 ¡.gj g, respective1y.
Analysis of sorne of the pentachlorophenol sodium salt samples showed the unexpected

presence of 0.06-0.25 ¡.gj g of a tetra-CDD (Buser & Bosshardt, 1976); this impurity was
later identified by Buser and Rappe (1978) as the unusual1,2,3,4-tetra-CDD isomer.

Pentachlorophenol sodium salt samples with a high PCDD content (hexa-CDD;? 1
¡.gj g) were reanalysed on a high-reso1ution gas chromatographie column for the presence of
al PCDD isomers (Buser, 1978). As reported earlier, aH samples showed an almost
individu

identica1 pattern of hexa- and hepta-CDD isomers. The major hexa-CDD isomers were
identified as the toxic 1,2,3,6,7,8-hexa-CDD, and, in addition, 1,2,4,6,8,9- and 1,2,3,6,7,9hexa-CDD. These three isomers were always present in an almost constant isomeric ratio of
the hepta-CDD isomers were present in these samples in a ratio of 15:85,
with 1,2,3,4,6,7,8-hepta-CDD as the major constitutent. All hexa-CDD isomers found in
these samples were dimerization products of 2,3,4,6-tetrachlorophenol, the assumed
50:40:10. Both of

precursor of pentachlorophenol in the chlorination process starting from phenoL. Although

the actual methods by which these samples were produced were not known, this result
indicates that phenol ch10rination processes were probably used.
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Table 3. Chlorinated dibenzo-para-dioxins in various mono-, di-, tri-, tetra- and
pentachlorophenol products by electron capture gas chromatographya,b
Samplé

Dioxin

Level found

Date recorded

(p,g/ g)

2-CP

2,4-DCP
2,6-DCP

no

ne

April 1967

none
no

April 1970

ne

2,4,5- TCP-Na

none

2,4,5- TCP-Na

2,7-dichloro
2,3,7,8-tetrachlorod

0.7

1,3,6,8-tetrachloro
2,3,7,8-tetrachlorod

0.3
6.2

June 1969

2,4,5- TCpd

pentachloro

1.5

July 1970

2,4,5- TCpd

none

2,4,5-TCP-Na

2,4,5- TCpd

2,3,7,8-tetrachloro

2,4,6- TCP

2,3,7-trichloro
1,3,6,8-tetrachloro

2,3,4,6-TeCP

hexachlorod
hexachlorod
heptachlorod
octachloro

2,3,4,6-TeCP

none

PCP-Na

hexachlorod
heptachloro
heptachlorod
octachloro

PCP

PCP
PCP

hexachlorod
heptachloro
heptachlorod
octachloro
hexachloro
hexachlorod
heptachloro
heptachlorod
octachloro

hexachlorod
heptachlorod
hexachloro
hexachloro

June 1969

1.4

July 1970

0.07

July 1970

93
49
15
14

5.1

0.2

hexachlorod

2,3,4,6-TeCP

PCP-Na

Sept. 1967

4.1

14

March 1967

Sept. 1967

5.4
9.1

3.8
20

June 1969

1.3

io
3.3

0.96

May 1970

38
10

39
15

35
23

0.03
0.14

July 1970

March 1967

325

326
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Table 3 (contd)
Samplé

Dioxin

PCP

hexachlorod
heptachloro
heptachlorod

PCP

PCP

hexachlorod
heptachlorod
heptachlorod
octachlorod
hexachlorod
heptachlorod
octachloro

Level found
(J-g/ g)

Date recorded

13

June 1969

12

35

0.9
0.5

May 1970

1.6

5.3
15

July 1970

23
15

aFrom Firestone et al. (1972)

bThe Working Group was aware that some 2,4,5-trichlorophenol products might have been purified, due to their

subsequent use in the production of hexachlorophene.
c2_CP, 2-chlorophenol; 2,4-DCP, 2,4-dichlorophenol; 2,6-DCP, 2,6-dichlorophenol; 2,4,5- TCP-Na, 2,4,5-trichlorophenol sodium salt; 2,4,5- TCP, 2,4,5-trichlorophenol; 2,4,6- TCP, 2,4,6-trichlorophenol; 2,3,4,6- T eCP, 2,3,4,6-tetra-

chlorophenol; PCP-Na, pentachlorophenol sodium salt; PCP, pentachlorophenol
dConfirmed by combined gas chromatography-mass spectrometry

Rappe et aL. (l978a) analysed the PCDF content of 2,4,6-trichlorophenol and 2,3,4,6tetrachlorophenol, two of the most common1y used chlorophenol formulations on the

Scandinavian market, and a pentach10rophenol from the USA. Both the tri- and
tetrach10rophenol were prepared by the chlorination of phenol; the production method for
the pentachlorophenol was not known. Although the chlorophenols differed as to origin
and method of synthesis, the same penta-CDF, hexa-CDF and hepta-CDF isomers were
found as the main PCDF components, although in somewhat different proportions. The

main isomers were 1,2,4,6,8-penta-CDF, 1,2,3,4,6,8-, 1,2,4,6,7,8- and 1,2,4,6,8,9-hexaCDF, and 1,2,3,4,6,7,8- and 1,2,3,4,6,8,9-hepta-CDF.
2.3 Use

The chlorophenols are used primarily as pesticides and as intermediates in the
production of pesticides.

Pentachlorophenol is a fungicide used primarily for wood preservation (see IARC,
1981a). ln the USA, 90% ofpentachlorophenol is used for direct application to wood; the

remaining 10% is converted to sodium pentach10rophenate, which is a1so used primarily to
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Table 4. ChloriDated dibeDzofuraDs,detected iD chloropheDols by combiDed gas
chromatography-mass spectrometrya
Sample

Chlorinated dibenzofurans
3 CI

2-CP
2,4-DCP
2,6-DCP
2,4,5-TCP-Na
2,4,5-TCP-Na

5 CI

6CL

7 CI

8 CI

+

+

+

+b

2,4,5- TCP
2,4,5- TCP

2,4,5-TCP
2,4,5-TCP
2,4,6-TCP
2,3,4,6-TeCP

4CL

+c
+c

+d

+

+

+

+

2,3,4,6- T eCP

2,3,4,6-TeCP
PCP-Na
PCP-Na
PCP
PCP
PCP
PCP
PCP
PCP

+
+

+

+

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+

+

aFrom Firestone et al. (1972); abbreviations as in legend to Table 3

bData suggest component is a trichlorodimethoxy-dibenzofuran
CData suggest component is a tetrachlorodimethoxy-dibenzofuran

dData suggest component is a pentachlorodimethoxy-dibenzofuran

Table 5. Po1ychioriDated dibenzodioxins (CDD) and polychlorinated
dibenzofuraDs (CD F) fOUDd iD peDtachloropheDol products maDufactured
iD the USA a
Sample

Level found (¡.g/ g)

Hexa-CDDs
Hepta-CDDs
Oeta-CDD

0.03-23
0.6-180
NDb_3600

Tetra-CDFs
Penta-CDFs
Hexa-CDFs
Hepta-CDFs
Oeta-CDFs

0:0.02-0.45
0:0.03-0.25
0:0.03-36
0:0.1-320
0:0.1-210

aFrom Firestone (1977)
bND, not detected; detection Ii

mit, 1 ¡.g! g
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preserve green lumber from fungal and mould spore infestation. The majority of US use of
pentach10ropheno1 has been to preserve poles for power transmission lines and other

utilities and cross arms (Mannsvile Chemical Products Corp., 1983). ln 1978, about 20% of

all treated timber and lumber in the USA was treated with pentachlorophenol (US
Environmental Protection Agency, 1984a). ln the USA and Canada, the major treatment
process is high-pressure impregnation in closed systems, whereas in Scandinavia dipping of
wood in open vats is more common.
Pentach10rophenol has also been used as a preservative for 1eather (see IAR C, 1981 b),
burlap, cordage, starches, dextrins and glues. It is also used as an insecticide on masonry for

termite control, and has been used in rice fields (Vineis et aL., 1986), as a preharvest weed
defoliant on seed crops and as a preservative for beans used for rep1anting. The sodium salt
is used as a slimicide in pu1p and paper mils, in cooling-tower water, in evaporation
condensers, and, in the petroleum industry, as a slimicide in secondary oil recovery injection
water (Freiter, 1979; Esposito et al., 1980).
The al

kali salts of2,3,4,6-tetrachlorophenol have been used in the USA for the control of

sapstain fungus in wood, which cause the wood to absorb water, leading to accelerated
decay. Sodium tetrachlorophenate has been used for this purpose in the USA for over 40
years but has been replaced recently by sodium pentach10rophenate (US Environmental
Protection Agency, 1984a).

The major use of 2,4,5-trichlorophenol has been as an intermediate in the manufacture
of industrial and agricultural chemicals, inc1uding 2,4,5- T (see monograph on occupational
exposures to chlorophenoxy herbicides, p. 357), 2-(2,4,5-trich10rophenoxy)propanoic acid

(silvex), O,O-dimethyl O-(2,4,5-trichlorophenyl)phosphorothioic acid ester (ronnel) and
hexachlorophene. 2,4,5- Trichlorophenol and its salts have been used as preservatives in the
textile industry, in the adhesives industry for polyvinyl acetate emulsions, in the leather
motive industry for preservation of rubber gaskets. The watersoluble sodium salt has been used to preserve casein-derived adhesives, to preserve and
stabilize metal cutting fluids and foundry core washes, and as an antimicrobial agent in
cooling tower water and in pulp and paper mils (Freiter, 1979).
2,4,6- Trichlorophenol is used primarily as an unisolated intermediate in the production
industry, and in the auto

of 2,3,4,6-tetrachlorophenol and pentachlorophenol. It can also be used directly as a
germicide, bactericide, glue and wood preservative, and antimildew treatment (Sittig, 1985).
No data were available on the extent of this use.
2,4-Dichloropheno1 is used principally as an intermediate in the production of

herbicides such as 2,4-dichlorophenoxyacetic acid (2,4-D; see monograph on occupational
exposures to ch10rophenoxy herbicides, p. 357) and its derivatives (Sittig, 1985).

2.4 Regulatory status and guidelines

ln 1978, the US Environmental Protection Agency began an action on pesticide uses of
pentachlorophenol. ln December 1984, that Agency prepared to cancel registrations of

most non-wood uses and to modify the terms and conditions of registration for the
remaining uses. All herbicide uses were cancelled, and its uses in pulp and paper mils and in
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the petroleum industry have been allowed under the conditions that protective clothing be
worn by workers and that the hexachlorodibenzo-para-dioxin content be reduced to 1 p,g/ g
in formulated products (US Environmental Protection Agency, 1984b, 1985).

ln October 1983, the US Environmental Protection Agency (1983) cancelled registration
of all pesticide products containing, or derived from 2,4,5-trichlorophenoL. Existing stocks

of these pesticides could stil be used until supplies were depleted.
Its major derivative, 2,4,5-T, has been banned in many countries (see monograph on
occupational exposures to chlorophenoxy herbicides, p. 369).

Occupational exposure limits for pentachlorophenol in 17 countries are presented in
Table 7.
Regulations pertaining to the pesticide use of chlorophenols are not reviewed or
reported ¡n this monograph.
2.5 Occupational exposure

Table 8 summarizes chlorophenol measurements made in the urine of exposed workers
in various industries and occupations. Generally, no indication is given ofwhen the samples
were taken, but levels would be expected to be highest towards the end of a working week.

Pentachlorophenollevels seen ¡n urine after unspecified nonoccupational exposures are
reported to vary considerably (~0.01-1.8 mg/l), but, in general, are ~0.05 mg/l (Detrick,
1977). It should be noted that both analytical methods and timing of sample collection may
differ in the listed studies; for example, the hydrolysis phase of the analytical procedure is
decisive for comparability of results (Edgerton & Moseman, 1979).
(a) Production plants

ln pentachlorophenol manufacture, mean urinary concentrations ranging from 0.11 to

2.38 mg/l have been reported (Table 8). The average blood pentachlorophenollevel of
workers in a pentachlorophenol plant was 4.73 p,g/ ml, as compared to 2.23 ¡.g/ ml in a
sodium chlorophenate plant; short-term levels of airborne pentachlorophenol exceeded 500
p,g/ m3 during sorne work-phases (Bauchinger et aL., 1982). ln another pentachlorophenol
plant, the highest airborne concentration was 50 p,g/ m3 (Zober et al., 1981). ln a plant

manufacturing pentachloropheno1 and its sodium salt, average airborne concentrations in
the range of 0.5 to 16.5 mg/ m3 were found, with short-term exposures up to 100 mg/ m3
(Baxter, 1984).

Rappe and Nygren(1984) measured PCDD and PCDF levels in b100d plasma ofa group

of workers manufacturing a chlorophenol formulation. Neither PCDDs nor octa-CDFs
were found; levels of hepta-CDFs are shown in Table 9. The highest levels were found for
those workers with the longest exposure.

(b) Wood preservation and other industrial uses of chlorophenols
U rinary levéis of pentach10rophenol and tetrachlorophenol in wood treatment workers

have been studied in the USA, Canada, Sweden and Fin1and (see Table 8). ln pressure and
non-pressure treatment plants, the mean pentachlorophenol1evels in urine ranged from 0.08
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Table 7. Occupationa1 exposure IImits for pentachlorophenoia
Country

Year

Concentration

Interpretationb

(mgjm3)

Australia

1978

0.5

Belgium

1978

0.5

Finland

1981

0.5
1.5

German Democratie Republic

1979

0.5
1.0

Germany, Federal Republic of
Hungary
Italy
Japan
The Netherlands
Norway
Poland
Romania

1985

0.5

1974

0.2

1978

0.5

1978

0.5

1978

0.5

1981

0.5

1976

0.5

1975

0.5
1.0

Sweden

1984

0.5
1.5

Switzerland
UK

1978

0.5

1985

0.5

USA
ACGIH

1985

1.5

0.5
1.5

OSHA
USSR
Yugoslavia

0.5
1977

0.1

1971

0.5

TWA
TWA
TWA
STEL
TWA
STEL
TWA
TWA
TWA
TWA
TWA
TWA
Ceiling
TWA
Ceiling
TWA
STEL
TWA
TWA
STEL

TWA
STEL
TWA
TWA
Ceiling

aFrom International Labour Office (1980); Directoratet for Arbeidstilsynet (1981); TyösuojeluhaIIitus (1981);
Arbetarskyydsstyrelsens Förgattningssamling(1984); Deutsche Forschungsgemeinschaft (1985); American Conference

of Governmental Industrial Hygienists (ACGIH) (1985); Health and Safety Executive (1985); US Occupational
Safetyand Health Administration (OSHA) (1985)
bTW A, time-weighted average; STEL, short-term exposure limit

to 1.6 mgjl and from 0.02 to 2.8 mgjl, respectively. ln sawmills, the corresponding

concentrations varied from 0.20 to 3.2 mgjl among exposed workers. Values exceeding
1 mg/l have been reported during dipping and spraying and during loading of new1y treated

timber (Kauppinen & Lindroos, 1985). Embree et al. (1984) demonstrated a gradient of
exposure from 0.230 mg/lin urine and 0.919 ¡.g/ 1 in serum in those directly handling wood,

to 0.139 mg/lin urine and 0.354 ¡.g/l in serum for those working in a sawmil but not in
manual contact.

Table 8. Concentrations of chlorophenols in the urine of exposed workers by industry and activity
Industry and activity (country)

Substances
measureda

Concentration in urine (mg/l)
Reference

Mean (range)

Production ofpentachlorophenol (PCP) or Îts sodium salt (PCP-Na)
PCP
0.11 b (0.01-1.22)C
PCP and PCP-Na production plant (Brazil)
PCP
1.20 (0.35-3.40)c
PCP production plant (FRG)
PCP
2.38 (NSl
PCP-Na production plant (FRG)
PCP
0.84 (NS)c
PCP production plant (FRG)

Pressure treatment of wood
Pressure treatment plant (Hawaii, USA)
Pressure treatment plant (USA)
Pressure treatment plant (USA)
Pressure treatment plant (Hawaii, USA)

Wood treatment plant (Hawaii, USA)
vat dipping

PCP

2.6 (NS)c

Wood industry (USA)

PCP

~
(1S)
9

Triebig et al. (19SI)
Siqueira & Fernicola (19SI)

(S)

Bauchinger et al. (1982)

(14)

Bauchinger et al. (1982)

1.6 (NS)c

99 (1 1)

0.14 (0.04-o.76l

30 (5)

1.24 (0.1 7-5.57l

NS

0.27 (-:0.01-2.40)c

(23)

Casarett et al. (1969)

Wylle et al. (1975)

""

;i

-..

0
Z

;i

t"

~
~

Klemmer et al. (1 9S0)

cr

O.OSc (NS)

O. II c (NS)

8

Embree et al. (1984)

0.08c (NS)

8

Embree et al. (1984)

II

Markel et al. (1977)

136 (II)

""

0cr

Arsenault (1976)

wood

Casarett et al. (1969)

tT

..
0

('
::
t"

0
~
0""
::
tT

Z

carpentry

Cranmer & Freal (1970)
0.02c (NS)
0.06 (NS)
NS (0.13-o.27)c

boat building

spraying
Spraying of timber (USA)
Dipping of timber (USA)

('
('

tT

0.95 (-:0.01-5.2)C

Non-pressure treatment of

0

~
PCP
PCP
PCP
PCP
PCP
TeCP
PCP
PCP

Pressure treatment plant (Canada)
sawmil
Pressure treatment plant (Canada)

No. of samples
(of workers)

PCP
PCP

0.98 (O.

13-2.58)C

2.83 (0.12-9.68/

(1)
(1)
(2)

NS

Arsenault (1976)

NS

Arsenault (1976)

rcr0

Vo
Vo
Vo

w
w

~

Table 8 (contd)
Industry and activity (country)

Substances
measureda

Reference

Concentration in urine (mg/l)
Mean (range)

No. of sam

pIes

(of workers)
wood (contd)
Wood treatment plant (Hawaii, USA)

Non-pressure treatment of

PCP

1. 1 (0.09-3.3)C

(18)

Begley et al. (1977)

Wood treatment plant (Hawaii, USA)
vat dipping

PCP

0.95 (0:0.01 -7 .80)C

(18)

Klemmer et al. (1980)

Wood preservation and chlorophenol
manufacture (Finland)

TeCP
PCP
CPs

=1 (0:0.2-10)
=0.3 (0:0.3-1)

1376
1376

Pekari & Aitio (1982)

vat dipping, spraying, brushing

Sawmils (Sweden)

loading of newly treated timber
handling of imported timber treated
with chlorophenols
Sawmils (Finland)
Other industries
Pest control (Hawaii, USA)
Pest control and farming (Hawaii, USA)
Application of herbicides (USA)
Textile industry (Sweden)

CPs

PCP
PCP
PCP

0.20 (0.03-O.50)c

22

0.3 (0:0.01-3.9)

86

1.8 (0.003-35.7)c

210 (130)

CPs

"'
Kauppinen & LIndroos (1985)
Bevenue et al. (1967)

210

Klemmer et aL. (1980)

0.01 (NS)

NS

Draper (1982)

Rappe et al. (1982)
0.30 (0.0I-O.80)c

15

0.20 (0.01-0.35/

20

2.7 (0.1O-10.5)c

20

Rappe et al. (1982)

°pCP, pentachlorophenol; PCP-Na, pentachlorophenate sodium; CPs, chlorophenols; TeCP, 2,3,4,6-tetrachlorophenol; NS, not specified

bMedian

cThe Working Group noted that, as no acid hydrolysis of conjugates was incIuded in these analyses, results reported probably underestimate
total chlorophenol levels.

~

0
Z
0
0
:;
~

0.01 (O:O.0I-O.40)c

CPs

impregnation of fabrIcs
sewing of impregnated fabrIcs
Tannery (Sweden)

12

:;

(ì

Rappe et al. (1982)
3.2 (0.12-1O.3)c

-~

:i
~

C/

0l'

c:

~
tr
~

-
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Table 9. Levels ofheptachlorinated dibenzofurans (hepta-CDF)

measured in blood plasma of individual workers exposed during

the manufacture of chlorophenoia
Length of eXposure (years)

.c 0.5

0.5
1

2
3

4
5

Leve! of hepta-CDF (pgj g)

3

5
191

19

46-47
42
20

6+3
I3

184

18

197

132

aFrom Rappe and Nygren (1984)

During routine tasks, the mean concentration of airborne pentachlorophenol in wood
treatment plants was ,:300 ¡ig/m3 (Wyllie et al., 1975; Arsenault, 1976; Todd & Timbie,

1983). Inhalation exposure to higher concentrations is possible during certain short workphases: opening of a pressurized cylinder (up to 1700 ¡ig/ m3) (Todd & Timbie, 1983), inside
heated kilns in sawmils (up to 17000 ¡ig/ m3 for unspecified chlorophenols) (Kauppinen &
Lindroos, 1985) and emptying ofbags ofpentachlorophenols (up to 1500 ¡ig/ m3) (Markel &

Lucas, 1975). ln one saw mil, the air concentration of2,4,6-trichlorophenol ranged from':2
to 120 ¡ig/m3 (Kauppinen & Lindroos, 1985).
ln addition to those industries listed in Table 8, ch10rophenols have been measured in the
air during brush application (15-40 ¡ig/ m3), during spraying of wood raft

ers (9-19 ¡.g/ m3)

and in plywood plants (,:10 ¡ig/ m3) (Kauppinen, 1984, 1986). The levels of chlorophenols to
which workers are exposed through inhalation of wood dust containing ch10rophenols have
been reported to be':10 ¡ig/m3 (Levin et al., 1976; Kauppinen & Lindroos, 1985).

Rappe et al. (1982) investigated the levels of PCDDs and PCDFs in samples of blood
plasma taken from workers exposed to chlorophenols in a sawmil and in textile and 1eather
industries (Table 10). The highest 1evels of ch10rophenols in urine and of PCDDs and
PCDFs in blood were found for workers exposed directly to liquid chI
oro

phenol

formulations (textile industry and tannery) and aqueous solutions of chlorophenates
(sawmils). ln the textile industry, a 100-fold difference was observed for workers in
different job categories.
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Table 10. Levels ofPCDDs and PCDFs in blood samples from workers in a sawmil after

exposure to 2,3,4,6-tetrachlorophenate and in textile and leather industries after
exposure to pentachlorophenol or its derivativesa
Job

Chlorophenols in
urine (p.gj ml)

PCODs in blood (pgjg)

PCOFs in blood (pgj g)

penta hexa heptab oeta

penta hexa heptaC oeta

Sawmill

Loaderd
Loaderd
Cleanerd
Paekagerd
Textile

0.04
0.03

':3

':2

5

3

10

18

':0.02
':0.05

':3
':3

2

5

':2

':3

1

59

304

1

1

.:1
.:1
.:1
.:1

.:1

3

.: 1

.:1

3.12

':0.01
':0.01
0.42
0.16

Tannerye

1

':1
':1

.:1
.:1

':3
':3
':3
':3

-(1
-(1
-(1

40
18

30
7

':3
':3
':3
':3

33

lO

.:1
.:1
.:1
.:1

':2
-(2
-(2
-(2
-(3

1

10

10

15

105

.: 1

6

30

1

20
80

-(3

7

3

18

7

12
7

-(3
-(3

3

-(3
-(3

0.59

':3

7

0.041
O.oJf

3

30

':3
':2

4
2

3

aFrom Rappe et al. (1982)

bMajor isomer, 1,2,3,4,6,7,8-hepta-CDD
CMajor isomer, 1,2,3,4,6,7,8-hepta-CDF

dBIood sampling six months after last exposure
eBIood sampling eight months after last exposure

fUrine sampling six months after last exposure

(c) Incineration

Olie et aL. (1977) reported on the occurrence ofPCDDs and PCDFs in fly ash from three

municipal incinerators in the N etherlands. They found several peaks by gas chromorographymass spectrometry, but no quantification or isomer identification was possible due to lack

of synthetic standards. Buser and Bosshardt (1978) studied fly ash from a municipal
incinerator and an industrial heating facilty, both in Switzerland. ln the former, the level of

PCDDs was 0.2 ¡.g/ g and that of PCDFs 0.1 ¡.g/ g. ln the industria1 incinerator, the levels
were 0.6 ¡.g/ g and 0.3 ¡.g/ g, respectively.

The findings ofOlie et al. (1977) and Buser and Bosshardt(1978) have been confirmed in
subsequent reports and reviews (Buser et aL., 1978a,b; Lustenhouwer et al., 1980). Fewer

data have been reported on the 1evels ofPCDDs and PCDFs in other incineration products,
such as particu1ates and flue-gas condensate.
Rappe et al. (1978b) studied the burning extracts of materials impregnated with purified
2,4,6-tri- and pentachlorophenates and two commercial formulations of2,3,4,6-tetrach10ro-
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phenate (containing 2,4,6-and pentachlorophenates). ln addition to the expected dimer-

ization products, present at total levels of mg/ g chlorophenate burned, the highly toxic

TCDD and 1,2,3,7,8-penta-CDD were also present in burning extracts from penta- and
2,3,4,6-tetrachlorophenate, at levels exceeding 10 p,g/ g chlorophenate. Levels of most
PCDFs were generally much decreased (in contrast to PCDDs), although the levels of a few

individual PCDFs increased; e.g., that of the major tetra-CDF (an unknown isomer)
increased during burning by more than 100-fold, and two isomers were found that had not
been identified in the starting materials. 2,3,7,8-Tetra-CDF, which is considered to be the
most toxic of all PCDFs, was only a minor component in all the samples.

Rappe and Marklund (1983) analysed samples of baghouse ash and bottom ash from an
industrial boiler burning pentachlorophenol-containing waste and sludge. Many PCDDs
and PCDFs were identified; the totallevel of PCDDs was about 5 p,g/ g ash and that of
PCDFs about 2.5 p,g/ g. TCDD was a very minor component. The level of PCDPs in
If that of PCDDs, although known precursors of PCDFs are
baghouse ash was about ha

reported as only minor constituents of commercial chlorophenols (chlorinated diphenyl
ethers).

2.6 Analytical methods

Typical methods for the analysis of chlorophenols in occupational environments are
listed in Table 11.

Since chlorophenols are effectively absorbed through the skin, in most workplace
the total exposure of
a worker. Therefore, biologica1 monitoring of chlorophenol or dioxin levels in body fluids
may be preferable. Hydrolysis is required to break down glucuronic acid conjugates of
chlorophenols in urine. Most of the older analytical procedures, however, did not inc1ude
the hydrolysis step, and the results thus mainly represent the concentration of 'free'
ch10rophenols in urine. The 'total' concentration may be considerably higher than the 'free'
concentration (Edgerton & Moseman, 1979; Pekari & Aitio, 1982).
situations air measurements alone may not give an accurate estimate of

Occupational exposure to chlorophenols has also been estimated on the basis of blood
samples (see, e.g., Bevenue et aL., 1968; Rivers, 1972; Goss1er & Schaller, 1978).

Methods for the analysis of chlorinated dibenzodioxins and dibenzofurans have been
reviewed (Rappe, 1984). ln the 1970s, when most of the analyses of commercial products
were performed, the methods used did not allow isomer-specific determination of PCDD
and PCDF isomers, and results were reported as totallevels. At the end of the 1970s and
during the 1980s, standard compounds became available, and isomer-specific methods were
possible. Use of 13C-labelled surrogates facilitates determinations of isomers at ppt (ng/ kg
or ng/l) or sub-ppt levels in biological matrices such as adipose tissue and b100d serum.
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Table 11. Methods for the analysis of chlorophenols
Sample matrix

Air

Substances
measureda

PCP

Sample preparation

Collect in bubbler (ethylene

Limit of

Assay
procedureb

detectioé

Ge¡ EC

':1 p,gl m3

Wylle et aL.
(1975)

HPLe¡ UV

ND

National Institute
for Occupational

glycol); acidify; extract

Reference

(benzene); methylate
(diazomethane)

PCP

Collect on filter l bubbler

(ethylene glycol); add
methanol

PCP

CPs

Collect in silica gel tube;
desorb (methanol in diethylether); methylate (diazomethane)
Collect in bubbler (toluene);

Safety and Health
(1978)

Ge¡ EC

ND

(1983)

Ge¡ EC

1 p,gl m3

Kauppinen
& Lindroos (1985)

GClEC

ND

Levin & Nilsson
(1977)

extract (borax); acetylate;

tract (hexane)
Collect on filter; Soxhlet

Todd & Timbie

ex

Airborne
parti

cula

CPs

extract (diethylether);

tes

methylate (diazomethane);
dissolve (acetone); extract

Urine

( organic

(hexane)
Acidify; extract (petroleum
Ge¡ EC
ether); wash (water); methylate
(diazomethane)
Acidify; extract (hexanel
Ge¡ EC
borax); acetylate (acetic

tissues)

anhydridel pyridine)

PCP

Wash (hexane in alkaline

PCP

PCP

Ge¡ EC

ND

ND

2 p,gll

solution); acidify; extract

PCP

(hexane); alkylate (diazoalkane)
Acidify; extract (benzene);

Bevenue et al.

(1966)
Rudling (1970)

Cranmer & Freal
(1970)

GC

10 p,gll

GC

1 p,gl 1

Ge¡ EC

1 p,gl 1

Rivers (i 972)

methylate (diazomethane)

PCP

Acidify; extract (benzene);
methylate (diazomethane)

PCP

Acid hydrolysis; extract
(benzene); methylate (diazomethane); clean up column

TeCP, PCP Acid hydrolysis; extract

Gossler & Schaller
(1978)
Edgerton &
Moseman (1979)

HPLCl UV

(hexanel isopropanol);

evaporate; dissolve (methanoll

27 p,gl 1

Pekari & Aitio
(1982)

water)
apcp, pentachlorophenol; CPs, chlorophenols; TeCP, tetrachlorophenols

bGC, gas chromatography; EC, electron capture detection; HPLC, high-performance liquid chromatography; UV, ultraviolet
detection
eND, not determined
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Biological effects in animaIs
Evaluations of evidence for carcinogenicity in animals and evidence for genetic activity
in short-term tests of ch10rophenols previously considered in the lARe Monographs are
listed in Table 12. No attempt was made to update these data.
Table 12. Chlorophenols and their main impurity considered in this monograph which
have previously been evaluated in the IARC Monographsa
Chemical

Evidence for carcinogenicity in Evidence for genetic activity

animaIs in short-term tests

Pentachlorophenol

inadequate inadequate

2,4,5- Trichiorophenoi

2,4,6- Trichorophenol

inadequate no data
sufficient no data

TCDD

sufficient inadequate

aFrom IARC (l982b)

3.2 Biological effects in humans other than cancer
(a) Taxie effects

The toxicological effects of occupational exposure to chloropheno1s have been reviewed

(IARC, 1979a; Ahlborg & Thunberg, 1980; Sterling et al., 1982). The acute toxicity of
chlorophenols, especially pentachlorophenol, is manifested by hyperthermia, convulsions
and rapid death. Most data on the toxicity of chlorophenols come from studies in

occupational environments, and the effects described inc1ude skin irritation, rashes and
sometimes chloracne, indications of liver damage and neurological effects (Fie1der et al.,
1982).

Zober et aL. (1981) have reported immunological changes in woodworkers exposed to

pentachlorophenol, and McGovern (1982) observed marked T-cell suppression in several
persons exposed to chlorophenols. Aplastic anaemia has been assocIated with exposure to
pentachlorophenol (Roberts, 1981). Baader and Bauer (1951) mentioned haemato10gical

changes in workers in a plant manufacturing pentachlorophenoL.
Chloracne - simi1ar to acne vu1garis in appearance - is seen in some heavily exposed
workers (see Kimmig & Schulz, 1957; Arsenault, 1976; Suskind, 1985). It is one ofthe most

prominent features of exposure to TCDD, which occurs as an impurity in commercial
chloropheno1 preparations.
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(b) Effects on reproduction and prenatal toxicity

An interviewer-administered questionnaire study was carried out in a chemical company

in Michigan, USA, in which 737 birth outcomes of wives of employees with potential
exposure to dioxins and chlorophenols (pentachlorophenol and 2,4,5-trichlorophenol)
were compared with those of wives of emp10yees with no such exposure (Townsend et al.,

1982). No significant association was observed with regard to reproductive events in the
study group as a whole. The statistically significant findings of increased incidences of
spontaneous abortions in certain subgroups were considered to be attributab1e to chance.
A study of male workers m'anufacturing 2,4,5- T and with potential exposure to 2,4,5-

trichloropheno1 and TCDD in Nitro, WV, USA, included information concerning birth
outcomes (Suskind & Hertzberg, 1980). The study population comprised 189 exposed and
155 nonexposed workers. Perinatal morta1ity was more frequent among newborns of
exposed fathers, but not significantly so. No difference was found for either miscarriages or
birth defects.

(c) Absorption, distribution, excretion and metabolism

Several cases of acute pentachlorophenol intoxication have resulted from dermal
exposure (Tru

haut et aL., 1952; Menon, 1958; Robson et al., 1969). Among sawmil workers,

the highest urinary concentrations of chlorophenols were found after dermal exposure
(Kauppinen & Lindroos, 1985). Urine and serum concentrations of penta- and tetrachlorophenols were higher in workers exposed both dermally and by inhalation than in those
exposed by inhalation only. However, in the absence of dermal exposure, workers exposed

by inhalation were found to have higher serum chlorophenol levels than nonexposed
workers, indicating that pu1monary absorption may also be important (Embree et al., 1984).

Absorption of pentachlorophenol from the gastrointestinal tract is rapid (Braun et aL.,
1979).

ln necropsy material from the general population, highest concentrations of pentachloro-

phenol were detected in the liver, brain and kidney (medians: 67, 47 and 43 ng/ g,
respectively) (Grimm et al., 1981). The concentrations generally reported in fat are lower
(range ofmedian values, 10-23 ng/ g) (Shafik, 1973; Ohe, 1979; Morgade et al., 1980; Grimm
et al., 1981).

After administration of a low oral dose of pentach10rophenol (0.1 mg/ kg bw) to

volunteers, the kinetics fitted an open one-compartment model, with extensive enterohepatic circulation. ln the urine, 86% ofthe dose was excreted in seven days; the half-times
for elimination of pentachlorophenol and pentachlorophenyl glucuronide were 33 and 13 h,
respectively (Braun et aL., 1979). After repeated occupational exposures, slower urinary

elimination ofpentachlorophenol has been reported (Begley et al., 1977). ln an abstract, the
half-lIves for the urinary excretion of 2,4,6-tri-, 2,3,4,6-tetra- and pentach10rophenol were
reported to average 18 h, 5.1 days and 16 days, respectively (Pekari et al., 1985). Kalman and
Horstman (1983) reported that the minimum estimated half-time for urinary elimination of
2,3,4,6-tetrachlorophenol in two occupationally exposed workers was approximately two
days.
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Of total urinary pentachlorophenol, 40% or more has been found to be in the form of
conjugates (Edgerton & Moseman, 197~; Needham et al., 1981). Human liver mIcrosomes

metabolize pentachlorophenol to the glucuronide conjugate (Lilienblum, 1985). ln an
abstract, it was reported that 2,3,4,6-tetrach10rophenol and 2,4,6-trichlorophenol occur in
the urine almost exc1usively as conjugates (Pekari et al., 1985).
With the exception of conjugates, the only other metabo1ite of pentachlorophenol

detected in humans is tetrachlorohydroquinone (Ahlborg et al., 1974). Human liver
microsomes metabolize pentachlorophenol to this compound (Juhl et al., 1985).

2,4-Dichlorophenol, 2,4,6-trichlorophenol (Judis, 1982) and pentachlorophenol (Hoben
et al., 1976) have been shown to bind reversibly to human serum albumin. The binding
affinity appears to be related to lipophi1icity (Judis, 1982).

(d) Mutagenicity and chromosomal effects

The genetic effects of chlorophenols have been reviewed (Wassom et al., 1977/ 1978;

Exon, 1984).

Peripheral blood lymphocytes were taken each month from January to May from six
workers exposed to pentach10rophenol in a wood treatment plant in Idaho, USA and from
four control subjects. During this time, exposure varied considerably. Levels of pentachloro-

phenol residues in the serum and urine were one to two orders of magnitude higher in the
~posed individuals than in the single control measured (serum: 348-3963 vers

us 38-68 ¡.g/ 1;

urine: 41-760 versus 3-4 j.g/l). Lymphocytes were cultured for 48 hours and only 25 cells
omal aberrations (breaks and
gaps) was not statistically different in the two groups (Wyllie et al., 1975). (The Working
were examined from each person. The incidence of chromos

Group noted the small number of workers and the small sample size of cells.)

Bauchinger et al. (1982) examined lymphocyte chromosomes from 22 male workers
employed at two plants of a pentachlorophenol-producing factory in the Federal Republic
of Germany. The mean concentrations of pentachlorophenol in the blood and urine of
workers at one plant (producing pentachlorophenol) was 4.73 and 2.38 ¡.g/ ml, and in the
second plant (producing the sodium salt), 2.23 and 0.84 j.g/ ml, respectively. A small, but

significant increase in the frequency of dicentrics (0.0016 versus 0.0005 per cell) and
acentrics (0.0057 versus 0.0022 per cell) was observed in exposed workers as compared with
a group of 22 matched controls (300 cells were examined from each worker and 500 from
each control). No difference was found for other categories of damage (gaps, chromatid

breaks and chromatid exchanges). No significant increase in the incidence of sister
chromatid exchanges (SCEs) was found in pentachlorophenol-exposed workers who

smoked as compared with smoking controls (9.41 versus 8.89 per cell). Within the control
group, smokers had a higher incidence of SCEs than nonsmokers (8.89 versus 7.60). (The
W orking Group noted the unusua1 pattern of chromosomal damage in the exposed groups,
simIlar to that after exposure to radiation.)

Chromosome studies were made on a group of workers in England ten years after
accidental exposure to crude 2,4,5-trichlorophenol in which TCDD was a trace contaminant (Blank et al., 1983). Group A was the control, group B had 'possib1y been exposed',
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and group C was 'known to be exposed' (with chloracne). Fifty cells were examined from
each su bject. Chromosomal aberrations (in preparations from 48-h cultures) were scored in
124 individuals (31 in group A, 55 in group B, and 38 in group C). SCEs were scored in 40
individuals (8 in group A, 20 in group B, and 12 in group C). No significant difference was

found between the groups either as regards chromosomal damage or SCEs. The mean
omal aberrations per cell was 0.0755 in group A, 0.0807 in group Band
0.0858 in group C. The mean number of SCEs per cell was 8.0 in group A, 8.5 in group Band
number of chromos

8.1 in group C. (The W orking Group noted that the number of aberrant cells was not given

nor was the type of aberration described.)
3.3 Case reports and epidemiological studies of carcinogenicity to humans
(a) Cohort studies

Mortality was reported for a small cohort of204 workers involved in the manufacture of
2,4,5-T between 1950 and 1971 (Ott et aL., 1980) and followed up to 1976, where reported
exposures inc1uded 2,4,5-trichlorophenoL. There were five deaths (7.0 expected) among
those with one or more years of exposure, inc1uding one from cancer (1.3 expected).
Zack and Gaffey (1983) reported the mortality status of 884 white men employed for at

least one year between 1955-1977 by a chemica1 plant in Nitro, WV, USA, involved in the
production oftrichlorophenol and 2,4,5- T. 4-Aminobiphenyl, a human bladder carcinogen
(see IARC, 1982e), was produced from 1941-1952 in this plant. There were nine cases of

bladder cancer, with 0.91 expected; deaths from cancer other than of the bladder were not in
excess. One case of liposarcoma was reported among workers assigned to 2,4,5- T
operations. An accident during trich10rophenol production which took place in this plant
was reported by Zack and Suskind (1980) (see below).

ln a cohort study ofworkers in two Danish chemical plants (Lynge, 1985) (described in
the monograph on occupational exposure to chlorophenoxy herbicides, p. 388), the only
potential exposure to 2,4,5-trichloropheno1 was between 1951 and 1959, when small

amounts were produced or purchased to make 2,4,5-T. No overall increase in cancer
incidence rate was observed, but there were statistically significantly increased risks of
soft-tissue sarcoma and 1ung cancer in different subcohorts. (The W orking Group noted
that 2,4-dichlorophenol is an intermediate in the production of 2,4-D, which was produced
by the larger of the two plants.)
Cook et al. (1986) examined mortality between 1940 and 1979 for 2189 men involved in
the manufacture of 2,4,5-trich10rophenol and 2,4,5- T; work histories were c1assified
according to exposure to TCDD. There were 298 deaths observed (standardized mortality
ratio (SMR), 91) and 61 cases of cancer (SMR, 96). Five cases ofnon-Hodgkin's lymphoma
were seen (SMR, 238; 95% confidence interval (CI), 77-556), but there was no evidence of a

dose-response re1ationship for TCDD exposure. (The Working Group noted that no
account was taken of latency in the analysis.)
Three studies have described cancer occurrence among workers following accidents in
trichlorophenol-producing plants, with peak exposures to TèDD. A high proportion of
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persons developed chloracne or acne-like lesions. Cook et aL. (1980) observed three cancer
deaths (1.6 expected) among 61 male employees invo1ved in a 1964 accident in Michigan and
followed up to the end of 1978. One death was reported to be from a fibrosarcoma. ln the
Federal Republic of Germany (Thiess et aL., 1982), 74 workers were involved in an accident
in 1953 in a plant producing 2,4,5-trichlorophenoL. Follow-up through 1980 revealed three

deaths from stomach cancer, with relative risks of the order of 4-5 depending on the
comparison group; there was no excess of cancers at other sites combined. Zack and
Suskind (1980) reported cancer outcomes of a cohort of 121 males involved in a 1949
accident in a 2,4,5-trichlorophenol plant in West Virginia, USA. Between 1949- 1 978,

follow-up revealed nine cancer deaths, with 9.04 expected. Three ofthese were lymphatic or
haematopoietic in origin (0.88 expected (p = 0.047)), and one was a primary dermal fibrous
histiocytoma (0.15 expected).

Exposure ta chlorophenols and chlorophenoxy herbicides in humans and death from
soft-tissue sarcoma

(The W orking Group noted that it is difficult to evaluate mortality from soft-tissue

sarcoma in relation to exposure to chlorophenols and ch10rophenoxy herbicides from
cohort studies and case reports, as reviewed by Fingerhut et al. (1984).

(A pathology review of histological specimens confirmed only five of seven cases as
soft-tissue sarcomas, indicating possible overascertainment of soft-tissue sarcomas in
mortality studies. U nderascertainment is also a possibility, as shown by Fingerhut et aL.

(1984) and by Lynge (1985), for employees of a chemical plant producing chlorophenoxy

herbicides. The limited validity of death certificates of soft-tissue sarcoma has been

documented in the USA (Percy et al., 1981).

(The W orking Group a1so noted that revision of diagnosis for observed cases in

mortality studies without identical revision of reference rates increases the complexity of
interpreting results of such investigations.)
(b) Case-control studies
(i) Soft-tissue sarcoma

A Swedish case-control study of soft-tissue sarcoma and exposure to chlorophenoxy
herbicides and chlorophenols (Hardell & Sandström, 1979) is described in the monograph
on occupational exposures to chlorophenoxy herbicides (p. 390). When patients and

controls with exposure to chlorophenoxy herbicides were exc1uded, the relative risk
estimate for chloropheno1 exposure was 6.6 (p': 0.001), with seven cases and six controls
exposed (95% CI, 2.1-20.6).

A study in southern Sweden (also described in the monograph on occupational
exposures to chlorophenoxy herbicides, p. 390) found a relative risk estimate for exposure
to chloropheno1s of 3.3 (95% Ci, 1.3-8.1) (with Il cases and eight contro1s exposed), when
patients and controls with exposure to chlorophenoxy herbicides were exc1uded (Eriksson
et al., 1981).
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A New Zealand study of soft-tissue sarcoma (referred to in the monograph on
occupational exposures to chlorophenoxy herbicides, p. 391) found an odds ratio of 1.6
(90% CI, 0.5-5.2) for potential exposure to chlorophenols for five days or more, more than
ten years prior to diagnosis (Smith et al., 1984). W ork in pelt-treatment departments (where

2,4,6-trichlorophenol has been used) or in tanneries (where pentachlorophenol and 2,4,6trich10rophenol are used) yielded an odds ratio of 7.2 (six exposed cases; p = 0.04). When
the cases could not have
been exposed to chloropheno1s and exposure of a third was unlikely, whi1e two could have
been exposed to 2,4,6-trichloropheno1 and one to pentachlorophenoL.

meat works and tanneries were contacted, it was found that two of

(ii) Malignant lymphoma

A case-control study of exposure to chlorophenols, ch10rophenoxy herbicides and other

chemicals among 169 cases of malignant lymphoma and 338 controls has been reported in
Sweden (Hardell et aL., 1981). The study design, including ascertainment of exposure, was

similar to that of the Swedish soft-tissue sarcoma studies described in the monograph on
occupationa1 exposures to chlorophenoxy herbicides (p. 392). Relative risk estimates of2.2
(95% CI, 1.1-4.4) for low-grade chlorophenol exposure and 7.6 (95% CI, 3.5-17.4) for
high-grade exposure were found, after excluding those exposed to ch10rophenoxy

herbicides. The low-grade classification involved continuous exposure for not more than

one week, or repeated brief exposures for not more than one month; longer exposures were
classified as high-grade. No 'noticeable difference' in excess risk could be demonstrated

between Hodgkin's disease and non-Hodgkin's lymphoma.
AN ew Zealand case-control study of non- Hodgkin's lymphoma involving 83 cases, 168
controls with other cancer and 228 genera1 population controls, found an odds ratio of 1.2
(90% CI, 0.5-2.9) for potentialexposure to chlorophenols when using other cancer patients
as controls, and an odds ratio of 1.4 (90% CI, 0.5-3.7) when using genera1 population

controls (Pearce et aL., 1986). The odds ratio for fencing work, which involves exposure to
chemicals such as copper-chrome arsenate as well as pentachlorophenol, was 2.0 (90% CI,
1.3-3.0). The odds ratio for slaughterhouse employment, which involves potential exposure
to 2,4,6-trichlorophenol, was 1.8 (90% CI, 1.1-3.1); however, only four of the 19 cases who
had worked in the plant reported working in the pelt department, where 2,4,6-trich10rophenol is used.
(iii) Nasal and nasopharyngeal cancer

Hardell et al. studied 44 cases of nasal cancer and 27 cases of nasopharyngeal cancer in
northern Sweden and compared the reported frequency of exposure to chlorophenol (and
other chemicals) with that of the combined 541 referents from earlier studies (Hardell &
Sandström, 1979; Eriksson et al., 1981) from the Ume£ region. Exposure was assessed in the
same way as in the previous studies (see above). A relative risk estimate of 6.7 (95% CI,
2.8-16.2) was found for exposure to chlorophenols of more than one week, continuously or
intermittently for more than one month. The most frequent occupations in which exposure
occurred were sawmiling and carpentery. After controllng for exposure to wood dust, an
odds ratio of 6.7 (95% CI, 2.9-15.6) was obtained.
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A study of 167 sinonasal cancer cases and 167 colorectal cancer controls carried out in
Denmark, Finland and Sweden found an association with woodwork (Hernberg et al.,
1983). Two cases and no referent had probably been exposed to chlorophenols in addition to

wood dust. A study of 839 cases of sinonasal cancer and 2465 controls from the Danish
Cancer Registry classified these according to wood dust and chlorophenol exposure. A
relative risk of 0.6 (95% CI, 0.3-1.2) was seen after adjustment for exposure to wood dust

(Olsen & MØller-Jensen, 1984). (The Working Group noted that classification of
chlorophenol exposure was based on occupational title and might not have been accurate.)
(iv) Colon and liver cancer

A study on colon cancer (described in the monograph on occupational exposures to
chlorophenoxy herbicides, p. 393; Hardell, 1981) found a relative risk estimate of 1.8 (95%
CI, 0.6-5.3) for high-grade ch10rophenol exposure, based on six exposed cases and 13 (out of
541) exposed referents.

ln a case-control study on primary liver cancer and several chemical exposures (Hardell

et aL., 1984; described in the monograph on occupational exposures to chlorophenoxy
herbicides, p. 393), the risk ratio for high-grade exposure to chlorophenols was 2.2 (95% Ci,
0.7-7.3).

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Several chlorophenols and their salts have been widely produced since the 1950s and
used as wood preservatives, fungicides, slimicides, weed-kilers and as precursors for
chlorophenoxy herbicides. Widespread occupational exposure to chlorophenols and their

chlorinated dibenzodioxin and dibenzofuran impurities is known to have occurred,
especially in manufacturing plants and in wood-treatment applications. Increased urinary
levels of chlorophenols and increased concentrations in adipose tissue of sorne chlorinated

dibenzodioxins and dibenzofurans have been measured in workers exposed in sawmIls and

tanneries and in the textile industry. Skin absorption is be1ieved to be a major route of
exposure in these occupations. Burning of chloropheno1-containing materials in industrIa1

or municipal incinerators may 1ead to the formation of various dibenzodioxin and
dibenzofuran congeners.

4.2 Experimental data

Previous IARC evaluations of the carcinogenicity to experimental animals of several
individua1 chloropheno1s and of their impurity, 2,3,7,8-tetrachloro-para-dibenzodioxin
(TCDD), are summarized in section 3.1.
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4.3 Human data
Two studies among the wives of the workers at two chemical plants did not show an
association between pregnancy outcomes and paternal exposure to 2,4,5-trichloropheno1,

pentachloropheno1 and TCDD and other dioxins.
Three studies have been published in which cytogenetic effects were investigated in

workers exposed occupationally to chlorophenols. ln two of the studies, no difference was
ons were
examined ten years after exposure. The other study showed increased incidences of dicentric
seen between exposed and control subjects; but in one of these studies the pers

and acentric chromosomal aberrations, but not of gaps, chromatid breaks or sister
chromatid exchanges.

Severa1 cohort studies have been conducted among chemical industry workers with
potential exposure to 2,4,5-trichlorophenol, TCDD and other chemicals. Mortality rates
for all cancers combined were not e1evated. ln a Danish cohort study, there may have been

exposure to chlorophenols, present as intermediates in the production of chlorophenoxy
herbicides. No increase in the incidence of cancers at all sites combined was observed, but
there were statistically significantly increased risks of soft-tissue sarcoma and lung cancer in
different subcohorts.
Two case-control studies conducted in different regions ofSweden showed a statistically
significant association between exposure to chlorophenols and soft-tissue sarcoma; a study

from New Zealand did not.
A statistically significant association between malignant lymphoma and exposure to
chlorophenols was identified in a Swedish case-control study. A case-control study of
non-Hodgkin's lymphoma in New Zealand suggested a possible association with fencing
work, but not with other occupational exposures to chlorophenols.
A case-control study in Sweden detected a significant association between nasal and
nasopharyngeal cancer and exposure to chlorophenols, independent of exposure to wood
dust.
4.4 Evaluationl

There is limited evidence for the carcinogenicity of occupational exposure to chlorophenols to humans.
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OCCUPA TIONAL EXPOSURES TO CHLOROPHENOXY HERBICIDES
These exposures were considered by a previous Working Group, in February 1982
(IARC, 1982a). Individual compounds - 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5trichlorophenoxyacetic acid (2,4,5- T) and (4-chloro-2-methylphenoxy)acetic acid (M CP A)
- were alsoconsidered earlIer (IARC, 1977a, 1982b, 1983). Since that time, new data have

become availab1e, and these have been incorporated into the monograph and taken into
consideration in the present evaluation.

1. Historical Perspectives
The first chlorophenoxy acetic herbicides, 2,4-D, 2,4,5-T and MCP A, were introduced

for agricultural use in the mid-1940s; the chlorophenoxy propionic acid derivatives,
2-(2,4,5-trichlorophenoxy)propanoic acid (si1vex), 2-( 4-chloro-2-methylphenoxy)propanoic acid (mecoprop) and 2-(2,4-dichlorophenoxy)propanoic acid (dichlorprop),
have been used since the mid 1950s and early 1960s. By the mid 1960s, chlorophenoxy
herbicides, generally formulated as esters or amine salts, were the most widely used class of
yI esters of 2,4-D and 2,4,5- T, was
used extensively during the US intervention in Viet Nam in 1961-1971, for defoliation.
The identification and characterization ofthe ch10rinated dibenzo-para-dioxins (IARC,
1977b, 1982c), and especially the toxic 2,3,7,8-tetra isomer, in chlorophenoxy herbicides
such as 2,4,5- T in the late 1960s resulted in greatly diminished use of this class of herbicides.
commercial herbicides. Agent Orange, a mixture of but

2. Production, Use, Occurrence and Analysis

2.1 Production
The synthesis of2,4-D and 2,4,5-T was first reported in 1941 (Pokorny, 1941). 2,4-D is
currently produced by the reaction of 2,4-dichloropheno1 with the sodium salt of

monochloroacetic acid, typically followed by an acid treatment to convert the 2,4-D salt to
an acid (Sittig, 1980). 2,4-D has also been prepared commercially by the chlorination of
phenoxyacetic acid (International Programme on Chemical Safety, 1984). 2,4-D esters and
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amine sa1ts are produced by reaction with suitab1e a1cohols or amines. 2,4,5- T and its
derivatives are manufactured by the same process, using 2,4,5-trichloropheno1 (Sittig,
1980). Ch10rophenoxy ester herbicides can also be produced by direct reaction of

chlorophenol with appropriate ch10roacetic esters (International Programme on Chemica1
Safety, 1984). Commercial production and marketing of these compounds in the USA
began in 1944 (Hamner & Tukey, 1944; US Tariff Commission, 1946).

MCPA was first produced commercially in 1945 (Hayes, 1982; Windholz, 1983). It is
made by chlorination of 2-methylphenoxyacetic acid in 1,2-dichloropropane at 60-100°C,

sometimes with iodine and ferric chloride catalysts. The product precipitates from the
solvent after cooling. An alternate synthetic pathway invo1ves reaction of 4-chloro-orthocresol with chloroacetic acid (Sittig, 1980).

Commercial production ofmecoprop was started in 1957 in the UK (Worthing, 1977). It

is produced by condensation of 2-chloropropanoic acid with 4-chloro-ortho-cresol (Sittig,
1980). Silvex was first marketed in 1953 in the USA (Worthing, 1977) and is manufactured
by reaction of 2,4,5-trichlorophenol with sodium 2-chloropropanoate (Sittig, 1980). A
oie acid derivative, dichlorprop, was first described in 1944 and was first
marketed by a UK company in 1961 (Worthing, 1983). It is produced commercially by
condensation of 2-ch10ropropanoic acid with 2,4-dichlorophenol, or by chlorination of
2-phenoxypropanoic acid (Sittig, 1980).
related pro

pan

Nine US companies manufacture technical or formulated 2,4-D products. ln Europe,
the Federal Republic of Germany, France, the UK and Spain each have two manufacturers

of2,4-D products, and the Netherlands, the German Democratie Republic and Austria each
have one commercial producer. One manufacturer has been identified in Australia, Brazil,
India, Japan, and the Philippines. Two manufacturers of2,4-D products have been reported
in Argentina (Anon., 1985).

Estimates of US production, exports and imports of all forms of 2,4-D for the past
several years are presented in Table 1. Estimated use of 2,4-D in other countries is presented
in Table 2.

Table 1. US production, exports and imports of 2,4-D (ail forms) (milions of kg)a

Production
Exports
Imports

1977

1978

1979

1980

1981

1982

1983

1984

12.6

9.0
3.0

17.7

17.5

14.9

3.4
0.2

2.9

7.7
4.7
4.9

NRb

5.4
0.9

8.8
5.8

NR
1.2

1.6

0.1

3.2

7.1

NR

QFrom US International Trade Commission (I978a,b, 1979a,b, 1980a,b, 1981a,b, 1982a,b, 1983a,b, 1984a,b, 1985; US
Department of Commerce, 1979, 1980, 1981, 1982, 1983, 1984, 1985)
bNR, not reported .

Table 2. Consurnption pattern of 2,4-D, MCP A and 2,4,5- T herbicides in sorne countries (tonnes), 1974-1982a,b

0

Country

2,4-D
1974-1976

Canada
Mexico
Argentina
Suriname
Uruguay
Cyprus
India

Korea, Republic of

1980

1981

33

2267
140

1974-1976

2,4,5- T
1980

1981

1982

1317
1500
1880
37
190

1350
1520
53

1350
1520

138

69

4
338
130

18

400

200

725

159
100

2

9

10

1974-1976

1981

1982

154

104

Z

40

30

50

7

9

l"

!:

~

104

'"

20
4

-

0
~

46
40

103

1980

c:
'"
~
'"

0cr

2

c:
5

447

21

198

6

I7

1

133

108

0.1

::

!:

0.1

cr
'"

0

83

(ì

::
l"

0.1

1478

29
1297

848

890
200

0
::
0'"

0.2

::

Austria
Czechoslovakia
Denmark
Finland

169

274

236

294
210
37

102
308

81

Greece

371

Hungary
Iceland
Italy
Malta
Norway

1982

3454

Japan
Jordan
Kuwait
Pakistan
Turkey

MCPA

(j
(j

2579

324

595
1003

193

3647
615

212
2183

127

760

51

41

29

II

9

Il

7

3

39

2179

1996
0.1

1485

54

2238

2987

3292

3342

0.2

541

333
17

16

19

280

1

1

215

203

31

20

!:
Z

0

~
..
::
tT
::

125

0.1

109

134
1920

29
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pa
nies at one time produced 2,4,5- T (Esposito et al.,
1980). As a result of the gradual cancellation of its various pesticide registrations sInce 1970,
2,4,5- T is no longer produced in the USA. Three manufacturers have been identified in the
Over the last 20 years, 13 US corn

Federal Republic of Germany, one in the UK, one in Australia (Anon., 1985), and one in
New Zealand (Smith & Pearce, 1986). ln 1981, 708 tonnes of 2,4,5-T were used in New
Zealand (Smith et al., 1983).

As late as 1975, US companies produced large quantities of 2,4,5-T (5.7 milion kg) for
export (US Department of Commerce, 1975). US imports of 2,4,5- T increased from 20 000
kg in 1979 to 278 000 kg in 1983 (US International Trade Commission, 1980b, 1984b).

Consumption patterns in sorne other countries are summarized in Table 2.
MCP Ais not produced in the USA. Five manufacturers have been identified in the UK,

where the chemical was first produced; France and the Federal Republic of Germany each
have two producers, and there is one manufacturer in each of the following countries:
Austria, the N etherlands, J apan, Argentina, Australia (Anon., 1985) and Denmark (Lynge,
1985). Imports of MCP A into the USA have dec1ined steadily from 0.95 million kg in 1976
to 0.24 milion kg in 1983 (US International Trade Commission, 1977, 1984b). The US
Environmental Protection Agency estimated MCP A consumption for domestic usage in
1980 at 2.1-2.9 milion kg (Holtorf, 1982). MCP A consumption patterns in other countries
are presented in Table 2.

Mecoprop is produced by three companies in the USA, three companies in the UK, two

companies in the Federal Republic of Germany, and one firm each in the Netherlands,
France (Anon., 1985) and Denmark (Lynge, 1985). Silvex, although once widely produced,

is now manufactured by only two companies - one in Austria and one in the UK. ln 1978,
sIlvex and related salts were produced by three US companies (US International Trade
Commission, 1979a). Dich10rprop is produced by four manufacturers in the UK, two in the
Federal Republic of Germany, one in the Netherlands (Anon., 1.985) and two in Denmark
(Lynge, 1985).

2.2 Technical products and impurities
(a) Major chemical components

The structures of the acid forms of commercially important chlorophenoxy herbicides
and pertinent identifying information are given in Table 3. These herbicides are typically
formulated as esters or amine salt derivatives. Chlorophenoxy herbicide formulations used
in agriculture and forestry may also contain organic solvents, emulsifiers, inert ingredients
and other additives (Plimmer, 1980; Anon., 1985; Leng, 1986).

kali metal salts and esters. Of the
amines, the dimethylamine salt is produced in highest quantities. The other amine salts that
are produced include diethanolamine, triethanolamine, trimethylamine, oleylpropylenediamine, dodecyl-jtetradodecylamine and hepty1amine derivatives (Anon., 1985). Ester
Common derivatives of 2,4-D inc1ude amine and al

derivatives inc1ude ethyl, isooctyl, butoxyethyl, ethyl hexyl and mixed but

yI (Que Hee &

Sutherland, 1981; Anon., 1985). High-purity sodium and lithium salts are also marketed
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Table 3. Identifcation of chlorophenoxy herbicides
Common na

me

(Chem. Abstr. Sery.
Reg. No.)
2,4-D
(94-75-7)

Chem. Abstr. Name
IUPAC Systematic Name
(Synonym)

Structural and molecular formulae and molecular weight

~ ~

(2,4- Dichlorop henoxy)acetic acid

(2,4- Dichlorop henoxy)-

(" Q. 0 -CHïC -OH

acetic acid

(2,4-D acid)

Ci

MoL. wt: 221.04

CgH6Cli03

2,4-DP

2-(2,4- Dich lorophenoxy)-

(120-36-5)

propanoic acid
2-(2,4- Dichlorop henoxy)-

~ CI~.

(" Q. 0 -fH-C -OH

propionic acid

CH,

(Dichlorprop)

MoL. wt: 235.05

C9HgCli03

2,4,5-T
(93-76-5)

(2,4,5- Trichlorophenoxy)acetic acid

(2,4,5- Trichlorophenoxy)acetic acid

Il

CI 0 O-CHïC-OH

-!c 1 0
Ci

MoL. wt: 255.49

CgHsCl303

Silvex
(93-72-1)

2-(2,4,5- Trichloro-

phenoxy)propanoic acid
2-(2,4,5- Trichloro-

phenoxy)propionic acid

Il

Ci 0 O-~H-C-OH

-!CI
Ci CH30

(2,4,5-TP; Fenoprop)

~H7C1303

MoL. wt: 269.53
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Table 3. (contd)
Common name
(Chem. Abstr. Sery.
Reg. No.)

MCPA
(94-74-6)

Chem. Abstr. Name
IUPAC Systematic Name
(Synonym)
( 4-Chloro-2-methylphenoxy)acetic acid
( 4-Chloro-ortho-

Structural and molecu1ar formulae and molecular weight

~ ~

CI 0 O-CH,C-OH

tolyloxy)acetic acid

(Agroxone, Metaxon)

CH:i

C9H9CI03

MoL. wt: 200.63

MCPP
(93-65-2)

2-( 4-Chloro-2-methyl-

phenoxy)propanoic acid
2-( 4-Chloro-orthotolyloxy)propionic acid

o

CI-lO-~H-~-OH

~ CH
CHi.

(Mecoprop)

.1

CioHiiCI03

MoL. wt: 214.6

(Anon., 1985). Formulated 2,4-D products normally contain one derivative, but mayalso
contain other herbicides, especially other chlorophenoxyacetic or chlorophenoxypropanoic
the lARe Monographs(IARC, 1977c) should be
consulted for a more comprehensive listing of formulations.

derivatives. Appendix A in Volume 15 of

The composition of technical-grade 2,4-D depends on the process by which it is
produced and, when 2,4-dichlorophenol is used, on the purity ofthat compound. Ranges of
impurities, other than dioxins and dibenzofurans, that are present in typical technica1
grades of 2,4-D are listed in Table 4.
N-Nitrosamines were reported to occur in earlier amine formulations of2,4-D. N-Nitrosodimethy1amine (see IARC, 1978) has been detected at levels of up to 0.3 mg/l in dimethylamine salts (Ross et aL., 1977).

2,4,5- T is formulated as products similar to those with 2,4-D. The most commonly
yI esters; others inc1ude the isooctyl ester, the

marketed formulations contain mixed but

ethyl ester and the dimethylamine salt (Anon., 1985). A comprehensive list of 2,4,5-T

formulations appears in Appendix A of Volume 15 of the ¡ARC Monographs (IARC,
1977c); however, it should be noted that production of many formulations has been
discontinued due to increasing regulatory constraints. Impurities that occur in technical
products of 2,4,5- Tare similar to those encountered in 2,4-D; Table 5 gives the major
components of two formulations of technical-grade 2,4,5-T.
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Table 4. Typicallevels of2,4-D and major impurities in technicalgrade 2,4-Da
Component

Range (%)

2,4-0
2,6-0ichlorophenoxyacetic acid

94-99
0.5-1.5
0.1-0.5
0.2-0.8
0.1-2.0
trace-O.2
0.1-0.6
0.001-0.048
0.001-0.14
0.0004-0.04
0.0004-0.005
0.1-0.8

2-Chlorophenoxyacetic acid
4-Chlorophenoxyacetic acid
Bis(2,4-dichlorophenoxy)acetic acid
Phenoxyacetic acid

2,4-0ichlorophenol
2,6- Oichlorophenol
2,4,6- Trichlorophenol
2-Chlorophenol
4-Chlorophenol
Water
aFrom International Programme on Chemical Safety (1984)

Table 5. Composition of two typical 2,4,5- T formulationsa
Constituentb

Sampié
A

2,4,5-T acid (mg/l)
2,4,5- T isobutyl ester (g/I)
2,4,5-T but
yi ester (gjl)
2,4,5- T 2-butoxyethyl ester (g/I)
2,4,5- Trichlorophenol (Mg/ g)

2,5-0 2-butoxyethyl ester (g/l)
2,4-0 2-butoxyethyl ester (g/l)
3,4-0 2-butoxyethyl ester (g/I)
Tetrachlorodibenzo-para-dioxin (Mg/ g)

B

20
150
365

72

ND
ND

ND

500
250
2.5

460

_d
_d
_d

1.2

':0.4
0.06

0.12

aFrom Sundström et al. (1979)

b Amounts caIculated on the basis of weight or volume of formulation

cA, tractor-sprayed sample; B, aeroplane-sprayed sample; ND, not detected
dNot investigated

MCP Ais marketed alone or in combination with other phenoxy herbicides. Potassium,
sodium and dimethy1amine salts, and ethy1, butyl, isooctyl and butoxyethyl esters are used
in formulated products (Anon., 1985). An international

products is given by Que Hee and Sutherland (1981).

listing of MCPA formulated
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The sodium salt of MCP A is available as a 75-80% soluble powder. MCP A is also
marketed as 24-60% aqueous concentrates (salts) or emulsifiable liquids (Hayes, 1982). ln
the USA, the amine salt formulations have been most wide1y used (Soderquist & Crosby,

1975). Crude MCPA is 85-95% pure (Hayes, 1982); technical products of 94-96% purity
(National Research Council, 1977) and 85-99% purity (W orthing, 1983) have been reported.
The following ranges of impurities have been found (National Research Council, 1977):

2-methyl-6-chlorophenoxyacetic acid (1.5-3%); a mixture of 2-methyl-4,6-dich10rophenoxy-

acetic acid, 2-methylphenoxyacetic acid, 2-chlorophenoxyacetic acid, 2,6-dimethyl-4chlorophenoxyacetic acid and 4-chlorophenoxyacetic acid (0.5-1.5%); chloro-oriho-cresol
(0.5%); and water (1.0%). One commercial sample of MCP A was reported to contain
approximately 4% 4-chloro-ortho-cresol (Hattu1a et al., 1979).
Mecoprop is marketed alone or in combination with other herbicides. Formulations
employ dimethylamine and diethanolamine salts, butyl and isooctyl esters and potassium
salts (Anon., 1985). Commercial formulations containing mecoprop have been listed (Que
Hee & Sutherland, 1981; Anon., 1985). Mecoprop technical products are mixtures ofthe(+)
and (-) stereoisomers, of which only the (+) form is biologically active (Worthing, 1983).
Silvex, also known as fenoprop and 2,4,5-TP, is current1y marketed to a very 1imited
extent; only two US products in current use are known to contain silvex (Anon., 1985).

Formerly marketed products contained mixtures of esters (Que Hee & Sutherland, 1981).
Dichlorprop, or 2,4-DP, is also used to a more limited extent than 2,4-D or MCP A. It is
available as isooctyl and but

yI esters, and as potassium or amine salts, alone or in

combination with other similar herbicides. Esters are marketed as emulsions, and salts as
aqueous solutions. Commercial formulations containing dichlorprop have been listed
(Anon., 1985). As for mecoprop, technical-grade dichlorprop contains a mixture of(+) and
(-) stereoisomers, of which only the (+) form is biologically active (Worthing, 1983).
(b) Chlorinated dibenzodioxin and dibenzofuran impurities

Commercial formulations of chlorophenoxy herbicides contain a series of nonpolar
impurities inc1uding polychlorinated dibenzodioxins (PCDDs) (see IARC, 1977b) and
polychlorinated dibenzofurans (PCDFs). (See also the monograph on occupational
exposures to chlorophenols, section 2.2(b), p. 323.)

ln 1973, Edmunds et al. reported the results of analyses of 80 samples of 2,4,5-T
formulations in the range of 100% ester and 32 samples in the range of 50% ester
formulations, obtained from stocks delivered to forest areas in the UK between January
1970 (mainly 1969 and 1970). The results are given in Table 6. The maximum
value found was 28.3 ¡.gj g of 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD).
y oung et aL. (1978) reported levels of TCDD found in more than 450 samples of the
1967 and April

herbicide Agent Orangethat were placed in storage in the USA and in the Pacifie before
1978 (Table 7). Since Agent Orange was formulated as al: 1 mixture of the butyl esters of
2,4,5- Tand 2,4-D, the levels ofTCDD in individuaI2,4,5- T batches manufactured and used
in the 1960s could have been as high as about 100 ¡.gj g; the waste streams from a

purification process cou1d be even more highly contaminated. The weighted mean
concentrations ofTCDD in Agent Orange equal 1.98 ¡.gj g. The leve1 ofTCDD in the single
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Table 6. Concentrations (¡.g/ g) of TCDD iD 2,4,5- T alky1 ester herbicide for

latioDsa
TCDD concentration
(range)

Number of samples in range
50% ester

100% ester

':0.005
0.05-0.09
0.10-0.19
0.20-0.29
0.30-0.39
0.40-0.49

25

8

14

o

19

5

9
6
2

3

::.50

1

1

5 (1.74, 1.0, 1.51, 1.48, 1.0)b

14 (28.3,27.2, 1.0, 1.26, 1.7,

0.95,0.91,0.80,0.75,0.65,0.60,
0.58, 0.58, 0.55) b

°Prom Edmunds et al. (1973)
bConcentrations in individual sam

pies with ?O.5 pog/ g TCDD

Table 7. Concentrations (¡.g/ g) ofTCDD in samples of Agents Orange and Purplea
Source of sam

pies

Johnston Atoll inventory, 1972b

Number of sam

pies

Concentration of TCDD

Orange

Purple

Range

Mean

200

(4)C

0.05-47

1.91

Johnston Atoll inventory, 1974

10

0.07-5.3

1.68

NCBC, Gulfport inventory, 1972d

42

0.05- 13.3

1.77

0.02-15

2.11

NCBC, Gulfport inventory, 1975

238

ie

Eglin AFB archived sample
Eglin AFB inventory, 1972

2

45

0.04

aprom Young et al. (1978)

bSurplus Agent Orange was shipped from South Viet Nam to Johnston Atoll (near Hawaii) for storage in April 1972.

cPour of 200 samples may have been Agent Purple.

dThe Naval Construction Battalion Center (NCBC), Gulfport, Mississipi, USA, served as a storage site for surplus
Agent Orange from 1969 to 1977.
e Agent Purple was used extensively in the evaluation of aerial spray equipment on Test ~rea C-52, Eglin Air Porce
Base (APB) Reservation, Florida, USA, 1962-1964.

samp1e of Agent Purple (Table 7) was also quite high (45 ¡.g/ g). Agent Purple is a mixture of
n-butyl-2,4 D (50%), n-butyl-2,4,5-T (30%) and isobutyl-2,4,5-T (20%).

ln analysis using high-resolution gas chromatography / mass spectrometry and mass
spectrometry, Rappe et al. (1978), Norström et al. (1979) and Rappe and Buser (1981)
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reported that in other samp1es of Agent Orange, as weIl as in European and US 2,4,5- T
formulations from the 1950s and 1960s, TCDD was the dominant compound ofthis group
(Table 8). Only minor amounts of other PCDDs and PCDFs were found, and particularly

10wer chlorinated PCDDs in samples of Agent Orange. The analytical methods used in
these studies of phenoxy herbicides are not isomer-specific; however, studies using isomerspecifie methods have confirmed that the 2,3,7,8-isomer is the major tetra-CDD isomer in
2,4,5- T formulations (Buser & Rappe, i 978).

Table 8. Levels of TeDD (t.g/g) in 2,4,5-T acid and 2,4,5-T ester
formulationsO
Sample

Location

TCDD

2,4,5- T acid

1952, Sweden

2,4,5- Tester
2,4,5- Tester
2,4,5- Tester
2,4,5- Tester

1.0

unknown, Sweden
unknown, Sweden

0.50

2,4,5-T ester
2,4,5- Tester

2,4,5-T ester
2,4,5- Tester

2,4,5- T acid
2,4,5- T acid

Agent Orange
Agent Orange
Agent Orange

1960, Sweden

1962, Finland
1966, Finland
1967, Finland
1967, Finland
1967, Finland
1964, USA
1969, USA
unknown, USA
unknown, USA
unknown, USA

-:0.05
0.40
0.95
0.10

-:0.05
0.22
0.18
4.8
6.0
0.12

1.
5.1

aFrom Rappe et al. (1978); Norström et al. (1979); Rappe and Buser (1981)

Table 9 shows levels of TCDD in 2,4,5- T manufactured by the sole New Zea1and
producer. The average levels have decreased steadily since 1971, the first year for which such
data were available (Smith & Pearce, 1986).

As a result of government regulations and genera1 awareness ofthe toxicity of dioxins,
efforts were made during the 1970s to control and minimize the formation ofTCDD during
2,4,5- T production. ln 16 samples of2,4-D esters and amine salts from Canada ana1ysed for
the presence of PCD Ds, eight out of nine esters and four out of seven amine salts were found
to be contaminated, the esters having significantly higher levels than the amine salts. The

tetra-CDD observed was the 1,3,6,8-isomer, as verified by gas chromatography with a
synthetically prepared authentic standard (210-1752 ngj gin the esters, and 20-278 ngj gin
the amine salts) (Cochrane et aL., 1982).
2.3 Use

The chlorophenoxy herbicides and their derivatives and analogues function by
mimicking the action of a natural plant hormone, indoleacetic acid. Absorption and
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Table 9. Average levels ofTCDD (ng/g) in
2,4,5-T produced in New Zealanda
Year

TCDD

1971

950
470
47
33
24
27

1972
1973
1974
1975
1976
1977
1978
1979
1980

31

22
13

14

7.3
8.5
5.3
5.9
4.7

1981
1982
1983
1984
1985

°From Smith and Pearce (1986)

translocation of these compounds are necessary for herbicidal activity, and all herbicides in
this c1ass must be applied to the fo1iage of actively growing plants. Chlorophenoxy

herbicides are used primarily for selective control of broadleaf weeds in cereal grains,
pastures and turf and for removing unwanted brushy species in rangeland, forests and
noncropland. Rates of application range from as low as 0.25 kgf ha in grain crops to as high
as 16 kgf ha for spot treatment of individual trees in rights-of-way. Very dilute solutions of
2,4-D and silvex derivatives have also been used as growth regu1ators in fruit orchards.

Ch10rophenoxy herbicides are applied alone or as mixtures with other herbicides, in
solutions, dispersions, or emulsions in water and/ or oil, using equipment that produces
large drop1ets to avoid spray drift (Hayes, 1982; Leng, 1986).

Registrations in the USA for 2,4-D and 2,4,5-T in the 1940s included many food crops,
and use of these pesticides in the USA was up to nearly 17 milion kg annually by 1960. By
the mid-1960s, chlorophenoxy herbicides were the most important single c1ass of herbicides.
ln 1966-1969, they were used for weed control on over 62 millon acres (25 milion ha) of US
agricultural land, and annual US usage of all chlorophenoxy herbicides wa~ nearly 20
milion kg (Hazardous Materials Advisory Committee, 1974). It was a1so durin'g the 1960s
that 2,4-D and 2,4,5-T, principally as Agent Orange, were heavily used in South Viet Nam
and Cambodia for defo1iation of forests by the US Armed Forces. From 1961 to 1971,
mixtures of 2,4-D and 2,4,5- T n-butyl esters and 2,4-D and pic10ram tri-isopropano1amine

salts were applied at rates of up to 28.6 kgf ha to an estimated 2 milion hectares of
South Viet Nam). It has been
estimated that a total of 25 millon kg of 2,4-D and 21 milion kg of 2,4,5-T were applied
Vietnamese forests (almost 20% of

during this time (Westing, 1971).

the forested land area of
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US production and use of 2,4,5- T and 2,4- D decreased markedly in 1969 and the early
1970s due to governmental restrictions on their use (Hazardous Materia1s Advisory
Committee, 1974; Grant, 1979). ln 1974;an estimated 452 000 kg of2,4,5- T were used in the

USA, the majority of which was applied to range1and and pasture (US Environmental
Protection Agency, 1979a).

Although M CP A has never attained the level of consumption of 2,4- D or 2,4,5- T, it has

found specialized use for weed control in cerea1 grain production. US consumption of
MCP A was 2.1-2.9 milion kg in 1980 (Holtorf, 1982); most(70-71 %) was used on wheat and
nce.

Mecoprop is used simi1arly as a post-emergence herbicide for control of c1eavers and
chickweed in cereal grains (Worthing, 1983).
Silvex has been recommended for control of aquatic weeds, weeds in pasture, sugar cane

and rice, and especially for brush. The triethanolamine salt has been used to reduce
preharvest dropping of apples (Hayes, 1982; Meister, 1983). ln California, for example, only

approximately 360 kg were used in 1983 on pasture, rangeland and landscaped areas
(California Department of Agriculture, 1984). All US registrations for silvex were cancelled
in 1983 (US Environmental Protection Agency, 1983).

Dichlorprop has been used and is stil recommended for removal of brush on rangeland
and rights-of-way, and for control of aquatic weeds (Anon., 1985). Approximately 3150 kg
oi dichlorprop were used in California for these applications in 1983 (California

Department of Agriculture, 1984).

2.4 Regulatory status and guidelines
By 1974, the US Environmental Protection Agency had cancelled all registrations for

chlorophenoxy herbicides, except those pertaining to uses other than on foods and on rice
paddies, pastures and rangelands (Anon., 1974). ln 1983, all registrations for 2,4,5-T were

cancelled, and this chemica1 can therefore no longer be used 1egally for any purpose in the
USA (US Environmental Protection Agency, 1983). Registrations have also been cancelled
in, e.g., Sweden, the Netherlands, the USSR and Australia (Anon., 1983). 2,4,5-T was
banned in Italy in 1970 (Vineis et al., 1986) and in the Federal Republic of Germany in 1985.
Occupational exposure limits for 2,4-D in 14 countries and for 2,4,5- T in nine countries
have been reported and are presented in Table 10. Regulations pertaining to the pesticide
use of ch10rophenoxy herbicides are not reviewed or reported comprehensively in this
monograph.
2.5 Occupational exposure

Exposure to chlorophenoxy herbicides may occur through inhalation, skin contact or
ingestion. ln most cases, the predominant route of occupational exposure has been by the
absorption of spils or aerosol droplets through the skin (Leng et aL., 1982; International

Programme on Chemical Safety, 1984). Measurements are usually reported in terms of
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Table 10. Occupational exposure limits for 2,4-D and 2,4,5- Ta
Country

Year

Concentration
(mg/m3)

Interpretationb

Australia

1978

10

TWA

Belgium

1978

10

TWA

Finlandc

1981

10

20

TWA
STEL

Germany, Federal Republic of

1985

10

TWA

HungaryC

1974

10

TWA

Japanc

1978

10

TWA

The Netherlands

1978

10

TWA

Norway

1981

5

TWA

Romaniac

1975

5
10

TWA
Ceiling

Switzerland

1978

10

TWA

UK

1985

10

TWA
STEL

20

USA
ACGIH

1985

20

TWA
STEL

10

TWA

10

OSHA
USSRc

1977

1

Ceilng

Yugoslavia

1971

10

Ceiling

aFrom International Labour Offce (1980); Direktoratet for Arbeidstilsynet (1981); Työsuojeluhalltus (1981);

American Conference of Governmental Industrial Hygienists (ACGIH) (1985); Deutsche Forschungsagemeinschaft (1985); Health and Safety Executive (1985); US Occupational Safety and Health Administration
HA) (1985)
(OS
bTW A, time-weighted average; STEL, short-term exposure limit
c2,4-D only

herbicide concentrations in the breathing zone air or in the urine of exposed workers. Table
11 gives measurements of 2,4-D, 2,4,5-T and MCPA in the urine of workers in various
industries and occupations. Monitoring of air, water and food outside areas of

herbicide use

has shown that the 2,4-D intake of the genera1 population is below the present detection
limits (International Programme on Chemical Safety, 1984). No quantitative data on
background levels of chlorophenoxy compounds in urine and human tissues were available
to the Working Group. However, the background levels of several 2,3,7,8-substituted
PCDDs and PCDFs have been reported from Canada by Ryan et al. (1985) and from
Sweden by Nygren et aL. (1986) (Tables 12 and 13). The isomers and levels were very similar

in the two studies.

Table 11. Concentrations (mg/l) of chlorophenoxy herbicides in the urine of exposed workers, by industry and activity
Industry and activity (country)

Substance
measured

Reference

Concentration in urinea
Mean (range)

0

(j
(j
~
'i

~
....

No. of reported
measurements
(No. of workers)

0
Z

~

t"
tT

Production of herbicides
Formulation of 2,4-0 derivatives
(Turkey)
Forestry
Ground application (Australia)
injector gun

:x

2,4-0

2,4-0

Ground application in forest (Finland)
knapsack spraying

(3)
(5)

8 (3-14)
3.5 (1-11)

(4)
(4)

0

2,4,5- T

l.6 (0.03-3.80)

(4)
(4)

0.61 (0.02-22.2)

124 (5)

Kolmodin-Hedman & Erne
( 1980)

0:0.04. (NS)

Ferry et al. (1982)

Kangas et al. (1984)
3.63 (0.06-10.5)

brush saw spraying

2.12 (0.15-4.13)

tractor spraying, driver

1.49 (0.09-3.33)

tractor spraying, assistant

1.3 (0.11-4.66)

ultra-low-volume spraying

2.99 (0.27-6.33)

20 (1)
7 (1)
9 (1)
7 (1)
8 (1)

::

t"

0
¡;
0'i

tT

524 (18)

2,4-0 + MCPA

..
0

::

Lavy et al. (1982)

2,4-0

¡;
tT
í/

('

Leng et al. (1982)
6.29 (0.85-17.0)

foremen
Aerial application (USA)
helicopter crew

0.26 (0.23-0.31)
0.99 (0.16-1.74)

2,4,5- T

backpack crew

Ground spraying (New Zealand)

'i

í/

Simpson et al. (1978)

2,4,5- T

2,4,5- T

Ground spraying (USA)

(15)

~

knapsack mister and power spray
Tractor spraying (Sweden)

1.7 (0.06-9.51)

Vural & Burgaz (1984)

Z

0

:x

~
::

tT

¡;

~
..

(j
..

0tT
í/

w
-.

w
-.
N

Table 11 (contd)
Industry and activity (country)

Substance
measured

-Concentration in urinea
Mean (range)

Reference

No. of reported
measurements
(No. of workers)

-;i

Forestry (contd)

Ground application along electric

transmission line (Canada)
gun, roadside

~

(j

2,4-D

gun, right-of-way

mist blowers, right-of-way

Libich et al. (1984)
1.42 (0.04-8.15)
1. 72 (0.15-5.45)
2.55 (0.44-5.07)

53 (12)
37 (8)
9 (3)

6.17 (0.27-32.7)
3.16 (0.63-12.4)

25 (7)
20 (5)

aIl-terrain vehicIe with four spray guns
site A
site B

Aerial application (Canada)
mixer / loaders

2,4-D
0.33 (0.02-0.84)
0.01

supervisor
balloon men

(0.24-0.26)

Agriculture

Ground-boom spraying of grass pasture
(USA)
tractor drivers

Application (USA)

18 (3)
18 (1)
18 (2)

Draper & Street (1982)
4.8 (0.12-20)
4.2 (-(0.06-12)

tractor sprayers

2,4,5- T

2,4-D

~
;i
"0
::
rr
~

Frank et aL. (1985)

2,4-D

0.02 (NS)
0.006 (NS)

~

0
Z
0
0

8 (2)
8 (2)
Draper (1982)

0t"

~
~
tT
.i
-

o

(j
(j
c:

""

;i

Table 11 (contd)
Industry and activity (country)

-o
-i

Substance
measured

Reference

Concentration in urinea

z;i
t"

Mean (range) No. of reported

tT

~

measurements

""

or/

(N o. of workers)

c:
¡i

tT

Agriculture (contd)

Tractor spraying (Sweden)
spraymen
farmers

Airboat application (USA)

r/
2,4-D
MCPA
MCPA

(ND-o.21)
1.7* (0.48-12.2)
0.31* (NO-3.7)

(2)
(9)
(24)

2,4-D

0.41 (0.1 2-0.67)

(4)

Kolmodin-Hedman et al.
(l983a)

(j

::

t"

Nigg & Stamper (1983)

o
¡i
o""
::

airboat crew

Aerial application (Turkey)
helicopter pilots
mixer
flagmen
supervisors

""

o

tT

Vural & Burgaz (1984)

2,4-0

a Abbreviations: ND, not detected; NS, not specified; *, median

(ND-1.09)
0.58
(1.01-1.92)

(NO-1.6)

(4)
(1)
(2)
(6)

Z

o
~
..
::
tT

¡i

(j
o
t:

tT

r/
w
-i
w

..w
.i

Table 12. Concentrations oCmajor dioxins and Curans (ng/kg) in A, ten human adipose tissue samples collected in 1980
Crom deceased hospital patients in eastern Ontario (Canada) and in B, 46 human adipose tissue samples collected in 1976
Crom accident victims across Canadaa
Analyteb

A

-~

B

::

Average:t SD

Range

No. positive

Average:t SD

Rangee

No. analysed

TCDD
2,3,4,7,8-PeCDF
1,2,3,7,8-PeCDD
1,2,3,4,7,8-/1,2,3,6,7,8-HxCDF
1,2,3,6,7,8-HxCDD
1,2,3,4,6,7,8-HpCDF

No. positive
No. analysed

10.0 :t 4.9

3.0-17.8

10/10

6.2 :t 2.6

18.4 :t 6.3

11.-29.5

9/9

16.8:t7.6

ND, 2.0-12.7
4.2-45.0

13) :t 4.0
17.3:t6.9

10.5-21.4

10/10

10.4 :t 5.8

1.5-34.5

13.6-28.8

8/9

17.3:t 10.9

ND,

90.5 :t 38.9

50-177

10/10

79.6:t 47.0

19.2-291

39.4 :t 19.6

12.8-67

7/9

32.7:t 15.9

1,2,3,4,6,7,8- H pCD D

116:t 41.8

1,2,3,4,6,7,8,9-()CDD

10/10
10/10

137:t79

611:t226

53-208
317-985

ND, 9.7-110
34.4-520

796 :t 458

202-2961

6.3-71.2

21/46
46/46
46/46
32/46
46/46
43/46
46/46
46/46

aFrom Ryan et aL. (1985)

bpeCDF, pentachlorodibenzofuran; PeCDD, pentachlorodibenzodioxin; HxCDF, hexachlorodibenzofuran; HxCDD, hexachlorodibenzodioxin; HpCDF, heptachloro-

dibenzofuran; HpCDD, heptachlorodibenzodioxin; OCDD, octachlorodibenzodioxin
eND, not detected
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(a) Production plants

A mean urinary concentration of 1.37 mg/ l2,4-D was measured in workers involved in
the production and formulation of 2,4-D herbicides (Vural & Burgaz, 1984). No data on
levels of chlorophenoxy herbicides to which workers were exposed in industrial accidents
were avai1able to the W orking Group.
Nygren et aL. (1986) also analysed adipose tissue from two occupationally exposed
persons (a German chemical factory worker and a laboratory chemist) and found a

dramatically different pattern of PCDDs and PCDFs from that seen in the general
population (see Table 13). The fat sample from the German worker was obtained more than
30 years after he was highly exposed to TCDD ina Germanfactory, in November 1953. The

level of TCDD in this sample was 25-30 times higher than in the normal Swedish
population. Moreover the ratio of TCDD:1,2,3,7,8-penta-CDD was :?5, whereas it is
usually approximately 0.5 or lower, and the ratio of TCDD:2,3,7,8-tetra-CDF was ?30,
whereas it is usually close to 1.0. The chemist had synthesized more than 80 different PCDF
isomers in the few years before the biopsy was taken.
(b) Forestry and agriculture

The highest urinary levels of 2,4-D, 2,4,5-T and MCPA are reported from ground

spraying operations in forestry work. According to measurements made in Austra1ia,
Canada, Finland, New Zealand, Sweden and the USA, mean concentrations ranging from
0.3 to 8 mg/lare common during this type of herbicide application (see Table 11). During
aerial spraying, the exposure levels were lower - 0.01-0.33 mg/l on average.
Sorne studies have reported exposure data as estimated dose per body weight. Leng et al.

(1982) summarized the exposure of forestry workers in the USA to 2,4,5-T as follows:
mixers, 12-138 ¡.g/ kg bw; backpack sprayers, 19-104 ¡.g/ kg bw; spray tractor drivers, 33-49

¡.g/ kg bw; helicopter pilots, -:1-44 ¡.g/ kg bw; supervisors, 2-30 ¡.g/ kg bw; and flagmen
-:1-3 ¡.g/ kg bw. Lavy et al. (1982) reported mean doses from -:1-56 ¡.g/ kg bw among aerial

applicatiors of 2,4-D in the USA. These results are similar to those reported for 2,4-D in
Canadian studies: 4-39 ¡.g/kg bw (Franklin et al., 1982) and C(1-22 ¡.g/kg bw (Frank et al.,
1985). Nash et aL. (1982) estimated 2,4-D exposures during agricultural use of the herbicide

as 20 ¡.g/ kg bw for mixers and 10aders and -:10 ¡.g/ kg bw for pilots and ground applicators.
ln agriculture, herbicides are often used as mixtures or in combination, and workers may

therefore be exposed both to chlorophenoxy herbicides and other pesticides as weIl as to
emulsifiers, solvents and other additives. ln a study of 24 farmers, median urinary
0.31 mgjl MCPA, 0.23 mg/l dichlorprop and 0.28 mg/l mecoprop were

concentrations of

measured. ln professional spraymen, the median levels of the three compounds were 1.7,

0.74 and 2.0 mg/l, respectively (Kolmodin-Hedman et aL., 1983a).

During ground spraying using hand-he1d sprayers, mist blowers or tractor-driven
equipment, the airborne concentrations of2,4-D, MCPA and dichlorprop ranged from 10
to 300 ¡.g/ m3 (Ko1modin-Hedman & Erne, 1980; Kangas et al., 1984; Libich et aL., 1984).
During mixing and spraying operations along power line rights-of-way, airborne concen-

tration of 2,4,5-Testers were -:10-60 ¡.g/m3 (Hervin & Smith, 1978). During aerial
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application of herbicides, exposure levels to 2,4-D were ':20 ¡.gj m3 (Franklin et al., 1982;

Lavy et al., 1982). ln one case, a breathing zone concentration of 143 ¡.g/ m3 was measured
(Franklin et aL., 1982).
The study by Nygren et al. (1986) included a total of31 persons (see Table 13). Ofthese,
13 had been exposed to chlorophenoxy herbicides and 18 were nonexposed controls. No

difference was seen between these two groups in the levels and patterns of PCDDs and
PCDFs in adipose tissue, although a long time may have e1apsed between exposure and
sampling. ln addition, no difference in PCDD and PCDF leve1s was found between 17
persons with cancer (soft-tissue sarcomas, lymphomas) and 14 noncancer patients.
(c) Miscellaneous

ln one extensive occupational monitoring programme undertaken in New South Wales,

Australia, in 1979-1980, urine samples were analysed for herbicide residues. The subjects
inc1uded pesticide factory staff, pest control operators, farmers, park workers and others

potentially exposed to 2,4-D or 2,4,5-T. No 2,4-D or 2,4,5-T was detected (C:0.001 mgjl) in
735 and 377 of 973 samp1es, respectively. Most of the other samples contained -(0.1 mgj l,
and only 27 contained:?l mg/12,4-D and 40,:?1 mgj12,4,5-T (Simpson, 1982).

Exposure of soldiers and the general population to dioxin in connection with the
military use of chlorophenoxy herbicides in Viet Nam has been the subject of much concern

among veterans in the USA and Australia and the population in Viet Nam. Shepard and
Young (1983) reported a study in which very low levels oftetra-CDD, believed to be the
2,3,7,8-isomer, were detected in adipose tissue from sorne Viet Nam veterans; however, the

levels were not believed to correlate well with known exposure data or with health status.
Experimental conditions were not described in this report. A more detailed description of
these data is provided by Gross et al. (1984), who give the analytical methods and the quality
control programmes used. The results of the total study are given in Table 14. The authors
concluded that Viet Nam veterans designated by the Veterans' Administration as 'heavily
exposed' to Agent Orange had detectable amounts of TCDD in adipose tissue: the levels
found for two of the three 'heavi1y exposed' veterans were higher than those for other Viet
Nam veterans or for the controls.
2.6 Analysis

Selected methods for the analysis of chlorophenoxy herbicides in the air and in the urine
of exposed workers are summarized in Table 15.

Analysis of dermal exposure pads has been used in several studies to evaluate skin
contactwith herbicides (see, e.g., Franklin et al., 1982; Lavy et al., 1982; Sell & Maitlen,
1983). Chlorophenoxy herbicides have a1so been measured in plasma (see, e.g., KolmodinHedman et al., 1979; ~kerblom et al., 1983).

Methods for the analysis of chlorinated dibenzodioxins and dibenzofurans have been
reviewed (Rappe & Buser, 1981); see a1so the monograph on occupational exposures to
chlorophenols, section 2.6, p. 337).
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Table 14. TeDD levels (Dg/kg) iD adipose tissue of US veteraDsa
Group (code number)

Concentration

Heavily exposed veterans
io
io

23
35

19

ND

26
26

99
63

Limit of detection

4
9
3

io
6

Lightly exposed veterans
1

I3

ND
ND

15

5

2

7
7

4

28
28

8

5
6

34

5

3

6

5

8

5

3
3

9

ND

Il

3

3

2

12

9

14
16

4

3
3

ND

4

Possibly exposed veterans

24
24
25
25
27
29
30

5

3

5
12

4

4

io
ND

6

I3

3

ND

5
3

5

4

4

7

3

2

Con

troIs

17
18

4.3b
ND

3

20

5

4
4

21

6

3

23
23

8

2
3

31

6
7

32
33

4

4
4

14

7

2

US Air Force scientists

i

5

3

4

1

4

6

2

aFrom Gross et al. (1984); sample sizes ranged from 2.2 to 11.6 g for each extraction; amounts of internaI standard used
varied from 2.0-2.6 ngl extraction; ND, not detected
bDuplicate analyses of same extract
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Table IS. Methods for the analysis of chlorophenoxy herbicides
Substance
measured

Sample preparation

matrix
Air

2,4-0

Collect in Amberlite

Sam

pie

Assay
procedurea

detectionb

Ge

2,4,5- T

Reference

0.01 p.g/m3

Johnson et aL.

XAO-2 tube; desorb (hexane

(small samples)

(1977)

or sodium hydroxide); acidify;

0.05 p.g/ m3

methylate (boron trifluoride in
methanol); extract (benzene)

2,4-0/

Limit of

Colleet in bubbler (ethanol);
hydrolyse

(larger tubes)

TLC / spectro- 50 p.g/ m3

Kolmodin-

photometry

Hedman et al.
( 1979)

2,4-0/

Colleet on fiter; extraet
(methanol)

HPLClUV

150 p.g/m3

Colleet on fiter/
XAO-4 resin; Soxhlet

GCl EC

0.01 p.g/ m3

extraet (acetone);

methylate (diazomethane)

by TLCl GCMS)

2,4-0/

Collect on bubbler

HPLCl UV

MCP A, di-

(distiled water); aeidify

2,4,5- T

2,4-0

Elier (1984)

Oraper & Street
(1982)

( eonfirmed

1 p.g/ m3

Åkerblom et aL.
(1983)

ehlorprop,
meeoprop

2,4-0,
diehlorprop

Colleet in Fluorisil tubes;

GCl EC

0.2 p.g/ m3

Libich et al. (1984)

desorb (methanol); hydrolyse;

methylate (boron trifluoride in
methanol); extraet (benzene)

2,4-0/

Colleet on filter / bubbler

MCPA

(ethanol); hydrolyse; extract

HPLCl UV

Kangas et aL.

(1984)

(ehloroform); dissolve

(methanol)
Urine

2,4,5- T

Hydrolyse (alkali); extract
(benzene); methylate (diazo-

GCl EC

N ony et aL. (1976)

GCl EC

Smith & Hayden

methane); clean-up (silica gel)

2,4-0

Basify; aeidify; clean-up

(XAO-2); extract (sodium

( 1979)

bicarbonate in aeetonitrile);

methylate (diazomethane);
dissolve (hexane)

2,4-0/
2,4,5-T,
silvex
2,4,5- T

Hydrolyse (aeid); extraet
(diethylether); acidjbase

GCl EC

50 p.g/l

Oraper (1982)

partiti~n; methylate
(diazomethane)
Hydrolyse; extraet

HPLCl UV

Ferry et al.
( 1982)
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Table 15 (contd)
Sample
matrix

Substance
measured

Sample preparation

Urine

2,4-0/

( contd)

MCPA,
mecoprop,
dichlorprop

Hydrolyse (acid); clean-up
(Sep-Pak); extract (phos-

2,4-0

2,4-0

Assay
procedurea

detectionb

GCj EC

50 ¡.g/l

Limit of

Hydrolyse (alkali); acidify;
clean-up (Sep-Pak);
methylate (boron trifluoride in methanol);
extract (hexane)

GCj EC

Hydrolyse (acid); extract

GC/ EC

70 ¡.g/l

Sell & Maitlen
( 1983)

30 ¡.g/l

Vural & Burgaz
(1984)

methyl sulphate); clean-up
(silica gel)

Hydrolyse (alkali);

0

Akerblom et al.
( 1983)

phate buffer); derivatize
(pentafluorobenzyl bromide);
dissolve (hexane)

(benzene); methylate (di-

2,4-0

Reference

GCj EC

0.5 ¡.g/l

wash (dichloromethane);

Frank et aL. (1985)

acidify; extract (diethylether);

methylate (boron trifluoride
in methanol); extract
(benzene)
aGC, gas chromatography; TLC, thin-layer chromatography; HPLC, high-performance liquid chromatography; UV,
ultraviolet detection; EC, electron capture detection; MS, mass spectrometry
bThe limits of detection are not always comparable, because they are listed as given by the authors.

Because derma1 absorption is an important route of exposure to chlorophenoxy

herbicides, biological monitoring is useful in estimating the absorbed dose. U fine
concentrations provide the most accurate estimate of body burden; because of slow
absorption, it is best to collect samples after a few days of exposure. (See a1so pp. 383-384,
on which kinetic studies are discussed.)

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans
3.1 Experimental data

Evaluations ofthe degrees of evidence for the carcinogenicity in animaIs and for activity

in short-term tests of the ch10rophenoxy herbicides considered in previous lARe
Monographs are listed in Table 16. No attempt has been made to update these data.
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Table 16. Chlorophenoxy herbicides and their major impurity considered in this

monograph that have previously been evaluated in the lARe Monographsa
Che

mi

cal

24-0
MCPAb
2,4,5-T
TCOO

Evidence for carcinogenicity in
animaIs

Evidence for genetic activity

inadequate
no data
inadequate
sufficient

inadequate
inadequate
inadequate
inadequate

in short-term tests

°From IARC (l982a,b), except where noted
bFrom IARC (1983)

3.2 Bio1ogica1 effects in humans other than cancer
(a) Toxic effects

The literature on acute poisonings and on the health effects of occupational exposures to
chlorophenoxy herbicides have been reviewed recently (IARC, 1977a, 1983; International

Programme on Chemical Safety, 1984; Suskind & Hertzberg, 1984). Most of the toxicological information is derived from cases of acute poisoning.

Suicide patients who ingested chlorophenoxy acids died from circulatory collapse
without distinct post-mortem findings. Non-fatal intoxications with 2,4-D have resulted in
acute parasympathetic nervous system symptoms and, particularly, persistent neurological
dysfunction, according to case reports. A surviving case of MCP A intoxication recovered
without reported sequelae. The subacute effects reported frequently from health surveys of
2,4,5- T manufacturing workers, inc1uding those exposed during accidents, are acneform

eruptions (chloracne), fatigue, nervousness and irritability; chloracne is a persistent and
consistent c1inical marker. Exposure to TCDD has also been associated with impairment of
liver function, peripheral neuropathy, personality changes, porphyria cutanea tarda, and
hypertrichosis and hyperpigmentation (IARC, 1977b).
(b) Effects on reproduction and prenatal toxiczty

Field and Kerr (1979) found a positive correlation between the annual usage of 2,4,5- T in
neural tube defects at birth in subsequent
years in New South Wales. During 1969-1975, the use of commercia12,4,5-T in Hungary
Australia in 1965-1976 and the preva1ence rate of

increased from 46 to 1200 tonnes; however, over the period 1970-1976, the incidences of

stilbirths, spina bifida and anencephalus dec1ined, and the incidences of cleft palate, cleft lip
and cystic kidney disease remained relatively stable (Thomas, 1980).

A study in Arkansas, USA, involved dividing the state into high, medium and low use of
2,4,5-T between 1948 and 1974 on the basis ofrice acreage. No significant difference in rates
of facial cleft was found among the different areas between 1943 and 1974 (Nelson et al.,
1979).
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The US Environmental Protection Agency (1979b) investigated spontaneous abortion
rates in three areas of Oregon, USA, in relation to 2,4,5-T spray practices in 1972-1977.

Significantly higher rates were found in the area in which 2,4,5-T was used. (The Working
Group noted that the methods used for case ascertainment were inadequate.)
The possible effects of aerial spraying were studied in the N orthland region of New

Zealand by dividing it into seven areas according to the extent of 2,4,5- T spraying, as
assessed bya detailed review of the records of the companies involved. Maternal exposure
was determined by area of residence. An association was found for all birth malformations
combined and for club foot, hypospadias and epispadias and heart defects separately. No

association was found with central nervous system defects, nor with cleft lip or palate
(Hanify et al., 1981).
(The W orking Group noted that the above studies were eco10gical surveys, and suffered
from the usual limitations.)

A survey of the occupations of the fathers of children recorded in the Office of
Population Censuses and Surveys register of congenital malformations in England and
Wales (1974-1979) showed an increased risk of facial clefts in children of gardeners,
groundsmen and agricultural workers, who were regarded as potentially exposed ta
herbicides (Balarajan & McDowall, 1983). No increased risk of these malformations was
seen in children offathers in agriculture or forestry in Oxfordshire and West Berkshire in the
years 1965-1974 (Golding & Sladden, 1983).
Two case-control studies were carried out on possible reproductive effects in soldiers
who had served in Viet Nam and had had potential exposure to Agent Orange, a mixture of
yI esters of2,4,5-T and 2,4-D contaminated with TCDD. An Australian study, involving
8517 case-control pairs, found a relative risk of 1.02 (95% confidence limits, 0.78-1.32) for
veterans fathering children with birth anomalies compared to non-veterans (Donovan et aL.,
1984). A US study, involving 7133 babies born to Viet Nam veterans, found an overall
but

relative risk of 0.97 (Erickson et aL., 1984).

A study of pregnancy outcome ofwives of professional pesticide sprayers was conducted

in New Zealand (Smith et al., 1981). The herbicide sprayed predominantly was 2,4,5-T.
There were 1172 births among applicator families in the study period (1969-1979 for
spraying of 2,4,5-T; 1960-1979 for spraying of any pesticide) and 1122 births among a
comparison group of agricultural contractors. Information was gained by postal question-

naire, with an overall response rate of 89% among applicators and 83% of agricultural
contractors. Major congenital defects were reported in 2% (24) of births to applicators and
1.6% (18) of births to agricultural contractors; the difference was not significant, and the

rates were similar to those for the general population. Similar rates were seen for the two
groups for stillbirth (0.9% versus 1.0%) and miscarriage (8.6% versus 9.3%).
ln a further analysis of a subset of these data, those pregnancy outcomes associated with
me year as the birth or the year before (427) were
selected and compared with pregnancy outcomes not associated with spraying of any
herbicide in that period of time (352) (Smith et aL., 1982a). The relative risk for congenital
spraying of 2,4,5- T by the father in the sa

defects among children of exposed fathers was 1.19 (90% confidence limits, 0.58-2.45) and

that for miscarriage 0.89 (90% confidence limits, 0.61-1.30).
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(c) Absorption, distribution, excretion and metabolism

(i) 2,4,5- T

ln five male volunteers who received an oral dose of 5 mgl kg bw 2,4,5- T, there was
almost complete gastrointestinal absorption. Disappearance from blood and appearance in
urine followed first-order kinetics and showed a half-time of 23 h. An average of 88.5% of
the dose was excreted in the urine within 96 h of administration, and the renal clearance was
180-260 mIl min. No acid-labile conjugate or free trichlorophenol was detected in the urine.
2,4,5- T bound reversib1y to plasma proteins (98.7%), and the relative volume of distribution
was 0.079 l/kg. Faeca1 excretion was -(1% of the dose (Gehring et al., 1973).
ln a similar study, in which 2, 3 or 5 mgl kg bw 2,4,5- T were administered orally,

maximum plasma concentrations were detected 7-24 h after administration. Following a
5-mgl kg dose, the disappearance half-time averaged 18.8 h, and the average relative volume
the dose was recovered
in the urine within 96 h of administration (Kohli et al., 1974a).
of distribution was 0.15711 kg. For all doses, an average of63-79% of

Potential inhalation exposure could account for only approximately 1 % of the total
amount of 2,4,5- T recovered within four days in the urine of spray applicators, whereas the

estimated dermal exposure was potentially 1000 times greater, indicating the relative
importance of exposure via the dermal route (Lavy et al., 1980).
(ii) 2,4,-D

ln a study on the kinetics of2,4-D, five male volunteers received an oral dose of5 mgl kg
the dose in

bw. Absorption was almost complete, as indicated by the recovery of88-106% of

the urine within 144 h. When elimination of 2,4-D from plasma was followed in three
subjects, the average disappearance ha1f-time was 11.6 h. For two subjects, the relative
volumes of distribution were 238 and 294 mll kg, respectively; an apparent biphasic
clearance was exhibited by a third subject. Approximately 80% of the 2,4-D was excreted
unchanged in the urine and the remainder as an acid-labile conjugate (Sauerhoff et al.,
1977a).

Rapid (half-time, 2.5 h) and extensive gastrointestina1 absorption of 2,4-D was also
found by Kohli et al. (l974b), who observed an elimination half-time of33 h and a volume of
distribution of 0.1 11 kg.

From a comparison of urinary excretion of 2,4-D after intravenous administration and

mal absorption of 2,4-D was ca1culated to
be 5.8%. Dermal absorption was protracted, with peak concentrations detected in the urine
three days after exposure (Feldman & Maibach, 1974). After exposure of ground sprayers to
2,4-D, peak concentrations in the blood and urine were detected after 0 to at 1east three
(blood) or four (urine) days, and the apparent half-time for urinary excretion of 2,4-0 was
application of 4 ¡.gl cm2 on forearm skin, the der

14-79 h (ca1culated fromdata presented by Nash et al., 1982; Nash et al., 1982; Taskar et al.,

1982). Frank et al. (1985) ca1cu1ated that a maximum of 4.5% of the amount of 2,4-D
deposited on the bare skin of a bystander directly sprayed with 2,4-D was absorbed. ln
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occupational exposures, skin appears to be the most important route of absorption (Draper
& Street, 1982; Lavy et aL., 1982; Kolmodin-Hedman et aL., 1983a; Kangas et al., 1984;
Libich et al., 1984; Frank et aL., 1985).

(iii) MCPA
ln five volunteers (three men, two women) given 15 j.g/ kg bw MCP A orally, the highest
plasma concentrations were seen after 1 h. U rinary excretion was almost complete by 24 h,

at which time approximate1y 40% ofthe dose had been recovered (Kolmodin-Hedman et aL.,
1983b). ln a similar study (four men), an average of 55% of a 5-mg oral dose was recovered in
the urine within 96 h (Fjeldstad & Wannag, 1977).
ln a study on dermal absorption in five volunteers (three men, two women), soft-paper

pads saturated with 10 ml of a 10% aqueous solution of MCP A were applied on the skin of
the thigh for 2 h and the pad covered with surgical tape. Peak plasma levels occurred at
about 24 h (two subjects). By 144 h, approximately 2 mg MCP A (0.2% of the applied dose)

had been recovered in the urine; the peak of urinary excretion was seen 24-48 h after
application (Kolmodin-Hedman et al., 1983b).
Dermal absorption is an important factor in occupational exposure to MCP A, since
time-weighted average concentrations of the compound in breathing-zone air samples were
only -:0.1 mg/ m3, whereas concentrations inthe urine of exposed workers reached 12 ¡ig/ ml

(Kolmodin-Hedman et aL., 1983a).
(iv) Silvex

Silvex, in powder form, was given orally to eight volunteers (seven men, one woman) at a
dose of 1 mg/ kg, and its concentration in plasma and urine was studied. Silvex was almost

completely absorbed; peak concentrations in plasma were reached in 2-4 h. The disappearance of silvex from the plasma was best described bya two-compartment model, with
relative volumes of distribution for each compartment of81-158 ml/ kg and 45-163 ml/ kg,
respectively. Each compartment followed first-order kinetics, and the two successive halftimes for plasma disappearance were 0.9-6.9 h, and 9.0-33.0 h, respectively. Within 144 h,
urinary excretion of silvex, which decreased bi-exponentially, amounted to 66-95% of the
dose (as silvex and si1vex conjugates). ln the urine, 29-80% of silvex was excreted unchanged
and the rest as acid- and base-labile conjugates; glycine conjugates were not detected. U p to
3% of the dose was detected in the faeces (Sauerhoff et aL., 1977b).
(v) Other

Dichlorprop and mecoprop have been detected in the urine of exposed farmers and
spraymen (Kolmodin-Hedman et al., 1983a).
(el Mutagenicity and chromosomal effects

The genetic effects of chlorophenoxy herbicides and their contaminants have been
reviewed (Wassom et al., 1977/1978; Seiler, 1978; Grant, 1979).
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Mulcahy (1980) examined the incidences of chromosomal aberrations and sister
chromatid exchanges (SCEs) in 15 soldiers ten years after serving in the AustralIan armed
forces in Viet Nam for periods ranging from six to 15 months. Eight control subjects were

matched for age ànd sex who had no history of industrial or agricultural exposure to
herbicides. The mean frequency of chromosomal aberrations in peripherallymphocytes was
5.06 per 100 cells in the exposed group versus 4.38 in the controls; SCE frequencies were 5.25

and 5.45 per cell, respectively. The differences were not significant.
A study which reported that exposure to chlorophenoxy herbicides during spraying in

South Viet Nam induced chromosomal aberrations in humans was judged to be based on
inadequate data (reviewed by National Academy of Sciences, 1974).
An analysis of lymphocyte chromosomes of agricultural workers in Idaho, USA, with
extensive occupational exposure to pesticides was reported by Yoder et aL. (1973). A group

of 26 herbicide-exposed workers was compared with 16 controls. The list of the most
commonly used herbicides comprised 14 formulations, but the predominant exposures were
to amitrole, 2,4-D and atrazine. Blood samples were drawn both off-season and mid-season
and cultured for 48 h. Only 25 metaphases were examined from each. From off-season to
mid-season the mean number of chromatid gaps in the herbicide-exposed group increased

four fold (from 0.38 :: 0.10 to 1.38 + 0.22 per person per 25 cells). ln the sarne group,
chromatid breaks increased 25 fold (from 0.07 + 0.05 to 1.81 :: 0.35). The off-season
aberration frequencies were, however, very low as compared with the control group (offseason, 0.63:: 0.22 for gaps and 0.31 + 0.12 for breaks), although it is possible to use subjects
as their own controls. The authors conc1uded that the increased incidence of chrornosomal
aberrations was probably due to exposure to herbicides, although it was not possible to
king Group noted the
small number of cells examined and that possible confounding factors were not taken into
consideration.)
SCE frequency was studied in 57 herbicide and pesticide sprayers in New Zealand
(Crossen et al., 1978).2,4,5- T and 2,4-D were mentioned as two ofthe 30 formulations most
distinguish which herbicide formulations were responsible. (The W or

commonly encountered in the study. Overall, there was no difference in SCE frequency
between the control group and the sprayers (mean rates, 7.65 versus 8.48). The sprayers were

divided into three groups: those with no protection, those with sorne protection (either
c1othing, gloves or respirator) and those with full protection. Those with no protection had a
significantly higher mean SCE rate than the control group (mean rate, 9.03 versus 7.65), but
the authors noted that the length and level of exposure could also have influenced the
findings. There was no difference in SCE rate between those who used herbicides exclusively
and those using both herbicides and pesticides. (The W orking Group noted that
confounding factors such as smoking were not taken into consideration.)
Högstedt et al. (1980) studied peripherallymphocyte chromosomes from ten Swedish

workers who had worked with several pesticides for two to 29 years (mean, 13 years).
Among the pesticides used were M CP A, mecoprop and 2,4,D; none had used 2,4,5- T,
dinoseb (2-sec-butyl-4,6-dinitrophenol) or amitrole during the last two years. The control

group consisted of seven farm workers who had never worked with pesticides. Cells were
cultured for 72 h, and 200 cells from each subject were analysed. No significant difference in
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the frequency of chromos

omal aberrations was found between the two groups (gaps, 1.7 per

100 cells versus 1.6 in the controls; breaks and exchanges, 2.4 versus 2.8).

Linnainmaa (1983) studied SCEs in lymphocytes of workers in Finland spraying forest

foliage with chlorophenoxy herbicides containing amine salts and esters of 2,4-D and
MCP A, or mixtures of the two. Three successive blood samples were taken from 50 male
sprayers (who had used protective c1othing); the first before the spraying season, the second
in the middle of the spraying season and the third within two days after the subject had
finished spraying, in order to follow possible exposure-related changes. Urine samples were
taken at the same time as the second blood sample. Levels of2,4-D and MCP A in the urine,
which were used as an indicator of exposure, varied from 0.00 to 10.99 mgjl (mean, 1.80
mg/l). Suitable chromosome preparations were obtained from 35 herbicide workers and 15

controls not working with herbicides. No significant difference in SCE frequency was
observed in samples taken before, during or after the exposure; the nonexposed control
group feU in the same range. Smokers in both groups had significantly higher mean values
than nonsmokers. The average frequencies of SCEs/ cell in nonsmoking sprayers were 8.6,
8.0, and 8.8 before, during, and after spraying, respectively, versus 8.1 in nonsmoking
controls. The corresponding values for the smokers were 9.7,9.5, 9.9 vers

us 10.0.

Sorne individuals with similar exposure were also studied for frequency of chromosomal

aberrations (Mustonen et al., 1986). Where possible, 100 first-division metaphases were
examined from each of 19 workers and 15 controls. No difference was found between the
two groups. The percentage of aberrant cells (gaps inc1uded) in controls was 1.5 :t 0.3 in
nonsmokers and 1.9:t 0.4 in smokers. ln exposed subjects, the respective percentages were
1.2:t 0.5 and 1.8 :t 0.4.

3.3 Case reports and epidemiological studies of carcinogenicity to humans
(a) Case reports

A number of reports describe the occurrence of cancer in workers exposed to TCDD (see
IARC, 1977b). A case report describes three cases of soft-tissue sarcoma in US veterans
10-13 years after exposure to Agent Orange (Sarma & Jacobs, 1982). Palva et al. (1975)
described a case of aplastic anaemia in a farmer three months after exposure to MCP Ain
Finland (he had also used herbicides during the previous five years); a year later he
developed acute myelomonocytic leukaemia (Timonen & Palva, 1980).
A c1inical study of 123 male patients with non-Hodgkin's lymphoma in Sweden found
that four of five patients with cutaneous lesions reported spraying large areas with

chlorophenoxy herbicides (Olsson & Brandt, 1981).
(b) Cohort studies

A cohort of 348 railroad workers in Sweden exposed for 45 days or more during
1957-1978 to 2,4-D, 2,4,5-T or amitrole were investigated in a follow-up study (Axelson et
aL., 1980) (see also monograph on amitrole in this volume, p. 309). There was a deficit of
deaths from all causes (45 observed, 49 expected) but an excess from malignant neoplasms
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(17 observed, Il.9 expected). ln a subcohort exposed to 2,4-D or 2,4,5- T but not amitrole,

there were six deaths from cancer with 5.6 expected, all of which occurred in those first
exposed ten years or more before death (3.1 expected). ln a subcohort exposed to both
amitrole and ch10rophenoxy herbicides (2,4-D or 2,4,5- T), there were six deaths from

cancer with 2.9 expected, of which all six (with 1.8 expected; p ~ 0.005) occurred in those

first exposed ten years or more before death; there were altogether three deaths from
stomach cancer with 0.5 expected in men first exposed to chlorophenoxy herbicides ten
years before death. The men were also exposed to other organic (e.g., monuron and diuron)
and inorganic chemicals (e.g., potassium chlorate).
Hogstedt and Westerlund (1980) studied the mortality of 142 male forestry workers in

Sweden exposed to 2,4-D and 2,4,5-T in 1954-1967, and 244 male forestry workers without
such exposures (follow-up, 1954-1978). Five deaths from cancer were observed among those
exposed versus 6.4 expected from national rates. Among unexposed workers there were 10
observed deaths from cancer versus 14.7 expected. Among 16 exposed foremen, five
incident cases of cancer were found in the Swedish Cancer Registry against lA expected
(p~ 0.02), while three cases of cancer were seen in 126 exposed workers with 804 expected
(p~ 0.05). These eight cases were localized in the stomach (1), pancreas (2), lung (1), skin (1),

prostate (2) and bladder (1). The expected value for soft-tissue sarcoma among the exposed
was about 0.1. Foremen were exposed to ch10rophenoxy herbicides for an average of 176

days and workers for 30 days.

Barthel (1981) performed a study encompassing the 14 districts of the German
Democratie Republic (exc1uding Berlin); 1658 male subjects who had been active for at least
five years as agricultural workers or agronomists between 1948 and 1972 were potentially
exposed to 2,4-D and MCP A. Cancer incidence in the group was assessed through county
tumour reference centres and death certificates; 124/169 neoplasms were histologically
verified. Fifty cases of bronchial carcinoma occurred between 1970 and 1978 versus 27.5

expected from national morbidity rates. One case of soft-tissue sarcoma and five of
lymphatic neoplasms were observed. (The W orking Group noted that smoking was not

taken into account in this study, but that differences in smoking habits are unlikely ta
explain a relative risk of the magnitude observed.)

Riihimäki et al. (1982, 1983) examined a cohort of 1926 male Finnish workers involved
in brush control for at least two weeks between 1951-1971. These workers were exposed to
2,4-D and 2,4,5-T, among other agents. The follow-up period was from 1972-1980, and

16 694 person-years were represented. The observed rates were compared with expected
numbers from national death rates. Only 26 cancer deaths were noted with 36.5 expected. ln
the subgroup with over 10 years' latency, 20 cancers were observed whereas 24.3 were
expected (standardized mortality rate (SMR), 82; 95% confidence interval (Ci), 50-127),
inc1uding 121ung cancers (expected, 11.1) (SMR, 108; 95% Ci, 56-189) and four cancers of
the stomach and oesophagus (expected, 3.7) (SMR, 108; 95% Ci, 30-277). No lymphoma or

soft-tissue sarcoma was observed. Cancer incidence was also studied, with similar results.
the cohort, the brieffollow-up period

The authors point out, however, that the small size of

and the low exposure limited the uti1ity of this study.
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Lynge (1984, 1985) studied 4563 persons employed by two chemical plants in Denmark

which produced 2,4-D, dichlorprop, MCPA, mecoprop and 2,4,5-T in the period 19471981. 2,4,5-T was produced mainly from 1951-1959 from 2,4,5-trichlorophenol made
externally, and 2,4,5-T esters were made from 2,4,5-T produced externally up to 1981. 2,4-D
the phenol or cresol; during 1960-1970,
the MCPA was produced as spray-dried MCPA sodium salt. Incident cases of
cancer were identified by record linkage with data in the Danish Cancer Registry. From the
and MCPA were manufactured by chlorination of

up to 50% of

year production of chlorophenoxy herbicides started in the two plants (1947 and 1951,
respectively) until1982, there were, for the total cohort, 159 cancers of all sites versus 160.6
us 55.9 expected in women. The observed numbers of
cases for individua1 sites of cancer did not differ statistically significantly from the expected
expected in men and 49 observed vers

numbers. Among persons first exposed ten years or more before cancer diagnosis, there
were 11 cases of stomach cancer versus 6.3 expected (nonsignificant). No case occurred
among women. Two cases occurred in men employed in the manufacture and packaging of
chlorophenoxy herbicides versus 1.5 expected. Seven cases of malignant lymphoma were
observed among men with 5.4 cases expected; among women, there was one case with 1.2
expected. No case was observed among men or women manufacturing and packaging
chlorophenoxy herbicides. Among men, there were five cases of soft-tissue sarcoma vers

us

1.8 expected (relative risk, 2.72; 95% CI, 0.88-6.34); no case was diagnosed among women

(0.75 expected). For the four men with more than ten years'latency since first exposure, the
relative risk estimate was increased to 3.67 (95% CI, 1.00-9.39). Only one had been assigned
to the manufacture and packaging of chlorophenoxy herbicides, two were working in
shipping and one in pigment miling. The durations of employmeÏit of these men were 90,30,

three and 0.5 months. At these plants, 59% of men and 50% of women had been employed

for less than one year. Among the subgroup of persons employed in the manufacture and
packaging of ch10rophenoxy herbicides, there were Il cases of lung cancer among men
vers
us 5.3 expected (p .: 0.05); there was no excess in women, but five cases of cervical

cancer were seen versus 1.8 expected (nonsignificant).

Mortality odds ratios for service in Viet Nam were estimated for 1496 veterans
discharged in 1970-1973 and who died in New York State, USA, between 1970 and 1980. Of

these, 555 had served in Viet Nam. A ratio of 1.09 (95% CI, 0.18-6.70) was found for
us non-Viet Nam veterans (Lawrence et al.,

soft-tissue sarcoma in Viet Nam veterans vers

1985).

As pointed out in the monograph on occupational exposures to chloropheno1s (p. 319),

workers involved in manufacturing 2,4,5-T itself (rather than the precursor 2,4,5trichlorophenol) may be exposed to both 2,4,5-trichlorophenol and 2,4,5- T. Sorne of the
manufacturing cohort studies referred to in that monograph are a1so, therefore, relevant to
2,4,5- T itse1f.

Potential exposure to 2,4,5- T was reported by Ott et al. (1980) in their mortality study of

a small cohort of 204 workers which identified one cancer death, with 1.3 expected, in
workers exposed for more than one year (see monograph on occupational exposures to
chlorophenols, p. 342).
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Fingerhut et al. (1984) carried out a review of cases reported in cohort studies and of
several additional case reports of soft-tissue sarcoma (see monograph on occupational

exposures to chlorophenols, p. 343). (The W orking Group considered that sorne over- or
underascertainment of soft-tissue sarcoma is possible.)

The mortality study reported by Cook et al. (1986) involved potentia1 exposure to both
trichlorophenol and 2,4,5-T, although the report focused on TCDD exposure in trichlorophenol manufacture. There were five cases of non-Hodgkin's lymphoma (SMR, 238; 95%

CI, 77-556) but no dose-response relationship to TCDD exposure. No dose-response
analysis was presented of potential 2,4,5-T exposure (see monograph on occupational
exposures to chlorophenols, p. 343). (The W orking Group noted that it was difficult to
determine the exposure of the workers to 2,4,5-T.)
(c) Case-control studies
(i) Soft-tissue sarcoma

The first case-control study of soft-tissue sarcoma followed the observation of a number

of patients at a cancer clinic in Sweden who had reported previous exposure to chlorophenoxy herbicides (Hardell & Sandström, 1979). A total of 52 male patients, 21
living and
31 deceased, were identified from records of the Department of Oncology of the University
Hospital of U me~ as having been admitted with a diagnosis of soft-tissue sarcoma between

1970 and 1977. Four matched controls were selected for each case, from the National
Population Registry for living patients, and from the National Registry for Causes of Death

for deceased patients. Exposure was ascertained through a postal questionnaire with a
variety of questions about exposure; the answers were supplemented by telephone without
knowledge of case or referent status. For deceased patients and controls, the procedure was
the sa

me, but contact was made with the next of kinG ln an attempt to verify occupational

exposures, questionnaires were also sent to the employers of persons stating work in

forestry, saw mills and pulp industries. According to the authors, employers' statements
from the latter two industries agreed closely with the statements given by the interviewed
persons and the same was therefore assumed to be true for exposure to chlorophenoxy
herbicides - but there were many non-respondents from the forestry companies. A

requirement for being classified as exposed was at least one full day of exposure more than
five years before the tumour was diagnosed. When patients and contro1s with exposure to
chlorophenols were excluded, the relative risk estimate was 5.3 (95% CI, 2.4-11.5), with 13

the 13 cases, 12 had been exposed to 2,4,5- Tor 2,4-D, and one to MCP A
alone; combined exposure to 2,4,5- T and 2,4-D was reported by nine cases. The exposure of
two cases consisted solely ofworking on ground that was wet from earlier spraying. Latency
from first exposure was predominantly in the range of 10-20 years. The median duration of
exposure was three to four months (range, two days to 49 months). As three ofthese patients
were those that had been identified earlier and initiated the study, a ca1culation was made
after exclusion of three cases and their controls; this did not affect the results (relative risk,
qises exposed. Of

4.7; 95% CI, 2.0-10.7). (The W orking Group noted that, according to the authors, a further
four exposed patients had been reported as cases before the case-control study was

published; but no calcu1ation was presented based on their exclusion.)
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A second study (Eriksson et aL., 1981) of soft-tissue sarcoma was undertaken in southern

Sweden, where MCP A and 2,4-D have been used widely in agriculture. The study involved
110 living and deceased cases reported in 1974-1978 and 220 referents selected by methods

similar to those used in the first study (Hardell & Sandström, 1979), and with the same
assessments and requirements for exposure. A relative risk estimate of8.5 was obtained for
exposure to chlorophenoxy herbicides alone for more than 30 days (seven cases), and one of
5.7 for exposures of less than or equal to 30 days (seven cases). The odds ratio for exposure
to chlorophenoxy herbicides other than 2,4,5-T was 4.2 (95% CI, 1.3-15.8).

An initial analysis of occupations recorded on the National New Zealand Cancer
Registry between 1976 and 1980 (102 cases compared to 306 controls) did not find an excess
of soft-tissue sarcoma cases in agriculture and forestry workers compared with patients with
cancers of other sites on the cancer registry (Smith et al., 1982b). Subsequently, 82 cases (or

their next-of-kin) of soft-tissue sarcoma were interviewed by telephone regarding past
occupations and specifie use of chlorophenoxy herbicides by an interviewer who was
the person, and the results were compared with those
of92 randomly selected referents with cancers at other sites (Smith et al., 1984). ln 43% of
unaware ofthe case/ referent status of

the cases and 34% of the referents, the patient gave the data himself or herself. Since the
results were not affected by such stratification, only results of unstratified analyses were
reported. An odds ratio of 1.6 (90% Ci, 0.7-3.3) was calculated for those who had probably

or definitely been exposed for more than one day more than five years prior to diagnosis of
the tumour (17 cases). N one of the cases was in a professional applicator.
Another study was undertaken with interviews of 51 further cases appearing on the
Cancer Registry up to 1982 (Smith & Pearce, 1986). Cases were identified as in the first
study, and histology reports were reviewed for each case. Eligible patients or their next-ofkin were interviewed by telephone by the same experienced interviewer, who was unaware of
the case/ referent status of the person. Referents were selected from a large series used for
another study on lymphoma and multiple myeloma (Pearce et al., 1986), who had been
interviewed in the same manner and comprised 315 cancer patients (excluding lymphoma,
multiple myeloma and soft-tissue sarcoma). The odds ratio for exposure for more than one
day more than five years prior to registration was 0.7 (90% Ci, 0.3-1.5). The combined
estimate, using data from both the previous study (Smith et aL., 1983) and the present one,
for 133 cases compared with 407 referents, was 1.1 (90% Ci, 0.7-1.8). The proportions of
exposed referents were 0.14 for the first study and 0.15 for the second study. N one of the
cases occurred in a professional applicator.
A population-based case-referent study was conducted in northern Italy (Vineis et aL.,

1986). Thirty-seven male and 31 female patients with soft-tissue sarcoma formed the case
series and 85 males and 73 fema1es made up the referent series. Of the cases, 24 were
deceased, and they were matched by municipality of residence with 36 deceased referents.
The living referents were drawn randomly from the population of each province. Cases and
referents, or their next-of-kin, were interviewed by a trained interviewer, who was unaware
of their case/referent status, by means of a personal visit; 16 cases and 37 referents gave
information by post. Information on various uses of herbicides, mainly 2,4-D,MCP A and
2,4,5- T (until 1970), was collected in detail and assessed by two experts in agricultural
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chemistry, who were unaware of the case/ referent status of the person. Exposure to
herbicides in these provinces was mainly associated with rice weeding, an activity
traditionally performed by women. The highest exposure to herbicides occurred in the early
1950s, when rice weeding was still performed manually but ch10rophenoxy herbicides were
being tested and introduced. An age-adjusted odds ratio of 0.91 was found for living men
with suspected exposure, and one of 2.7 (90% one-tailed CI, 0.59-12.37) for living women.
An age-adjusted odds ratio of 15.5 (1.3-180.3) was found for living women under the age of

75 years, exposed between 1950-1955. For deceased females, the odds ratio, based on four
exposed cases oflikely and certain exposure, was 1.05 (0.21-5.1). Only one dead male case

had been exposed. The authors suggested that geographical overmatching had occurred for
king Group noted that two of the exposed cases were
Kaposi's sarcoma.)

deceased cases and referents. (The W or

A case-control study ascertained Viet Nam service for 281 men with soft-tissue sarcoma

and for a matched control group (Greenwald et al., 1984). Cases were diagnosed between
1962 and 1980 and identified on the New York State Cancer Registry. The odds ratio for
service in Viet Nam was 0.53 (95% CI, 0.21-1.31), with ten cases reporting service in Viet

Nam. An odds ratio of 0.70 was obtained for those reporting contact with Agent Orange,
TCDD or 2,4,5-T. (The Working Group noted that bias may have arisen as a result of

the

choice of control group. Furthermore, exposure may have occurred to many other
chemicals, and the time between exposure and disease was short.)

(ii) Malignant lymphoma
Concerns about chlorophenoxy herbicides and lymphoma arose in Sweden when a
number of male patients with histiocytic lymphoma reported past exposure to chlorophenoxy herbicides. A case-control study of 169 cases of malignant lymphoma (60
Hodgkin's disease, 105 non-Hodgkin's lymphoma, four unclassifiable) was then underken, including 338 controls (Hardell et aL., 1981). The study design, including ascertainment of exposure, was similar to that of the Swedish soft-tissue sarcoma studies (see Hardell

ta

& Sandström, 1979). A relative risk estimate of 4.8 (95% CI, 2.9-8.1) was obtained for
exposure to chlorophenoxy herbicides, exc1uding cases and controls exposed to chlorophenols. Stratifying by duration of exposure, the relative risk estimate was 4.3 for less than
90 days, and 7.0 for 90 days or more exposure to chlorophenoxy herbicides. Most

chlorophenoxy herbicide-exposed cases reported exposure to both 2,4,5- T and 2,4-D (25

cases); two reported exposure to 2,4,5-T, 2,4-D and MCPA, seven to 2,4-D alone, and five

to MCPA alone (Hardell, 1981a). No 'noticeable difference' in excess risk could be
demonstrated between Hodgkin's disease and non-Hodgkin's lymphoma.
ln New Zealand, an ana1ysis of reported occupation appearing on the New Zealand
Cancer Registry indicated an excess of malignant 1ymphoma and multiple myelorna among
men in agricultural occupations during i 977-1981. A1though 734 cases and four controls per

case were selected from the Registry, the main findings concerned a subgroup of88 cases of
ma1ignant lymphoma, c1assified as ICD 202 which covers non-Hodgkin's lymphoma other
than lymphosarcoma and reticulosarcoma. An odds ratio of 1.76 (95% CI, 1.03-3.02) was

obtained for those under the age of 65 workingin agriculture (Pearce et aL., 1985). However,

392

IARC MONOGRAPHS VOLUME 41

a subsequent interview study of 83 cases c1assified as ICD 202 (see monograph on occupational exposures to chlorophenols, p. 344) did not suggest that exposure to ch10rophenoxy
herbicides was the explanation, since an odds ratio of 1.3 (90% CI, 0.7-2.5) was obtained
when the controls were people with other cancers, and an odds ratio of 1.0 (0.5-2.1) when

general population controls were used for people probably or definitely exposed for more
than one day not in the five years before cancer registration (Pearce et al., 1986).
(iii) Nasal and nasopharyngeal cancer

ln the study of Hardell et al. (1982), described in the monograph on occupationa1
exposures to chlorophenols (p. 344), an odds ratio of 2.1 (95% CI, 0.9-4.7) was found for

exposure to chlorophenoxy herbicides.
(iv) Colon and /ive, cancer

me Swedish authors tested the assumption that a greater recall of past herbicide
exposure by patients with soft-tissue sarcoma and 1ymphoma than by the controls may have
produced the earlIer findings. A study was conducted involving 157 male colon cancer
patients (Hardell, 1981 b), who were interviewed in the same manner as in the earlier studies,
the combined contro1s from the two earlIer
me region (Hardell & Sandström, 1979; Eriksson et al., 1981). A relative
risk estimate of 1.3 (95% Ci, 0.6-2.8) was obtained based on Il exposed cases (out of 154)
The sa

and whose exposure was compared with that of
studies from the sa

and 43 exposed referents (out of 541).
Hardell et aL. (1984) performed a case-control study in the northern region ofSweden on

103 primary liver cancer cases diagnosed in 1974-1981 and 206 controls, with a studydesign
similar to that of the earlier studies (Hardell & Sandström, 1979; Eriksson et al., 1981). Of

the cases, 8.2% reported exposure to chlorophenoxy herbicides versus 6.5% among the
referents (odds ratio, 1.7; 95% CI, 0.7-4.4). The study indicated an association between
exposure to organic solvents and primary lIver cancer.
Vân (1984) investigated previous exposure to herbicides during wartime for 21 male
cases of primary hepatic carcinoma admitted to the Viet Duc H tiU N gai Hospital of Hanoi,

Viet Nam, in January to September 1982, and for 42 control subjects admitted in the same
months for gastrointestinal diseases. Cases and controls were aged 18-50 years. Six of 21
cases and 3/42 controls had been living, working or fighting in sprayed regions of South Viet
Nam, at the time of spraying or subsequently, for a length of time ranging from eight to 77
months. No information was available on possible confounding factors. (The W orking

Group noted that the possibility of bias, exposures to many unknown chemicals and the
short reported 1atency make the study uninformative.)
(The possibility of recall bias in the Swedish case-referent studies has been discussed by
the authors (Axelson, 1980; Hardell, 1981 a, b; Hardell et al., 1981; Hardell & Axelson, 1982;

Hardell et al., 1984). Had a significant recall bias existed, the studies on colon cancer
(Hardell, 1981b) and lIver cancer (Hardell et aL., 1984) wou1d have been expected to give
significantly elevated odds ratios for herbicide exposure; such findings were not reported.
(The New Zealand studies used other cancer patients as controls. However, a comparison of such controls with genera1 population controls also interviewed by telephone did
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not reveal differences in past exposure frequency (Pearce et al., 1986). The use of other
cancers as controls does not therefore explain the difference in findings between the Swedish

and New Zealand studies.

(The Working Group noted that none of the cases of soft-tissue sarcoma seen in New
Zealand occurred in a professional herbicide applicator. The W orking Group noted differ-

ences in the use patterns of chlorophenoxy herbicides in Sweden and New Zealand, e.g.,

hand-notching and application of amine salts to trees was used in Sweden. Also, no
information was availab1e on the solvents, emulsifiers and other additives in the chlorophenoxy herbicide formulations used in Sweden and New Zealand. Limited information is
available on the levels ofTCDD in formulations used in Sweden and New Zealand, but the
data indicate contamination at about the same leveI.)

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Chlorophenoxy herbicides have been produced extensively since the 1950s for use in
agriculture and as defoliants, although production and use are now decreasing in many
countries. Widespread occupational exposure to chlorophenoxy herbicides and their

chlorinated dibenzodioxin impurities is known to have occurred during their production,
formulation, application and disposaI. Increased urinary 1evels of chlorophenoxy

compounds and increased concentrations of some chlorinated dibenzodioxins in adipose
tissue have been measured in highly exposed persons. The presence of dibenzodioxins and
dibenzofurans has been demonstrated in the adipose tissue of nonoccupationally exposed
people in many countries.
During occupational exposure, such as ground spraying and other manual application
of these herbicides, dermal absorption is a major route of entry into the body.
ln manufacturing plants, exposures occur during the handling of raw materials, intermediates, finished products and process wastes. High-leve1 short-term occupational

exposures have also been caused by industrial accidents.
4.2 Experimental data

Previous IARC evaluations of the carcinogenicity to experimental animals of several

individual chlorophenoxy herbicides and of 2,3,7 ,8-tetrachlorodibenzo-para-dioxin
(TCDD), an impurity found in sorne of these herbicides, are summarized in section 3.1.

4.3 Human data
Studies comparing the occurrence of congenital malformations in areas and periods
characterized by different usage of chlorophenoxy herbicides were uninformative with

regard to the teratogenicity of these agents. Two case-control studies on birth anomalies
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among the children of Australian and US veterans and of New Zealand pesticide sprayers
showed no excess risk associated with paternal exposure to herbicides.

No study was avai1able of pregnancy outcomes of women exposed occupationally to
ch10rophenoxy herbicides.
ln one study of persons exposed to chlorophenoxy herbicides during military operations

in Viet Nam, conducted ten years after exposure, no increase in the incidence of
chromosomal aberrations or sister chromatid exchanges was observed.

Cytogenetic studies have been carried out on workers occupationally exposed to
chlorophenoxy herbicides during spraying. ln three of the studies, there was also exposure

to other herbicides, and the effect of chlorophenoxy herbicides could not be assessed.
Studies in which occupational exposure was only to ch10rophenoxy herbicides showed no
ter chromatid exchanges.
increased incidence of chromos

omal aberrations or sis

ln a large Danish cohort study of chemical workers exposed to chlorophenoxy

herbicides (particularly (4-chloro-2-methylphenoxy)acetic acid (MCP A), 2-( 4-chloro-2methylphenoxy)propanoic acid (mecoprop), 2,4-dichlorophenoxyacetic acid (2,4-D) and
2-(2,4-dichlorophenoxy)propanoic acid (dichlorprop)), as well as other chemicals, no

overall increase in cancer incidence rate was observed, but there were significantly increased
risks of soft-tissue sarcoma and lung cancer in different subcohorts, which were not

necessarily those with the highest exposures to chlorophenoxy herbicide preparations. A

Finnish cohort study of brush control workers with short follow-up time showed no
increased risk. A small Swedish cohort study of rai1road workers who sprayed herbicides

showed an increased risk of cancers at all sites combined for those exposed to both
chlorophenoxy herbicide preparations and other herbicides. An excess incidence of all
cancers was also reported from a very small cohort of Swedish forestry foremen exposed to
chlorophenoxy herbicide preparations and other herbicides. A study oflong-term pesticide
applicators in the German Democratie Republic, heavily exposed to a number of chemica1s,
inc1uding 2,4-D and MCP A, demonstrated an increased risk of bronchia1 carcinoma.

A population-based case-control study conducted in northern Sweden showed a
statistically significant association between exposure to ch10rophenoxy herbicides, especially

in forestry, and the occurrence of soft-tissue sarcomas. A second study on this type of
tumour was conducted in southern Sweden, where a significant increase in the risk of
developing soft-tissue sarcomas was associated with previous exposures to chlorophenoxy
herbicides, mainly in agriculture. An increased risk of soft-tissue sarcoma was described
among highly exposed Italian rice weeders in a population-based case-control study. A
case-control study from New Zealand did not demonstrate an increased risk of soft-tissue
sarcoma in people exposed to chlorophenoxy herbicides.

A statistically significant association between malignant lymphoma and exposure to
chlorophenoxy herbicides was found in a Swedish case-control study; however, no such
association was seen in a case-control study of these tumours from New Zealand. ln a
Danish cohort of chemical workers exposed to chlorophenoxy herbicides, there was also no
increased risk of ma1ignant lymphoma.
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Three Swedish case-control studies of colon, 1iver and nasal cancer, respectively, which

me study design and methods as in the studies on soft-tissue sarcoma and
malignant lymphoma, did not demonstrate significantly increased risks. Exposure recall
used the sa

bias of cancer patients thus does not seem to explain the differences between the results of
the Swedish and the New Zealand case-control studies of soft-tissue tumours and
lymphomas.

ln summary, well-conducted case-control studies have provided the most information
on the association between cancer and occupationa1 exposure to chlorophenoxy herbicides.
Statistically significant elevated odds ratios have been observed for cancers at sorne sites,
but not consistently, in independent studies. The results of one cohort study on the incidence
of soft-tissue sarcoma support the finding in case-control studies of an increased relative risk

for these tumours. Other cohort studies have added little information. No consistent
exposure-response relationship emerged from the different studies, and, in the studies that
found an association, exposures were shorter than those usually associated with occupationrelated cancers.

4.4 Evaluationl

There is limited evidence that occupational exposures to chlorophenoxy herbicides are
carcinogenic to humans.
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APPENDIX: SUMMARY OF FINAL EVALUATIONS

Compound

Degree of evidencea

Dichloromethane
L, L, L ,2- T etrachloroethane

Rumans

Animais

Short-term tests

1

S

1

S
L
L
S

ND
ND

L
L

1

1

ND
ND

Pentachloroethane
1,3- Dichloropropene
1,2-Dichloropropane
Bis(2-chloro- i -methylethyl)ether

ride
Methyl bromide
Methyl iodide
Chlorofluoromethane
Chlorodifluoromethane
Methyl chio

1

ND
ND
1

2-Chloro- 1, i, i -trifluoroethane
Polybrominated biphenyls

ND
1

Amitrole
Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides (occupational exposures to)

1

L
L
L
L
L
S
S

1
1

L
L
1

S
S
S
L
1

1

NE
L

L
L

ai, inadequate, S, suffcient; ND, no data; L, Iimited; NE, no evidence. For definitions ofthe degrees of evidence, see pp. 18,20,

21 and 22 of the Preamble to this volume.
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ON THE EVALUATION OF THE CARCINOGENIC RISK
OF CHEMICALS TO HUMANS
Numbers in italics indicate volume, and other numbers indicate page. References to corrigenda
are given in parentheses. Compounds marked with an asterisk(*) were considered by the working

groups in the year indicated, but monographs were not prepared because adequate data on
carcinogenicity were not available.

A

A-a-C (2-Amino-9 H-pyrido(2,3-b )indole)

40, 245
36, 101 (corr. 40, 419)

Acetaldehyde
Acetaldehyde formylmethylhydrazone
Acetamide

31, 163
7, 197

Acetylsalicylic acid (1976)*

Acridine orange
Acriflavinium chio

16, 145

ride

13,31
19,479

Acrolein

36, 133

Acrylamide
Acrylic acid
Acrylic fibres
Acrylonitrile

39,41
19,47
19,86
19,73
Suppl. 4, 25

Acry 1 0 ni trile-b u tad iene-s tyrene co po 1 ymers

19,9

Actinomycins

10,29 (corr. 29, 399; 34, 197)

Suppl. 4, 27
Adipic acid (1978)*

Adriamycin

10,43
Suppl. 4, 29
31,47

AF-2
Aflatoxins

1, 145 (corr. 7,319; 8, 349)

10,51
Suppl. 4,31

Agaritine
Aldrin

31,63
5,25
Suppl. 4, 35

Allyl chloride

36,39
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Allyl isothiocyanate
Allyl isovalerate
Aluminium production
Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone
para- Aminoazo benzene

36,55
36,69
34,37
8,41

ort ho- Aminoazotoluene

8,61 (corr. 11, 295)

para-Aminobenzoic acid
4-Aminobiphenyl

16,249

16,243
27, 191

8,53

1, 74 (corr. JO, 343)

Suppl. 4, 37
1 -Amino-2-methylanthraquinone
2-Amino-5-( 5-nitro-2-furyl)- 1 ,3,4-thiadiazole
4- Amino- 2-nitropheno 1

27, 199

7,143
16,43

2-Amino-4-nitrophenol (1977)*

2-Amino-5-nitrophenol (l977)*'¡'t'~
2- Amino-5-nitrothiazo le

31, 71

6-Aminopenicillanic acid (1975)*

Ii -Aminoundecanoic acid
Amitrole

39, 239

7,31
Suppl. 4, 38
41,293

Amobarbital sodium (1976)*

Anaesthetics, volatile

11, 285

Suppl. 4,41

Angelicin and sorne synthetic derivatives
5-Methylangelicin

40, 291

4,4' -Dimethylangelicin

4,5' -Dimethylangelicin
4,4',6- Trimethylangelicin

Aniline

Aniline hydrochloride
ortho-Anisidine and its hydrochloride
para-Anisidine and its hydrochloride

4,27 (corr. 7, 320)
27,39
Suppl. 4, 49
27,40
27,63
27,65
32,95

Anthanthrene
Anthracene

32, 105

Anthranilic acid

16,265

CUMULATIVE INDEX
Apholate

9,31

Aramite(ß

Arsenic and arsenic compounds
Arsanilic acid

5,39
1,41

2,48

Arsenic pentoxide

23, 39

Arsenic sulphide

Suppl. 4, 50

Arsenic trioxide
Arsine
Calcium arsenate
Dimethylarsinic acid
Lead arsenate
Methanearsonic acid, disodium salt
Methanearsonic acid, monosodium salt
Potassium arsenate
Potassium arsenite
Sodium arsenate
Sodium arsenIte
Sodium cacodylate
Asbestos
Actinolite
Amosite
Anthophyllite
Chrysotile
Crocidolite
Tremolite

2, 17 (corr. 7,319)
14 (corr. 15,341; 17,351)
Suppl. 4, 52

Asiaticoside (1975)*

Auramine

1,69 (corr. 7,319)

Aurothioglucose
5-Azacytidine
Azaserine
Azathioprine

Suppl. 4, 53 (corr. 33, 223)

13,39
26,37
10, 73 (corr. 12,27 1)

26,47
Suppl. 4, 55

Aziridine
2-( 1 -Aziridinyl)ethanol

Aziridyl benzoquinone
Azobenzene

9,37
9,47
9,51
8,75

B
Benz( a )acridine

32, 123

Benz( c )acridine

3,241
32, 129

Benzal chIo

ride

Benz( a )anthracene

29,65
Suppl. 4, 84
3,45
32, 135
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Benzene

7,203 (corr. Il,295)
29,93,39 i
Suppl. 4, 56 (corr. 35, 249)

Benzidine and its salts

1,80
29, 149,391
Suppl. 4, 57

Benzo( b )fluoranthene

3,69
32, 147

Benzoúlfluoranthene

3,82

Benzo( k )fluoranthene

32, 163

Benzo(ghilfluoranthene

32, 171

32, 155

Benzo( a )fluorene

32, 177

Benzo( b )fluorene

32, 183

Benzo(c)fluorene
Benzo(ghilperylene
Benzo( c )phenanthrene

Benzo( a )pyrene

32, 189
32, 195
32, 205

3,91
Suppl. 4, 227
32, 211

Benzo( e )pyrene

3, 137

32, 225

para-Benzoquinone dioxime

29, 185

Benzotrichloride

29,73
Suppl. 4, 84
29,83
Suppl. 4, 84

Benzoyl chloride
Benzoyl peroxide

36, 267

Benzyl acetate

40, 109

Benzyl chIo

ride

11,217 (corr. 13,243)
29,49 (corr. 30,407)
Suppl. 4, 84

Benzyl violet 4B

Beryllium and beryllium compounds
Bertrandite
Beryllium acetate
Beryllium acetate, basic
Beryllum-aluminium alloy
Beryllium carbonate
Beryllum chloride
Beryllum-copper alloy
Beryllium-copper-co balt alloy
Beryllum fluoride
Beryllum hydroxide

Beryllum-nickel alloy
Beryllum oxide
Beryllum phosphate

16, 153
1, 17

23, 143 (corr. 25, 392)

Suppl. 4, 60

CUMULATIVE INDEX
Beryllium silicate

Beryllum sulphate and its tetrahydrate
Beryl ore

Zinc beryllium silicate
Betel-quid and areca-nut chewing
Bis( 1 -aziridinyl)morpholinophosphine sulphide
Bis( 2-chlo roethyl )ether

N,N- Bis(2-chloroethyl)-2-naphthylamine (Chlomaphazine)

Bischloroethyl nitrosourea (BCNU)

37, 141

9,55
9, 117

4, 119 (corr. 30, 407)
Suppl. 4, 62

26,79
Suppl. 4, 63

Bis-(2-chloroisopropyl)ether (1976)*

1,2- Bis( chloromethoxy)ethane
1,4- Bis( chloromethoxymethyl)benzene
Bis( chloromethyl)ether

Bis(2-chloro- 1 -methylethyl)ether

Bitumens
Bleomycins
Blue VRS

Boot and shoe manufacture and repair
Bracken fem
Brillant blue FCF diammonium and disodium salts
1,3-Butadiene
1,4-Butanediol dimethanesulphonate (Myleran)

15,31
15, 37

4,231 (corr. 13,243)
Suppl. 4, 64

41, 149

35,39
26,97
Suppl. 4, 66
16, 163

25, 249
Suppl. 4, 138

40,47
16,171 (corr. 30, 407)
39, 155 (corr. 40, 418)

4,247
Suppl. 4, 68

n-Butyl acrylate
Butylated hydroxyanisole (BHA)
Butylated hydroxytoluene (BHT)

39,67

yI benzyl phthalate
Butyl-cis-9, 10-epoxystearate (1976)*
ß- Butyrolactone
y- Butyrolactone

29, 194 (corr. 32, 455)

But

40, 123
40, 161

11, 225
11, 231

C

Cadmium and cadmium compounds
Cadmium acetate
Cadmium chloride
Cadmium oxide

Cadmium sulphate
Cadmium sulphide
Calcium cyclamate

2,74
11,39 (corr. 27, 320)
Suppl. 4, 71

22,58 (corr. 25, 391)
Suppl. 4, 97
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Calcium saccharin

22, 120 (corr. 25, 391)

Suppl. 4, 225

Cantharidin
Caprolactam

JO,

79

19, 115 (corr. 31, 293)

39,247 (corr. 40,418)
Captan
Carbaryl
Carbazole
3-Carbethoxypsoralen

30, 295

12,37
32, 239

40, 317

Carbon blacks

3,22
33,35

Carbon tetrachloride

1,53
20, 371

Suppl. 4, 74
Carmoisine
Carpentry and joinery

8,83
25, 139

Suppl. 4, 139

Carrageenan

JO, 181 (corr. 11, 295~

31,79
Catechol

15, 155

Chloramben (1982)*

Chlorambucil

9, 125

26, 1I5

Suppl. 4, 77

Chloramphenicol

JO,

85

Suppl. 4, 79

Chlordane
Chlordecone (Kepone)

Chlordimeform
Chlorinated dibenzodioxins

20,45 (corr. 25, 391)
Suppl. 4, 80
20,67
30,61
15,41
Suppl. 4, 21 L, 238

Chlorinated toluenes (production of)
Chlormadinone acetate

Suppl. 4, 84
6,149
21, 365

Suppl. 4, 192

Chlorobenzilate

5,75
30,73

Chlorodifluoromethane

41, 237

1 -(2-Chloroethyl)-3-cyclohexyl- 1 -nitrosourea (CCNU)

26, 173 (corr. 35, 249)

Suppl. 4, 83

Chlorofluoromethane

41, 229

CUMULATIVE INDEX
Chloroform

415

1,61
20, 401
Supp/. 4, 87

Chloromethyl methyl ether

4,239
Supp/. 4, 64

Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides (occupational exposures to)
(see a/so Phenoxyacetic acid herbicides, occupational

Suppl. 4, 88

41,319
Supp/. 4, 211

41, 357

exposure to)

4-Chloro-ortho-phenylenediamine
4-Chloro-meta-p henylenediamine
Chloroprene

27,81
27,82
19, 131

Supp/. 4, 89

Chloropropham
Chloroquine
Chlorothalonil
para-Chloro-ortho-toluidine and its hydrochloride
5-Chloro-ortho-toluidine (1 9TI)*

Chlorotrianisene
2-Chloro- 1,1,1 -trifluoroethane

Chlorpromazine (1976)*

Cholesterol

Chromium and chromium compounds
Barium chromate

Basic chromic sulphate

Calcium chromate
Chromic acetate
Chromic chio
ride
Chromic oxide
Chromic phosphate
Chromite ore
Chromium carbonyl
Chromium potassium sulphate
Chromium sulphate
Chromium trioxide
Cobalt-chromium alloy

Ferrochromium
Lead chromate
Lead chromate oxide
Potassium chromate

Potassium dichromate
Sodium chromate

12,55
13,47
30, 319

16,277
30,61
21, 139

41,253
JO,

99

31,95
2,100
23,205
Supp/. 4, 91
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Sodium dichromate
Strontium chromate

Zinc chromate
Zinc chromate hydroxide
Zinc potassium chromate
Zinc yellow
Chrysene

3,159
32, 247

c.I. Dísperse Yellow 3

8,91
8,97

Cínnamyl anthranílate

16,287

Chrysoídíne

31, 133

Císplatin

26, 151

Cítrínín

Cítrus Red No. 2
Clofíbrate

40,67
8, 101 (corr. 19,495)
24,39

Clomíphene and íts cítrate

21, 551

Coal gasífícatíon

34,65
35,83

Suppl. 4, 93

Suppl. 4,95

Suppl. 4, 96

Coal-tars
Coal-tar pítches (see Coal-tars)

Coke productíon

34, 101

Conjugated oestrogens

21, 147

Suppl.4, 179

Copper 8-hydroxyquínolíne

Coronene
Coumarín
Creosotes (see Coal-tars)
meta-Cresídíne
para-Cresídíne
Cycasín

15, 103

32, 263
JO, 113

27,91
27,92
1, 157 (corr. 7,319)
10, 121

Cyclamíc acíd

22,55 (corr. 25,391)
Suppl. 4, 97

Cyclochlorotine
Cyclohexylamíne

22,59 (corr. 25, 391)

Cyclopenta( cd)pyrene

32, 269

JO, 139

Suppl. 4, 97
Cyclophosphamíde

9,135
26, 165

Suppl. 4, 99
D
2,4-D and esters

15, 1 Il
Suppl. 4, 101, 2Il

Dacarbazíne

26, 203

D and C Red No. 9

8, 107

Suppl. 4, 103

CUMULATIVE INDEX

Dapsone

24,59
Suppl. 4, 104

Daunomycin
DDT and associated substances
DDD (TDE)
DDE
Diacety laminoazotol uene
N,N' -Diacetylbenzidine

JO, 145

5,83 (corr. 7,320)
Suppl. 4, 105

8,113
16, 293

Diallate

12,69

2,4-Diaminoanisole and its sulphate

30, 235
16,51
27, 103

2,5-Diaminoanisole (1977)*

4,4'-Diaminodiphenyl ether
L ,2-Diamino-4-nitrobenzene

1,4-Diamino-2-nitrobenzene
2,4-Diaminotoluene (see also Toluene diisocyanate)
2,5-Diaminotoluene and its sulphate
Diazepam
Diazomethane
Dibenz( a,h )acridine

16,301
29,203
16,63
16,73
16,83
16,97
13,57
7,223
3,247
32, 277

Dibenz( aJJacridine

Dibenz( a,c )anthracene
Dibenz( a,h )anthracene

Dibenz( aJJanthracene

7 H-Dibenzo(c,g)carbazole
Dibenzo( a,e )fluoranthene
Dibenzo( h,rst)pentaphene

Dibenzo( a,e )pyrene

3,254
32, 283
32,289 (corr. 34, 197)

3,178
32, 299
32, 309

3,260
32,315
32,321
3,197
3,201
32, 327

Dibenzo( a,h )pyrene

3,207

Di benzo( a, iJpyrene

3,215

32, 331

Dibenzo( a,l)pyrene

1,2- Dibromo-3-chloropropane

32, 337

3,224
32, 343
15, 139

20,83
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Dichloroacetylene
ortho-Dichlorobenzene

39, 369
7, 231

29, 213
Suppl. 4, 108

para- Dichlorobenzene

7,231
29, 215

Suppl. 4, 108

3,3'-Dichlorobenzidine and its

dihydrochloride

4,49
29, 239

Suppl. 4, 110

trans- 1,4- Dichlorobutene
3,3' -Dichloro-4,4' -diaminodiphenyl ether

1,2-Dichloroethane
Dichloromethane

15, 149

16, 309
20, 429
20, 449
Suppl. 4, 111

41, 43

2,6- Dichloro-para-p henylenediamine
1,2- Dichloropropane
1,3- Dichloropropene
Dichlorvos
Dicofol
Dicyclohexylamine
Dieldrin

39,325
41, 131

41, Il3

20,97
30,87
22,60 (corr. 25, 391)

5,125
Suppl. 4, 112

Dienoestrol

21, 161

Suppl. 4, 183

Diepoxybutane
Di -(2-eth y 1hexy 1 )adi pate

Di -(2-eth y Ihexy l)p hthala te

1,2-Diethylhydrazine
Diethylstilboestrol

11,115 (corr. 12,271)
29,257
29,269 (corr. 32,455)
4, 153

6,55
21, 172 (corr. 23,417)
Suppl. 4, 184

Diethylstilboestrol dipropionate

21, 175

Diethyl sulphate

4,277
Suppl. 4, 115

Diglycidyl resorcinol ether

11, 125

36, 181

Dihydrosafrole

1, 170

JO, 233

Dihydroxybenzenes
Dihydroxymethylfuratrizine

15, 155

24, 77

CUMULATIVE INDEX

Dimethisterone

6,167
21,377
Suppl. 4, 193

Dimethoate (1977)*

Dimethoxane

15, 177

3,3' -Dimethoxybenzidine (ortho-Dianisidine)

4,41

3,3'- Dimethoxybenzidine-4,4' -diisocyanate

Suppl. 4, 1I6
39, 279
8, 125 (corr. 31, 293)

para- Dimeth ylaminoazo benzene
para- Dimeth ylamino benzenediazo

sodium sulphonate
trans-2((Dimethylamino )methylimino )-5(2-( 5-nitro-2-furyl)vinyl)- 1 ,3,4-oxadiazole
3,3'- Dimethylbenzidine (ortho- T olidine)
Dimethylcarbamoyl chIo

ride

8,147
7, 147 (corr. 30, 407)

1,87
12,77
Suppl. 4, 1I8

1,1 -Dimethylhydrazine
1,2- Dimethylhydrazine
1,4-Dimethylphenanthrene
Dimethyl sulphate

4,137
4, 145 (corr. 7,320)
32, 349
4,271
Suppl. 4, 119

Dimethylterephthalate (1978)*

L ,8-Dinitropyrene
Dinitrosopen tamethylenetetramine.
1,4- Dioxane

33, 171

11, 241
IL, 247
Suppl. 4, 121

2,4' -Diphenyldiamine

16,313

Diphenylthiohydantoin (1976)*
Direct Black 38

29,295 (corr. 32,455)
Suppl. 4, 59

Direct Blue 6

29, 311
Suppl. 4, 59

Direct Brown 95

29,321
Suppl. 4, 59

Disulfiram
Dithranol
Dulcin

12,85
13,75
12,97

E

Endrin

5,157

Enflurane (1976)*

Eosin and its disodium salt

15, 183

419
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Epichlorohydrin

11, 131 (corr. 18, 125; 26, 387)

Suppl. 4, 122 (corr. 33, 223)

1 - Epoxyethyl-3,4-epoxycyclohexane

11, 141

3,4- Epoxy-6-methylcyclo hexylmethyl- 3,4epoxy-6-methylcyclohexane carboxylate

11, 147

cis-9,IO-Epoxystearic acid
Ethinyloestradiol

11, 153

6,77
21,233
Suppl. 4, 186

Ethionamide
Ethyl acrylate

13,83
19,57
39,81

Ethylene
Ethylene dibromide

19, 157
15, 195

Suppl. 4, 124

Ethylene oxide

11, 157

Suppl. 4, 126

36, 189 (corr. 40,419)
Ethylene sulphide

11, 257

Ethylene thiourea

7,45
Suppl. 4, 128

Ethyl methanesulphonate

7,245

Ethyl selenac

12, 107

Ethyl tellurac
Ethynodiol diacetate

12, 115

6,173
21, 387

Suppl. 4, 194

Eugenol

36,75

Evans blue

8, 151

F

Fast green FCF
Ferbam
Fluometuron
Fluoranthene
Fluorene

16, 187

12, 121 (corr. 13,243)
30, 245

32,355
32, 365

Fluorescein and its disodium salt (1977)*

Fluorides (inorganic used in drinking-water and
dental preparations)

Fluorspar
Fluosilicic acid
Sodium fluoride

27, 237

CUMULATIVE INDEX

Sodium monofluorophosphate
Sodium silicofluoride

Stannous fluoride
5- Fluorouracil

26,217
Suppl. 4, 130

Formaldehyde

29, 345
Suppl.4, 131

2-(2- Formylhydrazino )-4-(5-nitro-2furyl)thiazole

Furazolidone
The furniture and cabinet-making industry

7, 151 (corr. 11,295)
31, 141

25,99
Suppl. 4, 140

2-(2- Furyl)- 3-( 5-ni tro-2-furyl)acrylamide

Fusarenon-X

31,47
11, 169

31, 153

G
G 1 u- P - 1 (2- Amino-6-methyldi pyrido( 1 ,2-a: 3' ,2' -d)imidazo le)

Glu-P-2 (2-Aminodipyrido( 1 ,2-a:3',2' -d)imidazole
L-Glutamic acid-5-(2-( 4-hydroxymethyl)phenylhydrazide)
Glycidaldehyde
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea green B

Gyromitrin

40,223
40, 235

31,63
11, 175
Il, 183

11, 187
JO, 153

16, 199
31, 163

H

Haematite

1,29
Suppl. 4, 254

Haematoxylin (1977)*

Hair dyes, epidemiology of
Halothane (1976)*
Heptachlor and its epoxide

16,29
27, 307

5,173
20, 129

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyc1ohexane (a-, ß-, ô-, t;-,
technical H CH and lindane)

Suppl. 4, 80
20, 155

20, 179

5,47
20, 195 (corr. 32, 455)
Suppl. 4, 133
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Hexachloroethane
Hexachlorophene

20, 467
20, 241

Hexamethylenediamine (1978)*

Hexamethylphosphoramide
Hycanthone and its mesylate

15, 211

13,91

Hydralazine and its hydrochloride

24, 85

Hydrazine

4, 127

Suppl. 4, 135

Suppl. 4, 136

Hydrogen peroxide
Hydroquinone
4- Hydroxyazobenzene
17 a-Hydroxyprogesterone caproate

36, 285
15, 155

8, 157

21,399 (corr. 31, 293)
Suppl. 4, 195

8- H ydroxyq uinoline

13, 101

Hydroxysenkirkine

10,265

1

lndeno( 1 ,2,3-cd)pyrene

3,229
32,373

IQ (2-Amino-3-methylimidazo( 4,5:fquinoline)

40, 261

Iron and steel founding

34, 133

lron-dextran complex

2, 161

Suppl. 4, 145

lron-dextrin complex
Iron oxide
Iron sorbitol-citric acid complex
lsatidine

2, 161 (corr. 7,319)
1,29
2, 161

10, 269

lsoflurane (1976)*

lsonicotinic acid hydrazide

4,159
Suppl. 4, 146

lsophosphamide

26, 237

lsoprene (1978)*
Isopropyl alcohol

15,223
Suppl.4, 151

lsopropyl oils

15,223
Suppl.4, 151

lsosafrole

1,169
JO, 232

J
Jacobine

JO, 275

CUMULATIVE INDEX

K

Kaempferol

31, 171

L

Lasiocarpine
Lauroyl peroxide

Lead and lead compounds

Lead acetate and its trihydrate
Lead carbonate
Lead chIo

ride

Lead naphthenate
Lead nitrate
Lead oxide

JO, 281

36,315
1,40 (corr. 7,319)
2,52 (corr. 8, 349)
2,150
23, 39, 205, 325

Suppl.4, 149 (corr. 40, 417)

Lead phosphate

Lead subacetate
Lead tetroxide
Tetraethyllead
T etramethyllead

The leather goods manufacturing industry
(other than boot and shoe manufacture and tanning)
The leather tanning and processing industries

25, 279
Suppl.4, 142

25,201
Suppl. 4, 142

Ledate
Light green SF
Lindane

12, 131

16,209

5,47
20, 196
Suppl. 4, 133

The lumber and sawmill industries (including logging)

25,49
Suppl. 4, 143

Luteoskyrin
Lynoestrenol

JO, 163

21, 407
Suppl. 4, 195

Lysergide (1976)*

M

Magenta

4,57 (corr. 7,320)
Suppl. 4, 152

Malathion
Maleic hydrazide
Malonaldehyde
Maneb
Mannomustine and its dihydrochloride

30, 103
4, 173 (corr. 18, 125)

36, 163

12, 137

9,157

423
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MCP A (see a/so Chlorophenoxy herbicides,
occupational exposures to)
MeA-a-C (2-Amino-3-methyl-9H-pyrido(2,3-b )indole)
Medphalan
Medroxyprogesterone acetate

Suppl. 4, 2ll

30, 255
40, 253

9,168
6,157
21,417 (corr. 25, 391)
Suppl. 4, 196

Megestrol acetate

21,431

MeIQ (2-Amino-3,4-dimethylimidazo( 4,5:fquinoline)
MelQx (2-Amino-3,8-dimethylimidazo( 4,5:fquinoxaline)
Melamine

40, 275
39, 333

Melphalan

9, 167

Suppl. 4, 198

40,283

Suppl. 4, 154

6- Mercaptopurine

26, 249
Suppl. 4, 155

Merphalan
Mestranol

9, 169

6,87
21,257 (corr. 25, 391)
Supp/.4, 188

Methacrylic acid (1978)*
Methallenoestril (1978)*

Methotrexate

26, 267

Methoxsalen

24, 101

Suppl. 4, 157

Suppl. 4, 158

Methoxychlor

5, 193

20, 259
Methoxytlurane (1976)*
5- Methoxypsoralen

Methyl acrylate
2-Methylaziridine
Methylazoxymethanol
Methylazoxymethanol acetate

40, 327

19,52
39,99
9,61
JO, 121

1,164
JO, 13 1

Methyl bromide
Methyl carbamate
Methyl chIo
ride

41, 187
12, 151

41, 161

1-,2-,3-,4-,5- and 6-Methylchrysenes

32, 379

N- Methyl- N,4-dinitrosoaniline

1, 141

4,4' -Methylene bis(2-chloroaniline)
4,4'-Methylene bis(N,N-dimethyl)benzenamine

4,65 (corr. 7,320)
27, 119

CUMULATIVE INDEX

4,4'- Methylene bis(2-methylaniline)
4,4'-Methylenedianiline and its dihydrochloride

4,73
4, 79 (corr. 7,320)
39, 347

4,4'- Methylenediphenyl diisocyanate
2- and 3-Methylfluoranthenes

Methyl iodide

19, 314

32, 399
15, 245

41,213
Methyl methacrylate

19, 187

Methyl methanesulphonate

7,253

2-Methyl- 1 -nitroanthraquinone
N- Methyl- N' -nitro- N-nitrosoguanidine
3- Meth ylnitrosaminopropionaldehyde

27, 205

4,183

3- Meth ylnitrosaminopropio nitrile
4-(Methylnitrosamino )-4-(3-pyridyl)butanal (NN A)
4-(Methylnitrosamino )-I-(3-pyridyl)- 1 -butanone (NNK)

37, 263
37, 263
37, 205
37, 209

Methyl parathion

30, 131

1 - Methylphenanthrene

32, 405

Methyl protoanemonin (1975)*
7 - Methylpyrido(3,4-c )psoralen

40, 349

Methyl red
Methyl selenac
Methylthiouracil
Metronidazole

8, 161

12, 161

7,53
13, 113

Suppl.4, 160

Mineral oils

3,30
Suppl. 4, 227

33, 87 (corr. 37, 269)
Mirex

5,203
20, 283 (corr. 30, 407)

Miristicin (1982)*

Mitomycin C
Modacrylic fibres
Monocrotaline
Monuron
5-( M orpholinomethyl)- 3-( (5-nitrofurfurylidene)-

JO, 171

19,86
JO, 291

12, 167
7, 161

amino )-2-oxazolidinone

Mustard gas

9, 181 (corr. 13,243)
Suppl. 4, 163

N

Nafenopin

24, 125

1,5- N aphthalenediamine

27, 127
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1,5-Naphthalene diisocyanate
1 -Naphthylamine

19,311
4, 87 (corr. 8, 349; 22, 187)
Suppl.4, 164

2-Naphthylamine

4,97
Suppl. 4, 166

I-Naphthylthiourea (ANTU)
Nickel and nickel compounds
Nickel acetate and its tetrahydrate
Nickel ammonium sulphate
Nickel carbonate
Nickel carbonyl
Nickel chloride

30, 347
2, 126 (corr. 7, 319)
II,

75

Suppl.4, 167

Nickel-gallium alloy
Nickel hydroxide
Nickelocene
Nickel oxide
Nickel subsulphide
Nickel sulphate

Nihydrazone (1982)*

Niridazole
Nithiazide
5-Nitroacenaphthene

31, 179

5- Ni tro-o rI ho-anisidine

27, 133

9-Nitroanthracene

33, 179

6- Nitro benzo( a )pyrene

33, 187

4-Nitrobiphenyl
6-Nitrochrysene
Nitrofen
3- Nitrofluoranthene
5-Nitro-2-furaldehyde semicarbazone

4,113

13, 123

16,319

33, 195
30, 271

33,201
7, 171

1 -(( 5- Nitrofurfurylidene )amino )-2-imidazolidinone

7, 181

N-( 4-( 5- Nitro- 2-furyl)- 2-thiazolyl)acetamide

l, 181

7, 185

Nitrogen mustard and its hydrochloride

9,193

Nitrogen mustard N-oxide and its hydrochloride

1 -Nitropyrene

9,209
29,331
33,209

N-Nitrosatable drugs

24,297 (corr. 30, 307)

N-Nitrosatable pesticides

30, 359

Suppl. 4, 170

2-Nitropropane

N' -Nitrosoanabasine
N' -Nitrosoanatabine

37, 225

37, 233

CUMULATIVE INDEX
N- Nitrosodi-n-bu tylamine
N- Nitrosodiethano lamine
N- Nitrosodiethylamine

N- N itrosodimethylamine
N- N itrosodi p hen ylamine
para- N itrosodi pheny lamine
N- N itrosodi-n- propylamine
N- Nitroso- N-ethylurea

4,197
17,51
17,77
1, 107 (corr. 11, 295)
17,83 (corr. 23, 417)

1,95
17, 125 (corr. 25,391)
27, 213
27, 227 (corr. 31, 293)
17, 177

1,135
17, 191

N-Nitrosofolic acid

17,217

N-Nitrosoguvacine
N-Nitrosoguvacoline

37, 263
37, 263

N- Nitrosohydroxyproline

17,304

N- Nitrosomethy leth ylamine
N- Nitroso- N-methylurea

17, 221
1, 125

N- Nitroso- N-methyl urethane
N- N itroso methy lvin ylamine

N-Nitrosomorpholine
N' -Nitrosonornicotine

17,227
4,211
17, 257

17, 263
17, 281
37, 241

N- N i troso pi peridine

17, 287

N-Nitrosoproline
N-Nitrosopyrrolidine

17, 303

N- Nitrososarcosine
N-Nitrososarcosine ethyl ester (1977)*

Nitrovin

17,313
17,327
31, 185

Nitroxoline (1976)*

Nivalenol (1976)*

Noresthisterone and its acetate

6,179
21,441

N orethynodrel

6, 191

Suppl. 4, 199

21,461 (corr. 25,391)
Suppl. 4, 201
N orgestrel

6,201
21,479
Suppl. 4, 202

Nylón 6

19, 120

Nylon 6/6 (1978)*

o
Ochratoxin A

JO, 191
31, 191 (corr. 34, 197)
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Oestradiol- 1 7 ß

6,99
21, 279
Suppl. 4, 190

Oestradiol 3-benzoate
Oestradiol dipropionate
Oestradiol mus
tard

21, 28 1

21, 283

9,217

Oestradiol- 1 7 ß-valerate

21, 284

Oestriol

6, Il7

Oestrone

21,327
6,123
21,343 (corr. 25, 391)
Suppl. 4, 191

Oestrone benzoate

21, 345
Suppl. 4, 191

Oil Orange SS

8, 165

Oral contraceptives

Combined

21, 103,133
Suppl. 4, 173

Sequential

21, 1 Il
Suppl. 4, 177

Orange 1

8,173

Orange G

8, 181

Oxazepam
Oxymetholone

13,58
13, 131

Suppl. 4, 203

Oxyphenbutazone

13, 185

P

Panfuran S (Dihydroxymethylfuratrizine)
Parasorbic acid

Parathion
Patulin

24,77
JO, 199 (corr. 12,271)
30, 153

JO, 205

40,83
Penicilic acid

JO, 2ii

Pentachloroethane
Pentachlorophenol (see alsa Chlorophenols,
occupational exposures to)

20, 203

41,99
Suppl. 4, 88, 205

Pentobarbital sodium (1976)*

Perylene
Peta

site

ni

32,411
ne

Phenacetin

31, 207
3, 141

24,135
Suppl. 4,47

CUMULATIVE INDEX
Phenanthrene

32,419

Phenazo pyridine (2,6- Diamino- 3-(p henylazo)-

8, 117

pyridine) and its hydrochloride

24, 163 (corr. 29, 399)
Suppl. 4, 207

Phenelzine and its sulphate

24, 175

Suppl. 4, 207

Phenicarbazide
Phenobarbital and its sodium salt

12, 177
13, 157

Suppl. 4, 208

Phenoxyacetic acid herbicides (occupational exposure to)
(see also Chlorophenoxy herbicides, occupational
exposures to)
Phenoxybenzamine and its hydrochloride

Suppl. 4, 2ii

9,223
24, 185

Phenylbutazone

13, 183

Suppl. 4, 212

ortho-Phenylenediamine (1977)*

meta-Phenylenediamine and its hydrochloride
para-Phenylenediamine and its hydrochloride
N- Phenyl- 2-naphthylamine

16, 1 Il
16, 125

16,325 (corr. 25,391)
Suppl. 4, 213

ortho-Phenylphenol and its sodium salt

30, 329

N-Phenyl-para-phenylenediamine (1977)*
Phenytoin and its sodium salt

13, 201

Piperazine oestrone sulphate

21, 148

Piperonyl butoxide

30, 183

Suppl. 4, 215

Polyacrylic acid

19,62

Polybrominated biphenyls

18, 107

41, 261
Polychlorinated biphenyls

7,261

18,43 (corr. 40,419)
Suppl. 4, 217

Polychloroprene
Polyethylene (Iow-density and high-density)
Polyethylene terephthalate (1978)*

19, 141

19, 164

Polyisoprene (1978)*

Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate
Polypropylene
Polystyrene
Pol ytetrafl uoroeth ylene

Polyurethane foams (flexible and rigid)
Polyvinyl acetate
Polyvinyl alcohol

19,314
19, 195

21, 286

19,218
19, 245
19, 288
19, 320
19, 346

19,351

429
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Polyvinyl chloride

7,306
19,402

Polyvinylidene fluoride (1978)*

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX

19, 463

8,189
8,199
8,207

Potassium bis(2-hydroxyethyl)dithiocarbamate
Potassium bromate
Prednisone

26, 293

Procarbazine hydrochloride

Suppl. 4, 219
26,311

12, 183

40, 207

Suppl. 4,220

Proflavine and its salts
Progesterone

24, 195
6, 135

21,491 (corr. 25, 391)

Pronetalol hydrochloride

Suppl. 4, 202
13,227 (corr. 16,387)

1,3-Propane sultone

4,253 (corr. 13,243; 20,591)

Propham
ß-Propiolactone
n-Propyl carbamate
Propylene
Propylene oxide

12, 189

4,259 (corr. 15,341)
12,201
19, 213
11, 191

36,227 (corr. 38, 397)

Propylthiouracil

7,67
Suppl. 4, 222

The pulp and paper industry

25, 157

Suppl. 4, 144

Pyrazinamide (1976)*

Pyrene

32,431

Pyrido(3,4-c )psoralen

Pyrimethamine

40, 349
13, 233

Pyrrolizidine alkaloids

JO, 333

Q

Quercetin

31,213

Quinoestradol (1978)*
Quinoestrol (1978)*

para-Quinone
Quintozene (Pentachloronitrobenzene)

15,255
5,211

R
Reserpine

JO, 217

24,211 (corr. 26, 387; 30, 407)
Suppl. 4, 222

CUMULATIVE INDEX
Resorcinol
Retrorsine

431

15, 155

Riddelliine
Rifampicin

JO, 303
16, 221
16, 233
JO,
313
24, 243

Rotenone (1982)*
The rubber industry

28 (corr. 30, 407)

Rugulosin

40,99

Rhodamine B

Rhodamine 6G

Suppl. 4, 144

S

Saccharated iron oxide
Saccharin

2, 161
22, III (corr. 25, 391)

Suppl. 4, 224

Safrole

1, 169
JO,

Scarlet red

Selenium and selenium compounds

Semicarbazide hydrochloride
Seneciphyllne
Senkirkine

231

8,217
9,245 (corr. 12,271; 30,407)
12,209 (corr. 16, 387)
319
JO, 327
JO,

31, 23 1

Shale-oils

35, 161

Simazine (1982)*

Sodium cyclamate

22,56 (corr. 25, 391)
Suppl. 4, 97

Sodium diethyldithiocarbamate

Sodium equilin sulphate
Sodium oestrone sulphate
Sodium saccharin

12,217
21, 148
21, 147

22, 113 (corr. 25, 391)
Suppl. 4, 224

Soots
Soots and tars

35,219
3,22

S pironolactone

Suppl. 4,227
24, 259
Suppl. 4, 229

S terigmatocystin

1, 175
JO, 245

S treptozotocin

4,221
17, 337

Styrene

19,231
Suppl. 4, 229

Styrene-acrylonitrile copolymers

19,97

Styrene-butadiene copolymers

19, 252
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Styrene oxide

11, 201
19, 275

Suppl. 4, 229
36, 245

15,265

Succinic anhydride
S udan 1

8, 225

S udan II

8,233

S udan ILL

8, 241

S udan brown RR
Sudan red 7B

8,249
8,253

Sulfafurazole (Sulphisoxazole)

24, 275

Sulfallate
Sulfamethoxazole

30, 283

Suppl. 4, 233
24, 285
Suppl. 4, 234

Sulphamethazine (1982)*

Sunset yellow FCF
Symphytine

8,257
31, 239

T
2,4,5- T and esters

15,273
Suppl. 4, 2ll, 235

Tannic acid
Tannins

10,253 (corr. 16,387)
10, 254

Terephthalic acid (1978)*

Terpene polychlorinates (StrobaneiI)
Testosterone

5,219
6,209

Testosterone oenanthate
Testosterone propionate

21,519
21,521
21,522

2,2',5,5'- T etrachloro benzidine

27, 141

T etrachlorodibenzo-para-dioxin (TCD D)

15,41

1,1,2,2- T etrachloroethane

Tetrachloroethylene

20,477
20,491
Suppl. 4, 243

Tetrachlorvinphos

30, 197

T etrafluoroethylene

19, 285

Thioacetamide

7,77
16,343

Suppl. 4, 2ll, 238

4,4'- Thiodianilne

27, 147

Thiouracil
Thiourea
Thiram

7,85
7,95
12,225

Tobacco habits other than smoking

37 (corr. 40, 417)

CUMULATIVE INDEX
Tobacco smoking

Toluene diisocyanate
2,4-Toluene diisocyanate
2,6- T oluene diisocyanate

433

38 (corr. 40,418)
39,287 (corr. 40, 418)
19, 303
39, 287
19, 303

39,287
ortho- T oluenesulphonamide

22, 121

Suppl. 4, 224

ortho-Toluidine and its hydrochloride

16, 349
27, 155
Suppl. 4, 245

Toxaphene (Polychlorinated camphenes)
Treosulphan

20, 327
26, 341

1,1,1 - Trichloroethane

20, 515
20, 533
11, 263
20, 545

Suppl. 4,246
1,1,2- T richloroethane

Trichloroethylene

Suppl. 4, 247

2,4,5- and 2,4,6- Trichlorophenols

20, 349

Trichlorotriethylamine hydrochloride
Trichlorphon

9,229

Suppl. 4, 88, 249

T 2- Trichothecene

Triethylene glycol diglycidyl ether

30, 207
31, 265
11, 209

Trifluralin (1982)*

2,4,5- Trimethylaniline and its hydrochloride
2,4,6- Trimethylaniline and its hydrochloride

27, 178

4,5',8- Trimethylpsoralen

40, 357

Triphenylene

32,447
9,67
Suppl. 4,251

T ris( aziridinyl)-para-benzoquinone (T riaziq uone)

27, 177

Tris( 1 -aziridinyl)phosphine oxide
Tris( 1 -aziridinyl)phosphine sulphide (Thiotepa)

9, 75

2,4,6- Tris( 1 -aziridinyl)-s-triazine
1,2,3- Tris( chloromethoxy)propane

9,95

9,85
Suppl. 4, 252

Tris(2,3-dibromopropyl)phosphate

15,301
20, 575

Tris(2-methyl- 1 -aziridinyl)phosphine oxide

9,107

Trp-P-l (3-Amino- 1 ,4-dimethyl-5H-pyrido( 4,3-b )indole

31, 247

and its acetate
Trp-P-2 (3-Amino- 1 -methyl-5H-pyrido( 4,3-b )indole

31, 255

and its acetate
Trypan blue

8,267

U
Ultraviolet radiation

40, 379

U racil mus

tard

9,235
Suppl. 4, 256
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Urethane

7, III

V

Vinblastine sulphate
Vincristine sulphate
Vinyl acetate

26,349 (corr. 34, 197)

Suppl. 4, 257
26, 365
Suppl. 4, 259
19, 341
39, Il3

Vinyl bromide

19, 367
39, 133

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

7,291
19,377
Suppl. 4, 260

7,3Il
19,412

4- Vinylcyclohexene

11, 277
39, 181

Vinyl fluoride

Vinylidene chloride

39, 147

19, 439

Suppl. 4, 262 (corr. 31, 293)
39, 195

Vinylidene chloride-vinyl chloride copolymers

19, 448

Vinylidene fluoride

39, 227

N- Vinyl-2-pyrrolidine

19,461

X

2,4-Xylidine and its hydrochloride
2,5-Xylidine and its hydrochloride

16,367
16, 377

2,6-Xylidine (1977)*

y
Yellow AB
Yellow OB

8,279
8,287

Z

Zearalenone
Zectran
Zineb
Ziram

31,279
12,237
12,245
12,259
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